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 We owe a great debt to Dr. Neer and his efforts of introducing the fi rst total 
shoulder replacement concept. Since the 1980s, total shoulder replacement 
has continued to evolve, and it is now projected as one of the fastest growing 
joint replacement procedures in North America. Similar to hip and knee 
replacement, shoulder replacement affords great quality of life to our patients 
who suffer from debilitating shoulder degenerative joint disease. In this book, 
we hope that not only you see what great success that we have achieved in 
developing the standard shoulder joint replacement but that you will also 
appreciate the challenges that we still face. We are optimistic that with critical 
minds and careful innovation, we will continue to succeed in solving some of 
these challenges, to create a long-lasting solution for our patients. 

 We would like to thank all of the authors involved in making this book a 
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procedure such a success. We are indebted to you for your determined efforts. 
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      Indications and Preoperative 
Evaluation for Anatomic Shoulder 
Arthroplasty                     

     Ana     Mata-Fink       and     John-Erik     Bell     

          Introduction 

 The rate of shoulder arthroplasty has increased 
over the last decade and is predicted to continue 
to rise [ 1 ]. Anatomic shoulder arthroplasty results 
improved pain and functional outcomes [ 2 ]. Rate 
of complications is acceptable and decreases 
with surgeons and hospitals that perform shoul-
der arthroplasty regularly [ 3 ,  4 ]. Increased risk of 
short-term complications is associated with frac-
ture as the indication for surgery and greater risk 
of implant failure are associated with factors 
related to increased upper extremity activity [ 5 ]. 
Careful preoperative planning is essential to 
ensure successful shoulder arthroplasty.  

    Indications 

 Anatomic shoulder arthroplasty is indicated for 
patients with an arthritic shoulder experiencing 
shoulder pain and decreased range of motion that 
compromises activities of daily living. The most 
common indication for anatomic shoulder arthro-
plasty is primary glenohumeral osteoarthritis. 

Other indications include post-traumatic arthritis, 
rheumatoid arthritis, osteonecrosis, and arthritis 
due to shoulder instability or prior shoulder insta-
bility surgery. 

 Contraindications for anatomic shoulder 
arthroplasty include an irreparable rotator cuff 
repair or rotator cuff tear arthropathy [ 6 ] and 
insuffi cient glenoid bone stock to support a gle-
noid component. In these patients, other options 
such as hemiarthroplasty or reverse shoulder 
arthroplasty can be considered. 

    Osteoarthritis 

 Osteoarthritis is the most common indication for 
anatomic shoulder arthroplasty. Osteoarthritis is 
characterized by inferior humeral head osteo-
phyte of variable size, other marginal osteophytes 
on the humeral head and glenoid, joint space nar-
rowing, subchondral sclerosis and cyst forma-
tion, and often a tight anterior capsule with 
limited external rotation. In some cases, this can 
result in posterior subluxation of the humeral 
head with respect to the glenoid and can lead to 
posterior glenoid bone loss in particularly 
advanced cases. While rotator cuff disease and 
small partial thickness tears are common in 
patients with osteoarthritis, full-thickness rotator 
cuff tears are rare and, if present, they are usually 
repairable [ 7 ,  8 ]. Patients with osteoarthritis have 
predictably good pain relief and improvement in 
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range of motion after anatomic shoulder arthro-
plasty [ 7 ,  9 ].  

    Rheumatoid Arthritis 

 Rheumatoid arthritis is a common infl ammatory 
arthritis. Common fi ndings include osteopenia, 
bone erosion, concentric joint space narrowing, 
and central glenoid wear, which can result in 
medicalization of the humeral head [ 10 ]. Patients 
with rheumatoid arthritis are also much more 
likely to have a concomitant full-thickness rota-
tor cuff tear, which is rare in patients with gleno-
humeral osteoarthritis [ 7 ,  10 ]. Patients with 
rheumatoid arthritis tend to have good pain relief 
and improved range of motion after shoulder 
arthroplasty and are typically satisfi ed with 
shoulder arthroplasty results, although the out-
comes are not as good as those for patients with 
osteoarthritis [ 11 – 13 ].  

    Post-Traumatic Arthritis 

 Arthritis of the glenohumeral joint may develop 
following proximal humerus fractures, resulting 
in shoulder pain with post-traumatic arthritis. 
Proximal humerus malunions often have angu-
lated or rotated humeral heads with nonanatomic 
neck-shaft angles and malunited tuberosities. 
The rotator cuff may also be injured, tight, or 
athrophied. These anatomic abnormalities make 
shoulder arthroplasty challenging and outcomes 
are less predictable than anatomic shoulder 
arthroplasty for osteoarthritis, although patients 
usually have acceptable pain relief [ 14 ]. 
Tuberosity osteotomy results in less predictable 
outcomes and should be avoided if possible [ 15 ].  

    Osteonecrosis 

 Osteonecrosis may result as a complication of 
proximal humerus fracture or as a result of 
chronic steroid use or excessive alcohol use. 
Anatomic shoulder arthroplasty results in pre-
dictable improvement in pain and range of motion 

if osteonecrosis was not associated with post- 
traumatic tuberosity malunion or rotator cuff 
atrophy [ 16 ].  

    Arthritis After Instability 

 Anterior instability can lead to arthritis either 
through traumatic cartilage damage resulting 
from recurrent dislocations, after shoulder stabi-
lization procedures that tighten the anterior cap-
sule (post-capsulorrhaphy arthropathy) [ 17 ], or 
after surgical procedures that result in chondral 
damage, such as chondrolysis due to thermal cap-
sulorrhaphy [ 18 ,  19 ]. These patients tend to be 
younger than patients with osteoarthritis and 
often present with an internal rotation contrac-
ture. They are also at increased risk for posterior 
subluxation and resulting posterior glenoid bone 
loss. Those with nonanatomic anterior stabiliza-
tion procedures are at higher risk for neurovascu-
lar injury due to distorted anatomy. Anterior 
capsule release, subscapularis lengthening, and 
glenoid version correction either through eccen-
tric reaming, bone grafting, or use of an aug-
mented glenoid component are often necessary 
during anatomic shoulder arthroplasty in these 
cases. Outcomes after shoulder arthroplasty are 
not as reliable as outcomes after shoulder arthro-
plasty for osteoarthritis and may have a higher 
complication rate [ 17 ,  20 – 22 ]. Some studies also 
suggest decreased implant longevity [ 23 ]. 

 Locked posterior dislocations have also been 
treated with shoulder arthroplasty. Shoulder 
arthroplasty results in improved pain and external 
rotation, although there is a risk of recurrent 
instability [ 24 ,  25 ].   

    Nonoperative Treatment 

 Nonoperative treatment is the initial standard 
or care for arthritic conditions of the shoulder 
and should be exhausted before considering 
TSA. The American Academy of Orthopaedic 
Surgeons (AAOS) Clinical Practice Guidelines 
reviewed operative and nonoperative treatments 
for glenohumeral arthritis [ 27 ]. Nonoperative 
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strategies include pharmacotherapy, physical 
therapy, corticosteroid injections, and inject-
able viscosupplementation. 

    Medications 

 Multiple types of medications have been used to 
delay shoulder arthroplasty. These include anti- 
infl ammatories, acetaminophen, and opioids. A 
Cochrane Review found both acetaminophen and 
nonsteroidal anti-infl ammatories to be useful for 
pain control in people with hip and knee osteoar-
thritis [ 28 ]. However, the AAOS Clinical Practice 
Guidelines were unable to fi nd supporting evi-
dence for glenohumeral osteoarthritis [ 27 ]. 
Similarly, the use of glucosamine and chondroi-
tin sulfate for osteoarthritis of the shoulder is not 
supported in the orthopedic literature [ 27 ,  29 ,  30 ]. 
While there has been an increasing trend of pre-
scribing opioids for osteoarthritis pain in the 
United States over the past 10 years, there is no 
clear evidence supporting the use of narcotics in 
the initial treatment of osteoarthritis [ 27 ,  31 ].  

    Physical Therapy 

 Physical therapy treatments for glenohumeral 
arthritis have included joint mobilization and 
manipulation, exercise, massage, phonophoresis, 
iontophoresis, ultrasound, and electrical stimula-
tion among others. Given the wide range of phys-
ical therapy treatments, the current literature is 
insuffi cient to show a clear benefi t from physical 
therapy for patients with osteoarthritis.  

    Injection 

 Both corticosteroid and viscosupplementation 
injections are used to treat glenohumeral osteoar-
thritis. Studies have shown a short-term improve-
ment in pain with corticosteroid injections for 
knee osteoarthritis but this effect has not yet been 
shown in the glenohumeral joint [ 27 ,  32 ,  33 ]. 
Viscosupplementation injection, such as hyal-
uronic acid, appears more promising [ 32 ,  34 ]. The 

AAOS Clinical Practice Guidelines note that 
while it is a treatment option, the primary study 
showing its effectiveness in glenohumeral arthri-
tis is industry supported [ 27 ]. Furthermore, there 
is no viscosupplementation currently available 
that is FDA approved for the shoulder.  

    Non-arthroplasty Surgery 

 Other treatment options that are considered less 
invasive than shoulder arthroplasty were also 
reviewed. These include arthroscopic debride-
ment, capsular release, chondroplasty, microfrac-
ture, removal of loose bodies, subacromial 
decompression, distal clavicle excision, and 
labral repair among others. The AAOS Clinical 
Practice Guidelines neither support nor oppose 
the use of these procedures in the treatment of 
glenohumeral arthritis [ 27 ]. There is some data to 
suggest that arthroscopic debridement is a short- 
term option for young patients with glenohu-
meral arthritis as a temporizing measure prior to 
shoulder arthroplasty [ 35 – 37 ].   

    Preoperative Evaluation 

    History 

 A thorough history is important in identifying 
patients with pathology that can be treated with 
anatomic shoulder arthroplasty. There are many 
etiologies of shoulder pain including arthritis, 
rotator cuff tear, and cervical spine pathology. A 
good history and physical exam can help deter-
mine the cause of the shoulder pain and the most 
appropriate treatment. 

 Most patients with arthritis report pain and 
decreased range of motion. Decreased range of 
motion is noted as diffi culty with activities of 
daily living, particularly activities that require 
external rotation such as putting on a coat. The 
distribution of pain is important, as radicular dis-
tribution with or without numbness may be indic-
ative of cervical spine pathology [ 38 ]. Typically 
arthritic pain is characterized as deep and diffi -
cult to localize. Often there is tenderness to 
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 palpation along the anterior and posterior gleno-
humeral joint lines. 

 Duration of pain and nonsurgical treatment 
history are important to elucidate. Arthritic pain 
is insidious in onset and worsens over time, with 
occasional acute fl airs. The onset of pain can help 
differentiate acute and chronic disease processes. 
Arthritis pain usually has an insidious onset [ 39 ,  40 ]. 
Acute onset associated with trauma is more sug-
gestive of injury, such as acute rotator cuff tear or 
fracture or an acute arthritic fl air that may sub-
side with time and medical management. 
Aggravating factors can also help identify shoul-
der pathology. Pain with most shoulder move-
ments and gelling with periods of inactivity are 
characteristics of arthritis, while patients with 
rotator cuff tears usually report more specifi c 
activity-related pain with overhead activity [ 40 ]. 

 Patients should be asked about prior conser-
vative treatments for pain management and if 
these have been effective. Those who have not 
tried conservative therapy or who are experienc-
ing acute pain may benefi t from a trial of nonste-
roidal anti-infl ammatory medications or an 
intra- articular injection. While not supported by 
the AAOS Clinical Practice Guidelines, these 
conservative measures often help relieve pain in 
patients experiencing acute fl airs. Conservative 
management may also be reasonable manage-
ment for patients who are not medically stable 
for surgery or those who would prefer to delay 
arthroplasty. 

 Patient age, lifestyle, and expectations are an 
important factor when planning shoulder arthro-
plasty. The ideal candidate for shoulder arthro-
plasty is older, but in recent years younger 
patients are increasingly requesting this proce-
dure as well due to its success and possibly due to 
perceived improved implant longevity and better 
revision options. There is no consensus on the 
results of shoulder arthroplasty in younger patients 
with some studies showing good implant survival 
rates at 10 years and others showing decreased 
long-term function and survival [ 26 ,  41 ]. Younger 
patients tend to be more active and have increased 
expectations about what activities they will be 
able to do after shoulder arthroplasty. While there 
are no clear guidelines, most surgeons discourage 

shoulder arthroplasty patients from activities that 
transmit high loads across the shoulder, such as 
contact sports and heavy lifting [ 42 ,  43 ]. 
Therefore, patient expectations should be dis-
cussed preoperatively. Heavy laborers and 
weightlifters may need to consider a new occupa-
tion or fi nding lower-impact activities postopera-
tively. If such patients are not willing to do this, it 
may be reasonable to postpone arthroplasty. 

 An understanding of the patient’s social situa-
tion is also recommended. Most patients will be 
in a sling for at least 2 weeks postoperatively and 
limited activity for 6 weeks or longer to protect 
their subscapularis repair. This may necessitate vis-
iting nurses or other help at home postoperatively, 
especially if the affected arm is their dominant arm. 
Ensuring adequate support postoperatively can 
help to increase patient compliance and, in turn, 
minimize complications.   

    Past Medical and Surgical History 

 While preoperative clearance by the patient’s 
primary care physician is often required, the 
surgeon should also be familiar with the patient’s 
medical and surgical history. Signifi cant cardiac 
or pulmonary problems that may impact anes-
thesia choice should be discussed. Diabetes 
should be well controlled and patients should be 
counseled that it is a risk factor for postopera-
tive infection. Patients with infl ammatory arthri-
tis, such as rheumatoid arthritis, may be on 
corticosteroids or immunomodulators, which 
can increase the risk of wound breakdown and 
postoperative infection. A history of venothrom-
boembolism may require more aggressive post-
operative anticoagulation. Smoking cessation is 
recommended to improve the probability of sub-
scapularis healing. Systemic symptoms sugges-
tive of infection at another site should be screened 
for, including foot ulcerations, open wounds on 
the ipsilateral extremity and poor dentition. 

 Shoulder arthroplasty is typically done in 
the beach chair position, which has been asso-
ciated with decreased cerebral oxygenation and 
increased risk of neurologic events [ 44 ]. Patients 
should be screened for medical issues, such as 
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hypertension, prior stroke, or carotid disease, 
which may make them more susceptible to adverse 
effect from positioning. 

 History of prior shoulder injury, instability, or 
surgery is crucial. Previous surgery may suggest 
an etiology of the shoulder pain and may alert 
the surgeon to possible anatomic abnormalities. 
Prior stabilization procedures affect soft tissue 
tensioning, alter surgical landmarks, and can 
increase the risk to neurovascular structures dur-
ing surgery. Bony stabilization procedures, such 
as a Bristow or Latarjet coracoid transfer, poste-
rior bone grafting, or glenoid osteotomy, alter 
the bony anatomy and also introduce hardware 
into the glenoid which may require removal. 
Soft tissue stabilization procedures such as the 
Putti- Platt and Magnuson-Stack procedures can 
result in subscapularis shortening, severely lim-
ited external rotation, and fi xed posterior sublux-
ation of the glenohumeral joint with eccentric 
glenoid wear. 

 Patient medications and allergies should be 
reviewed. Special attention should be paid to 
immunomodulators, steroids, and anticoagulants. 
These medications may need to be held in the 
perioperative period. Current opioid use should 
be noted as it may make postoperative pain con-
trol more diffi cult. Specifi c attention should be 
paid to metal allergies and, if present, implants 
should be chosen that are free of those specifi c 
metals.  

    Physical Exam 

 The physical exam should start with inspection 
of the entire upper extremity. The shoulder 
should be examined for prior incisions or scars. 
Previous incisions suggest prior surgical proce-
dures and potentially distorted anatomy. Use of 
the prior incisions should be considered in surgi-
cal planning. Erythema or swelling over the 
shoulder is worrisome for infection. Visible atro-
phy of the deltoid or rotator cuff muscles can be 
indicative of neurologic injury or chronic rotator 
cuff tear. Examination of the hands also may 
suggest the underlying diagnosis. Ulnar devia-
tion of the fi ngers is indicative of rheumatoid 

arthritis while Heberden’s nodes are characteris-
tic of osteoarthritis. 

 The exam continues with palpation. Palpation 
should focus on areas of tenderness and any 
masses around the shoulder. Deep pain that is 
not localized is typical of arthritis. Point tender-
ness to palpation over the acromioclavicular 
joint may suggest other etiologies such as symp-
tomatic acromioclavicular arthritis. 

 Shoulder range of motion is assessed. The 
shoulder should be fully exposed so that scapulo-
thoracic motion can be appreciated. Patients with 
arthritis typically have decreased active and pas-
sive range of motion due to osteophytes and cap-
sular contractures. Range of motion is often 
painful [ 40 ]. Loss of external rotation is charac-
teristic of arthritis. Patients may partially com-
pensate for loss of glenohumeral motion with 
scapulothoracic motion. Decreased glenohumeral 
range of motion does not appear to signifi cantly 
impact postoperative outcomes [ 45 ]. There has 
not been any association between preoperative 
and postoperative forward elevation. However, 
preoperative internal rotation contracture has 
been associated with decreased postoperative 
external rotation [ 45 ]. Severe preoperative inter-
nal rotation contractures may require subscapu-
laris lengthening in addition to the standard 
anterior capsulectomy at the time of surgery. 

 Assessment of the rotator cuff is a crucial part 
of the physical exam when considering anatomic 
shoulder arthroplasty. Rotator cuff assessment 
should consist of individual rotator cuff muscle 
evaluation [ 46 ]. The lift-off test, belly press, and 
internal rotation strength assess the subscapu-
laris. External rotation lag sign and external rota-
tion strength assess the supraspinatus and 
infraspinatus. The empty can test evaluates the 
supraspinatus. Hornblower’s sign assesses teres 
minor. Large, irreparable rotator cuff tear is a 
contraindication for an anatomic shoulder arthro-
plasty [ 6 ]. Patients with minimally retracted 
supraspinatus tears and rotator cuff atrophy are 
still candidates for anatomic shoulder [ 8 ,  47 ]. 
Rotator cuff assessment can be diffi cult in 
patients with arthritis due to range of motion lim-
itations. If there are concerns for rotator cuff 
integrity, advanced imaging should be  considered. 

1 Indications and Preoperative Evaluation for Anatomic Shoulder Arthroplasty
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Anatomic shoulder replacement is still a reason-
able option in conjunction with solid repair of 
small full-thickness rotator cuff tears. 

 Neurovascular testing is an essential part of 
the physical exam prior to proceeding with shoul-
der arthroplasty. Atrophy of the infraspinatus or 
deltoid can be appreciated on inspection of the 
shoulder and is suggestive of neurologic compro-
mise around the shoulder. Neurovascular testing 
should include strength testing of shoulder 
abduction, elbow fl exion and extension, wrist 
fl exion and extension, and fi nger function. It 
should also include sensory testing in the axil-
lary, lateral antebrachial cutaneous, radial, 
median, and ulnar nerve distribution. Brachial 
plexopathy and axillary nerve palsy may be con-
traindications to anatomic shoulder arthroplasty 
or may require tendon transfer prior to shoulder 
arthroplasty or shoulder arthrodesis [ 48 ,  49 ]. 
Radial pulse should be palpable.  

    Imaging 

 Appropriate imaging is essential in preoperative 
planning for shoulder arthroplasty. 

    Radiographs 

 Radiographic evaluation of the affected shoulder 
should begin with standard radiographs. 
Important views include Grashey or glenoid 
oblique, scapular Y, and axillary views. The 
Grashey or glenoid oblique view shows joint 
space narrowing more accurately than the AP 
shoulder and inferior osteophytes are best visual-
ized (Fig.  1.1a, b ). Humeral head height can also 
be evaluated. A high riding humeral head, defi ned 
as an acromiohumeral distance less than 7 mm, is 
suggestive of a rotator cuff tear. The scapular Y 
view can show humeral head subluxation and 
loose bodies in the subscapular recess or long 
head biceps sheath. The axillary view is crucial to 
ensure the glenohumeral joint is concentrically 
reduced and identifi es anterior or posterior 
humeral head subluxation. The joint space, osteo-
phytes, glenoid wear pattern, and glenoid bone 

stock can also be studied from an axillary view 
(Fig.  1.1c, d ).

   Shoulder radiographs should be inspected for 
any hardware that may need to be removed prior 
to shoulder arthroplasty and for any evidence of 
prior surgery. After evaluating the shoulder, the 
humerus should be examined. The humeral canal 
can be measured in the AP and lateral views to 
estimate stem size. Decreased cortical thickness 
or proximal tapering should also be evaluated 
and, if very thin, cementation of the humeral 
component may be optimal to minimize risk of 
intraoperative humerus fracture with press-fi t 
technique. With appropriate software and magni-
fi cation markers, it is possible to electronically 
template an anatomic shoulder arthroplasty from 
the radiographs preoperatively. 

 The proximal humerus and humeral shaft 
should be closely examined in patients with a his-
tory of prior fracture. Prior proximal humerus 
fractures may have varus or valgus angulated 
and/or malrotated humeral head. Prior fractures 
involving the greater tuberosity often result in 
superiorly and posteriorly displaced tuberosity 
malunion. Full-length humerus images should be 
obtained if the patient has a history of humeral 
shaft fracture to ensure that a standard stemmed 
implant can be placed.  

    CT Scan 

 While plain radiographs are generally suffi cient 
for standard shoulder arthroplasty, complex 
shoulders may require advanced imaging. CT 
scan is the most accurate imaging modality for 
characterizing glenoid wear, bone loss, and ver-
sion [ 50 – 54 ]. It is important for the surgeon to be 
aware of the glenoid morphology preoperatively 
in order to properly position the glenoid compo-
nent (Fig.  1.2 ). Improperly placed components 
can lead to early arthroplasty failure.

   Walch et al. characterized glenoid morphol-
ogy into fi ve categories (Fig.  1.3a, b ). Type A1 is 
a centered humeral head with minimal glenoid 
erosion. Type A2 is a centered humeral head with 
major glenoid erosion. Type B1 is a posteriorly 
subluxed humeral head with minimal erosion. 
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Type B2 is a posteriorly subluxed humeral head 
with posterior erosion and a biconcave glenoid. 
Type C is a dysplastic glenoid that is retroverted 
more than 25° [ 55 ,  56 ]. Glenoid retroversion can 
be calculated by comparing the glenoid surface to 
a line perpendicular to the long axis of the scap-
ula [ 57 ]. Glenoid version can be calculated on an 

axillary view but is more accurately calculated on 
CT scan [ 51 ]. A retroverted glenoid may require 
eccentric reaming, posterior bone grafting, or an 
augmented glenoid component to appropriately 
position the implant.

   Glenoid bone defi ciencies should be inspected. 
Surgeons should be prepared for posterior bone 

a b

c d

  Fig. 1.1    ( a ) Standard AP of the shoulder with osteoar-
thritis. Note the large inferior humeral neck osteophyte 
and preserved acromiohumeral interval. ( b ) Grashey or 
glenoid oblique view of the same shoulder. Note how this 
view demonstrates the loss of glenohumeral joint space. 
( c ) Axillary view of the same shoulder. Note osteophytes 

anteriorly and posteriorly that may contribute to loss of 
motion. Also note concentricity of the joint and loss of 
joint space. ( d ) Axillary view of a patient with prior ante-
rior instability surgery. Note the posterior subluxation of 
the humerus with respect to the glenoid and posterior 
glenoid wear       
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a b

  Fig. 1.2    ( a ) Axial cut of CT scan demonstrating mild 
posterior glenoid erosion. This can likely be treated with 
eccentric reaming of the anterior glenoid to restore gle-
noid version without signifi cant medialization of the joint. 
( b ) Axial cut of CT scan demonstrating more severe pos-

terior glenoid bone loss. Anterior reaming alone may 
result in medialization with more retroversion than is 
desirable. Alternative options include bone grafting or 
augmented glenoid component implantation       

a

b

A1

A2

B2

B1
C

c b

aant.

  Fig. 1.3    ( a ) Method for calculation of glenoid version.  A  is 
the axis of the blade of the scapula.  B  is a line perpendicu-
lar to the axis of the blade of the scapula.  C  is a line tangent 
to the anterior and posterior edges of the glenoid fossa. 

 γ  is the angle of glenoid retroversion. ( b ) Types of glenoid 
morphology in primary osteoarthritis (see text) (Figs. 1 and 
3 from Ref. [ 55 ])       
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grafting if there is more than 15° of retroversion 
on the glenoid or if there does not appear to be 
enough bone to seat the glenoid component [ 57 ]. 
Alternatively, there are now posteriorly augment 
glenoid component options available in several 
shoulder replacement systems for management 
server posterior wear without the need for bone 
grafting. 

 Recent studies have looked at using 3D CT 
scans for preoperative planning. 3D reconstruc-
tions with the humeral head subtracted allow for 
better visualization of the glenoid and under-
standing of its morphology, version, and bone 
defi ciencies. Current studies suggest more accu-
rate glenoid component placement with the use 
of preoperative 3D CT scans [ 58 ,  59 ].  

    MRI 

 MRI is the best imaging modality for evaluating 
soft tissues around the shoulder. It should be 
obtained when there is concern based on the 
patient’s history, physical, or plain radiographs 
for a rotator cuff tear (Fig.  1.4a, b ). An identifi ed 
rotator cuff tear should be evaluated on whether 

or not it can be repaired. A repairable rotator cuff 
tear is not a contraindication for anatomic shoul-
der arthroplasty, but irreparable or questionably 
repairable rotator cuff tears are more appropri-
ately treated with hemiarthroplasty or reverse 
shoulder arthroplasty depending on functional 
status, activity level, and patient age.

   Rotator cuff atrophy can also be identifi ed on 
MRI. Rotator cuff atrophy is not a contraindication 
to anatomic shoulder arthroplasty if the rotator cuff 
is intact. Long-standing arthritis limits shoulder 
range of motion resulting in rotator cuff atrophy in 
older patients. Deltoid atrophy may raise concern 
for axillary nerve injury or brachial plexopathy.  

    Other Imaging Modalities 

 Ultrasonography has been shown to be equiva-
lent to MRI in identifying rotator cuff tears, 
measuring retraction of torn rotator cuff muscles, 
and characterizing fatty infi ltration [ 60 ,  61 ]. 
Ultrasonography is highly operator dependent. It 
may replace MRI for preoperative rotator cuff 
assessment in hospitals that use ultrasonography 
for rotator cuff evaluation on a regular basis. 

a b

  Fig. 1.4    ( a ) Grashey view of shoulder with osteoarthritis and signifi cant rotator cuff weakness. ( b ) Coronal MRI cut 
showing massive retracted supraspinatus tear with cartilage loss       
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 For patients who cannot undergo MRI, CT 
arthrogram is a reasonable alternative. While rota-
tor cuff atrophy may be more diffi cult to charac-
terize, full-thickness rotator cuff tears should be 
identifi able.   

    Laboratory Studies 

 Preoperative laboratory studies can help to 
ensure that the patient is medically ready for 
surgery. Complete blood count will identify 
patients with preoperative anemia or thrombo-
cytopenia. Both of these factors will increase 
the patient’s risk for requiring a blood transfu-
sion postoperatively. Type and screen should be 
obtained on all patients preoperatively in the 
event a blood transfusion is required intraopera-
tively or postoperatively. 

 Coagulation markers (INR, PT, PTT) are 
important if the patient is on warfarin. Warfarin 
is generally stopped 5–7 days prior to surgery 
with an INR checked on the day of surgery to 
ensure that it has normalized. Elevated INR in 
patients not on warfarin may be suggestive of 
liver disease. 

 A basic metabolic panel may be obtained. 
Creatinine clearance can be calculated which 
may be necessary when dosing perioperative 
antibiotics. For patients with renal disease, it 
will establish a baseline creatinine that can be 
compared to postoperatively. High glucose may 
be suggestive of undiagnosed or poorly con-
trolled diabetes. 

 Hemoglobin A1C is crucial for diabetic patients. 
Poorly controlled diabetics are at increased risk of 
wound healing complications and postoperative 
infections [ 62 ]. In well- controlled diabetics, 
hemoglobin A1C is usually below 7–7.5 %. 

 In elderly patients in whom there is a concern 
for malnutrition, pre-albumin, albumin, and 
transferrin should be obtained. Malnourished 
patients are at increased risk for wound healing 
complications and infection [ 63 ]. Since ana-
tomic shoulder arthroplasty is an elective proce-
dure, improving the patient’s nutritional status is 
essential.  

    Other Considerations 

    Surgical Timing 

 Surgical timing is an important consideration for 
patients with osteoarthritis and infl ammatory 
arthritis. Many of these patients have more than 
one joint affected. Lower extremity arthroplasty 
often requires the use of ambulatory aides that 
can compromise the shoulder arthroplasty. If pos-
sible, hip or knee arthroplasty should be done 
before shoulder arthroplasty [ 64 ].  

    Tranexamic Acid 

 Tranexamic acid has been used in total hip and 
total knee arthroplasty to decrease intraopera-
tive and postoperative blood loss. Multiple stud-
ies have shown decrease in blood transfusions 
with the use of intravenous or topical tranexamic 
acid [ 65 ,  66 ]. A recent study has shown similar 
results with topical tranexamic acid after total 
shoulder arthroplasty [ 67 ]. While further study 
is needed, the current shoulder arthroplasty 
results and extrapolation from the hip and knee 
arthroplasty data suggests that the use of 
tranexamic acid might be considered during 
shoulder arthroplasty.  

    Postoperative Pain Control 

 Pain control is a concern after every surgery. In 
older patients, large doses of opioids can cause 
confusion and delirium. Minimizing opioids 
decreases many of these side effects. Multiple 
studies have shown that multimodal pain control 
results in better pain control and higher satisfac-
tion with lower amounts of opioids. There has 
been no evidence of increased adverse events 
with the addition of an interscalene or other 
peripheral nerve blocks or nerve catheters to a 
multimodal pain control regimen [ 68 ,  69 ]. 
Regional anesthesia should be considered for 
pain control during and immediately after shoul-
der arthroplasty.  
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    Postoperative Anticoagulation 

 The use of postoperative anticoagulation after 
orthopedic surgery is often discussed with regard 
to hip and knee arthroplasty patients. Shoulder 
arthroplasty patients tend to have better mobility 
postoperatively than knee and hip arthroplasty 
patients, and recent data suggests that deep vein 
thrombosis after shoulder surgery is lower than 
after knee arthroplasty [ 70 ]. The AAOS clinical 
practice guidelines recommend either mechani-
cal or chemical venothromboembolism prophy-
laxis based on patient risk factors. Shoulder 
arthroplasty patients on anticoagulation preop-
eratively should have their anticoagulation 
restarted.   

    Summary 

 This chapter outlines the indications for ana-
tomic shoulder arthroplasty and details the pre-
operative workup that should be completed 
prior to proceeding with surgery. Subsequent 
chapters will outline the technical aspects, 
rehabilitation, and outcomes of the procedure 
in great detail.     
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          Introduction 

 The evolution of proximal humeral arthroplasty 
began when a French surgeon, Pean, performed 
the fi rst shoulder arthroplasty in 1893 for destruc-
tive tuberculosis osteomyelitis [ 1 ]. Gluck, a 
German surgeon, also made a great contribution 
and designed several shoulder implants [ 1 ]. 
Krueger in the 1950s performed the fi rst modern 
shoulder anatomic arthroplasty. The pioneering 
work by Neer, in the 1950s, established the foun-
dations for the current state of modern shoulder 
arthroplasty. Proximal humeral replacement has 
continued to evolve with signifi cant changes in 
design over the last few decades. Shoulder 
implants that offer modularity, coupled with an 
increasing understanding of proximal humerus 
anatomy and biomechanics, have enabled current 
surgeons to accurately and repeatedly recreate 
the native humeral anatomy and restore shoulder 
biomechanics and function. 

 The ultimate goal of an anatomic shoulder 
arthroplasty is to improve pain and, conse-
quently, restore shoulder function. The surgical 

goal is to reproduce the patient’s normal anat-
omy and biomechanics through a combination 
of bony reconstruction and soft tissue balanc-
ing. Accurate recreation of the patient-specifi c 
proximal humeral anatomy, along with appro-
priate balancing of the soft tissue (primarily 
muscle) forces, is essential for a good outcome. 
The two are interrelated, as the bony anatomy 
affects the soft tissue muscle balancing (primar-
ily deltoid and rotator cuff lever arms) in both 
the vertical and horizontal planes [ 2 ,  3 ]. Any 
change in this normal anatomy may lead to 
abnormal biomechanics of the shoulder, through 
malpositioning of the joint line and center of 
rotation, which subsequently alters soft tissue 
balance/function [ 4 ].  

    Anatomy 

 In order to perform shoulder arthroplasty, the sur-
geon requires detailed knowledge of the normal 
bony and soft tissue anatomy. It is important that 
the surgeon understands the proximal humeral 
bony anatomy and appreciates the relationship 
between multiple variables to be able to perform 
a patient-specifi c anatomic recreation of the 
proximal humerus. 
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    Humeral Head Size and Shape 

 The humeral head is often described as a sphere, 
but may be more accurately represented as a partial 
ellipsoid with the articular surface constituting 
only one third of this sphere. In several studies, the 
difference in the radii of curvature between the 
transverse and coronal planes was less than 1 mm, 
confi rming that the humeral head is comparable to 
a sphere. However, other studies have found that 
the central portion of the articular surface is spheri-
cal but the periphery is elliptical, with the trans-
verse plane smaller than the coronal plane by 2 mm 
[ 5 – 7 ,  11 ]. Men have a greater head diameter by 
2 mm in both dimensions compared to women [ 7 , 
 12 ,  13 ]. Studies have reported an average humeral 
head diameter of 46.2 mm [ 4 – 6 ]. The average 
humeral head radius of curvature is 24 mm in men 
and 19 mm in women. However, the average 
humeral head height is 15.2 mm [ 5 ]. These studies 
also support the fi nding that there is a constant rela-
tionship between the diameter of the humeral head 
and the thickness of the humeral head, with a con-
sistent ratio of 70–80 % ratio of humeral head 
radius of curvature to height [ 4 – 9 ,  12 ] (Fig.  2.1 ).

       Humeral Head Offset 

 The humeral head offset refers to the position of 
the center of rotation of the humeral head from 

the axis of the humeral shaft in both the trans-
verse and coronal planes. Several studies have 
shown that the humeral head center of rotation is 
offset from the humeral shaft axis, in both the 
transverse and coronal planes. In the transverse 
plane, the center of rotation is offset an average 
of 2.6 mm (range 2–4 mm) posteriorly. In the 
coronal plane, the center of rotation is offset an 
average of 6.6 mm (range 6–9 mm) medially. 
Therefore, these offsets both combine creating a 
center of rotation that is posteromedially offset 
[ 5 ,  8 ,  12 ,  15 – 17 ] (Fig.  2.2 ).

       Humeral Head Retroversion 

 Humeral head retroversion is generally defi ned as 
the angle between the central axis of the humeral 
head and the epicondylar axis of the distal 
humerus. However, there are several other com-
mon methods described, leading to some confu-
sion in the literature. One study reported an 
average of 28.8° of retroversion when measured 
from the forearm axis [ 18 ]. Another study mea-
sured retroversion from the lateral margin of the 
lesser tuberosity as an average of 48° [ 19 ]. The 
bicipital groove has been used and shown to lie 
an average of 8–9 mm from the equator of the 
humeral head [ 8 ,  20 ,  21 ]. Using the epicondylar 
axis, different values have been reported in the 
literature, ranging from 17.9° (±13.7°) to 21.4° 

COR

R

Pplane Humeral head
height (HH)

Articular
margin plane

Articular margin
plane normal (AMP)

  Fig. 2.1    Humeral head size and 
shape. Shown in a coronal plane 
view, the humeral head height 
( HH ) is the distance along a 
vector passing through the 
humeral head center of rotation 
( COR ) in the direction of the 
articular margin plane ( AMP ) 
normal, between a point on the 
articular margin plane ( P   plane  ) and 
the humeral head articular surface 
(Adapted with permission from 
DeLude et al. [ 24 ])       
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(±3.3°) [ 5 ,  22 ]. As well, retroversion shows quite 
a large variability associated with age, sex, race, 
and between sides [ 5 ,  20 ,  23 ,  24 ] (Fig.  2.3 ).

       Humeral Head Inclination 

 Humeral head inclination, also referred to as 
neck-shaft angle, is defi ned as the angle between 
the humeral shaft axis and a line perpendicular 
to the articular margin plane (i.e., central line of 
the humeral head). In the literature, values range 
from 129.6 to 137° with an average of 134.4° [ 5 , 
 8 ,  15 ]. In a large cadaveric study, Iannotti found 

that 135° was the most common value and that 
78 % of humeri fell between 130 and 140° [ 25 ] 
(Fig.  2.4 ).

       Proximal Humerus Morphology 

 Not only is the morphology of the humeral head 
variable but there is also considerable variability 
in the upper proximal humeral morphology itself. 
Hertel [ 8 ] described three distinct types of 
metaphyseal morphology that considered the off-
set of the greater tuberosity from the long axis of 
the humerus, described as standard, high offset, 

MO

OD

PO COR

HSA

Medial
epicondyle

Lateral
epicondyle

  Fig. 2.2    Humeral head 
offset. The humeral shaft axis 
( HSA ) is out of the page and 
the humeral head center of 
rotation ( COR ) is shown. The 
distance between the humeral 
shaft axis and the humeral 
head center of rotation ( COR ) 
is characterized by the 
humeral head offset distance 
( OD ), humeral head posterior 
offset ( PO ), and humeral head 
medial offset ( MO ) 
(Reproduced with permission 
from DeLude et al. [ 24 ])       
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  Fig. 2.3    Humeral head 
retroversion. The humeral 
axis is out of the page. 
Humeral head retroversion 
( θ   retroversion  ) is defi ned by the 
angle between the 
epicondylar axis and the 
articular margin plane 
(AMP) normal after both 
vectors have been projected 
onto a plane perpendicular 
to the humeral shaft axis 
(Reproduced with 
permission from DeLude 
et al. [ 24 ])       
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and low offset (Fig.  2.5 ). With respect to the 
humeral shaft morphology, the size and shape can 
vary, with the intramedullary canal described as 
either cylindrical or funnel shaped [ 60 ] (Fig.  2.6 ).

        Proximal Humeral Bone Quality 

 Patients who present for treatment of osteoarthri-
tis of the shoulder are often elderly and often suf-
fer from concurrent osteoporosis [ 26 – 29 ]. 
Therefore, the proximal humeral bone quality is 
an important factor to consider when performing 
a shoulder arthroplasty. Several methods are 
available to identify patients with osteoporosis 
and poor bone quality, including patient history 
and risk factors [ 30 – 33 ], bone mineral density, 
proximal humeral diaphyseal cortical thickness 
[ 34 ,  35 ], and proximal humerus computed 
tomography (CT)-derived Hounsfi eld unit (HU) 
measurements [ 36 ]. Patient age and gender also 
have a major impact on the proximal humerus 
bone quality [ 37 ].  

    The Rotator Cuff 

 The authors of several anatomical studies have 
delineated the footprints of the supraspinatus, 
infraspinatus, and subscapularis and reported val-
ues for their maximum length and width [ 38 – 41 ]. 
Surgeons must be aware of this anatomy when 
performing humeral head resection and/or rotator 

cuff (usually subscapularis) reattachment associ-
ated with humeral head replacement. The sub-
scapularis inserts along the medial aspect of the 
biceps groove, and its distance from the articular 
surface tapered from 0 mm superiorly to 18 mm 
inferiorly. The average maximum length was 
40 mm (range, 35–55 mm), and the average max-
imum width was 20 mm (range, 15–25 mm). It is 
important to understand that the most superior 
intra-articular margin is purely tendinous, and as 
the subscapularis insertion progresses inferiorly, 
it tapered to end as a purely musculocapsular 
attachment [ 38 ]. Mochizuki et al. have shown 
that the supraspinatus tendon was composed of 
two portions: the anterior half, which was long 
and thick, and the posterior half, which was short 
and thin [ 42 ]. Similarly, the superior half of the 
infraspinatus tendon was long and thick, while 
the inferior half was short and thin. He also 
reported that the footprint of the supraspinatus 
had a triangular shape, which tapered away from 
the joint capsule. The average maximum length 
of the footprint was 6.9 ± 1.4 mm. The average 
width was 12.6 ± 2.0 mm on the medial margin 
and 1.3 ± 1.4 mm on the lateral margin. The 
 footprint of the infraspinatus was shaped like a 
trapezoid, which was wider laterally compared 
with the more medial insertion along the joint 
capsule. The average maximum length of the 
infraspinatus footprint was 10.2 ± 1.6 mm. The 
average width was 20.2 ± 6.2 mm on the medial 
margin and 32.7 ± 3.4 mm on the lateral margin 
[ 42 ] (Fig.  2.7 ).

Articular margin
plane normal (AMP)

Articular
margin
plane

Inclination angle, qinclination

Humeral shaft axis (HSA)

  Fig. 2.4    Humeral head 
inclination. As shown in a coronal 
plane view, the humeral head 
inclination angle ( θ   inclination  ) is 
defi ned by the angle between the 
humeral shaft axis (HSA) and the 
articular margin plane (AMP) 
normal (Reproduced with 
permission from DeLude et al. 
[ 24 ])       
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        Biomechanics 

 The complex biomechanics of the shoulder girdle 
encompasses the motion of three bones, four 
joints, and sixteen muscles. The glenohumeral 
joint has the greatest range of motion of any diar-
throdial joint in the body, and as a result, perhaps 
more so than any other joint, there is a delicate 
balance between mobility and stability. A thor-

ough understanding of the biomechanics of the 
shoulder girdle complex in both the native shoul-
der and the prosthetic shoulder is essential for 
achieving a well-functioning, mobile, and stable 
anatomic shoulder arthroplasty. For the surgeon 
aiming to restore joint motion, it is imperative to 
understand the key movements of the shoulder 
joint (i.e., kinematics) and the forces and 
moments behind these motions (i.e., kinetics). 

CD CD

1

b

a

2 3

Negative CD

  Fig. 2.5    Proximal humerus morphology – metaphyseal. 
( a )  1  High offset,  2  standard offset, and  3  low offset. With 
decreasing critical distance (CD), the introduction of a 
straight-stemmed prosthesis becomes increasingly diffi cult. 

( b ) The introduction of a straight-stemmed canal fi tting 
implant may damage the supraspinatus tendon insertion in 
a humerus with a low-offset metaphyseal morphology 
(Reproduced with permission from Hertel et al. [ 8 ])       
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    Glenohumeral Stability 

 Glenohumeral joint stability is provided by an 
intricate system of static and dynamic restraints. 
Static stability is provided by (1) the bony congru-
ity of the articular surfaces, (2) the restraining 
function of ligaments and capsulolabral tissues, as 
well as (3) negative intra-articular pressure. There 
is a mismatch between the radius of curvature of 
the humeral head and the corresponding curvature 
of the glenoid and the glenoid labrum helps to 
increase congruency of these two surfaces [ 43 ]. 
However, given the small surface area of the gle-
noid in relation to the humeral head, only 20–30 % 
of its articular surface is in contact with the gle-
noid at any given time [ 59 ]. Dynamic stability is 
provided muscles, particularly those of the rotator 
cuff. The relative contribution of these two types 

of stabilizers varies with joint position and loading 
conditions, with the static stabilizers typically 
playing a greater role at end range of motion, while 
the dynamic stabilizers play a greater role in mid-
range, when static soft tissue restraints are slack.  

    Glenohumeral Mobility 

 Shoulder motion is a combination of movement 
in four joints: glenohumeral, scapulothoracic, 
acromioclavicular, and sternoclavicular. In terms 
of magnitude, the glenohumeral and scapulotho-
racic joints make the greatest contributions. The 
relative contribution of these two joints is referred 

  Fig. 2.6    Proximal humerus morphology – shaft. There is 
a wide variety among the shape of humeral medullary 
canals. Some are more cylindrical ( left ) and some are 
more funnel shaped ( right ) (Reproduced with permission 
from Matsen and Lippitt [ 61 ])       
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  Fig. 2.7    Rotator cuff footprint.  GT  greater tuberosity,  LT  
lesser tuberosity,  Wli  width of the lateral margin of the foot-
print of the infraspinatus,  Wls  width of the lateral margin of the 
footprint of the supraspinatus,  Wmi  width of the medial mar-
gin of the infraspinatus,  Wms  width of the medial margin of 
the supraspinatus,  Lc  length of the attachment of the articular 
capsule at the posterior edge of the footprint of the supraspina-
tus,  Li  maximum length of the footprint of the infraspinatus, 
and  Ls  maximum length of the footprint of the supraspinatus 
(Reproduced with permission from Mochizuki et al. [ 42 ]       
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to as the scapulohumeral rhythm. In a native 
shoulder, the relative contribution of the glenohu-
meral vs. the scapulothoracic joint to shoulder 
motion for elevation in the plane of the scapula, is 
described as a 2:1 ratio. This ratio represents an 
average over the entire arc of motion. Poppen 
and Walker reported a 4:1 glenohumeral-to- 
scapulothoracic motion ratio during the fi rst 25° 
of arm elevation with an almost equal 5:4 rotation 
ratio occurring during subsequent elevation [ 44 ]. 

 Motion at the glenohumeral joint is a complex 
function of both rotations and translations. 
Rotation is the predominant motion, generally of 
a larger magnitude. In contrast, translations at the 
glenohumeral joint are much smaller in magni-
tude. Translations occur in both the superior- 
inferior direction and the anterior-posterior 
direction [ 60 ] (ref).  

    A Balance of Mobility and Stability 

 Translation and rotation can also be used to assess 
joint stability in the glenohumeral joint.  Translational 
laxity  is described as the distance the humeral head 
can be translated in a specifi c direction from its cen-
tered position in the glenoid [ 61 ]. In a normal shoul-
der, the translational laxity is generally greater than 
1 cm in all directions when the joint is in a position 
within the midrange of motion.  Rotational laxity  of 
the glenohumeral joint is the angle through which 
the humeral head can be rotated in a specifi c direc-
tion from its centered position within the glenoid 
[ 61 ] (ref). Finally,  obligate translation  occurs at ter-
minal rotation when capsuloligamentous structures 
become taut, and further rotation produces increased 
compressive load at the joint as well as a displacing 
force [ 61 ] (ref). Therefore, this obligate translation 
occurs when the displacing force overcomes the 
intrinsic stability of the joint. 

 In addition to mobility, the forces produced by 
muscles of the shoulder girdle play an important 
role in joint stability. The rotator cuff muscles in 
particular, by virtue of their location and inser-
tion points, are ideally suited to the role of com-
pressors of the humeral head [ 62 ]. Perhaps most 
importantly, glenohumeral joint stability is also 
infl uenced by the integrity of the  transverse force 

couple . This force couple is formed anteriorly by 
subscapularis and posteriorly by the infraspinatus 
[ 45 ]. According to this theory, the glenohumeral 
joint is able to maintain normal joint mechanics 
when this force couple is intact (Fig.  2.8 ). 
Therefore, even with a full-thickness tear of 
supraspinatus, the infraspinatus-subscapularis 
force couple can still maintain adequate compres-
sion to suppress superior migration of the humeral 
head. In a cadaver study, Mura et al. [ 46 ] showed 
that isolated transection of the supraspinatus did 
not lead to superior migration of the humeral 
head, but extension of the “tear” into infraspinatus 
did cause superior migration.

       Muscle Function 

 There are many muscles that contribute to the 
complex motion of the shoulder. However, the 
primary muscles of concern for shoulder arthro-
plasty are the rotator cuff and deltoid. 

    The Rotator Cuff 
 The rotator cuff muscles are important stabiliz-
ers of the glenohumeral joint in multiple shoul-
der positions [ 47 ]. During shoulder motion, 
these muscles work in concert to elevate and 
rotate the arm, compress and center the humeral 
head within the glenoid fossa, and resist humeral 
head superior translation due to deltoid activity 
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  Fig. 2.8    Transverse force couple. The infraspinatus must 
be intact to adequately oppose the moment created by 
the subscapularis (Reproduced with permission from 
Burkhart [ 45 ])       
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[ 48 ]. This latter function is important in early 
humeral elevation when the resultant force vec-
tor from the deltoid is directed in a primarily 
superior direction. 

  Supraspinatus : The supraspinatus acts to com-
press and abduct and may provide a small exter-
nal rotation (ER) torque to the GH joint. Due to a 
decreasing moment arm with abduction, the 
supraspinatus is more effective during elevation 
in the scapular plane at smaller abduction angles, 
but it still generates abductor torque throughout 
its arc of motion. 

  Infraspinatus and teres minor : The infraspina-
tus and teres minor muscles provide glenohu-
meral compression, external rotation, and 
abduction. They also resist superior and anterior 
humeral head translation by exerting a posteroin-
ferior force to the humeral head [ 47 ]. With the 
arm in abduction, external rotation by these mus-
cles facilitates the greater tuberosity clearing the 
coracoacromial arch during overhead move-
ments, thereby minimizing subacromial impinge-
ment. The ability for infraspinatus to generate 
external rotation torque is dependent upon the 
position of the arm, being most effective at lower 
abduction angles [ 49 ]. In contrast, teres minor 
generates a relatively constant external rotation 
torque throughout arm abduction movement. 

  Subscapularis : The subscapularis acts to pro-
duce glenohumeral compression, internal rota-
tion (IR), and abduction. Similar to infraspinatus, 
its muscle bellies generate their peak torque with 
the arm at 0° of abduction.  

    Deltoid 
 The deltoid is the most important muscle provid-
ing movement of the shoulder joint, primarily 
abduction but also contributing to rotation. At low 
abduction angles (less than 40°), the abduction 
moment arms generated by the deltoid are less 
than those produced by supraspinatus, infraspina-
tus, and subscapularis [ 50 ]. The moment arm pro-
duced by the anterior muscle belly varies with 
humeral rotation, increasing with external rotation 
and decreasing with internal rotation. This effect is 
much less pronounced in the middle and posterior 
heads of the deltoid with the magnitude of change 
being less likely to be clinically relevant.   

    Joint Reaction Forces 

 As mentioned in the previous section, the mus-
cles of the shoulder girdle produce joint com-
pressive forces as well as displacement (i.e., 
translation). Depending on the particular loading 
conditions, these forces and moments can cause 
shear stresses at the articular surface. Although 
not a weight-bearing joint, signifi cant joint forces 
are still generated across the shoulder joint [ 61 ]. 
However, the joint reaction forces generated 
depend upon the arm position and the magnitude 
of force produced by the muscles. Poppen and 
Walker reported loads in the range of 0.9–1.4× 
BW for abduction [ 44 ]. Runciman noted forces 
of 4–7× BW for activities such as push-ups, chin- 
ups, and press-ups [ 51 ]. In vivo studies with 
instrumented shoulder prostheses have estimated 
that in the setting of patients undergoing post-op 
rehabilitation, joint reaction forces can be as high 
as 2.4× BW [ 52 ].   

    Implant Selection/Implantation 

 Anatomic shoulder arthroplasty aims to alleviate 
pain and restore function primarily by recreating 
the native glenohumeral joint anatomy. Implant 
design has evolved with the aim of achieving a 
durable reconstruction that improves pain and 
mobility. Innovation has led to modular implants 
with an impressive array of implant choices for the 
surgeon to choose from. With modular implants 
the surgeon can adjust for a variety of variables 
that enable anatomic recreation. Understanding 
the mechanical role of each implant variable will 
guide the surgeon toward the best implant choice 
for each patient. Finally, innovation in implant 
design necessitates constant evaluation of new 
designs as well as the introduction of novel means 
of assessment. Evaluating the biomechanics of the 
prosthetic shoulder joint may lead to ongoing 
refi nement of implant design aimed at enhancing 
function and longevity. 

 For proper restoration of shoulder function, 
it is essential that the reconstruction restores 
the patient’s bony anatomy and that the soft tis-
sue (primarily muscle) forces are appropriately 
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balanced. Bony reconstruction refers to patient- 
specifi c bony anatomic recreation. This is facil-
itated by a detailed knowledge of anatomy and 
biomechanics and the availability of modern 
adaptable implants. Soft tissue balancing refers 
to appropriate balancing of capsuloligamentous 
and musculotendinous structures to enable a 
proper combination of both stability and mobil-
ity. This usually is considered after an accurate 
bony reconstruction has occurred. Most com-
monly, this involves the release of tight tissues 
from the anterior aspect of the shoulder joint. 
Less commonly, this involves tightening of 
redundant tissues in the posterior aspect of the 
shoulder joint. Even less commonly, adjusting 
the bony reconstruction may be necessary. This 
could include up- or downsizing the humeral 
head and/or shifting its center of rotation. After 
appropriate bony and soft tissue reconstruction, 
the arm should attain 40° of external rotation at 
the side, 50 % translation of the humeral head 
on the glenoid width with a posterior directed 
force, and 60° of internal rotation with the arm 
in abduction. This is often referred to as the 
40-50- 60 rule [ 61 ]. 

    Humeral Head Size and Shape 

 Inaccurate anatomic recreation of the size of the 
humeral head may cause biomechanical conse-
quences through malpositioning of the joint line 
or displacing the center of rotation. Fischer has 
shown that displacing the center of rotation by 
20 % of its radius (5 mm for an average radius of 
curvature of 25 mm) changes the lever arm of the 
rotator cuff by 20 %. In a cadaveric biomechani-
cal study, Vaesel et al. investigated the infl uence 
of head size on shoulder kinematics [ 53 ]. They 
observed that a large head size was associated 
with decreased mobility (abduction and external 
rotation) and superior translation, and a small 
head size translated inferiorly. The observed 
reduction in mobility secondary to oversizing the 
head is often referred to as “overstuffi ng” and 
may also lead to an increased risk of secondary 
rotator cuff tears, due to increased tension on the 
tendons. In a similar fashion, increasing humeral 

head height can also limit motion. Harryman 
et al. [ 54 ] reported that increasing humeral head 
thickness by 5 mm reduced range of motion and 
caused earlier translation of the humeral head on 
the prosthetic glenoid, while Pearl and Volk 
observed that increasing head height also altered 
the position of the center of rotation and the artic-
ular surface arc [ 14 ]. 

 As mentioned earlier, the humeral head is not 
spherical in shape. Recent biomechanical studies 
[ 55 ] have demonstrated that custom, nonspheri-
cal humeral heads more accurately replicate head 
shape, rotational range of motion, and glenohu-
meral joint kinematics than a spherical prosthetic 
head when compared with the native humeral 
head. However, a recent retrospective clinical 
study was not able to detect a signifi cant differ-
ence in clinical outcomes, radiographic perfor-
mance, or survivorship when attempts were made 
to match patient geometry [ 56 ].  

    Humeral Head Offset 

 A small variation in the humeral head offset can 
cause a large change in the glenohumeral kine-
matics [ 5 ,  8 ,  12 ,  15 – 17 ]. Boileau and Walch 
reported that there was signifi cant variation in 
proximal humeral anatomy and, in particular, that 
variations in inclination, retroversion, medial off-
set, and posterior offset were not well accommo-
dated by available implants at that time [ 5 ]. Most 
contemporary implant systems now come with 
centered and eccentric heads, of variable thick-
ness to allow the surgeon to dial in the appropri-
ate amount of offset (Fig.  2.9 ).

       Humeral Head Retroversion 

 Intraoperatively, assessing the epicondylar axis is 
often diffi cult, so generally either the forearm 
axis or the bicipital groove is used as a landmark 
for humeral head retroversion. If using the fore-
arm axis as a reference, the surgeon must con-
sider the 10–15° carrying angle at the elbow. 
Implantation of the proximal humeral prosthesis 
in 30–40° of retroversion based on the forearm 
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axis results in a true anatomical version of 20° 
with respect to the epicondylar axis [ 10 ,  57 ]. 
Surgeon preference guides the extent to which 
the patient’s natural version is reproduced. 
Retroversion can be achieved by the use of mod-
ular implants that allow this to be “dialed in” to 
the implant vs. strategic implantation of the stem 
in the appropriate amount of retroversion.  

    Humeral Head Inclination 

 It is important to note that alterations in neck- 
shaft angle may alter the tension on the rotator 
cuff and deltoid tendons potentially leading to 
rotator cuff and/or deltoid dysfunction. Therefore, 
the surgeon must ensure the implant aligns appro-
priately with the humeral head resection to 
achieve optimal soft tissue tension and the largest 
articular surface arc [ 16 ,  35 ,  58 ]. Recognizing 
that variability in humeral head inclination exists, 
the surgeon may approach recreating this angle in 
one of two ways: (1) utilize an adaptable implant 
with a variable neck-shaft angle or; (2) if using an 
implant with a fi xed neck-shaft angle, plan the 
osteotomy and insertion depth to achieve an 
appropriate articular surface arc for the humerus 

(Fig.  2.10 ). Essentially, these two options can be 
summarized as adapting the prosthesis to the 
patient’s anatomy or adapting the patient’s anat-
omy to the prosthesis.

       Proximal Humerus Morphology 

 In addition to the variability in the morphology of 
the humeral head, consideration must also be 
given to the variability in proximal humerus mor-
phology. Hertel described three distinct metaphy-
seal morphotypes, described as standard, high 
offset, and low offset [ 8 ] (Fig.  2.5 ). The use of an 
adaptable implant is often essential in these situa-
tions to enable an anatomic recreation and avoid 
damage to the rotator cuff insertion. For example, 
the authors noted that insertion of a straight- 
stemmed prosthesis in a low-offset humerus risks 
damage to the insertion of the supraspinatus ten-
don. With respect to shaft morphology, assessment 
of shaft size and shape is essential when reaming 
the canal. Over-reaming a narrow shaft or cylindri-
cal reaming of a funnel shaped canal can both 
create a stress riser at the tip of the prosthesis 
(ref) [ 61 ]. When inserting the defi nitive implant, 
the surgeon should be mindful of the position of 

Malpositioned
head

component

a b

Centered taper Eccentric taper

Press-fit
humeral stem

Proper
positioning of

head component

  Fig. 2.9    Humeral head 
offset. ( a ) The mismatch in 
the humeral head offset 
with a press fi t stem and 
centered head taper results 
in malpositioning of the 
humeral head component 
inferiorly. ( b ) In this case, 
an eccentric taper humeral 
head orients the humeral 
head superiorly and 
provides proper humeral 
head positioning 
(Reproduced with 
permission from Iannotti 
et al. [ 17 ])       
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the stem within the canal. This relationship is more 
constrained in uncemented stems, but both types 
of stems may be mal- inserted which effectively 
changes the position of the head and the associated 
soft tissue balance. However, in certain circum-
stances, intentionally inserting the stem off axis 
may be used to correct deformity when using an 
implant with less modularity.  

    Proximal Humeral Bone Quality 

 Knowledge about the bone quality of the proximal 
humerus may serve as a tool to guide surgeons in 
the selection of an appropriate humeral stem size to 
achieve a press fi t in a patient with poor bone qual-
ity and/or the need for either impaction grafting 

techniques or cement fi xation to achieve a stable 
prosthesis [ 38 ]. The use of a stemless implant 
may not be preferable in patients with osteopo-
rotic bone, many of whom are elderly women 
[ 37 ]. Furthermore, surgeons must be aware that 
decreased bone quality can result in a higher inci-
dence of surgical complications, particularly 
intraoperative periprosthetic fracture and/or post-
operative implant subsidence or loosing.  

    The Rotator Cuff 

 The rotator cuff integrity and function has a large 
impact on both implant selection and postopera-
tive outcomes for proximal humeral arthroplasty. 
Adequate knowledge of the rotator cuff anatomy 

  Fig. 2.10    Humeral head inclination. A humerus with a 
varus neck-shaft angle ( a ) can be treated with an 
adjustable- angle implant and a humeral osteotomy at the 
anatomic neck ( b ) or a fi xed-angle implant and a 135° 
osteotomy with a modifi ed cut started from the superolat-
eral point of the neck plane ( c ). A humerus with a valgus 
neck-shaft angle ( d ) can be treated with an adjustable- 
angle implant and a humeral osteotomy at the anatomic 
neck ( e ) or a fi xed-angle implant and a 135° osteotomy 

with a modifi ed cut started from the inferomedial point of 
the neck plane ( f ). Recognizing that variability in humeral 
head inclination exists, the surgeon may approach recreat-
ing this angle in one of two ways: (1) utilize an adaptable 
implant with a variable neck-shaft angle or; (2) if using an 
implant with a fi xed neck-shaft angle, plan the osteotomy 
and insertion depth to achieve an appropriate articular sur-
face arc for the humerus (Reproduced with permission 
from Jeong et al. [ 25 ])       
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and function and its effect on shoulder biome-
chanics will aid in pre- and intraoperative evalua-
tion of the rotator cuff integrity and function. The 
decision to perform either an anatomic or a reverse 
TSA is often based on preoperative physical exam 
fi ndings, imaging fi ndings (e.g., degree of fatty 
atrophy in rotator cuff muscles), and functional 
demands, as well as intraoperative examination of 
the rotator cuff. If the rotator cuff is absent or non-
functional or, in some situations, if the tendons 
seem thin, or the surgeon is concerned about their 
long-term integrity, a reverse shoulder arthro-
plasty may be preferred. Newer modular anatomic 
humeral implants that permit revision to reverse 
shoulder arthroplasty provide another option to 
the surgeon in this scenario. Ultimately, it is the 
surgeon’s understanding of the rotator cuff anat-
omy and function that will facilitate correct 
implant selection and positioning, allowing opti-
mization of function and longevity.   

    Summary 

    Anatomy 

•     The bony anatomy of the proximal humerus 
demonstrates considerable variability.  

•   Detailed studies have been conducted to char-
acterize this variation including head size, 
radius of curvature, humeral head offset, 
humeral head inclination, retroversion, proxi-
mal humeral shaft morphology, and proximal 
humerus bone quality.  

•   Most modern implants, now have the capabil-
ity to, at least in part, address this variability.  

•   Careful preoperative assessment of these ana-
tomical variables, as well as appropriate intra- op 
trialing, will allow the surgeon to optimize bony 
and soft tissue balancing of the prosthesis.     

    Biomechanics 

•     The biomechanics of the shoulder girdle are a 
balance between mobility and stability.  

•   Static and dynamic constraints contribute to 
joint stability, and understanding their respective 

roles in the normal and diseased shoulder 
will help the surgeon achieve an anatomic 
reconstruction.  

•   Research studies have demonstrated that the 
native and prosthetic joint can see loads that 
surpass body weight: hence, the reconstruction 
must be optimized to withstand these loads.  

•   There is now a wide array of implant types, 
each with numerous options to allow the sur-
geon to “customize” an implant to the patient’s 
geometry.         
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      Stemmed Humeral Replacement                     

     Peter     N.     Chalmers       and     Jay     D.     Keener     

          Introduction 

 Although the fi rst stemmed humeral replace-
ment, constructed out of platinum and rubber and 
performed for an indication of tuberculosis, was 
performed by Péan in 1893, the procedure did not 
begin to be widely performed until Neer described 
his results in 1955 [ 1 ,  2 ]. Recently, both humeral 
hemiarthroplasty and total shoulder arthroplasty 
have increased remarkably in frequency. Between 
1993 and 2008, the number of humeral compo-
nents placed in the United States increased from 
13,837 to 46,951 per year [ 3 ]. Given the fre-
quency of placement of a humeral component, a 
thorough understanding of the surgical indica-
tions and goals, design features, techniques, and 
outcomes associated with the humeral compo-
nent is critical not only for a shoulder surgeon but 
also for the general orthopedic surgeon. 

    Goals of Humeral Component Design 

 There are four primary goals in humeral compo-
nent design. The fi rst is to replicate, as faithfully 
as possible, pre-injury/pre-deformity anatomy. 

Numerous biomechanical studies have demon-
strated that this provides the highest likelihood 
for restoration of native kinematics and that dif-
ferences as small as 4 mm can have marked bio-
mechanical consequences [ 4 – 6 ]. The anatomy 
and biomechanics of the proximal humerus is 
covered in detail in Chap.   2    . The second is to 
achieve initial implant stability [ 7 ,  8 ], which 
allows immediate range of motion, prevents 
implant subsidence that could lead to malalign-
ment, and is a prerequisite for biologic ingrowth 
and implant incorporation in cementless designs 
[ 9 ]. The third goal is to achieve long-term 
implant fi xation, thus avoiding aseptic loosening 
and the consequences of humeral revision [ 10 –
 13 ]. These goals are ideally attained while avoid-
ing proximal humeral bone loss via osteolysis 
and [ 14 ,  15 ] stress shielding [ 14 – 16 ] as these can 
complicate revision options and potentially lead 
to periprosthetic fracture [ 17 – 19 ]. The fourth 
goal relates to ease of extraction in cases of 
unanticipated need for revision such as infection 
or loss of rotator cuff function. Ideally, the 
humeral stem can be extracted with minimal loss 
of metaphyseal bone to maximize revision 
options. This fi nal goal highlights the impor-
tance of achieving a balance between long-term 
fi xation and ease of potential extraction. A vari-
ety of design- and technique- driven strategies 
are employed to achieve these goals.  
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    Humeral Stem Design Evolution 

 Most strategies implemented to restore humeral 
anatomy have focused on implant design. Neer’s 
initial humeral component design of a straight 
stem with fi ns was based upon his measurements 
of 50 cadaveric humeri [ 5 ]. However, subsequent 
detailed radiographic and anatomic research has 
demonstrated that humeral head inclination varies 
widely [ 6 ,  20 – 22 ]. Newer designs have thus intro-
duced modularity, primarily at the head/body junc-
tion, to increase the options available to the surgeon 
[ 4 ]. Another advance is the introduction of variable 
head-shaft angles (Fig.  3.1 ) [ 20 ,  21 ,  23 – 25 ]. 
Components are also available to offer similar vari-
ability in version to match the wide variability in 
proximal humeral version [ 19 ,  26 – 29 ]. However, it 
should be recognized that humeral version is pri-

marily determined by surgical technique rather 
than component design. The center of rotation of 
the humeral head is offset posteriorly, medially, 
and superiorly in relation to the humeral shaft and 
varies from patient to patient. Thus, most modern 
designs provide a humeral head with an eccentri-
cally placed receptacle for the Morse taper [ 6 ,  20 , 
 21 ,  24 ,  30 ], and modern designs also provide vari-
ability in humeral head thickness to accommodate 
individual anatomy [ 20 ,  21 ]. Many early systems 
were designed without variable inclination, which 
tends to lead to displacement of the center of rota-
tion superiorly and laterally, resulting in a relative 
“overstuffi ng” of the joint [ 20 ,  31 ,  32 ]. This issue 
was worsened by the early introduction of modu-
larity combined with overly thick humeral heads, 
as many designs did not account for the thickness 
of the collar and the gap between the humeral head 

a b

  Fig. 3.1    These anteroposterior radiographs demon-
strate two components, ( a ) one with variable offset and 
inclination and ( b ) one with fi xed offset and inclination. 

As can be seen, the implant with fi xed inclination has 
been placed in varus to attempt to replicate anatomic 
inclination       
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and collar [ 6 ,  21 ]. Subsequent biomechanical stud-
ies have demonstrated that “overstuffi ng” decreases 
range of motion and translation [ 31 ,  32 ] and thus 
may place more stress through the glenoid compo-
nent and may lead to increased rates of glenoid 
loosening [ 33 ,  34 ]. Subsequent designs have 
accounted for these fi ndings [ 6 ]. Finally, degenera-
tive conditions of the glenohumeral joint are asso-
ciated with contracture and imbalance of the 
capsule, musculature, and other periarticular tis-
sues. Perfect recreation of pre-deformity anatomy 
acts only as a supplement to soft tissue balancing. 
Indeed, in the setting of signifi cant deformity, soft 
tissue balancing may become even more important 
to reduce stress placed on the implant, recenter the 
humeral head, and maximize range of motion [ 4 ].

   Recently, “platform” stems have been released 
that provide modularity at both the diaphyseal/
metaphyseal junction and the head/body junc-
tion, achieving fi xation within the diaphyseal 
region. This potentially allows for revision from 
a hemiarthroplasty or anatomic total shoulder to 
a reverse total shoulder arthroplasty without revi-
sion of the fi xated portion of the humeral compo-
nent [ 13 ]. While these advances offer the surgeon 
the ability to best replicate the patient’s anatomy, 
each additional modular junction also serves as 
an additional potential location for component 
dissociation and component fracture [ 4 ]. Increased 
modularity also serves as a potential location for 
fretting wear and metallosis, as has been experi-
enced in total hip arthroplasty [ 35 ]. Furthermore, 
the desired version and depth of stem seating may 
vary between anatomic and reverse total shoulder 
arthroplasty. Therefore, for accurate and optimal 
humeral prosthetic positioning using platform 
stems, the additional modularity should enable 
the surgeon to adapt to the fundamental differ-
ences between ideal implant placements in differ-
ent arthroplasty designs.  

    Indications for a Stemmed Humeral 
Replacement 

 A stemmed implant remains the gold standard. 
A stemmed humeral component is indicated for 
anatomic total shoulder arthroplasty performed 

for glenohumeral osteoarthritis [ 15 ,  23 ,  28 ,  34 , 
 36 – 41 ], avascular necrosis [ 42 ,  43 ], infl ammatory 
arthritis [ 17 ,  36 ,  37 ,  44 ,  45 ], and various traumatic 
conditions [ 17 ,  36 ,  46 – 48 ]. Particular indications 
for a stemmed over a stemless implant include 
proximal humeral bone loss preventing adequate 
stemless fi xation, poor vascularity of the proximal 
humeral bone that might compromise long-term 
fi xation, poor biology of proximal humeral bone 
such as prior radiation that might compromise 
long-term fi xation, and proximal humeral defor-
mity that would prevent anatomic placement of a 
stemless implant. Particular scenarios where a 
stemless or resurfacing-style implant may be rela-
tively indicated are the presence of prior proximal 
humeral hardware that precludes placement of a 
stemmed humeral component, such as a humeral 
nail, hardware extending toward the proximal 
humerus, or a long-stemmed distal humeral com-
ponent of a total elbow arthroplasty.  

    Humeral Fixation Options 

 Most of the strategies used for initial implant sta-
bility have been technique driven. Given that 
humeral component aseptic loosing is relatively 
uncommon, it is important to recognize that ade-
quate initial and long-term stability can be 
achieved with a variety of techniques. In North 
America, stemmed humeral prostheses remain 
the gold standard at this point. First method of 
fi xation is to cement the stem, using either a 
proximal or diaphyseal technique [ 7 ,  8 ,  11 ,  15 , 
 37 ,  38 ,  40 ,  49 – 52 ]. The second is to machine the 
proximal humerus to be slightly undersized rela-
tive to the dimensions of the component, which 
allows a press fi t that provides implant stability 
via hoop stresses [ 20 ,  39 ]. Within the humerus 
press-fi t fi xation may be insuffi cient – in one ret-
rospective comparative study 49 % of press-fi t 
stems shifted during early follow-up, while no 
cemented stems shifted [ 53 ]. For all modern 
prostheses, press-fi t fi xation is combined with 
osseous ingrowth and on-growth surfaces on the 
humeral component that provide friction for a 
“scratch fi t” [ 39 ,  41 ,  45 ,  54 – 56 ]. Following 
Neer’s initial designs, many prostheses also 
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incorporate fi ns that provide additional initial tor-
sional stability [ 4 ,  5 ]. Finally, many authors have 
used cancellous bone graft from the humeral 
head for impaction grafting to improve initial sta-
bility and to fi ll voids that could impede compo-
nent incorporation [ 57 ,  58 ]. Biomechanical studies 
have demonstrated that while there is no difference 
in axial [ 8 ] micromotion between cemented and 
cementless initial fi xation, rotational [ 7 ] micromo-
tion is decreased in cemented as compared to 
press-fi t stems. 

 Both implant design- and technique-based strat-
egies have been utilized to maximize long- term 
humeral fi xation. With cementless implants, initial 
designs led to a 55 % rate of radiographic loosening 
[ 52 ], mirroring the prosthetic design experience in 
total hip arthroplasty [ 9 ]. This problem led to the 
adoption of biologic on- growth and ingrowth sur-
faces developed for total hip arthroplasty [ 9 ] into 
humeral component design [ 45 ]. Subsequent stud-
ies using components of a similar design but with 
an incorporated ingrowth surface reduced rates of 
radiographic loosening over fi vefold from 55 % to 
10 % [ 55 ]. These results were achieved despite 
retrieval studies demonstrating that only 11 % of 
the ingrowth surface incorporates, with 95 % of the 
ingrowth occurring at the medial and lateral bone-
to-implant interfaces [ 54 ]. 

 Another major change in long-term fi xation 
has been a shift in emphasis from diaphyseal to 
metaphyseal fi xation [ 14 ,  39 ], again paralleling 
the development of taper-wedge stems in total 
hip arthroplasty [ 59 ]. The humeral endosteal 
diaphysis has an ellipsoid [ 60 ], highly variable 
shape [ 22 ] with a proximal to distal torsion [ 22 , 
 39 ]. Thus, even with reaming, the diaphyseal 
portion of the implant has a relatively poor fi t 
and more implant/bone voids in comparison to 
the metaphyseal region of the component [ 39 ]. 
Comparative studies have demonstrated lower 
rates of radiographic loosening with metaphy-
seal compared to diaphyseal fi xation for cement-
less components, which has led to the suggestion 
that if diaphyseal fi xation is required, the com-
ponent should be cemented [ 39 ]. Metaphyseal 
bone may also be more well vascularized and 
may thus allow more rapid ingrowth than diaph-
yseal bone [ 61 ]. 

 The use of metaphyseal fi xation may also ease 
humeral stem removal during revision [ 10 – 13 ]. 
Bone preservation is enhanced as metaphyseal 
fi xation minimizes proximal humeral bone loss 
from stress shielding [ 14 – 16 ]. Furthermore, access 
to diaphyseal bone is not needed during revision, 
which is bone preserving [ 17 ]. Metaphyseal fi xa-
tion may also reduce the incidence and complica-
tions associated with periprosthetic fracture while 
paradoxically increasing the likelihood for intra-
operative periprosthetic fractures during implanta-
tion [ 17 – 19 ]. A large, diaphyseally fi xated stem 
acts to stress shield the proximal humerus while 
also acting as a large lever arm and concentrating 
stress at the tip of the stem [ 17 ]. Diaphyseal peri-
prosthetic fractures likely have a lower healing 
potential than metaphyseal periprosthetic fractures 
(Fig.  3.2 ) [ 61 ]. Concern for diaphyseal peripros-
thetic fractures is one reason for the development 
of stemless implants, which will be covered in 
more detail in Chap.   5    .

   The use of cemented versus cementless 
implants continues to be a source of signifi cant 
controversy, with each having relative advantages 
and disadvantages (Table  3.1 ). Cemented implants 
can achieve immediate and lasting fi xation, over-
coming voids, irregularities, and other sources of 
mismatch between the component and the endos-
teal surface that could compromise cementless 
fi xation [ 22 ,  39 ]. Cemented components are gen-
erally smaller than uncemented stems, which may 
prevent stress shielding and intraoperative peri-
prosthetic fractures, which can occur with bulkier 
cementless implants [ 14 ]. In cases with signifi -
cant proximal humeral osseous defi ciencies or 
poor bone quality and ingrowth potential, cement 
fi xation has distinct advantages over cementless 
techniques [ 41 ].

   Cemented fi xation has several distinct disad-
vantages. At the time of implantation, cementa-
tion is more time-consuming, and it can be 
technically challenging to achieve good cement 
technique. Prior cementation substantially 
 complicates subsequent humeral revision [ 13 ]. In 
particular, diaphyseal cementation can make stem 
removal diffi cult. In infection cases all prior cement 
must be removed or it can serve as a reservoir of 
biofi lm-protected bacteria. Attempts at stem or 
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cement removal can frequently lead to iatrogenic 
humeral fracture or perforation, especially in osteo-
porotic bone. Indeed, in one series of 80 cases, 
removal of cemented humeral stems was the most 
common cause of intraoperative complications 
during revision shoulder arthroplasty [ 11 ,  13 ]. In 
revision settings, in which there may be cortical 
bone perforation in the humeral canal, cement 
pressurization can lead to extrusion [ 11 ] potentially 
compromising neurovascular structures, in particu-
lar the radial nerve. The introduction of variable 
inclination components may reduce the need for 

cementation. With nonvariable designs, surgeons 
often fi ll voids created by the mismatch between 
the optimal prosthetic head location and the opti-
mal stem location with cement as these may differ 
widely with anatomic variability [ 6 ].  

    Clinical Outcomes 

 Overall excellent outcomes have been described 
for modern humeral components, with low rates 
of radiographic loosening, symptomatic loosening, 

  Fig. 3.2    This anteroposterior radiograph of the right 
humerus demonstrates a diaphyseal humeral peripros-
thetic fracture around a cemented, diaphyseally fi xated 

component where stress concentrates at the distal aspect 
of the component       

   Table 3.1    Advantages and disadvantages of cemented and cementless fi xation   

 Cemented  Cementless 

 Advantages  Disadvantages  Advantages  Disadvantages 

 Strong initial fi xation  Time-consuming  Rapid  Stress shielding, radiolucent 
line formation 

 Can be used in the 
presence of prior radiation 
or osteonecrosis 

 Technically demanding  May ease revision and 
facilitates component 
removal 

 Relies upon a closer match 
between the component and 
the humerus, increasing the 
likelihood for intraoperative 
periprosthetic fracture 

 Antibiotic-laden cement 
may provide additional 
sepsis prevention in cases 
with prior infection 

 Complicates revision and 
may predispose toward 
iatrogenic humeral fracture 

 No concern for extrusion 
in cases with humeral 
perforation 

 Possibly decreased strength 
of initial fi xation 

 Supported by randomized 
clinical trial data 

 Can extrude through 
perforations and 
compromise neurovascular 
structures 

 Technically simple  May not incorporate with 
bone with compromised 
blood supply or viability 

 

3 Stemmed Humeral Replacement



34

or need for revision (Table  3.2 ) [ 14 ,  15 ,  34 ,  36 , 
 37 ,  40 ,  44 ,  49 – 52 ,  62 ]. Indeed, clinical outcomes 
on the humeral side have been excellent since ini-
tial implant designs. For instance, in a 1987 pro-
spective cohort study of 50 anatomy total 
shoulder arthroplasties with cemented Neer II 
components followed for a mean of 3.5 years, 
while 10 % of humeral components had at least one 
radiolucent line, only one component (2 %) had to 
be revised for a subsequent humeral fracture [ 36 ]. 

Although humeral component designs have 
changed substantially in the over 25 years since 
this report was published, these results are dif-
fi cult to improve upon. However, although rare, 
humeral loosening does occur, and revisions for 
humeral loosening are fraught with complications 
and should thus be avoided if possible [ 10 ,  13 ]. 
For instance, when the Mayo Clinic described 
their experience with 35 revisions performed for 
loosening of the humeral component in anatomic 

   Table 3.2    Outcomes regarding the humeral component in primary anatomic total shoulder arthroplasty from the larg-
est available series with rates of radiographic and clinical humeral loosening   

 Study characteristics  Implant characteristics  Clinical outcomes (%) 

 Author (year) 

  N   Mean f/u 
(years) 

 M/D  C/U  PF/PC  Radiographic 
loosening 

 Symp. 
loosening 

 Revision 
for 
loosening 

 Humeral 
revision 

 Barrett 
(1987) [ 36 ] 

 50  3.5  D  72 % C  PF  0  0  0  4.0 

 Sperling 
(2000) [ 55 ] 

 62  4.6  D  U  PC  9.7  1.6  1.6  NA 

 Sanchez-Sotelo 
(2001) [ 51 ] 

 43  6.6  D  C  NA  2  0  0  0 

 Sanchez-Sotelo 
(2001) [ 52 ] 

 72  4.1  D  U  PC  56  1.3  1.3  4.2 

 Godenéche 
(2002) [ 34 ] 

 268  2.5  M  99 % C  PC  8  0.4  0.4  2.2 

 Matsen 
(2003) [ 39 ] 

 131  2.0  M  U  PF  0  0  0  0 

 Verborgt 
(2007) [ 56 ] 

 37  9.2  D  U  PF  19  0  0  2.7 

 Khan (2009) [ 37 ]  25  10.6  M  C  NA  0  0  0  0 

 Cil (2010) [ 62 ]  1,112  8.1  D  15 % C  86 % 
PC 

 NA  NA  1.1  9.4 

 Throckmorton 
(2010) [ 41 ] 

 76  4.3  D  U  PC  0  0  0  0 

 Litchfi eld 
(2011) [ 38 ] 

 80  2.0  D  C  NA  NA  0  0  0 

 Litchfi eld 
(2011) [ 38 ] 

 81  2.0  D  U  PF  NA  0  0  0 

 Raiss (2012) [ 40 ]  39  11.0  M  C  NA  0  0  0  0 

 Owens 
(2014) [ 64 ] 

 35  6.5  D  29 % C  PC  0  0  0  2.9 

 Raiss (2014) [ 15 ]  262  8.2  M  74 % C  PC  1  1  0  3.8 

 Cemented 
weighted mean 

 2.4  0.4  0.4  4.0 

 Uncemented 
weighted mean 

 3.3  0.2  0.9  6.8 

  Comparative studies have been broken into their comparative groups when possible 
  N  number of shoulders,  f / u  follow-up,  M  metaphyseal,  D  diaphyseal,  C  cemented,  U  uncemented,  NA  not applicable/not 
available,  PF  press fi t,  PC  proximal on-growth or ingrowth coating,  Loose  loosening,  Symp  symptomatic  
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total shoulder arthroplasty, only 71 % satisfactory 
or excellent results were achieved using Neer’s 
criteria, 23 % of patients had cement extrusions, 
17 % of patients had iatrogenic intraoperative 
humeral fractures, and 11 % of patients required 
reoperation [ 10 ].

   The most common reasons for revision of the 
humeral component are problems on the glenoid 
side [ 63 ] and within the rotator cuff [ 13 ], with 
isolated aseptic loosening accounting for the vast 
minority of humeral revisions. In a large retro-
spective series with 1,112 anatomic total shoul-
der arthroplasties, of the 104 humeral revisions, 
only 12 (11.5 % of all humeral revisions, 1.1 % of 
all total shoulder arthroplasties) were performed 
for humeral loosening, and of these 9 (75 %) 
were in association with either glenoid polyethyl-
ene wear or instability. Therefore, isolated 
humeral loosening thus only occurred in 0.3 % of 
cases and accounted for only 2.9 % of humeral 
revisions [ 62 ]. Rates of humeral loosening requir-
ing revision have been similarly low in other 
series, ranging from 0 % to 1.6 % [ 15 ,  34 ,  36 – 41 , 
 51 ,  52 ,  55 ,  56 ,  62 ,  64 ]. When data from these 
series was pooled, the weighted mean rates of 
humeral loosening requiring revision was 0.4 % 
for cemented and 0.9 % for uncemented compo-
nents. The overall humeral revision rates were 
4.0 % for cemented components and 6.8 % for 
uncemented components in these weighted mean 
averages, again suggesting that issues indepen-
dent of the humeral component such as instabil-
ity, glenoid loosening, rotator cuff dysfunction, 
and infection play the largest role in humeral 
component revision [ 15 ,  34 ,  36 – 41 ,  51 ,  52 ,  55 , 
 56 ,  62 ,  64 ]. Of note, given the technical diffi culty 
and high complication rate associated with revi-
sion of a cemented stem [ 13 ], the improved “sur-
vival” of cemented components may refl ect the 
resistance of the surgeon to revise a cemented 
components [ 62 ]. 

 The debate between the use of cemented and 
cementless fi xation of humeral components con-
tinues with no clear distinction in outcomes or 
performance between designs in routine shoulder 
arthroplasty. A prospective, double-blind, ran-
domized clinical trial comparing cemented and 
cementless fi xation in anatomic total shoulder 

arthroplasty performed for primary osteoarthritis 
demonstrated better Western Ontario Osteoarthritis 
Scores in the cemented group [ 38 ]. However, this 
study was conducted with a fi xed inclination, 
diaphyseally fi xated stem instead of a variable 
inclination, and metaphyseally fi xated stem. In 
addition, there were no differences in other vali-
dated measures of shoulder function, shoulder 
range of motion, or the complication rates or rates 
of loosening or revision between groups in the 
short term [ 38 ]. As a result, this study remains dif-
fi cult to interpret given the implants currently 
available. Many studies suggest that with modern 
metaphyseal on-growth and ingrowth stems, func-
tional outcomes and survival rates to loosening or 
revision are equivalent between cemented and 
cementless fi xation [ 14 ,  39 ,  49 ,  62 ]. In the largest 
series to date with 395 anatomic total shoulder 
arthroplasties with a mean follow-up of 8 years 
and a minimum follow- up of 4 years with a 
metaphyseal, on-growth fi xation design, no differ-
ence could be found between cemented and unce-
mented stems [ 15 ]. The best available evidence 
for modern stems thus suggests that unless a spe-
cifi c indication exists for one method of fi xation, 
both cemented and uncemented stems can be 
recommended. 

 Beyond measuring component survival to revi-
sion for symptomatic aseptic loosening, many 
authors have also described humeral radiographic 
outcomes with respect to radiolucent lines, stress 
shielding, and osteolysis. Radiolucent lines are 
variably described and their clinical signifi cance 
remains a subject of debate. Generally, radiolu-
cent lines have been classifi ed using Gruen zones 
translated from total hip arthroplasty, with three 
medial zones, three lateral zones, one zone at the 
tip of the component, and one zone for the under-
surface of the humeral head with each numbered 
beginning at the proximolateral aspect of the 
component [ 65 ]. Lines can then be described 
based upon their thickness and by which zones 
they involve [ 41 ,  51 ,  52 ,  55 ]. While subsidence or 
change in component position on serial radio-
graphic is almost universally agreed to be a sign 
of a loose component, whether a threshold degree 
of severity of radiolucent line formation is also a 
portent of progressive radiolucencies or aseptic 
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loosening remains controversial. In cementless 
components, these lines are most commonly 
described at or near the tip of the component in 
zones 3–5, although in diaphyseal fi xation 
designs, they are also common within the more 
proximal aspects of the component [ 39 ,  52 ]. In 
cemented designs radiolucent lines are most com-
mon in the mid-body and proximal aspects of the 
component in zones 1–2 and 6–7 [ 51 ]. 

 Radiolucent line formation is common, espe-
cially in cementless components [ 50 ]. In a series 
of 39 cemented, metaphyseally fi xated compo-
nents followed for a minimum of 10 years, 50 % 
of components had at least one radiolucent line 
2 mm wide, but none were symptomatically loose 
and none had required revision [ 37 ]. Similarly, in 
a series of 43 cemented, diaphyseally fi xated 
components followed for a mean of 6.6 years, 
37 % of components had at least one radiolucent 
line of at least 1 mm, but no revisions were 
required. In another series of 131 uncemented, 
metaphyseally fi xated, press-fi t components fol-
lowed for a minimum of 2 years, 57 % of compo-
nents had a radiolucent line of at least 1 mm in 
some portion of the component, but none had 
shifted or subsided and none required revision 
[ 39 ]. In another recent series of 67 uncemented, 
metaphyseally fi xated total shoulder arthroplas-
ties with an on-growth coating followed for a 
mean of 5.5 years, condensation lines were 
described around the tip of the stem in 85 % of 
cases, although no cases of revision for humeral 
loosening were described [ 15 ]. 

 In components with metaphyseal fi xation, 
whether due to isolated proximal cementation or 
as a result of cementless metaphyseal fi xation, 
distal radiolucent lines likely represent signs of 
stress shielding, which is of unknown clinical rel-
evance (Fig.  3.3 ). Other studies have reported 
stress shielding with cementless components. In 
one series spot-welds were described in 82 %, 
and other signs of osseous remodeling were 
described in 63 % [ 15 ]. This phenomenon appears 
to be more frequent in cementless than cemented 
designs [ 14 ,  15 ]. Given that the proximal humerus 
is largely non-weight bearing and that forces are 
transmitted to most proximal aspect of proximal 
humerus through the rotator cuff, some authors 

have theorized that stress shielding may be a con-
sequence of biological abnormalities within the 
underlying bone and abnormalities within the 
rotator cuff instead of implant designs [ 14 ], 
which has been supported by a computer model-
ing analysis [ 16 ].

   Finally, proximal humerus osteolysis can 
occur [ 14 ,  15 ] which may predispose patients to 
periprosthetic fracture [ 17 – 19 ] and complicate 
revision surgery [ 10 – 12 ]. In the largest series to 
comment on osteolysis, of the 262 total shoulder 
arthroplasties followed for a mean of 8.2 years, 
osteolysis was encountered in 54 % of patients 
[ 15 ]. However, this process appears to be associ-
ated with glenoid loosening [ 15 ,  62 ] and thus 
may be a consequence of an infl ammatory 
response to particulate wear, analogous to oste-
olysis seen with hip and knee arthroplasty, and 
not a consequence of humeral component design 
or implantation technique (Fig.  3.4 ) [ 66 – 68 ]. 
Perhaps the strongest argument in favor of the 
association between osteolysis and polyethylene 
glenoid wear is the observation that osteolysis 
does not occur with hemiarthroplasties [ 15 ]. One 
aspect of component design that may, however, 
play a role in this regard is whether the porous 
coating is circumferential, as this may “seal” the 

  Fig. 3.3    This anteroposterior radiograph of the  left  
shoulder in a patient status-post placement of an unce-
mented, metaphyseally fi xated humeral component dem-
onstrates signs of stress shielding including osteopenia of 
the calcar, a condensation line at the distolateral aspect of 
the component, and internal remodeling with trabecular 
streaming toward the taper of the component       
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distal aspect of the component from wear debris 
and may thus reduce distal osteolysis [ 69 ]. Some 
authors have theorized that the infl ammatory 
response to wear debris may explain almost all 
cases of “isolated” humeral loosening – in one 
report a case of “isolated” humeral loosening 
retrieval analysis demonstrated a giant cell for-
eign body reaction to wear debris at the bone- 
component interface [ 63 ].

       Technical Tips and Pearls 

 Based upon the current best available evidence, 
several technical tips and pearls can be provided. 
Recreation of the pre-injury/pre- deformity 
humeral articular anatomy provides the best 
chance for normal glenohumeral kinematics. 
Even small deviations from normal anatomy can 

signifi cantly alter glenohumeral kinematics. The 
anatomy of the proximal humerus is highly vari-
able, and the primary goal is to implant the 
humeral component in a position allowing for 
humeral head positioning that recreates the articu-
lar anatomy. Thus, whenever possible, the sur-
geon should avoid a “one-size-fi ts-all” approach. 

 Preoperative planning is important, and failure 
to do so may result in both intraoperative and post-
operative complications. Several factors must be 
considered in choosing a humeral stem system that 
can both recreate the anatomy and provide durable 
fi xation, including individual variation in proximal 
humeral anatomy, bone quality/bone loss, post-
traumatic deformity, previous surgery, and poten-
tial for future rotator cuff dysfunction, as occurs in 
the setting of infl ammatory arthritides. Preoperative 
templating helps to judge the size and position of 
components in relation to the patients’ size and 
anatomy and to determine if a given system can 
achieve the operative goals. When templating, 
magnifi cation must be accounted for when using 
standard plain fi lms. If a diaphyseally fi xated com-
ponent is chosen, it is important to realize that the 
diaphysis humeral endosteum is, on average, 20 % 
smaller from anterior to posterior than it is from 
medial to lateral, and thus templating solely on the 
anteroposterior view will cause the surgeon to sys-
tematically overestimate the component size [ 60 ]. 

 For uncomplicated glenohumeral arthritis, 
both cemented and cementless designs provide 
both reliable and durable results. In general, 
cementless designs are ideally indicated in 
younger patients, those with good metaphyseal 
bone quality and in primary surgery. Cemented 
implants are ideal in cases with poorer bone qual-
ity, a very large endosteal diaphyseal canal, 
 revision surgeries with bone loss, and when aber-
rant proximal humeral anatomy is encountered. 
Platform systems may be idea in cases with higher 
risk of future cuff dysfunction such as infl amma-
tory arthritis. In cases with either mismatch 
between humeral anatomy and the prosthetic 
humeral component, consider cemented fi xation 
or impaction grafting. Components with greater 
modularity, variability, and metaphyseal fi xation 
can also assist in achieving this goal, while mono-
block, diaphyseally fi xated components make this 

  Fig. 3.4    This anteroposterior radiograph of the  right  
shoulder demonstrates a patient with osteolysis and 
humeral component loosening due to loosening of a 
metal-backed glenoid component       
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goal harder to achieve. Consider the use of a long-
stemmed prosthesis in cases with an exceptionally 
large canal or with signifi cant metaphyseal/diaph-
yseal bone loss. A recent series of long-stemmed 
primary total shoulder arthroplasties demon-
strated excellent outcomes and no humeral loos-
ening, suggesting that when necessary use of a 
long-stem does not negatively impact the patients 
outcome [ 64 ]. 

 The surgical approach to humeral preparation 
will vary depending on the chosen system and the 
experience of the surgeon. If a cementless humeral 
component is preferred a smaller lesser tuberosity 
osteotomy should be considered to avoid compro-
mise of the anterior metaphyseal bone. The fre-
quently encountered anatomic neck osteophytes 
should be removed to defi ne the anatomic neck 
prior to making the humeral head osteotomy. 
Systems with fi xed inclination angles often pro-
vide cutting guides based on an endosteal diaphy-
seal reamer to recreate the inclination angle, while 
systems with variable angles of inclination allow 
a freehand cut to replicate the patients’ anatomy. 
The version of the humeral osteotomy should be 
angled to recreate the patient native retroversion 
angle, except in cases of humeral head sublux-
ation where a correction may be preferred. For 
cemented implants, over- reaming slightly com-
pared to the chosen diameter of the implant 
improves the cement mantle, although the optimal 
mantle thickness in the humerus is unknown. For 
cementless implants, careful broaching of the 
metaphysis can prevent intraoperative fracture. If 
soft metaphyseal bone or gaps are encountered, 
impacting grafting or conversion to a cemented 
implant should be considered. Consider leaving a 
trial in place when performing glenoid prepara-
tion to avoid retractor damage to the metaphyseal 
bone. Finally, a trial of humeral component stabil-
ity should be considered after glenoid placement 
but prior to fi nal humeral component placement if 
there are concerns for instability or subluxation. 

 Regardless of the implant selection or tech-
nique, the surgeon must be aware that long-term 
complications related to the humeral component 
are rare, and often those issues that do arise are 
usually related to the glenoid component, and thus 
in those cases where “isolated” humeral loosening 

is suspected as the cause of failure, the surgeon 
must search for other potential causes of failure 
and should be prepared for a full revision.      
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      Humeral Head Resurfacing 
Arthroplasty                     

     Ofer     Levy     

          Introduction 

 Cementless shoulder resurfacing arthroplasty 
(CSRA) differs in many aspects from the non- 
constrained stemmed shoulder prostheses 
(Figs.  4.1 ,  4.2  and  4.3 ). The design concept is 
replacement only of the damaged joint-bearing 
surfaces and restoration of normal anatomy with 
minimal bone resection. The concept of shoulder 
resurfacing has gained popularity in the recent 
years, following the publications of very good 
long-term results [ 1 – 5 ].

     Early attempts at shoulder replacement in 
Europe involved constrained stemmed prosthe-
ses for cases of infection and tumour, in order to 
deal with the considerable loss of bone and soft 
tissues. In the USA, Neer [ 6 ] developed a 
stemmed unconstrained humeral prosthesis spe-
cifi cally for the treatment of four-part fractures. 
The stem served as a scaffold around which the 
proximal humerus could be rebuilt. As this was a 
successful design, it was later used for arthritis 
and a glenoid component was developed. Neither 
of these prostheses was specifi cally designed for 
use in arthritis of the shoulder. The idea of devel-

oping a surface replacement arthroplasty for use 
in the degenerative shoulder, which was less 
deformed, came about in the early 1980s. There 
were a few cemented implants like the small 
‘Indiana hip cup’ used by Steffee and Moore [ 7 ] 
and the scan cup by Rydholm and Sjögen [ 8 ,  9 ]. 
The fi rst cementless resurfacing design was by 
Stephen Copeland, and this implant has now 
29 years of clinical experience [ 1 ,  10 ] (Figs.  4.1 , 
 4.2  and  4.3 ). 

 In recent years, new designs of stemless shoul-
der replacement prostheses have been developed 
in Europe. These designs have been developed 
based on the good results of the shoulder resur-
facing that showed that the stem is not necessar-
ily indicated in all cases of shoulder arthritis.  

    Design Concept 

 The design concept is to mimic the normal anat-
omy as closely as possible, replacing the dam-
aged surfaces of the joint with minimal 
interference. This consists of surface replace-
ment with minimal bone removal, cementless 
fi xation with primary press-fi t mechanical fi xa-
tion with grooved taper peg and hydroxyapatite 
coating to promote biological fi xation with bone 
ingrowth [ 1 – 5 ,  11 ]. 

 Bone removed for the central drill hole for the 
prosthesis is used for grafting any defects under 
the humeral cup so that no bone is wasted. 
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 Using the resurfacing prosthesis, normal anat-
omy including humeral head version, inclination 
and offset can be restored with no need for compli-
cated instrumentation [ 1 ,  12 ,  13 ]. This allows the 
surgeon unlimited fl exibility to adapt the prosthesis 
to the patient’s own anatomy rather than imposing 
the prosthetic anatomy on the patient. Even in the 
presence of severe head erosion, the anatomic neck 
can be visualised after removal of osteophytes and 
the head drill guide jig sited correctly centred.  

    Indications 

 All patients with shoulder arthritis can be consid-
ered for resurfacing. Only in cases of severe bone 
loss (with no surface to replace) or cases of acute 
fractures and nonunion of humeral neck fractures 
require a stemmed prosthesis and cannot be con-
sidered for resurfacing. 

 Resurfacing has been used successfully for 
osteoarthritis, rheumatoid and other infl ammatory 
arthritides, avascular necrosis (osteonecrosis), 
cuff tear arthropathy, instability arthropathy, post-
trauma arthritis, postinfective arthritis and arthri-
tis secondary to epiphysial dysplasia [ 1 – 3 ,  5 ,  11 , 
 14 ,  15 ]. The surface replacement arthroplasty can 
be used as well, in cases of moderate- to- severe 
erosion of the humeral head, in conjunction with 
bone graft or bone graft substitute. Up to 40 % of 

the humeral head may be replaced by bone graft 
or bone graft substitute [ 15 ].  

    Contraindications 

    Absolute Contraindications 

 Absolute contraindications for the use of surface 
replacement arthroplasty are the same as for any 
shoulder arthroplasty. These include presence of 
active infection, paralysis of the shoulder girdle 
muscles (rotator cuff and the deltoid muscle) and 
Charcot disease of the shoulder. Specifi c contra-
indications for surface replacement are extreme 
bone loss where the whole humeral head is gone 
and there is no surface to be replaced, acute 
humeral head and neck fractures and nonunions.  

  Fig. 4.1    X-rays of shoulder resurfacing       

  Fig. 4.2    X-rays of total shoulder resurfacing with metal- 
backed glenoid       
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    Relative Contraindications 

 Relative contraindications include severe bone 
loss of the humeral head exceeding 40 % of the 
surface. The presence of humeral head soft bone 
with large bone cyst (void) (in rheumatoid patients) 
will not support the surface replacement prosthesis 
[ 15 ]. However, if the vault of the proximal humerus 
and the humeral head rim are still preserved, resur-

facing with bone graft impaction technique can be 
performed (Fig.  4.4 ).

   In cases of cuff-defi cient shoulders (cuff 
arthropathy or massive cuff tears), patients must be 
advised about realistic outcome with relative good 
pain relief but not much improvement in range of 
motion (as with any stemmed shoulder replace-
ment). For these indications, reverse TSA should 
be advised.   

    Technique 

    Approach and Exposure for Shoulder 
Resurfacing 

 Shoulder resurfacing can be performed via the 
standard anterior deltopectoral approach or through 
the anterosuperior approach, as described by 
Neviaser and Mackenzie [ 16 ]. 

 Our preferred approach is the anterosuperior 
approach (‘Neviaser-Mackenzie’ approach). This 
provides good exposure of the glenohumeral joint, 
the humeral head and the tuberosities, through a 
smaller incision. 

 There is an easier access to the glenoid ‘en 
face’ via the rotator interval (Fig.  4.5 ), as well as 
good access to the posterior and superior rotator 
cuff for reconstruction. It also allows for excision 

  Fig. 4.3    The Copeland resurfacing prosthesis       

  Fig. 4.4    Reconstruction and build-up of severe bone defi ciency of the humeral head with bone graft substitute and 
patient’s blood underneath the resurfacing prosthesis       
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arthroplasty of the acromio-clavicular joint and 
acromioplasty if these are required.

   In primary and secondary osteoarthritis, as 
much of the sclerotic surface of bone is retained 
in order to provide a good solid seating for the 
prosthesis. However, because the prosthesis is 
hydroxyapatite coated, the surface needs to be 
made reactive to allow bony ingrowth by multi-
ple drilling of the surface with a fi ne drill. The 
fragments of bone from the drilling are left in 
situ. The bone saved from the initial pilot drill 
hole and the shaper mixed with the patient’s 
blood is smeared onto the back of the prosthesis 
before insertion and irregularities in the humeral 
head routinely bone grafted. 

 Clearly it is more diffi cult to access the gle-
noid with the humeral head in situ and not 
resected. However, when performing a good 

thorough release around the glenoid and retract-
ing the humeral head posteriorly and inferiorly, 
the glenoid can be exposed very nicely (Fig.  4.5 ).   

    Long-Term Results with Humeral 
Resurfacing 

 Between 1986 and 2003, we implanted 340 
cementless Copeland surface replacement pros-
theses in our institution [ 11 ,  22 ], 218 humeral 
surface arthroplasties (hemiarthroplasty) (HSAs) 
and 122 TSAs. There was very little difference in 
the functional outcome and pain between the 
groups early as well as later after surgery 
(Fig.  4.7 ). An important point is that even when 
performing hemiarthroplasty, we addressed the 
glenoid in relation to soft tissue release and soft 

  Fig. 4.5    Glenoid 
exposure with the 
humeral head in situ       
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tissue balance as if we intend to insert a glenoid 
implant. In our series we use the microfracture 
technique on the glenoid surface to encourage 
fi brocartilage cover [ 18 – 20 ] (Fig.  4.6 ).

   Mean post-operative Constant score for all 
diagnoses was 89.2 % (59.8 points) for TSA with 
resurfacing and 87.9 % (62.3 points) for humeral 
resurfacing only (HSA) (but with thorough 

release around the glenoid and microfracture of 
the glenoid face) with no statistically signifi cant 
differences ( t -test,  p  = 0.61) (Fig.  4.7 ). A highly 
signifi cant difference between the overall propor-
tions of revised cases was observed, with (21/122) 
17.2 % and (6/218) 2.8 % of TSA and HSA cases 
revised, respectively ( p  < 0.0001).

   One hundred and eighty-nine CSRAs were 
implanted for osteoarthritis in 173 patients with 
16 bilateral replacements (8.5 %). There were 
141 women (74.6 %) and 48 men (25.4 %) with a 
mean age at the time of surgery of 70.9 years 
(range 37–89 years). Of them 166 shoulders were 
available for follow-up. The mean follow-up 
period was 7.1 years (range, 4–17.8 years). 

 The rheumatoid arthritis cohort consisted of 
103 CSRA implanted in 88 patients with 15 bilat-
eral replacements (12.6 %). There were 82 
women (79.6 %) and 21 men (20.4 %) with a 
younger mean age at the time of surgery of 
61.1 years (range 22–87 years) compared to the 
osteoarthritic group. Of them 95 shoulders were 
available for follow-up. The mean follow-up 
period was 8.6 years (range, 4–16.3 years). 

 The results of surface replacement, as in any 
other shoulder replacement, depend on the under-
lining aetiology especially regarding the state of 
the rotator cuff. The best results are achieved in 
osteoarthritis with an intact cuff and the worst 
results in cuff tear arthropathy. The rotator cuff 
was intact in 75 % of osteoarthritis cases whereas 
was found defi cient (torn or atrophic) in more 
than two thirds of the patients with rheumatoid 

  Fig. 4.7    Improvement in 
Constant score, pain, 
power and range of 
movement following HSA 
and TSA       

  Fig. 4.6    The microfracture technique on the glenoid sur-
face to encourage fi brocartilage cover       
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arthritis. The functional results were assessed by 
the Constant score, the age- and sex-adjusted 
Constant score, the range of motion (Table  4.1 ) 
and a patient satisfaction score. The average 
Constant score improved from 12.3 points 
(16.9 % age-/sex-adjusted score) preoperatively 
to 65.5 points raw score (94.7 % age-/sex- 
adjusted score) in the last follow-up for the osteo-
arthritis patients. The rheumatoid arthritis 
patients showed slightly more modest improve-
ment from preoperative average Constant score 
of 8.8 points (11.6 % age-/sex-adjusted score) to 
57.2 points raw score (78.1 % age-/sex-adjusted 
score) in the last follow-up. The mean range of 
active elevation improved from 69° to 121° in the 
osteoarthritis group and from 54° to 104° in the 
rheumatoid arthritis group (Table  4.1 ). However, 
both groups showed very high patient satisfaction 
rate with 96.8 % of the rheumatoid arthritis 
patients and 93.9 % of the osteoarthritis patients 
reported that their shoulder was much better or 
better following the surface replacement.

   Radiological results for the Mark 2 (non-HA- 
coated) prosthesis showed no lucencies around 
the humeral component in 69.3 %, in the TSA 
group, whereas no lucencies were seen in 93.9 % 
of the HSA (humeral surface arthroplasty) group. 
On the glenoid side, more than half of the gle-
noids (59.3 %) have shown lucencies (a partial 
lucent line), and in 5.1 % defi nite signs of loos-
ening were seen [ 22 ]. However, no lucencies 
were found so far around the hydroxyapatite-

coated (Mark 3) humeral implants for more than 
12 years [ 22 ]. Laser cutting on Copeland surface 
replacement prosthesis in a cadaveric specimen 
from a deceased patient that donated his body for 
research showed that the impaction grafting pro-
vides good bony ingrowth and new bone forma-
tion under the prosthesis (Fig.  4.8 ).

       CSRA in Young Patients Less 
Than 50 Years of Age with 
10–25- Year Follow-Up 

 Between 1990 and 2003, 54 CSRAs were per-
formed on 49 patients (25 men, 24 women) aged 
younger than 50 years. Mean age was 38.9 years 
(range, 22–50 years) [ 21 ]. Three patients (four 
shoulders) died over time and eight were lost to 
follow-up, leaving 38 patients (42 shoulders) with 
a mean follow-up of 14.5 years (range, 10–25 years). 
There were 17 total shoulder replacements with 
metal-backed glenoid, and 37 underwent humeral 
head resurfacing with  microfracture of the glenoid. 
The indications were avascular necrosis, 16; rheu-
matoid arthritis, 20; instability arthropathy, 7; pri-
mary osteoarthritis, 5; fracture sequelae, 3; 
postinfection arthritis, 2; and psoriatic arthritis, 1. 
The mean relative Constant score increased from 
11.5 % to 71.8 % ( P  < 0.0001), and the mean patient 
satisfaction at fi nal follow-up was 8.7 of 10. The 
mean relative Constant score for the humeral head 
resurfacing with microfracture of the glenoid 

    Table 4.1    Functional outcome of shoulder resurfacing 
for primary OA and rheumatoid arthritis   

 Diagnosis  Primary OA 
 Rheumatoid 
arthritis 

 CS pre-op (points)  12.3  8.8 

 CS post-op (points)  65.5  57.2 

 CS adj. pre-op (%)  16.9  11.6 

 CS adj. post-op (%)  94.7  78.1 

 FF pre-op (degrees)  69.1  54.0 

 FF post-op (degrees)  121.3  103.8 

 Abd. pre-op (degrees)  51.9  40.4 

 Abd. post-op (degrees)  115.5  101.2 

  Mean follow-up 7.6 years (between 4 and 17.8 years) 
  CS  Constant score,  CS adj.  age-/sex-adjusted,  FF  forward 
fl exion and  Abd.  abduction  

  Fig. 4.8    Laser cut of the resurfacing implant showing 
good integration with the bone and the bone graft under-
neath the prosthesis       
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improved to 77.7 % compared with 58.1 % for total 
resurfacing arthroplasty (Fig.  4.9 ).

   The range of motion and the Constant scores 
were similar in the total replacement and in the 
humeral resurfacing group. Two patients required 
early arthrodesis due to instability and deep infec-
tion. Seven were revised to stemmed prosthesis: 
one for traumatic periprosthetic fracture and one 
for glenoid erosion 16 years after the index proce-
dure. Five shoulders in four patients (four rheuma-
toid arthritis, one avascular necrosis) were revised 
at 8–14 years after surgery for cuff failure and 
loosening. Three were revised to a stemless reverse 
total shoulder arthroplasty due to rotator cuff fail-
ure at 23, 16 and 13 years after surgery (Fig.  4.10 ).

       Radiological Review 

 Thirty-fi ve of 38 shoulders were available for 
radiographic follow-up (92 %). The humeral 
implants showed no lucencies, two showed local-

ised lucent lines of less than 1 mm and one 
implant was loose [ 21 ]. All the lucencies were 
observed in TSAs. There were nine glenoid 
implants (TSAs), of which four were loose (44 %) 
and one (11 %) showed localised lucent line less 
than 1 mm thick. 

 Fifty-eight percent of the 38 shoulders showed 
some degree of superior migration as an indica-
tion for rotator cuff failure or incompetence: 15 
(39 %) severe superior migration, 5 (13 %) mod-
erate superior migration and 2 (5 %) mild  superior 
migration. Sixteen shoulders (42 %) showed no 
superior migration. 

 Moderate-to-severe glenoid erosion was pres-
ent in 32 % (four severe and eight moderate) of 
the shoulders at an average follow-up of more 
than 14.5 years; however, most of these patients 
still had a continued good result in measured out-
comes. The glenoid erosion was correlated to 
the rotator cuff failure with superior migration 
of the humeral head and was more prevalent in 
the rheumatoid arthritis patients.  
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    Survivorship Analysis 

 Levy et al. [ 22 ] showed signifi cantly longer sur-
vivorship of HSA resurfacing prostheses than 
TSA resurfacing prostheses with 97.1 % (92.3–
99.3 %) and 81.7 % (81.0–95.5 %), respectively 
(95 % CI). 

 The difference between the survival curves 
was highly signifi cant, both in the earlier post- 
operative period (Wilcoxon’s test,  p  = 0.0053) 
and later on (log-rank test,  p  = 0.0028) (Fig.  4.11 ) 
[ 17 ,  22 ].

   The causes for reoperations are listed in 
Table  4.2 . The most common reoperation per-
formed on these shoulder arthroplasty patients in 
our unit is arthroscopic subacromial decompres-
sion (ASD) and AC joint excision arthroplasty for 

impingement syndrome [ 20 ]. This is not a com-
plication of arthroplasty. The prevalence of 
impingement syndrome and AC joint arthritis 
symptoms, some time after shoulder arthroplasty, 
is similar to that of the normal population at the 
same age range. Prior to the shoulder arthroplasty 
surgery, none of these patients had had a history 
of impingement symptoms. They developed sub-
acromial impingement at an average interval of 
1.9 years following arthroplasty. It may be that 
their range of shoulder motion only became suf-
fi cient to reach the painful impingement arc after 
arthroplasty [ 20 ].

   The Kaplan-Meier survival curve for patients 
aged 50 years or younger receiving shoulder 
resurfacing arthroplasty [ 21 ] showed estimated 
revision-free survival rate at 11 years of 97 % for 

a

c

b

  Fig. 4.10    Revision of CSRA to stemless reverse TSA for rotator cuff failure 23 years following CSRA for juvenile RA 
at the age of 22 years       
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humeral head resurfacing (HSA or hemiarthro-
plasty) compared with 71 % for TSA, survival of 
91 % for HSA compared with 71 % for TSA at 
14 years and 85 % for HSA compared with 61 % 
for TSA at 22 years after resurfacing (Fig.  4.12 ). 
Our survival rates for HSA (85 % at 22 years) are 
similar to Sperling et al. [ 23 ] who reported 84 % 
survival for TSA at 20 years. Our survival rates 
for TSA (61 % at 22 years) are slightly inferior to 
survival reported by Sperling et al. of 75 % at 
20 years for stemmed hemiarthroplasty. We 
believe that the increased polyethylene wear and 
loosening in our series was due to use of metal- 
backed glenoids.

   CSRA provides good long-term symptomatic 
and functional results in the treatment of glenohu-
meral arthropathy in patients aged younger than 
50 years in 81.6 % of the patients. This improve-
ment is maintained over more than 10 years after 
surgery, with high patient satisfaction (8.7 of 10). 
However, ten shoulders (of 54) (18.5 %) under-
went revision arthroplasty. Resurfacing offers a 
valuable tool in treating young patients with gle-
nohumeral arthritis, providing reasonably good 
long-term results in 81.6 % of the patients, while 
allowing preservation of bone stock if the need for 
revision arises. All the revision arthroplasty 
options are preserved (Fig.  4.10 ).  
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  Fig. 4.11    Kaplan-Meier survivorship analysis of resurfacing TSA vs. resurfacing HSA       

   Table 4.2    Post-operative complications and reoperations   

 Complication  No. of cases  Action taken 

 Superfi cial wound 
infection 

 3  Antibiotics – 
settled 

 Late haematogenic 
deep infection 

 1  Repeated 
arthroscopic 
washout and 
antibiotics – joint 
saved 

   Impingement 
syndrome and 
AC joint arthritis 
symptoms a  

 14  Arthroscopic 
decompression 
and AC joint 
excision 
arthroplasty 

 Severe instability 
including anterior- 
superior escape 

 6  2 – arthrodesis 

 4 – revision to 
reversed prosthesis 

 Severe stiffness – 
capsular and 
subacromial fi brosis 

 6  Arthroscopic 
release 

 Humeral neck 
fracture after a fall 

 7  5 – treated 
conservatively 
healed 

 2 – revised with 
stemmed 
prosthesis 

 Painful 
hemiarthroplasty – 
glenoid erosion 

 3  Revision to TSA 

 Refl ex sympathetic 
dystrophy 

 1  Physiotherapy 

   a Not a complication of arthroplasty  
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    Discussion 

 Cementless shoulder resurfacing arthroplasty of 
the shoulder differs in many aspects from a non- 
constrained stemmed shoulder prosthesis, but the 
results of shoulder resurfacing are at least compa-
rable with those for stemmed prostheses with a 
similar follow-up and case mix (Tables  4.3  and 
 4.4 ). However, using the cementless shoulder 
resurfacing arthroplasty diminishes the risk of 
complications involving the humeral shaft and 
periprosthetic fractures. Revision or arthrodesis, 
if the need arises, can be undertaken easier since 
the bone stock has been maintained with no loss 
of length. The results with the CSRA were repro-
ducible in other series as well. Thomas et al. [ 5 ] 
reported very similar results to those of Levy and 
Copeland with the CSRA.

       The Glenoid: To Replace or Not 
To Replace? 

 Considerable controversy remains in the literature 
as to whether hemiarthroplasty (HHR) or total 
shoulder arthroplasty (TSA) is the better treat-
ment option for patients with shoulder arthritis. 

 Radnay et al. [ 24 ,  25 ] found in their meta- 
analysis, when comparing hemiarthroplasty 
(HHR) with total shoulder arthroplasty (TSA) in 
stemmed prostheses, greater pain relief, forward 
elevation, gain in external rotation and patient 
satisfaction in stemmed TSA. Only 6.5 % of all 
TSAs required revision surgery, compared with 
10.2 % of patients undergoing HHR. 

 AAOS Clinical Practice Guidelines regarding 
the treatment of glenohumeral osteoarthritis 
(2010) [ 25 ], based on only two level II evidence 
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  Fig. 4.12    Kaplan-Meier 
survivorship analysis of 
resurfacing in young 
patients – humeral head 
resurfacing (HSA or 
hemiarthroplasty) 
compared with TSA 
resurfacing. The solid line 
represents humeral head 
resurfacing (HSA or 
hemiarthroplasty) and the 
dotted line TSA 
resurfacing with 
implantation of glenoid 
component       

   Table 4.3    Comparison of active movement (degrees) following shoulder resurfacing with other series using stemmed 
shoulder prosthesis   

 Prosthesis 
 Post-operative 
active elevation 

 Gain in active 
elevation  Post-op ER  Gain in ER 

 Neer (1982)  Stemmed  +77°  +51° 

 Cofi eld (1984)  Stemmed  141°  +55°  49°  +35° 

 Barrett (1987)  Stemmed  117°  +73°  +33° 

 Cofi eld (1992)  Stemmed  154°  +47°  61°  +49° 

 Boileau (1994)  Stemmed  127°  +48°  41°  +55° 

 Torchia (1997)  Stemmed  117°  +40°  48°  +19° 

 Gartsman (1997)  Stemmed  129°  +47°  55°  +39° 

 Levy and Copeland (2001)  Resurfacing  133°  +68°  48°  +40° 

 Thomas (2005)  Resurfacing  120°  +47°  46°  +41° 

 Raj, Levy (2005)  Resurfacing  123°  +51°  61°  +50° 

 Levy (Young Pts) (2015)  Resurfacing  116°  +38°  51°  +38° 

 

O. Levy



51

studies, Gartsman et al. [ 26 ] and Lo et al. [ 27 ]), 
concluded that global health assessment scores 
and pain relief were statistically signifi cantly 
better after TSA (with stemmed prostheses). 
Function and quality-of-life outcome measures in 
both studies showed no statistically signifi cant 
differences between groups. No TSA required 
revision to hemiarthroplasty in these studies; 
however, 14 % of patients treated with hemiar-
throplasty required revision to a TSA. 

 Levy et al. [ 22 ] found in their series, with 
resurfacing, very little difference in the functional 
outcome and pain between total shoulder replace-
ment with resurfacing and humeral resurfacing 
only. An important point is that even when per-
forming hemiarthroplasty, we address the glenoid 
in relation to soft tissue release and soft tissue bal-
ance as if we intend to insert a glenoid implant. 

 It may be that ‘ignoring’ the glenoid at the time 
of surgery and not performing thorough release 
around the glenoid, as is done when  performing 
TSA, could have some contribution to the differ-
ence in results and later glenoid erosion with the 
stemmed implants as seen in the other series. 

 In our experience we have found that humeral 
head recentring can occur following hemiarthro-
plasty with resurfacing even with Walch type B2 
glenoids. The recentring is related to burring the 
ridge down resulting in an improvement in exter-
nal rotation, which we believe can be used as an 
indicator of good soft tissue balance. This may 
explain why humeral surface arthroplasty (HSA) 
has excellent outcomes even when there is gle-

noid erosion and biconcavity preoperatively. It is 
believed that soft tissue imbalance may lead to 
glenoid erosion [ 18 ,  22 ].  

    Kaplan-Meier Survivorship Analysis: 
Comparison with Stemmed Series 

 Edwards et al. [ 28 ,  29 ] reported the results of the 
multicentre study comparing hemiarthroplasty 
with total shoulder arthroplasty for the treatment 
of osteoarthritis using a stemmed prosthesis 
(1542 primary shoulder arthroplasties). Fifty-six 
percent of TSA had radiolucent lines around the 
glenoid components. The estimated survival of 
TSA was much worse than HHR (approximately 
97 % for HHR and 69 % for TSA at 9 years). The 
poor longevity of TSA was ascribed to the use of 
the metal-backed glenoid component. However, 
in a follow-up report using data from the same 
multicentre group, Pfahler et al. [ 29 ] found radio-
lucent lines around 67.9 % of the cemented gle-
noid implants when metal-backed components 
were excluded; 50 % of these radiolucent lines 
were progressive. 

 In Levy et al. [ 22 ] series as well, HSA pros-
theses survive signifi cantly longer than TSA 
prostheses with 97.1 % (92.3–99.3 %) and 81.7 % 
(81.0–95.5 %), respectively (95 % CI). The dif-
ference between the survival curves was highly 
signifi cant, both in the earlier post-operative 
period (Wilcoxon’s test,  p  = 0.0053) and later on 
(log-rank test,  p  = 0.0028) (Fig.  4.11 ) [ 22 ]. 

    Table 4.4    Comparison of the results of shoulder resurfacing in rheumatoid arthritis with other series using 
stemmed shoulder prosthesis   

 Good pain 
relief  Def. cuff  ROM elevation  ROM ER  ROM IR  Sup. subluxation 

 Sneppen et al.  JSES 5; 
47–52; 1996  

 89 %  90°  35°  55 % 

   7.6-year FU (4–12 years) 

 Stewart and Kelly  JBJS 
(79-B) 68–72; 1997  

 89 %  81 %  75°  38°  Buttock-T7  57 % 

   9.5-year FU (7–13 years) 

 Torchia and Cofi eld  JSES 
6; 495–505; 1997  

 81 %  74 %  103°  47°  T8  33 % 

   12.2-year FU (5–17 years) 

 Levy and Copeland  JBJS 
(AM) 86-A; 2004  

 96.8 %  68 %  103°  46°  L4  57 % 

   6.5-year FU (2–14 years) 
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 In the young patient cohort [ 21 ] as well, the 
Kaplan-Meier survival curve showed estimated 
revision-free survival rate at 11 years of 97 % for 
humeral head resurfacing (HSA or hemiarthro-
plasty) compared with 71 % for TSA, survival of 
91 % for HSA compared with 71 % for TSA at 
14 years and 85 % for HSA compared with 61 % 
for TSA at 22 years post-resurfacing. These sur-
vival rates for HSA (85 % at 22 years) are similar 
to Sperling et al. [ 23 ] that reported 84 % survival 
for TSA at 20 years. These survival rates for TSA 
(61 % at 22 years) are slightly inferior to Sperling’s 
survival of 75 % at 20 years for stemmed hemiar-
throplasty. We believe that the increased polyeth-
ylene wear and loosening in our series was due to 
the use of metal-backed glenoids. 

 In the young patient group, Levy et al. [ 21 ] 
found no loosening in the HSA group; lucent 
lines and implant loosening were seen only in the 
TSA group. We feel that this is the result of gle-
noid polyethylene wear and reaction to the poly-
ethylene wear debris particles which is worsened 
with a metal-backed glenoid.   

    Glenoid Erosion 

 Theoretically, the difference between the resur-
facing series and those with stemmed prostheses 
regarding the incidence of glenoid erosion may 
be explained by the fact that with surface replace-
ment, the normal anatomy for each patient can be 
mimicked with less diffi culty [ 13 ] and with less 
place for error than with stemmed prostheses. 
With stemmed prostheses, the surgeon has more 
room for error to determine stem positioning, 
height and version as they are separately con-
trolled, as well as offset and modular head sizing. 
Any mistake in any of these variables may lead to 
glenoid uneven or point pressure that may lead to 
glenoid erosion, defi cient soft tissue balance and 
less favourable result. 

 We have found in our studies [ 1 – 3 ,  14 ,  21 ] 
symptomatic glenoid erosion as the cause of 
pain and failure very rarely. In the majority of 
patients with painful and symptomatic hemiar-
throplasty, it is related to other causes such as 
impingement syndrome and rotator cuff prob-

lems, tears and insuffi ciency, long head of biceps 
problems and AC joint pain. Unfortunately, we 
as surgeons have a ‘knee-jerk reaction’ to blame 
the glenoid (glenoid erosion) in any painful 
hemiarthroplasty. 

 In the young patient group, Levy et al. [ 21 ] 
found moderate-to-severe glenoid erosion in 
32 % (four severe and eight moderate) of the 
shoulders at an average follow-up of more than 
14.5 years. The glenoid erosion correlated to the 
rotator cuff failure with superior migration of the 
humeral head and was more prevalent in the 
rheumatoid arthritis patients. 

 Lee et al. [ 30 ] found 56 % of moderate-to- 
severe glenoid erosion in shoulder resurfacing 
with anterior capsule interposition on the gle-
noid at an average follow-up of more than 
5 years. It is possible that the capsule interposi-
tion created tightness in the joints and led to 
increased glenoid erosion. However, most of 
their patients had a continued good result in 
measured outcomes. Sperling et al. reported 
72 % of glenoid erosion for a stemmed prosthe-
sis hemiarthroplasty [ 23 ].  

    Rheumatoid Arthritis 

 Shoulder replacement in patients with rheumatoid 
arthritis presents similar soft tissue (rotator cuff) 
problems irrespective of the implant used (i.e. 
stemmed or resurfacing). Thus, one should antici-
pate deterioration of cuff function with time as 
part of the rheumatoid disease with superior sub-
luxation of the humeral head. This was found in 
most of the different series to be in the range of 
55–57 % of the shoulders [ 3 ,  31 – 33 ] (Table  4.4 ). 
It is not uncommon for patients with rheumatoid 
arthritis to have involvement of several joints, 
including the ipsilateral elbow and shoulder. If a 
stemmed elbow prosthesis and the conventional 
stemmed shoulder prosthesis are used, a stress 
riser is created in a very narrow bone bridge 
between the stems in the mid-part of the humeral 
shaft (Fig.  4.13a ). A periprosthetic fracture in this 
area would be an extremely diffi cult problem to 
treat. The use of resurfacing arthroplasty decreases 
this risk (Fig.  4.13a, b ) [ 3 ].
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       CSRA in Young Patients 

 Cementless surface replacement arthroplasty has 
previously been reported to be successful in 
patients with different aetiologies of glenohu-
meral arthritis for the elderly with a mean age of 
73.4 years [ 1 – 4 ,  34 ]. Copeland and Levy [ 34 ], 
Bailie et al. [ 35 ] and Lee et al. [ 30 ] have also 
reported good short- and midterm results with 
resurfacing arthroplasty in young patients. Bailie 
et al. [ 35 ] reported signifi cant improvement of 
the ASES and the SANE scores from preopera-
tively to 2 years post-operatively, and 30 of the 
36 patients were able to participate in their 
desired level of activity (including sports) after 
cementless humeral resurfacing arthroplasty. 

 Lee et al. [ 30 ] reported the results of surface 
replacement hemiarthroplasty of the shoulder with 
biologic resurfacing of the glenoid with interposed 
anterior capsule, in 18 shoulders of patients 

younger than 55 years old with average follow-up 
of 4.8 years. The post-operative Constant score 
was 71.4 points (AS adjusted 83.9 %), with aver-
age active forward elevation of 130°; 83 % were 
satisfi ed with their shoulder resurfacing. None of 
the implants were loose, but 56 % of shoulders 
showed moderate-to-severe glenoid erosion. 

 Sperling et al. reported the results of shoulder 
arthroplasty with stemmed prostheses in patients 
younger than 50 years of age [ 23 ]. Follow-up at 
15 years showed pain relief and improvement in 
motion after both humeral head replacement 
(HHR) and total shoulder arthroplasty (TSA). 
The rates of survival of the HHRs were 82 % at 
10 years and 75 % at 20 years, and the rates of 
survival of the TSAs were 97 % and 84 %, 
respectively. Revision rate was 22 % in the HHRs 
and 14 % in the TSAs. Patient satisfaction was 
poor with 60 % of those with HHR and 48 % of 
those with TSA were unsatisfi ed with the results. 

  Fig. 4.13    ( a ) Ipsilateral stemmed elbow and conven-
tional shoulder prostheses in a patient with rheumatoid 
arthritis. A stress riser is created in the very narrow 
bone bridge between the stems in the mid-part of the 
humeral shaft. ( b ) Use of ipsilateral stemmed elbow 

and Copeland cementless surface replacement prosthe-
ses decreases the risk of creating a localised stress riser 
in the humerus between the stems (Courtesy of Michael 
Thomas, FRCS; Reproduced with permission from 
Levy et al. [ 3 ])       
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 A more recent study from Bartelt and Sperling 
et al. [ 36 ] showed similar results to their previous 
study [ 23 ] with a high rate of revision surgery or 
radiographic failure particularly in hemiarthro-
plasty. Thirty percent of the patients with HHR 
were revised at mean time of 4.5 years from the 
index arthroplasty, and 7 % of the patients with 
TSA were revised at mean time of 10.9 years 
from the index arthroplasty; 10/34 (29.4 %) of the 
patients with TSA had glenoid loosening at a 
mean follow-up of 7 years. 

 In recent Levy et al. [ 21 ] series, 40 out of 49 
young patients (81.6 %) with shoulder resurfac-
ing were pleased with their shoulders and felt 
much better and better from preoperatively with 
overall mean satisfaction score of 8.7/10. 

 The revision rate in the young patients accord-
ing to Levy et al. [ 21 ] seems to be higher than in 
the elderly age group, yet slightly lower than in 
the stemmed series [ 23 ,  36 ,  37 ]. Unlike in Sperling 
et al. series [ 23 ,  36 ,  37 ], with CSRA, most of the 
revisions were needed in the TSA group, mainly 
due to polyethylene wear and consequently loos-
ening. There were four cases that required revi-
sion due to rotator cuff tear and dysfunction. 

 Should a surface replacement fail, revision to 
a stemless or stemmed total shoulder arthroplasty 
(anatomic or reverse) can be easily achieved with 
simple removal of the humeral surface compo-
nent. Especially, as there is no cement or pros-
thetic stem in the humerus, bone stock is 
consequently maintained and the original anat-
omy largely preserved. 

 All revision arthroplasties [ 21 ] were consid-
ered easy to perform and of the seven shoulders 
that underwent revision arthroplasty to a stemmed 
implant, six had satisfactory outcome of the sec-
ondary procedure. 

 The patients that required revision to reverse 
TSA could be revised to a stemless reverse TSA, 
which is a bone-preserving prosthesis. These 
patients showed excellent results with no pain, full 
function and near full range of motion. They rated 
their satisfaction as 10/10 with Constant scores of 
82–87 points [ 21 ,  38 ,  39 ]. These patients were 
revised to a metaphyseal stemless/short reverse 
arthroplasty (Verso, IDO, London, UK) at the ages 
of 45 years 52 and 59 years [ 21 ,  38 ,  39 ].  

    Return to Sports 

 Shoulder resurfacing allowed most of the patients 
to return to their desired activities at a satisfactory 
level. Most patients returned to sports activities 
such as resistance training, yoga, Pilates, tennis, 
squash, golf, horse riding, polo, gym, weight lift-
ing, sailing, windsurfi ng, skiing, fl ying, judo and 
martial arts, cycling, trail mountain biking, bike 
riding, hockey, cricket and others [ 19 ].  

    Conclusion 

 Resurfacing offers a valuable tool in treating 
patients with glenohumeral arthritis, espe-
cially young patients. Cementless shoulder 
resurfacing arthroplasty of the shoulder differs 
in many aspects from a non-constrained 
stemmed shoulder prosthesis, but the results 
of shoulder resurfacing are at least compara-
ble with those for stemmed prostheses. 
However, using the shoulder resurfacing 
reduces the risk of complications involving 
the humeral shaft. Revision or arthrodesis, if 
the need arises, can be undertaken easier since 
the bone stock has been preserved. Glenoid 
exposure for implantation of a glenoid compo-
nent could be considered more diffi cult for 
those less experienced with shoulder replace-
ment. The long-term follow-up has proven the 
good outcome and the longevity of the cement-
less resurfacing prosthesis that remains our 
procedure of choice for the treatment of 
advanced arthritis of the shoulder.     
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      Stemless Humeral Head 
Replacement                     

     Brian     Lee       and     Joseph     Abboud     

          Introduction 

 Neer fi rst published on prosthetic replacement of 
the proximal humerus as a treatment for fractures 
in 1955, and with time, the use of this prosthesis 
expanded to the treatment of glenohumeral 
arthritis [ 1 ]. This fi rst-generation shoulder pros-
thesis included a monoblock stem with a single 
head size, fi xed geometry and utilized a press fi t 
system. Neer then modifi ed his original design 
with the Neer II prosthesis, featuring two head 
sizes, a glenoid component, and allowed for 
cement fi xation of the humeral stem. However, 
fl uoroscopic studies demonstrated that this 
implant did not accurately reproduce the kine-
matics of the native shoulder [ 2 ,  3 ]. 

 The second generation of the shoulder pros-
thesis was highlighted by introducing modular-
ity, separating the head and stem. The neck 
continued to maintain a fi xed angle of inclina-

tion, version, and offset until the third generation 
of the shoulder prosthesis, which allowed for 
variation of these orientations of the humeral 
head, granting the prosthesis’ three-dimensional 
modularity. Since that time, further variability in 
the humeral stem has been developed, including 
changes in shape, use of cement for fi xation, and 
different types of surface fi nish material. 

 Despite the evolution of shoulder arthroplasty 
and notably the humeral prosthesis, complica-
tions remain. Stem-related complications include 
humeral fracture during placement, proximal 
stress shielding (up to 43 %*), [ 4 ] loosening (up 
to 17 %) [ 5 ], and periprosthetic fracture (1–2 %) 
[ 6 ]. Such complications can require the use of 
increased operating room time, risk to the patient 
as well as need for more costly intervention such 
as the need for a longer stemmed prosthesis, and 
change in postoperative rehabilitation. In the 
revision setting, complications include osteoly-
sis, diffi culty with cement or stem extraction, and 
bone loss due to stress shielding. 

 Stemless designs represent the next generation 
in shoulder arthroplasty. Adapted from the experi-
ence in hip resurfacing, the fi rst humeral head 
resurfacing prostheses were made from stainless 
steel, lacked a central stem, and relied on cement 
fi xation. In 1986, Copeland introduced the Mark I 
prosthesis (Zimmer Biomet, Warsaw, IN), which 
had a large central stem and a screw engaging the 
head from the lateral humeral cortex [ 7 ]. A 
cementless peg glenoid was utilized to resurface 
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the glenoid. Subsequent screw removal and bio-
mechanical testing revealed that the screw was 
not necessary for adequate fi xation and was there-
fore absent in the Mark II design. This design also 
presented a metal-backed, fl uted taper fi t-pegged 
glenoid component. The Copeland design is a 
form of resurfacing, which fi ts the humeral head 
by placing a specialized reamer over the head to 
fi t a metal prosthesis. These can sometimes be 
coupled with a glenoid prosthesis, as will be 
described. More recently, a newer design of stem-
less humeral arthroplasty has been introduced. In 
contrast to a resurfacing, these models call for a 
resection of the humeral head, similar to with a 
stemmed shoulder replacement. While this results 
in a larger bone resection proximally, it facilitates 
glenoid exposure, which can be diffi cult with 
resurfacing. This may be particularly desirable 
given that total shoulder arthroplasty has favor-
able functional outcomes when compared with 
hemiarthroplasty [ 8 – 10 ]. 

 The anatomy of the proximal humerus demon-
strates a wide range of offsets, inclinations, and 
versions. Retroversion is markedly variable, rang-
ing from 0 to 55°. The inclination of the humerus 
can range from 30 to 55° [ 11 ], and the humeral 
shaft has a posterior and medial offset with regard 
to the humeral head [ 12 ,  13 ]. One goal of arthro-
plasty is to perform an anatomic reconstruction, 
which should result in stability and mobility of 
the prosthesis and improve durability [ 14 ]. This 
can be accomplished by restoring normal soft tis-
sue tension, replicating the original center of rota-
tion, and allowing for an arc of motion within the 
normal range. Alterations of only 4–5 mm from 
normal can cause alterations in the kinematics of 
the glenohumeral joint and the forces acting 
across it [ 15 – 18 ]. The components, especially the 
stem, must be placed in anatomic position to best 
recreate anatomy and restore function. A stem 
placed in varus alignment can cause joint over-
stuffi ng, with resultant decreased range of motion 
and increased risk of subsequent rotator cuff tear, 
including failure of subscapularis tendon repair. A 
stem that is not fully seated results in a head sit-
ting higher than normal, which results in the infra-
spinatus and subscapularis functioning more 
along adductor rather than abductor vectors [ 19 ]. 

This puts further strain on the supraspinatus to 
abduct the humerus. Replicating the size of the 
native head is also very important, as a correctly 
sized head restores the proper lever arms of the 
rotator cuff muscles. While a prosthetic head that 
is larger than the native can similarly cause over-
stuffi ng, a head that is too small can result in 
diminished range of motion [ 20 ]. 

 Although there have been studies demonstrat-
ing adequacy of third-generation implant sys-
tems in recreating anatomy, with a stemmed 
shoulder replacement system, the surgeon would 
require an infi nite amount of modularity in the 
fi nal prosthesis in order to perfectly recreate 
every individual’s anatomy [ 21 ,  22 ]. The advan-
tage of stemless replacement designs lies in the 
preservation of bone. An intramedullary stem is 
not necessary for fi xation of the head; thus, the 
variable offset between head and shaft does not 
need to be addressed in the fi nal prosthesis. 
Perfect positioning/alignment of a stem and head 
is not required to achieve an anatomic recon-
struction, and intraoperative complications such 
as humeral perforation during stem placement 
are minimized. 

 Another advantage of the stemless humeral 
prosthesis lies in situations where the arthroplasty 
requires revision. Multiple authors have described 
easy removal of the humeral component because 
of the absence of an intramedullary stem and/or 
cement fi xation [ 11 ,  23 ]. The morbidity of revi-
sion surgery, including extended surgical times, 
blood loss, risk of fracture, need for osteotomies 
and bone loss associated with extraction of a well-
fi xed, cemented humeral stem, is thereby pre-
vented. One report remarkably described the use 
of a stemless prosthesis after removing a stemmed 
prosthesis [ 24 ]. This may be a treatment option if 
suffi cient bone remains to support a stemless 
prosthesis after the stem is removed and adds the 
aforementioned benefi ts should future revision 
surgery become necessary. 

 In the case of postoperative periprosthetic 
fractures, the location of the fractures with an 
implanted stemless replacement seems to differ 
from traditional shoulder arthroplasty. Stemmed 
prostheses create a stress riser at the midshaft of 
the humerus, which can predispose to diaphyseal 
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fracture [ 25 ]. Often, these fractures require the 
use of a long-stemmed prosthesis once the stem 
is removed, as the prosthesis should extend at 
least two cortical diameters distal to the extent of 
the fracture [ 6 ]. With stemless arthroplasty, peri-
prosthetic fractures are more likely to involve the 
metaphyseal region and do not require the use of 
a long-stemmed prosthesis during revision [ 2 , 
 26 ]. As the number of total shoulder arthroplas-
ties performed each year continues to increase 
[ 27 ], so too will the burden of revision cases, and 
stemless models provide signifi cant advantages 
in this setting.  

    Indications 

 Historically, stemless humeral resurfacing and 
replacement have been thought to be a treatment 
option for osteoarthritis or advanced osteonecro-
sis of the humeral head in the physiologically 
young patient. By relying on proximal metaphy-
seal fi xation, minimal bone resection is required. 
With increased activity level and expected lifes-
pan in younger patients comes a higher likeli-
hood of revision surgery. Stemless implants offer 
advantages in this setting, avoiding complica-
tions associated with stem extraction such as 
bone loss and fracture as previously mentioned. 
Stemless designs also offer an advantage over the 
stemmed components in the ability to perform an 
anatomic reconstruction regardless of the stem/
head offset which can lie outside the normal 
ranges. The original indications have thus been 
expanded to include metaphyseal dysplasia, post-
traumatic arthritis and proximal humeral mal-
union.  In the setting of a malunion, without the 
necessary articulation with an intramedullary 
stem, stemless humeral replacement may be able 
to better recreate the center of rotation of the 
head and avoid a greater tuberosity osteotomy 
[ 28 ,  29 ]. 

 Currently, the indications for stemless humeral 
replacement are nearly the same as those for a 
stemmed prosthesis. The major indication that 
requires a stemmed humeral component is the set-
ting of signifi cant humeral bone loss. Similarly, 
proximal humerus fractures involving the surgical 

neck also require a stemmed prosthesis in order 
to gain adequate stability of the head. Adequate 
bone (at least 60 % of the humeral head) must be 
present in the humeral metaphysis to support the 
stemless head. 7  Investigators are examining the 
possibility of augmenting defi cient metaphyseal 
bone. While polymethyl methacrylate (PMMA) 
cement provides excellent initial fi xation, it is a 
permanent foreign body that causes a signifi cant 
exothermic reaction during polymerization. A 
recent cadaveric study examined the biomechani-
cal properties of a bone graft substitute to aug-
ment fi xation of a stemless humeral component 
in the setting of compromised metaphyseal bone 
[ 30 ]. They found no signifi cant difference in fi xa-
tion when compared with PMMA bone cement. 
Future studies are required to examine in vivo 
and long-term effi cacy of this and other options 
for the augmentation of insuffi cient proximal 
metaphyseal bone. 

 In younger patients with a focal chondral 
defect, partial humeral resurfacing remains a 
treatment option when nonoperative manage-
ment fails. Rather than resurface the entire 
humeral head, replacing the defect alone pre-
serves the remaining unaffected cartilage and 
bone for future procedures. While short-term 
results were very promising [ 31 – 33 ], with longer 
follow-up, confl icting results have been reported, 
including loosening rates of up to 25 % [ 34 ,  35 ].  

    Technical Tips and Pearls 

 Preoperative radiographs of the shoulder, includ-
ing an anteroposterior/Grashey view with the 
humerus in 30° external rotation, should be used 
to template the size of the head. The fi nal deci-
sion is made intraoperatively after exposure and 
trialing of the humeral head. Degenerative 
changes, bone loss, and osteophytes should be 
evaluated to estimate the position of the pros-
thetic head. The axillary view should be reviewed 
to identify glenoid wear pattern and for the pres-
ence of humeral subluxation. 

 Stemless total shoulder arthroplasty can be 
performed through a deltopectoral or superior 
Mackenzie approach [ 36 ]. 
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    Deltopectoral Approach 

 We prefer the deltopectoral approach as it is 
extensile and allows for easier visualization and 
release of the anterior capsule and soft tissues, 
which is important in allowing for adequate 
exposure, minimizing intraoperative complica-
tions such as fracture, and allowing for improved 
postoperative range of motion. This approach 
also leaves the deltoid muscle intact, utilizing the 
internervous plane between the deltoid and pec-
toralis major. 

 The patient is positioned in the beach chair 
with the torso and head elevated 30°. The upper 
extremity is prepped and draped in usual sterile 
fashion. The incision is carried sharply over the 
deltopectoral interval down to the level of the 
deep fascia, and the cephalic vein and deltoid are 
retracted laterally. The clavipectoral fascia is 
released lateral to the conjoint tendon, and the 
axillary nerve is palpated and protected through-
out the procedure. Carefully, the conjoint tendon 
is then retracted medially, and the anterior 
humeral circumfl ex vessels are identifi ed and 
ligated in order to prevent bleeding. Subsequently 
the biceps tendon is identifi ed, the rotator interval 
is released sharply to the base of the coracoid, 
and the biceps can be tenodesed or tenotomized 
according to surgical plan. 

 The subscapularis and capsule are then released 
in a single layer off the lesser tuberosity. It is 
important to release the capsule down past the 6 
o’clock position of the humerus. The humeral 
head can then be dislocated into the surgical fi eld 
with simultaneous adduction, extension, and 
external rotation. We advocate a controlled exter-
nal rotation in particular, as the torsional forces on 
the proximal humerus can result in spiral fractures 
[ 37 ]. It is imperative to be able to visualize the pos-
terior rotator cuff, in order to accurately determine 
the size of the humeral head and to prevent resec-
tion of the rotator cuff insertion. Humeral osteo-
phytes can be resected with curved osteotomes 
and rongeurs to visualize the native head. 
Inadequate osteophyte removal can result in over-
stuffi ng of the joint, malpositioning of the prosthe-
sis, rotator cuff tear, and decreased postoperative 
range of motion. 

 Preoperative templating gives the surgeon a 
plan of what head size will most accurately recre-
ate the patient’s native anatomy. The humeral 
head is visualized and templated according to the 
system utilized. If the system calls for a freehand 
anatomic cut, we advocate the use of electrocau-
tery to outline the anatomic neck. Posteriorly the 
insertion of the cuff is visualized, taking care to 
leave the “bare spot” intact. This corresponds to 
the region of infraspinatus and teres minor and is 
6–8 mm in length without cartilage or tendon 
insertion. The cut is then made with the use of a 
sagittal saw, taking care to avoid resecting the 
insertion of the rotator cuff.  

    Superior Approach 

 The superior approach has been favored by 
Copeland [ 7 ] and allows direct access to the gle-
noid through a deltoid or acromial takedown. It 
also has the advantage of a smaller scar, no dis-
turbance of the cephalic vein, and more direct 
access to the posterior and superior rotator cuff 
for reconstruction, if required. However, there is 
more risk of injury to the axillary nerve branches 
to the anterior deltoid and diffi culty or failure 
with deltoid muscle repair. 

 The patient is positioned with the head of the 
bed elevated at least 60°. An incision is made in 
line with the anterior edge of the acromion start-
ing at the posterior aspect of the acromioclavic-
ular joint extending laterally. The deltoid muscle 
is carefully dissected off the subcutaneous tis-
sue, and the raphe of the deltoid is identifi ed. It 
is then incised sharply with a Bovie, taking care 
to leave deltoid tendon on both sides for future 
repair. This incision should not be made more 
than 6 cm distal to the acromion, as the axillary 
nerve runs deep to the deltoid muscle beyond 
that distance. 

 The coracoacromial ligament is left intact if the 
rotator cuff is torn. The rotator interval is identifi ed 
and incised sharply following the course of the 
long head of the biceps tendon. The biceps can be 
tenodesed, tenotomized, or dislocated posteriorly 
at this point. The subscapularis is then dissected 
sharply off the lesser tuberosity, and the shoulder is 
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dislocated anteriorly. Blunt Holman retractors can 
be placed around the surgical neck of the humerus 
from posterior and anterior to facilitate visualiza-
tion of the head and retract the deltoid muscle. All 
osteophytes are resected, and the posterior cuff is 
visualized. The humeral head can then be resected 
using a freehand cut or guided by the specifi c 
instrumentation of the selected prosthesis. 

 If the glenoid is to be resurfaced, a variety of 
retractors can be utilized to facilitate glenoid 
exposure. A Fukuda retractor, Bankart retractors, 
and/or blunt Holman retractors can be used to 
retract the humeral head posteriorly, deltoid later-
ally, and the subscapularis medially. These retrac-
tors should be held carefully as excessive 
retraction can result in iatrogenic fracture of the 
glenoid or impaction of the cut surface of the 
proximal humerus. The axillary nerve should be 
palpated and protected throughout this stage. The 
labrum is resected sharply, and the axillary nerve 
is palpated and protected inferiorly during release 
of the inferior capsule. Optimal exposure of the 
glenoid is required to assess the degree of disease, 
to contour the glenoid surface to a concentric sur-
face, and to resurface the fossa with polyethylene. 
While we prefer to use a central- pegged compo-
nent with multiple peripheral pegs, placing a 
keeled glenoid component may be more feasible 
in the setting of a diffi cult exposure. 

 The humeral component is then placed accord-
ing to the system’s instrumentation. Care must be 
taken to accurately identify the native humeral 
head and recreate it accurately in order to prevent 
the aforementioned complications associated with 
improper head sizing. Once the head is implanted, 
the glenohumeral joint is reduced, and with the arm 
held in the scapular plane, the humeral head should 
be able to be translated 50 % of its diameter poste-
riorly, with spontaneous reduction when the poste-
rior force is removed. The head should also be able 
to translate inferiorly 25 % of its diameter, and the 
arm should externally rotate 40° when the subscap-
ularis tendon repair is approximated. When prepar-
ing the humerus if there is any evidence of stemless 
instability or poor fi xation, then conversion to a 
stemmed implant is recommended. 

 The subscapularis is then repaired carefully 
according to surgeon preference. The repair and 

healing of the subscapularis is of paramount 
importance; we prefer to place sutures through 
bone tunnels running under the bicipital groove. 
The axillary nerve is palpated to ensure integrity, 
range of motion is again confi rmed, and the wound 
is closed in layered fashion.   

    Results 

    Stemless Humeral Arthroplasty 

    Biomet TESS 
 The stemless arthroplasty with the longest follow-
 up is the Biomet Total Evolutive Shoulder System 
(TESS). This design features a six-armed metaph-
yseal fi xation device, the “corolla,” made of cobalt 
chrome with titanium plasma spray and hydroxy-
apatite coating. The TESS has the option to have 
stemmed or stemless fi xation. First implanted in 
2004, early results were reported by Huguet and 
colleagues [ 38 ]. At minimum 3 years of follow-
up, 72 stemless shoulder replacements in 70 
patients demonstrated no radiolucencies or 
implant migration and functional results compa-
rable with traditional glenohumeral arthroplasty. 

 The Biomet TESS system is unique in that it 
allows for the option of stemless reverse arthro-
plasty as well. The same corolla is used to main-
tain fi xation in the humeral metaphysis and also 
has the option for a stemmed prosthesis. In 2012, 
the results of 105 stemless reverse TESS proce-
dures were reported. With minimum 2-year fol-
low- up, the authors reported favorable outcomes 
with no component loosening and 96 % patient 
satisfaction [ 39 ]. A subsequent study with mean 
follow-up of 58 months (minimum 38) in 56 
stemless reverse arthroplasties demonstrated no 
humeral loosening and 4 cases of instability/dis-
sociation requiring conversion to a stemmed 
prosthesis [ 40 ]. The authors concluded that the 
results of stemless reverse were similar to those 
of a stemmed prosthesis at midterm follow-up.  

    Arthrex Eclipse 
 The Arthrex (Arthrex, Naples, FL) Eclipse 
(Fig.  5.1 ) was fi rst implanted in 2005. It features 
a titanium rough-blasted trunnion (Fig.  5.2 ) 
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coated with BONIT and plasma spray. The trun-
nion is fi xed near the center of rotation of the 
humeral head with a self-tapping cage screw that 
compresses the trunnion onto the resection sur-
face. The outer margin of the trunnion gains sup-
port from the cortical bone, and fi ns on the back 
surface are present to gain additional fi xation and 
prevent rotation of the prosthesis. The humeral 
head is affi xed by a cone mechanism and is also 
supported by cortical bone. By placing the fi xa-
tion of the trunnion close to the center of rotation, 
a short lever arm is generated at the articulation 
between the head and trunnion, resulting in lower 
shear forces on the trunnion and cage screw. A 
fi nite element analysis of the Eclipse demon-

strated that the highest load is found at the medial 
cortex of the cut humerus, similar to a healthy 
proximal humerus [ 41 ]. The system also features 
a metal-backed glenoid or an all polyethylene 
component for glenoid resurfacing.

    Schoch et al. reported on their experience with 
the Arthrex Eclipse stemless humeral replace-
ment system in 2011 [ 42 ]. With short-term fol-
low- up (mean 13.2 months) on 96 shoulder 
replacements, Constant-Murley scores improved 
signifi cantly in both primary osteoarthritis and 
posttraumatic arthritis. Range of motion also 
improved to fl exion >140°, abduction >100°, and 
external rotation >35° for both indications with 
the primary osteoarthritis group demonstrating 
slightly increased range of motion. 

 In 2012, Brunner et al. published their report on 
233 patients who underwent stemless shoulder 
arthroplasty with the Eclipse for a variety of diag-
noses (100 primary OA, 29 instability, 16 rheuma-
toid arthritis, 6, avascular necrosis, 3 cuff tear 
arthropathy, and 4 postinfectious arthritis) [ 43 ]. Of 
these, 114 were hemiarthroplasties and 119 total 
shoulder arthroplasties. With average 23-month 
follow-up, they found signifi cant improvement in 
Constant-Murley scores for all indications, with 
primary osteoarthritis patients demonstrating best 
results. The overall complication rate was 9.8 % 
with one case of prosthetic loosening, two cases of 
periprosthetic fracture, and 11 cases of revision 
surgeries. Although long-term studies are neces-
sary, they concluded that the Eclipse had promis-
ing results in the variety of indications studied. 

 More recently, Habermeyer and colleagues 
reported their results with the prosthesis [ 29 ]. 
Seventy-eight patients with average age of 
58 years underwent 96 stemless humeral head 
replacements and were prospectively followed for 
a mean of 6 years. A cementless metal-backed 
glenoid was utilized in the fi rst 15 total shoulder 
arthroplasty cases, while the next ten received a 
keeled polyethylene component. For both primary 
osteoarthritis and posttraumatic arthritis, 
Constant-Murley score and all subcategories of 
the scoring (pain, ADL, ROM, strength) improved 
signifi cantly, except for abduction strength. Active 
fl exion, abduction, and external rotation were 
found to improve for both groups signifi cantly. 

  Fig. 5.1    The Arthrex Eclipse prosthesis       

  Fig. 5.2    Close-up of the trunnion with close-up of fi ns 
providing additional stability and BONIT coating       
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 An area of diminished bone density in the area 
of the greater tuberosity was seen in 35 % of 
patients, which did not seem to be associated 
with hemiarthroplasty or shoulder arthroplasty. 
One patient demonstrated osteolysis of the 
greater tuberosity and loss of trunnion bony sup-
port; however, he/she did not undergo revision. 
Three patients were revised to reverse shoulder 
arthroplasty and one hemiarthroplasty underwent 
secondary implantation of a glenoid component. 
The overall complication rate in this series was 
reported as 12.8 % with revision surgery in 9 % of 
patients. No implant-specifi c complications were 
noted, and the authors noted that the Eclipse 
demonstrated results equivalent to third- 
generation stemmed shoulder arthroplasty.  

    Tornier Simpliciti 
 The Tornier Simpliciti (Tornier, Edina, MN) 
arthroplasty was fi rst implanted in France in 
2010. It is composed of a two-piece humeral sys-
tem, including a humeral head implant and 
humeral metaphyseal implant. The humeral head 
has a male Morse taper, while the metaphyseal 
implant features three fi ns with a collar and a 
female Morse taper (Fig.  5.3 ). The entire unit is 
impacted into the humeral metaphysis. The collar 
and fi ns are covered with porous bony ingrowth 
coating, and the collar has nine slots to aid with 
future extraction (Fig.  5.4 ).

    The Investigational Device Exemption (IDE) 
trial recently completed its 2-year minimum fol-
low- up in November 2014 leading to FDA 
approval and therefore is now the fi rst FDA- 
approved system available for use in the United 
States.  

    Zimmer Sidus 
 The Zimmer Sidus (Figs.  5.5 ,  5.6 , and  5.7 ) was 
recently introduced, and an IDE has been initi-
ated in the United States. It features a four open- 
fi n humeral anchors composed of titanium 
alloy to gain metaphyseal fi xation and prevent 
 rotational forces (Fig.  5.8 ). Each fi n has an anti 
lever out surface to resist shear loads, and sur-
faces are rough blasted to promote bone ingrowth. 
The male taper on the anchor is compatible with 
the Bigliani/Flatow Standard heads.

           Stemmed Versus Stemless Humeral 
Replacement 

 To date, only two studies have been published 
comparing the results of stemless and traditional 
stemmed humeral arthroplasty. In 2013, one 
study randomized 19 shoulders with end-stage 

  Fig. 5.3    The Tornier Simpliciti two-part prosthesis, with 
three-fi nned metaphyseal component and head affi xed by 
Morse taper       

  Fig. 5.4    Close-up of bony ingrowth coating and slots to 
facilitate extraction during revision       
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osteoarthritis to total shoulder arthroplasty with 
the Tornier Aequalis stemmed or stemless system 
[ 44 ]. At 2-year follow-up, no patients experi-
enced complications in either cohort, and no dif-
ference in Constant score, Simple Shoulder Test 
score, and range of motion was observed between 
the two groups. 

 In 2012, Berth et al. published a larger prospec-
tive trial comparing the results of 82 patients with 
osteoarthritis refractory to nonoperative manage-
ment treated with primary shoulder arthroplasty 
[ 45 ]. The patients were randomized to two groups, 
one treated with the Mathys Affi nis stemmed 

  Fig. 5.5    The Zimmer Sidus       

  Fig. 5.6    Schematic of the Zimmer Sidus after 
implantation       

  Fig. 5.7    Postoperative radiographs of the Zimmer Sidus       

  Fig. 5.8    The anchor of the Sidus features four open tita-
nium alloy fi ns and a male taper compatible with the stan-
dard Bigliani/Flatow system heads       
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shoulder arthroplasty and the other with the stem-
less Biomet TESS. The stemmed arthroplasty 
group had a two-pegged glenoid component 
placed, while the stemless group had a keeled gle-
noid component. At a mean of 32 months after 
surgery, they found no signifi cant difference in 
Constant or DASH score, but did fi nd increased 
operative time and estimated blood loss in the 
stemmed arthroplasty group. It should be noted 
that although the two studies demonstrate encour-
aging results, they were not powered to detect a 
difference in the scores assessed, and both studies 
recommend further studies with larger sample 
sizes and longer follow-up.   

    Conclusion 

 Stemless systems represent the next generation 
in the evolution of the humeral prosthesis. The 
lack of a stem theoretically allows the surgeon 
to more accurately recreate the native anatomy, 
prevents intraoperative complications such as 
fracture during stem placement, minimizes 
periprosthetic fractures, and facilitates revision 
surgery. Indications for stemless humeral 
replacement have expanded and are now 
thought to encompass nearly all indications for 
traditional stemmed arthroplasty. The majority 
of the stemless humeral replacement literature 
thus far has examined humeral resurfacing, 
with encouraging short- and midterm results. 
Newer systems are now being released which 
allow for an anatomic resection of the humeral 
head and facilitate total shoulder arthroplasty, 
and while further studies are required to exam-
ine long-term outcomes, it appears that stem-
less replacement will continue to provide 
surgeons and patients another option in the 
treatment of glenohumeral arthropathy.     
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      Glenoid Anatomy 
and Biomechanics                     

     Michael     Codsi     

         Normal Glenoid Anatomy 

 The glenoid anatomy has classically been defi ned 
by the articular surface anatomy. The height and 
width of the glenoid have been measured in 
anthropomorphic studies, and each study has 
used a slightly different methodology to measure 
the glenoid. Mallon et al. evaluated 28 cadaver 
scapulae and measured the height and width in 
both men and women [ 65 ]. They found the aver-
age height of the glenoid was 38 mm (range, 
33–45) for men and was 36.2 mm (range, 32–43) 
for women. Iannotti et al. measured the height of 
the glenoid in 140 cadaver scapulae and found 
the average height was 39 mm (range, 30–48 mm) 
and the average glenoid width was 29 mm (range, 
21–35 mm) [ 49 ]. He also reported the distribu-
tion of the sizes of the glenoid and separated 
them into fi ve groups according to their height 
and four groups according to their width. 
Churchill et al. measured the height and width of 
the glenoid using 344 cadaver scapulae from the 
Hamann-Todd Osteological Collection, the 
Museum of Natural History in Cleveland, Ohio 
[ 19 ]. They used scapulae from persons who were 
between 20 and 30 years old at the time of death. 

The average glenoid height in men was 37.5 mm 
(range, 30–43 mm), and the average width was 
27.8 mm (range, 24–33 mm). For women, the 
average height was 32.6 mm (range, 29–37 mm), 
and the average width was 23.6 mm (range, 
20–26 mm). Checroun et al. measured the gle-
noid dimensions in 412 cadaver scapulae and 
found an average height of 37.9 mm (range, 
31–50 mm) [ 17 ]. The average width of the gle-
noids was 29.3 mm (range, 23–42 mm). Kwon 
et al. measured the height and width of the gle-
noid in 12 cadaver specimens using both manual 
measurements and CT scan measurements to 
determine the accuracy of CT scan measurements 
and found that the difference in measurements 
was within 2 mm [ 60 ]. The median glenoid 
height was 37.8 mm (range, 30–47 mm), and the 
median width was 26.8 mm (range, 22–35 mm) 
when the measurements from the specimens 
were used (Table  6.1 ).

       Glenoid Version 

 Glenoid version has been measured in multiple 
studies, and the methodology used to measure the 
version is an important variable to understand, 
because two different methods can give different 
version measurements for the same scapula. It is 
also diffi cult to obtain radiographs with excellent 
technique because the patient with severe arthritis 
often has diffi culty moving the shoulder in the 
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positions needed to get the best views of the gle-
noid. Surprisingly, radiographs are often easier to 
obtain after total shoulder arthroplasty because the 
patient’s range of motion is better and the land-
marks on the radiograph are easier to measure 
because the joint space has been restored with the 
prosthetic implants. Glenoid version has been tra-
ditionally measured using standard radiographs, 
but the accuracy of this method was questioned in 
a study done by Nyffeler et al. [ 73 ]. They mea-
sured glenoid version in 25 patients without arthri-
tis and 25 patients after total shoulder arthroplasty 
using radiographs and CT scans. They found that 
glenoid retroversion was overestimated with 
radiographs 86 % of the cases and the difference 
between the CT scan and radiographic measure-
ment was 6.5° (range, 0–21°). The correlation 
between the CT measurements and the radio-
graphs was higher (0.67) in the total shoulder 
group compared to the instability group (0.33). 
Based on these results, the authors recommended 
the use of CT scan as the preferred modality to 
measure postoperative glenoid version in total 
shoulder arthroplasty. A similar study was done by 
Ho et al. to evaluate the accuracy of radiographs 
compared to CT scans for the measurement of gle-
noid version in cases before and after total shoul-
der arthroplasty [ 43 ]. Thirty- two patients had 
radiographs and CT scans taken before and after 
surgery, and multiple measurements were made 
including glenoid version. There was moderate 
agreement between CT scan and radiographic 
measurements (0.69) and the radiographs overesti-
mated glenoid version by 4.2°. 

 As the use of standard two-dimensional CT 
scans has increased for the measurement of gle-
noid version, other methods have emerged with 
the advent of three-dimensional CT software. 
This software allows for the measurements of gle-

noid version to be done on the same scapula with 
different methods. Bryce et al. described this vari-
ation in an elegant study using 40 scapulae CT 
scans [ 10 ]. The scans were imported into a soft-
ware program called MATLAB that allowed for 
manipulation of the scapula orientation and calcu-
lation of the resulting glenoid version. It helps to 
understand the variation in measurement by start-
ing with the classic method of measuring glenoid 
version. First, a plane of the scapula must be 
defi ned from which the version of the glenoid 
articular surface can be measured against. The 
plane of the scapula is typically defi ned by three 
points on the scapula, the center of the glenoid, 
the tip of the inferior scapular angle, and a point at 
the intersection of the spine of the scapula with 
the medial border of the scapula (Fig.  6.1 ). 
Second, the plane of the glenoid articular surface 
is defi ned. This can be done using two points on 
the anterior and posterior edges of the glenoid 
surface halfway between the superior and inferior 
pole of the glenoid. It can also be done using three 
points anywhere around the edge of the glenoid 
articular surface. Third, the version measurement 
can then be made using the angle formed by the 
two planes. This seems easy to do when using a 
three-dimensional model or when measuring the 
version with a real scapula. The variation in the 
measurement occurs when the scapula is shown 
using two-dimensional images. If the two-dimen-
sional images are rendered with the scapula 
rotated in abduction or adduction, then the plane 
of the glenoid articular surface changes and so 
does the version. The variation in the version 
measurements can be quite substantial and can 
range from 4.7° of anteversion to 10.6° of retro-
version on the same scapula depending on the ori-
entation of the scapula. Regression analysis for 
scapula rotation in the coronal plane showed that 

   Table 6.1    Glenoid height and width measurements   

 Author  Year  Specimens  Glenoid height  Glenoid width 

 Mallon et al.  1992  28  38 mm (range, 33–45 mm) 

 Iannotti et al.  1992  140  39 mm (range, 30–48 mm)  29 mm (range, 21–35 mm) 

 Churchill et al.  2001  344  37.5 mm (range, 30–43 mm)  23.6 mm (range, 20–26 mm) 

 Checroun et al.  2002  412  37.9 mm (range, 31–50 mm)  29.3 mm (range, 23–42 mm) 

 Kwon et al.  2005  12  37.8 mm (range, 30–47 mm)  26.8 mm (range, 22–35 mm) 
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every one degree of scapular abduction led to 
0.42° of version variability and every one degree 
of scapular adduction resulted in 0.16° of version 
variability. The effect of abduction on version 

variability was signifi cantly stronger than the 
effect of adduction on version variability. At 20° 
of scapular abduction, the mean version variation 
was 9.4°, and for 20° of adduction, the mean ver-
sion variation was 2.4°. These fi ndings were con-
fi rmed in another follow- up study by the same 
group [ 13 ] (Table  6.2 ).

    Cyprien et al. measured the version of the gle-
noid using x-rays from 50 normal patients and 15 
patients who had recurrent anterior dislocations 
[ 25 ]. They found the average normal version was 
7.1° for retroversion compared to 8.9° for retro-
version in the patients with recurrent dislocations. 
Friedman et al. used two-dimensional CT scans of 
63 normal patients and compared them to a group 
of 20 patients with glenohumeral arthritis [ 31 ]. 
The average anteversion of the normal group was 
2° (range, +14 to −12°), and the average retrover-
sion of the arthritis group was 11° (range, +2 to 
−32°). Mallon et al. evaluated the version in 28 
cadaver scapulae and found the average retrover-
sion was 6° (range, +2 to −13°) [ 65 ]. Couteau 
et al. measured the version of 28 scapula using 
two-dimensional CT scan measurements [ 24 ]. 
The patients included in the study had rotator cuff 
tears without glenohumeral arthritis, glenohu-
meral arthritis, and rheumatoid arthritis. The aver-
age retroversion of the group of patients with 
rotator cuff tears was 8° (range, 2–17°), with gle-
nohumeral arthritis 16° (range, 0–50°), and the 
patients with rheumatoid arthritis have an average 
retroversion of 15° (range, 6–22°). 

 Churchill et al. measured the version of 344 
scapulae from the Hamann-Todd Osteological 
Collection at the Museum of Natural History, in 
Cleveland, Ohio [ 19 ]. This collection contains 
skeletons of Cleveland’s unclaimed dead from 
1912 through 1938. The ages of the specimens 
were between 20 and 30 years. They measured the 
version using two different points to defi ne the 
plane of the scapula. One measurement used the 
junction of the spine of the scapula with the medial 
border of the scapula, and the other measurement 
used a point closer to the superior medial angle of 
the scapula (Fig.  6.2 ). The average version using 
the junction of the spine of the scapula and the 
medial border of the scapula was 1.23° (range, 
−10 to +10°). There was no difference when 

  Fig. 6.1    The plane of the scapula is defi ned by the most 
distal point of the inferior scapular angle ( P1 ), the center 
of the glenoid fossa ( P2 ), and the point at the vertebral 
border where the scapular spine intersects the medial bor-
der of the scapular ( P3 ) (Reprinted with permission from 
Bryce et al. [ 10 ])       

   Table 6.2    Glenoid version measurements   

 Author  Year  Specimens  Glenoid version 

 Cyprien et al.  1983  50  8 degrees of 
retroversion 

 Friedman et al.  1992  62  2 degrees of 
anteversion 

 Mallon et al.  1992  28  6 degrees of 
retroversion 

 Couteau et al.  2001  28  8 degrees of 
retroversion 

 Churchill et al.  2001  344  1 degrees of 
retroversion 

 Scalise et al.  2008  14  7 degrees of 
retroversion 

 Ganapathi et al.  2011  19  7 degrees of 
retroversion 

 Matsumura et al.  2012  410  1 degree of 
retroversion 
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comparing the men and women in the group. 
When using the alternative point on the superior 
medial angle of the scapula, the average version 
was not statistically different.

   Matsumura et al. performed a more recent 
study in a population of healthy Japanese volun-
teers and found a wide range of glenoid version 
measurements [ 66 ]. The average glenoid retrover-
sion was 1° with a range from 9° of anteversion to 
13° of retroversion. Glenoid retroversion was 
higher on the dominant side in all patients, and it 
was higher in men compared to women. 

 Scalise et al. measured the version of 14 patients 
with osteoarthritis in one shoulder and measured 
the version of the opposite normal shoulder using a 
three-dimensional CT [ 87 ]. A custom software pro-
gram was used to defi ne the plane of the scapula so 
the measurements would match the technique 
described by Churchill et al. in their study. The 
average retroversion of the normal shoulders was 
7° (range, 0–14°), and the average retroversion for 
the arthritic side was 15.6° (range, −1–33°). 

 Ganapathi et al. measured the version of 58 nor-
mal scapulae from the Hamann-Todd Collection 
using three-dimensional CT scan renderings [ 33 ]. 

They compared the normal cadaver scapulae to 
humans who had osteoarthritis in one shoulder and 
their normal non-arthritic shoulders. The humans 
with normal bilateral shoulders had an average 
version of 2.59°. The average retroversion of the 
glenoids on the normal side of the matched pairs 
was 6.8°, and the average retroversion of the 
arthritic matched pair of glenoids was 14.7°. This 
data suggests, but does not prove, that patients 
with a retroverted glenoid are more likely to 
develop osteoarthritis of the shoulder. It may also 
suggest that the normal version for patients with 
osteoarthritis is different from the normal version 
of patients without osteoarthritis. This has impor-
tant implications for surgeons who must decide 
how much version should be corrected when per-
forming a total shoulder replacement with a gle-
noid implant. 

 Hendel et al. studied the effect of using patient-
specifi c instruments to position the glenoid com-
ponent during anatomic total shoulder replacement 
surgery [ 41 ]. They used three- dimensional CT 
scans for 34 patients with osteoarthritis and found 
the average retroversion for the glenoid was 14.3° 
(range, +7–27°). The importance of all of these 

  Fig. 6.2    Comparison of the two different scapular posi-
tions studied.  Left , The transverse axis of the scapula is 
identifi ed by the platform pins.  Right , The scapula has 
been rotated such that the glenoid inclination is parallel to 

the base plate. Note that the moving platform pin main-
tains the same position as before, but the base platform pin 
no longer is positioned along the scapular spine (Reprinted 
from Churchill et al. [ 19 ] with permission from Elsevier)       
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studies, which report their measurements of gle-
noid version, is that there is a wide range of version 
measurements to take into consideration. The range 
of version measurements can be due to differences 
in the techniques used to measure the version based 
on the rotation of the scapula and the tilt of the 
scapula. Many of the studies, however, used three- 
dimensional renderings of the CT scans, which 
correct for any variation in the techniques used to 
obtain the CT scan data. A few of the studies used 
the same patient population, namely, the Hamann- 
Todd Osteological Collection, which may not be 
generalizable to the general population.  

    Glenoid Vault 

 While a lot of study has focused on describing the 
anatomy of the glenoid articular surface, rela-
tively few studies in the past have described the 
anatomy of the glenoid walls and the bone beneath 
the articular surface. This anatomy has become 
more important to understand as surgeons start to 
deal with bone deformity and bone loss due to 
severe disease and to failure of shoulder replace-
ments. In complex cases, glenoid implants require 
fi xation points beyond the articular surface, and 
with the advent of the reverse total shoulder, the 
glenoid component relies on fi xation points in the 
glenoid vault and further medial into the body of 
the scapula. Investigations into the unique shape 
of the glenoid vault have also led to a better under-
standing of glenoid version and its relationship to 
glenohumeral arthritis. 

 Bicknell et al. measured the endosteal dimen-
sions of the glenoid vault in 72 scapulae with a 
mean age of 70 years [ 7 ]. The dimensions were 
larger for males compared to females, but there 
was no relationship between the dimensions and 
age or between the presence and absence of arthri-
tis. The shape of the endosteal dimensions was 
relatively consistent, and there was a small distri-
bution of sizes. The shape of the glenoid vault is 
relatively straight-sided, or rectangular, in the cor-
onal plane and more highly fl uted, or triangular, in 
the transverse plane. 

 Codsi et al. selected 61 cadaver scapulae from 
the Hamann-Todd Osteological Collection to 

study the shape of the glenoid vault [ 21 ]. A wide 
range of sizes were selected in order to defi ne the 
normal glenoid vault anatomy. CT scans of each 
scapula were performed, and the data were ana-
lyzed using a custom software program to measure 
and manipulate the images. The two-dimensional 
slices of the glenoid vault in the axial plane were 
used to trace the inner surface area of the glenoid 
vault (Fig.  6.3 ). The points on the tracings were 
recorded, and then the points from each CT slice 
were stacked on top of one another to create a 
three-dimensional shape of each vault (Figs.  6.4 , 
 6.5 , and  6.6 ). The vaults were then standardized to 
one size based on the height of the glenoid articu-
lar surface, which allowed for comparison of the 
shape of the glenoid vault among the different 
sized scapulae. The right-sided vaults were mir-
rored about the XZ plane so they could be com-
pared to the left- sided vaults. Two vaults were 
overlapped, and the distance between the closest 
tracing points on each vault was measured. The 
average distance between 85 % of all the tracing 
points was less than 2 mm from each other, indi-
cating that the shapes of the glenoid vaults in this 
study were relatively uniform. The shape of the 
standardized glenoid vault was then made into a 
plastic model along with four other sizes that were 
10 % and 20 % larger and smaller to correspond 
with the sizing characteristics for a traditional ana-
tomic glenoid implant. These plastic models were 
then implanted into cadaver scapulae that were not 
included in the original 61 scapulae used to gener-
ate the shape of the models. The cadavers with the 
plastic models were then scanned with a CT scan-
ner, and the distances between the models and the 
endosteal bone of the cadaver glenoid vaults were 
measured. The average distance between the plas-
tic models and endosteal bone was 2.4 mm, and 
80 % of the points measured were within 3 mm.

      When confronted with a deformity of the gle-
noid, the surgeon needs to decide how much of 
the deformity to correct when implanting a gle-
noid component. Based on the anatomic studies, 
there is a wide range of normal glenoid version, 
so it can be diffi cult to determine what the 
patient’s normal glenoid anatomy was like before 
the pathology became severe and deformed the 
glenoid. Scalise et al. wanted to use the shape of 

6 Glenoid Anatomy and Biomechanics



72

the glenoid vault to fi nd out if there was a way to 
predict what the vault and the articular surface 
looked like before the pathology deformed the 
glenoid [ 87 ]. Fourteen patients had CT scans of 
the arthritic shoulder and the normal opposite 
shoulder. Using a custom three-dimensional soft-
ware program, the shape of the glenoid vault was 
place inside the pathologic glenoid, and the ver-
sion of the glenoid vault shape was measured. 
Then at a separate sitting, the glenoid vault shape 
was placed into the glenoids of the normal shoul-
ders and the version of the glenoid vault shape 
was measured. The version of the glenoid vault 
was the same for the arthritic shoulders and the 
normal shoulder for each patient. These data sug-
gest that the version of the native arthritic glenoid 
can be predicted using the glenoid vault shape 
(Fig.  6.7 ). This may be helpful for surgeons to 
know when they are deciding how much correc-
tion of retroversion should be done during place-
ment of the glenoid component.

       Scapula Anatomy 

 With the advent of the reverse total shoulder 
replacement that uses a glenoid implant fi xed to 
the scapula with screws, more research was done 
to understand the anatomy of the scapula medial to 

the glenoid surface and the glenoid vault. Codsi 
et al. used three-dimensional CT scans to deter-
mine the best locations to place screws from the 

  Fig. 6.3    This axial CT scan image shows the inner end-
osteal walls of the glenoid vault (Reprinted from Codsi 
et al. [ 21 ] with permission from Elsevier)       

  Fig. 6.4    Three-dimensional left glenoid vault model 
showing the articular surface and the anterior wall of the 
glenoid vault       

  Fig. 6.5    Three-dimensional left glenoid vault model 
showing the medial ridge of the vault. The articular sur-
face is facing away from the drawing (not seen). The pos-
terior wall is to the left of the photo, and the anterior wall 
is on the right side of the photo       
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glenoid articular surface to the body of the scapula 
[ 22 ]. Twenty-seven scapulae were scanned into a 
custom software program that allowed the manip-
ulation of the scapula to virtually implant screws 
of different lengths into the bone. Three locations 
in the scapula body were found that could accom-
modate long screws. The fi rst was the superior 
screw, which started in the superior portion of the 
glenoid and was directed toward the base of the 
coracoid. The second screw started in the middle 

of the glenoid and went through the middle of the 
scapula (Fig.  6.8a–c ). The third screw location 
started on the inferior glenoid surface and was 
directed along the lateral cortical border of the 
scapula. The length of the screws could be as long 
as 75 mm if placed perfectly, but any deviation in 
the angle of the insertion by 15° would alter the 
length of the screws between 17 and 30 mm. When 
the constraint of an implant was introduced, the 
lengths of the screws were much shorter as well. 
Using the current implant designs that feature a 
central screw or fi xation, this screw can be placed 
in the location described as the central screw in 
this study. The other superior and inferior screw 
locations are not typically useful with the current 
implants available because they do not allow for 
the high angle of insertion needed to place the 
screw in those positions of the scapula.

   Humphrey et al. studied the anatomy of the ten 
cadaver scapulae to fi nd the best locations for 
screw placement to secure metal glenoid implants 
[ 48 ]. They described three columns of bone in the 
scapula body that could be used for screw place-
ment, which were similar to the ones described 
previously. These include the base of the cora-
coid, the scapula spine, and the scapula pillar. 
They implanted a glenoid baseplate for a reverse 
total shoulder into the scapula and measured the 

  Fig. 6.6    Three-dimensional left glenoid vault model 
showing the articular surface and the posterior wall of 
the vault       

  Fig. 6.7    Example of glenoid version measurements after 
vault model placement in both scapulae of a subject with 
unilateral osteoarthritis. The plane of the scapula is repre-
sented by the red line. ( a ) On the healthy side, the glenoid 
version measures -7 degrees ( α line ), and the vault model 
also measures -7 degrees ( β line ). ( b ) On the arthritic side, 

the glenoid version measures -23 degrees ( δ line ). 
However, in the arthritic glenoid, the vault model mea-
sures -7degrees, ( γ line ) just as measured on the healthy, 
contralateral side (Reprinted from Scalise et al. [ 87 ] with 
permission from Elsevier)       
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length of the screws that could be placed. The 
average superior screw length was 36 mm (range, 
29–40 mm) and the inferior screw was 47 mm 
(range, 45–54 mm). The authors also noted that 
the use of a variable angle screw allowed for lon-
ger screws because the superior screw could be 

angled toward the base of the coracoid and the 
inferior screw could be angled toward the scapu-
lar pillar. These two locations are not 180° from 
each other, so a fi xed angle baseplate would only 
allow perfect placement into one of these loca-
tions (Figs.  6.9 ,  6.10 , and  6.11 ).

a b c

  Fig. 6.8    Cross-sectional CT scan images of a scapula 
with a central screw hole starting at the center of the gle-
noid articular surface and exiting at the junction of the 
scapula spine and medial border of the scapula (Reprinted 

from Codsi et al. [ 22 ] with permission from Elsevier). ( a ) 
Cross section of the scapula 2 cm medial to the glenoid 
surface, ( b ) Cross section in the middle of the scapula, ( c ) 
Cross section 2 cm from the medial border of the scapula       

a b

  Fig. 6.9    ( a ) The drill bit stays completely within the 
bone before exiting the cortex medially. ( b ) An “in-out-
 in” confi guration. The drill bit comes out of bone and then 

goes back into bone before engaging the medial cortex 
(Reprinted from Humphrey et al. [ 48 ] with permission 
from Elsevier)       
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     Parsons et al. studied the effect of the rotation 
of the glenoid baseplate used in reverse total 
shoulder arthroplasty on screw fi xation [ 79 ]. They 

implanted the baseplate into 12 cadaver scapulae 
in neutral rotation where the superior and inferior 
screw lined up with the 12 o’clock and 6 o’clock 

a b c

  Fig. 6.10    The three-column concept. ( a ) Each column 
consists of bone that is suitable for achieving strong 
screw purchase. The columns are the base of the cora-
coid ( 1 ), the spine of the scapula ( 2 ), and the scapular 
pillar ( 3 ). ( b ) The paucity of bone between the columns 
becomes evident when the scapula is transilluminated. 

( c ) An exploded view of the scapula demonstrates the 
columns. The thick bone can be seen at the cross sec-
tions of the scapular spine and the pillar ( white arrows ). 
The bone in between the columns is often paper thin 
(Reprinted from Humphrey et al. [ 48 ] with permission 
from Elsevier)       

a b c

  Fig. 6.11    The effect of baseplate rotation on superior 
and inferior screw trajectory. ( a ) The variable angle 
baseplate allows the surgeon to direct the screws to the 
appropriate bony columns. ( b ) With a fi xed-angle base-
plate, rotating the component so that the inferior screw 
captures the pillar will lead to penetration of the supe-
rior screw outside of the scapular “safe zone” ( white 

asterisk ). The subwindow shows a drill bit violating the 
path of the suprascapular nerve. ( c ) Rotating the fi xed-
angle baseplate to achieve appropriate superior screw 
positioning causes the inferior screw to miss the scapu-
lar pillar completely ( black asterisk ) (Reprinted from 
Humphrey et al. [ 48 ] with permission from Elsevier)       
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positions. Then they rotated the baseplate 20° 
toward the base of the coracoid and 20° the oppo-
site direction toward the spine of the scapula. The 
baseplates rotated toward the spine of the scapula 
had the shortest screws, and the baseplates rotated 
toward the base of the coracoid and neutral rota-
tion resulted in the longest screws. Interestingly, 
the angle of the screw also affected the length of 
the screw. Perpendicular placement for the infe-
rior screw yielded better results than an inferior 
angle. Perpendicular placement also allowed for 
similar lengths in screws for the superior screw 
when the baseplate was rotated toward the cora-
coid or in neutral rotation. 

 Stephens et al. evaluated the 73 scapulae 
using three-dimensional CT scans to determine 
the best rotation of the glenoid baseplate used 
for a reverse total shoulder that would allow for 
variable screw fi xation into the three pillars of 
bone in the scapula body [ 90 ]. The optimal rota-
tion of the baseplate was 11° anterior, which cor-
responds to rotating the superior hole of the 
baseplate toward the base of the coracoid. The 
average length of the superior and inferior screws 
was 33 mm. 

 Scapular neck length is a relatively new ana-
tomic description that is taken on more interest 
with the recognition of scapular notching seen 
after reverse total shoulder replacement [ 93 ]. 
Paisley et al. evaluated the scapular neck length 
in a series of patients who underwent reverse 
total shoulder arthroplasty, and they found a sig-
nifi cantly higher rate of notching in patients who 
had a scapular neck length less than 9 mm [ 77 ] 
(Figs.  6.12  and  6.13 ).

        Glenoid Pathology 

 Walsh et al. described one of the most commonly 
used glenoid classifi cation systems to describe 
the different wear patterns seen in osteoarthritis 
of the shoulder [ 96 ]. Type A glenoids are charac-
terized as having the humeral head in the center 
of the glenoid. Type A1 glenoids have minor cen-
tral erosions, and type A2 glenoids have major 
central erosions. Type B glenoids are character-

ized by subluxation of the humeral head by more 
than 5 % of the diameter of the humeral head. 
Type B1 glenoids have subluxation of the humeral 
head with narrowing of the joint space with 
osteophytes and sclerosis. Type B2 glenoids have 
posterior erosions of the glenoid that result in a 
biconcave articular surface. Type C glenoids are 
characterized as having retroversion greater than 
25°, regardless of the extent of the erosion 
(Fig.  6.14 ). This classifi cation system has been 
studied and validated as a reliable classifi cation 
system with the same interobserver reliability as 
other orthopedic classifi cations [ 70 ,  86 ].

   Seebauer et al. described another classifi ca-
tion system for the pathology of the glenoid that 

  Fig. 6.12    Radiograph showing short scapular neck 
length (Reprinted from Paisley et al. [ 77 ] with permission 
from Elsevier)       

  Fig. 6.13    Radiograph showing long scapular neck length 
(Reprinted from Paisley et al. [ 77 ] with permission from 
Elsevier)       
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often occurs with rotator cuff tear arthropathy 
[ 95 ]. Type 1A cuff tear arthropathy has minimal 
superior migration of the humeral head, so the 
glenoid has minimal pathologic changes. Type 
1B cuff tear arthropathy is characterized by mini-
mal superior migration of the humeral head with 
medial and centralized glenoid erosion. Type 2A 
cuff tear arthropathy is characterized by superior 
translation of the humeral head with superior ero-
sion of the glenoid. Type 2B cuff tear arthropathy 
is characterized by superior escape of the humeral 
head through the CA arch restraints. 

 Glenoid dysplasia is another pathologic dis-
ease that causes signifi cant deformity of the gle-
noid [ 89 ]. These glenoid deformities fall under 
the category of a Walsh type C glenoid. The gle-
noids have decreased bone inferior and posterior, 
and the coracoid is typically very prominent. The 
posterior labrum can be hypertrophic. The 
humeral head usually has some form of dysplasia 
as well, and it is often subluxated posteriorly. As 
the disease progresses, the joint becomes arthritic, 
and this can occur at an early age. 

 Antuna et al. described a classifi cation sys-
tem to describe the different types of glenoid 
bone loss that typically occur after the removal 
of a glenoid implant [ 4 ]. The fi rst type of defect 
is centralized, and it can be further character-
ized into mild, moderate, and severe. The sec-
ond type of defect is characterized by some 
defect in the periphery of the glenoid or a defect 
in the glenoid walls. This can also be further 
characterized as mild, moderate, or severe. The 
third type of defect is a combined central defect 

that extends out to the walls of the glenoid vault. 
This can also be characterized as mild, moder-
ate, or severe (Fig.  6.15 ).

       Glenoid Implant Options 

 The glenoid implant is diffi cult to design because 
of the relatively small amount of bone available 
for the implant. Glenoid implant loosening is the 
most common complication of a total shoulder 
arthroplasty, so the majority of the research done 
to improve total shoulder arthroplasty has 
focused on the biomechanics and design of the 
glenoid implant. Earlier designs of the glenoid 
implant were fi xed to the bone with cement, and 
this method continues to be the gold standard for 
glenoid implant design. In an attempt to improve 
the fi xation strength of the implant, metal back-
ings were added to the implant to allow for 
screw fi xation into the glenoid and scapula. 
Biomechanical studies on the initial fi xation of 
these designs showed great promise, but due to 
the altered mechanics specifi c to metal-backed 
glenoid implants of the total shoulder, these 
early designs failed at a higher rate than the tra-
ditional cemented all-polyethylene designs. The 
next generation of glenoid design included meth-
ods to incorporate bone ingrowth into the implant 
in addition to cement in an effort to minimize the 
use of cement in the hopes that the long-term 
fi xation could be improved. Several companies 
have a slightly different hybrid method for 
glenoid fixation. It is important to understand 

A1
B1

C

B2

A2

  Fig. 6.14    Walch 
classifi cation of glenoid 
erosion in primary 
glenohumeral arthritis 
(Reprinted from Walch 
et al. [ 96 ] with permission 
from Elsevier)       
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the differences in fi xation among all the choices 
on the market and how the fi xation is studied in 
the lab and in clinical studies. 

 Besides fi xation design for glenoid implants, 
there are other considerations to take into 
account that may affect the long-term survival of 
the glenoid implant. The radius of curvature of 
the glenoid and its relationship to the humeral 
head radius of curvature, also described as the 
radial mismatch, can infl uence glenoid loosen-
ing during clinical follow-up. The alignment of 
the glenoid in terms of the version and inclina-
tion of the implant has an impact on the fi xation 
of the implant and the forces that can potentially 
lead to early loosening of the implant. Bone 
quality is another factor that can affect the stabil-
ity of the glenoid implant, and the difference in 
support that the subchondral bone can give com-
pared to the softer cancellous bone found more 

medial in the glenoid vault may play a big role in 
the long- term stability of the glenoid implant. 
This can be a complicated decision-making pro-
cess because the more a surgeon wants to correct 
the alignment of the pathologic glenoid to maxi-
mize the biomechanical stresses on the glenoid 
implant, the stronger the subchondral bone that 
must be removed to correct that alignment. The 
geometry of the backside of the glenoid implant 
can also infl uence the stability and long-term 
survival of the implant. Some implants have a 
fl at back, and others have a curved backside of 
the implant. The radius of curvature of the back-
side of the implant can also play a role in both 
the stability of the implant to resist early loosen-
ing, and it can infl uence the amount of bone 
that is removed during the reaming process. 
The closer the geometry of the backside of the 
implant matches the geometry of the articular 

  Fig. 6.15    Classifi cation of 
bone defi ciencies in the 
glenoid after glenoid 
component loosening and 
osteolysis. Most 
defi ciencies are central or 
combined (Reprinted from 
Antuna et al. [ 4 ] with 
permission from Elsevier)       
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surface of the glenoid, the less bone that will 
need to be removed during the surgery. 

 A fi nal design consideration that can affect the 
long-term survivorship of the glenoid implant is 
the type of ultrahigh-molecular-weight polyethyl-
ene that is used for the material of the implant. 
The amount of cross-links in the polyethylene can 
change the biomechanical strength of the material 
to resist shear forces and friction forces [ 100 ].  

    Biomechanics of Glenoid Implants 

 Glenoid component loosening is the most com-
mon complication of total shoulder arthroplasty, 
so it is important to use laboratory testing of new 
designs before they are used in a clinical setting. 
Once a standard testing method is designed, then 
the different designs of implants can be com-
pared and the effect of the individual factors can 
be determined. Anglin et al. described a method 
to test glenoid implants that is now the current 
standard adopted by ASTM International [ 2 ]. 
Their method was based on the clinical descrip-
tions of glenoid implant failure by other investi-
gators who thought the major contributing factor 
to glenoid loosening was off-center or eccentric 
loading of the implant. Off-center loading of the 
glenoid is caused by migration of the humeral 
head in one direction, often caused by a rotator 
cuff tear. Tears of the supraspinatus are the most 
common and can result in superior migration of 
the humeral head and eccentric loading of the 
superior glenoid. The same effect can occur when 
the subscapularis tendon is torn, which would 
result in migration of the humeral head anteri-
orly. Soft tissue imbalance can be another cause, 
which is often seen after instability surgery where 
the anterior soft tissue is less compliant com-
pared to the posterior structures. Malposition of 
the glenoid component with excessive superior 
inclination can also contribute [ 54 ]. Bone defor-
mity and subluxation of the humeral head can 
lead to an imbalance of the humeral head after a 
total shoulder if the surgeon cannot balance the 
humeral head with the appropriate releases and 
implant selection. This can then lead to eccentric 
loading of the posterior edge of the glenoid 

implant. The common term that is used to 
describe this eccentric loading is the “rocking 
horse” phenomenon, and it is the basis for testing 
standard that Anglin et al. described. 

 A biaxial apparatus was made that allowed 
constant compression of the humeral head into 
the glenoid implant (Fig.  6.16 ). Then the glenoid 
implant was moved until the center of the humeral 
head was over the edge of the glenoid rim. The 
direction of the glenoid movement was then 
changed until the humeral head moved to the 
other side of the glenoid rim. Multiple cycles 
were performed to simulate the 25 high-load 
activities a day such as lifting a briefcase or push-
ing on a chair to stand up over a 10-year period. 
The displacement of the glenoid rim during and 
after the cycles was measured to determine the 
stability of the construct. The investigators used 
this testing method to compare glenoid implants 
with the following variables: (1) fl at backed, (2) 
curve backed, (3) keel, (4) two pegs, (5) four 
pegs, (6) smooth or rough backed, and (7) con-
formity between the humeral head and glenoid 
radius of curvature. The results showed less 
micromotion for the rough-backed glenoids com-
pared to the smooth-backed glenoids due to less 
debonding of the cement from the backside of the 
implant. The curve-backed glenoids also had half 
the micromotion compared to the fl at-backed gle-
noids. The less conforming radius of curvature 
had less micromotion compared to the implants 
with a more conforming radius of curvature.

       Glenoid Cementing 

 Cement is currently the most common fi xation 
method for a glenoid implant, and there have been 
several studies on cementing technique to improve 
the fi xation and stability of the implant. Nyffeler 
et al. conducted a study to determine the best gle-
noid implant design of the implant pegs [ 72 ]. They 
used pullout tests rather than cyclical loading tests 
described by Anglin et al. They found that the 
threaded pegs had a higher pullout strength than 
the notched pegs and that the smooth pegs had the 
least resistance to pullout. The cement mantle 
thickness around the pegs was also studied, and 
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they found that a mantle of 0.6 mm showed a sig-
nifi cantly higher pullout strength than a cement 
mantle of 0.1 mm. Furthermore, a cement mantle 
of 0.1 mm usually resulted in a nonuniform thick-
ness around each peg. 

 As mentioned above, Anglin et al. studied the 
effect of the backside geometry of the glenoid 
and found that a smooth-backed glenoid would 
quickly debond from the cement after only one 
cycle of loading. Nyffeler et al. studied the effect 
of cementing technique on the fi xation of pegged 
glenoid implants [ 74 ]. One implant was fi xed in 
cadavers using a syringe to inject cement into the 
peg holes, and cement was covered on the back-
side of the implant before it was implanted. 
Another set of cadavers was prepared by packing 
the cement with a fi nger into the peg holes. 
Cement was not placed on the backside of the 
implants. Micro-CT scans were taken to evaluate 
the cement mantle and the implant support by 
either bone or cement. The results showed a more 
uniform cement mantle around all the pegs when 
a syringe was used to fi ll the peg holes. The back-
sides of the implants were better supported with 
cement when the backside of the implant was 
covered with cement prior to implantation. More 
importantly, the glenoid implants were not uni-
formly supported by bone or cement, and some 
specimens had residual cartilage under the 
implant. This suggests that in vivo preparation of 
the glenoid, with the limits of surgical exposure, 
surgeon variability, and variability of the reamers 

used to prepare the glenoid, will result in an 
imperfect surface between the implant and the 
bone. Cement can fi ll those imperfections and 
support the glenoid, but there is a risk that the 
thin cement mantle could fragment. 

 In order to determine the quality of the cement 
technique used during surgery, and to determine 
whether the glenoid implant fi xed with cement 
was loosening over time, a classifi cation system 
was developed to evaluate the cement on postop-
erative x-rays [ 30 ]. Franklin et al. evaluated seven 
cases of total shoulder arthroplasty with irrepa-
rable rotator cuff tears and compared the x-rays 
to a control group of total shoulder replacements 
that did not have a rotator cuff tear. They 
described a tipping of the glenoid implant superi-
orly in the group of patients with a rotator cuff 
tear that was not seen in the control group. They 
described a radiographic grading system that was 
further modifi ed by Lazarus et al. in a study that 
included 493 total shoulder replacements [ 63 ]. 
The grading system had two parts. The fi rst part 
graded the radiolucency around the pegs of the 
glenoid implant, and the second part graded the 
completeness of glenoid component seating on 
the glenoid bone. They found radiolucencies 
about the glenoid component on initial radio-
graphs in 308 of the 328 shoulders. They also 
found incomplete seating in a large number of 
shoulders, with incomplete posterior seating being 
the most common pattern (Tables  6.3  and  6.4 ). 
Other classifi cation systems have been used as 

  Fig. 6.16    Schematic of the biaxial testing apparatus. The 
humeral head was compressed into the glenoid with 750 N, 
then vertically translated inferiorly and superiorly to 90 % 
of the predetermined subluxation distance to mimic the 

rocking-horse phenomenon. The corresponding compres-
sion and distraction displacements of the glenoid were 
measured before and after 100,000 cycles (Reprinted from 
Anglin et al. [ 2 ] with permission from Elsevier)       
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well [ 8 ,  15 ,  34 ,  102 ]. The clinical fi ndings were 
further validated in a fi nite element analysis [ 46 ]. 
Malalignment of the glenoid component in the 
superior inferior plane provided the worst con-
fi guration for cement mantle stresses, and the 
quality of the supporting bone signifi cantly 
affected the survivability of the cement mantle.

    Klepps et al. studied the effect of using a 
syringe to deliver cement along with mechanical 
compression of the cement prior to seating of the 
implant, and they found similar improvements 
compared to manual fi nger packing of cement 
into the peg holes [ 56 ]. Barwood et al. studied the 
effect of cement pressurization and radiolucent 
lines on early postoperative radiographs [ 6 ]. The 
authors used a mechanical compression device to 
compress the cement into the peg holes, and this 
resulted in 90 % of the glenoid implants having 
zero radiolucencies around the pegs. Choi et al. 
compared the early postoperative radiographs of 
glenoid implants that were placed with two dif-
ferent cementing techniques [ 18 ]. The fi rst series 
of implants were cemented with fi nger packing 
of the peg holes. The second series of glenoid 
implants were cemented using a syringe to fi ll the 

peg holes, followed by an impaction tool to com-
press the cement in the holes, followed by fi nger 
packing of doughy cement in the peg holes before 
the implant was put in place. No cement was 
placed on the backside of the implant. The radio-
lucent line score was greater than 1 in 45 % of the 
unpressurized group compared to 19 % in the 
pressurized group. 

 In an effort to improve the preparation of the 
glenoid peg holes for the glenoid implant, 
Edwards et al. evaluated three different drying 
techniques of the peg holes prior to insertion of 
the cement [ 27 ]. Twenty-one patients had the peg 
holes soaked in thrombin, 24 patients had the peg 
holes dried with compressed carbon dioxide, and 
26 patients had the peg holes washed with saline 
and dried with sponges. The postoperative x-rays 
were compared among the three groups, and 
there was no statistical difference found. Forty- 
one percent of all the glenoids had radiolucency 
in at least one zone. 

 Another technique that has been described to 
improve the cementing technique for the glenoid 
was originally described for the implantation of 
stemmed components into the femur. Gross et al. 
studied the effect of creating a weep hole in the 
glenoid to allow excess air between the cement 
and the bone to escape and to allow application of 
suction to the glenoid vault to pull the cement 
into the vault [ 35 ]. The authors used postopera-
tive x-rays to determine that the amount of 
cement around the pegs and the keel inside the 
vault was signifi cantly larger than the glenoid 
implanted without the weep hole.  

    Peg vs. Keel 

 Biomechanical studies have been done in the lab 
to determine whether pegged or keeled glenoid 
implants conferred better stability to the implant. 
Wirth et al. implanted keeled and pegged glenoid 
implants into dogs and then tested the resistance 
to axial pullout of the implants after 0, 3, and 
6 months [ 101 ]. The keeled implant had less 
resistance to pullout stress than the pegged 
implants. The radiographic and histologic exami-
nation showed partial or complete radiolucent 

   Table 6.3    Lazarus grading scale for radiolucencies 
around a pegged glenoid implant   

 Grade  Description 

 0  No radiolucency 

 1  Incomplete radiolucency around one or two pegs 

 2  Complete radiolucency around one peg only, 
with or without incomplete radiolucency 
around one other peg 

 3  Complete radiolucency less than 2 mm wide 
around two or more pegs 

 4  Complete radiolucency more than 2 mm wide 
around two or more pegs 

 5  Gross loosening 

   Table 6.4    Grading scale for completeness of glenoid 
component seating   

 Grade  Description 

 A  Complete implant seating 

 B  <25 % incomplete contact, one x-ray 

 C  25–50 % incomplete contact, one x-ray 

 D  <50 % incomplete contact, two x-rays 

 E  >50 % incomplete contact, one x-ray 
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lines around the keel in each dog, which corre-
lated with the mechanical testing results. 

 Lacroix et al. studied the failure of fi xation of 
keeled and pegged glenoid components using 
fi nite element analysis [ 61 ]. They implanted a 
keeled component and a pegged component into 
cadaver bone using cement. The stresses around 
the cement were calculated, and they found that 
pegged implants had less failure when normal 
bone was used. When the bone was modifi ed to 
mimic the structure of a patient with rheumatoid 
arthritis, the keeled implant had less failure of the 
cement mantle. 

 Multiple clinical studies have been done to 
determine the effect of the keel and peg design 
of the glenoid component. Gartsman et al. ran-
domized 23 patients to receive a keeled glenoid 
component and 20 patients to receive a pegged 
glenoid component [ 34 ]. Postoperative radio-
graphs were obtained at 6 weeks from the sur-
gery, and radiographic lucency around the 
implant was measured. The pegged implants 
had a mean radiolucency score of 0.5, and the 
keeled implants had a mean radiolucency score 
of 1.4. Thirty-nine percent of the keeled compo-
nents had a radiolucency score greater than 2, 
while only 5 % of the pegged components had a 
radiolucency score above 2. 

 Edwards et al. compared the results of pegged 
and keeled implants in a randomized study [ 26 ]. 
Fifty-three patients were randomized to each 
group, and the radiographs during the immedi-
ate postoperative period and at an average of 
26 months after surgery were compared. The 
radiolucencies during the immediate postopera-
tive period were 15 % in the keeled group com-
pared to 0 % in the pegged group. After an 
average of 26 months, 46 % of the keeled 
implants had radiolucencies compared to 15 % 
in the pegged implant group. The strengths of 
this study included the fact that it was random-
ized so the selection bias, often attributed to the 
use of keel implants for the most challenging 
cases, was controlled. The same modern cement-
ing techniques were used in both groups. 

 Lazarus et al. reviewed 328 postoperative 
shoulder radiographs and found a statistical trend 
toward a better result for pegged glenoid implants 

[ 63 ]. When the 0–5 scale was used, the keeled 
components were more likely to have a grade of 2 
or greater when compared to the pegged implants. 

 Nuttall et al. used a different approach to 
measuring loosening of the glenoid component 
[ 71 ]. Rather than using radiolucency scores like 
other studies in the past, the group measured the 
 micromotion of the implants over time using 
radiostereometric analysis. Beads were placed in 
fi ve different locations around the scapula dur-
ing surgery, and four beads were embedded into 
the keeled and pegged glenoid components. 
Stereoradiographs were obtained at multiple 
time points for the fi rst 2 years after surgery. The 
highest maximum total point movement was 
2.57 mm for the keeled components and 1.64 mm 
for the pegged components. All the components 
rotated into anteversion, 4.5° for the keeled com-
ponents and 2.3° for the pegged components. 

 In contrast, Rahme et al. studied the stability of 
pegged and keeled glenoid components using 
radiostereometric analysis in 28 patients [ 81 ]. 
After 2-year follow-up, the authors did not fi nd a 
difference in motion between the pegged and 
keeled glenoid components. 

 A more recent meta-analysis by Vavken et al. 
reviewed eight studies with a total of 1,460 
patients that underwent total shoulder replace-
ment with pegged and keeled components [ 94 ]. 
They found no signifi cant difference in the risk of 
any radiolucency (risk ratio, 0.42; 95 % CI, 0.12–
1.42) or in the risk of severe radiolucency (risk 
ratio, 0.65; 95 % CI, 0.23–1.82). The risk of revi-
sion was 0.27 (95 % CI, 0.08–0.88) in favor of 
pegged components ( p  = 0.028).  

    Radial Mismatch 

 The radii of the humeral head and the glenoid are 
not the same in the normal shoulder, and this 
radial mismatch has important effects on the bio-
mechanics of the glenoid component in total 
shoulder arthroplasty. There is more conformity 
in the superior-inferior direction compared to the 
anterior-posterior direction in the normal shoul-
der [ 67 ]. When the mismatch between the humeral 
head and the glenoid component is low, there is 
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more conformity of the articular surface. This 
conformity makes the joint more stable, but it also 
increases the stress applied to the glenoid compo-
nent during normal shoulder joint motion. Anglin 
et al. compared the displacement of a glenoid with 
radial mismatch of 1.77 mm to a glenoid with a 
mismatch of 5 mm and found that the displace-
ment was half as much in the 5 mm mismatch 
group [ 3 ]. When the mismatch is higher, the stress 
over the entire glenoid is less during shoulder 
motion, but the point contact stress is higher. This 
point contact stress can impact the structure of the 
glenoid component and leads to earlier mechani-
cal wear of the polyurethane. When the mismatch 
becomes too high, the humeral head can translate 
to the edge of the glenoid component and increase 
the risk of eccentric loading of the implant, a phe-
nomenon described as the rocking horse effect by 
Franklin et al. [ 30 ]. 

 Many implant designs incorporate a radial 
mismatch into the system in order to mimic the 
normal glenohumeral joint mechanics, and the 
amount of mismatch has been studied in both 
clinical and biomechanical studies. One of the 
most important studies that has been published 
on this topic was done by Walch et al. who evalu-
ated the results of 319 total shoulder arthroplas-
ties [ 97 ]. They divided the patients into four 
groups based on the amount of radial mismatch: 
(1) <4 mm, (2) 4.5–5.5 mm, (3) 6–7 mm, and (4) 
>7 mm. They evaluated the radiographs of these 
patients postoperatively at a mean follow-up of 
54 months, and they found a linear relationship 
between the amount of radiolucencies around the 
implants and the amount of radial mismatch. The 
authors recommended that the amount of radial 
mismatch should be between 6 and 7 mm to 
obtain optimal results. 

 Radial mismatch is also another way to 
describe joint congruity. The more mismatch 
between the humeral and glenoid radius of curva-
ture, the less congruity of the system. This is dif-
ferent than joint constraint, which is determined 
by the wall height of the glenoid component. One 
negative effect of increasing the radial mismatch 
is the potential for joint instability. Karduna et al. 
evaluated the effect of articular surface confor-
mity on glenohumeral joint stability [ 53 ]. They 

controlled the effect of constraint by using the 
same glenoid component for each experiment, 
and they used different humeral head sizes to test 
the effect of varying conformity or radial mis-
match of the system. The authors found that vari-
ations in joint conformity only accounted for 3 % 
of the force needed to dislocate the joint. In other 
words, increasing radial mismatch did not lead to 
increased risk of dislocation as long as the con-
straint or wall height of the glenoid implant is 
unchanged. 

 In order to better defi ne the amount of radial 
mismatch that will minimize micromotion of the 
glenoid component, Sabesan et al. tested multiple 
size confi gurations of a cemented pegged all- 
polyethylene glenoid component [ 85 ]. The gle-
noids were loaded cyclically using the ASTM 
standard testing confi guration described earlier, 
and the micromotion of the glenoids was measured. 
The micromotions of the implants with a radial 
mismatch of +2, +6, and +10 were not statistically 
different. The implants with a +14 and +18 mm 
mismatch could not complete the 50,000 cycles 
because of catastrophic failure. These results sug-
gest that radial mismatch should be 10 mm or less.  

    Metal-Backed Glenoids 

 In an effort to improve the fi xation of the all- 
polyethylene glenoid component, engineers 
developed polyethylene components that were 
fi xed to the glenoid with some form of metal 
backing [ 80 ]. Earlier designs incorporated a 
metal platform that was secured to the glenoid 
with screws. This often resulted in an implant 
that was thicker than the all-polyethylene compo-
nents, which had the potential to lateralize the 
joint line. Lateralization of the joint line can 
result in overstuffi ng of the joint, which in turn 
will alter the mechanics of the rotator cuff and 
lead to weakness or loss of shoulder motion. The 
lateralization can also increase the joint reactive 
forces that contribute to edge loading of the gle-
noid component, leading to wear of the polyeth-
ylene or premature loosening [ 78 ]. 

 The material properties of the titanium metal, 
which is often used, have a different stiffness 
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than the bone or the polyethylene. The Young’s 
modulus of titanium is >100 GPa, while the 
Young’s modulus of bone is <10 GPa, and even 
lower is the Young’s modulus of polyethylene 
<1 GPa. The differences in stiffness at the inter-
faces among the materials can lead to increased 
motion and wear of the softer polyethylene. The 
higher stiffness of the metal can also lead to stress 
shielding of portions of the glenoid bone, which 
risks loss of critical bone support that can already 
be small. 

 One of the fi rst biomechanical studies that 
evaluated the stresses around a glenoid implant 
was done by Orr et al. [ 76 ]. The authors per-
formed a two-dimensional fi nite element analysis 
to determine how a metal-backed glenoid compo-
nent would change the stresses on the native gle-
noid compared to its normal state. The authors 
found that a metal implant similar to the Neer II 
system decreased the subchondral stresses, 
which explain why a metal-backed glenoid 
implant could cause osteolysis behind the implant. 
Another fi nite element analysis by Friedman et al. 
showed that an all-polyethylene component 
provides more physiologic stress distributions 
under nonaxial loading compared to metal- 
backed implants [ 32 ]. Stone et al. used the above 
data and performed an analysis using an all- 
polyethylene component and metal-backed com-
ponent from the Cofi eld Total Shoulder System 
(Smith Nephew Richards, Inc, Memphis, Tenn). 
Using a two-dimensional fi nite element analysis, 
the authors found that the metal-backed implants 
reduced the subchondral bone stress, and this was 
more pronounced during eccentric loading [ 92 ]. 

 Further biomechanical studies have shown 
that metal-backed glenoid implants have more 
stress concentration between the transition zone 
of the polyethylene and the metal [ 36 ]. They also 
show less stress at the metal-bone interface, 
which can explain the stress shielding and early 
failures seen in clinical follow-up studies [ 62 ]. 

 Porous tantalum backing of the glenoid com-
ponent was investigated by Andreykiv et al. [ 1 ]. 
Finite element models were used to determine the 
effect of porous tantalum on initial fi xation, elas-
tic properties of the implant, and friction at the 
bone-implant interface. The authors found that 

the major role of the tantalum backing was not to 
fi rmly fi x the prosthesis but, instead, to distribute 
the load across the entire area of the bone- implant 
interface, which will limit the micromotion and 
allow for optimal bone ingrowth. 

 Zimmer, Inc. introduced a porous tantalum- 
backed glenoid component, and the initial fi xation 
of the implant was compared to an all-polyethyl-
ene glenoid component by Budge et al. [ 12 ]. The 
tantalum implant was fi xed to polyurethane bone 
substitute with a press-fi t technique, PMMA 
cement, or calcium phosphate cement. The 
implants were loaded with the ASTM testing pro-
tocol, and glenoid distraction, compression, and 
translation were measured. The all-polyethylene 
implant fi xed with cement demonstrated the least 
amount of micromotion, followed by the tantalum 
implant fi xed with polymethyl methacrylate 
cement. A 2-year clinical follow-up study of tan-
talum-backed glenoid components was presented 
by the same research group, and they found a sur-
prising number of early failures due to cata-
strophic dissociation between the polyethylene 
and tantalum keel [ 14 ].  

    Posterior Glenoid Bone Loss 

 One of the most challenging glenoid deformities 
to treat during total shoulder replacement is pos-
terior glenoid bone loss that is often seen with 
Walch type B2 or C glenoids. Clinical studies 
have shown worse results for total shoulder 
arthroplasty in patients with posterior glenoid 
bone loss [ 51 ,  64 ]. The options to treat these 
types of glenoids include correction of retrover-
sion of the glenoid by reaming the “high side” of 
the anterior glenoid bone, implantation of the 
glenoid component in retroversion, implantation 
of an augmented glenoid component, correction 
of the posterior bone loss with bone graft, hemi-
arthroplasty, or reverse total shoulder arthro-
plasty [ 47 ,  91 ]. Reaming the high side of the 
glenoid to correct the retroversion of the glenoid 
is the most commonly used technique to correct 
glenoid version, but it can lead to medialization 
of the joint line and perforation of the implant 
pegs [ 20 ,  69 ,  84 ]. This technique can also take 
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away the strong subchondral bone anteriorly, 
which may compromise the long-term fi xation 
of the glenoid component. Medialization of the 
joint line or incomplete correction of the retro-
version can also lead to posterior instability of 
the humeral head or early loosening of the gle-
noid component [ 42 ,  44 ]. When the posterior 
bone loss is severe, reaming of the glenoid with 
any technique may still leave a signifi cant por-
tion of the glenoid unsupported by bone. Reports 
of bone grafting the posterior glenoid showed 
some promise, but there are complications asso-
ciated with the technique including early loosen-
ing of the glenoid implant and broken hardware 
[ 57 ,  83 ]. 

 Augmentation of the posterior glenoid implant 
is another method used to treat glenoids with pos-
terior bone loss. The glenoid component can be 
augmented with different types of geometry on 
the backside of the implant. The Depuy Step 
Tech implant uses a dual curved back design 
where the posterior and anterior portions of the 
implant have the same curved geometry at two 
different heights with a step in the middle. This 
requires removal of bone from the posterior and 
central portions of the glenoid, but this allows for 
better biomechanical resistance to micromotion 
compared to other backside geometries [ 50 ]. The 
Exactech posterior glenoid augment design has a 
curved backside with one curve designed to 
match the retroversion of the glenoid. The pegs 
are perpendicular to the articular surface, which 
is angled in relation to the backside of the glenoid 
so that the articular surface is aligned with the 
neutral version of the scapula. The benefi t of this 
design is that it requires less bone removal, so it 
preserves the strong subchondral bone layer that 
may play an important role in the long-term sur-
vival of the implant [ 58 ]. The geometry of the 
backside of the implant may, however, lead to 
early loosening because it does not resist micro-
motion as well as other designs. Future designs 
will likely have even more variation in the design 
and geometry that impacts fi xation and long-term 
survivorship. Hopefully, the results of biome-
chanical studies and clinical outcome studies can 
help surgeons make the best choice for each indi-
vidual patient. 

 Bryce et al. studied the effect of posterior 
glenoid bone loss on humeral head translation 
[ 11 ]. They used eight cadaver scapulae and 
removed the posterior glenoid bone in 5° incre-
ments. The humeral head was loaded onto the 
glenoid in  various positions, and the amount of 
humeral head translation was measured. They 
found that the humeral head translated posteri-
orly to a signifi cant degree after 20° of posterior 
bone was removed when the humeral head was 
in neutral rotation. They also found that as little 
as 5° of posterior bone loss resulted in signifi -
cant posterior humeral head translation when 
the humerus was in forward fl exion. Five 
degrees of posterior bone loss equated to 2.5° of 
retroversion in this study. 

 Nyffeler et al. used a cadaver model to deter-
mine the effects of glenoid version on humeral 
head instability and glenoid component loosening 
[ 75 ]. They implanted a total shoulder into cadaver 
specimens and altered the glenoid component ver-
sion in steps of 4°. The shoulders were loaded 
with physiologic loads, and the translation of the 
humeral head and the loads across the glenoid 
component were measured. They found that any 
retroversion of the glenoid component led to pos-
terior translation of the humeral head and that 
small degrees of retroversion resulted in eccentric 
loading of the glenoid component that could result 
in early loosening. Furthermore, anteversion of 
the humeral head did not compensate for retrover-
sion of the glenoid component. 

 To determine the risks of loosening of the gle-
noid component when it is implanted in retrover-
sion, Farron et al. used a fi nite element model 
[ 28 ]. A keeled glenoid component was implanted 
into a normal glenoid in neutral version and 4 
other positions of retroversion, 5°, 10°, 15°, and 
20°. The model used a 1 mm layer of cement 
around the implant. Glenoid retroversion of 20° 
increased the peak cement stress by 326 % at the 
posterior part of the cement mantle. In the neutral 
position, the cement loads were evenly distrib-
uted around the keel and glenoid back. 
Micromotion increased with retroversion above 
5°, and the maximal micromotion was +706 %. 
The stress of the glenoid bone was also increased 
+162 % when the implant was retroverted to 20°, 
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and this stress was localized at the posterior aspect 
of the glenoid. 

 Youngpravat et al. performed an elegant study 
that takes into account both the subchondral bone 
density and the orientation of the glenoid compo-
nent in the case of posterior glenoid bone loss. The 
investigators used a homogenous bone model as 
well as a model with cortical and cancellous bone. 
The glenoid component was implanted with com-
plete correction, partial correction, and partial 
component backside bone support. In the homoge-
neous bone model, complete correction with ream-
ing of the high side bone resulted in the strongest 
confi guration. Implantation of the glenoid com-
ponent in retroversion without correction had the 

highest risk of failure. In the heterogeneous bone 
model, complete correction of the retroversion by 
reaming the high side of the anterior glenoid had 
the highest risk of failure [ 103 ] (Fig.  6.17 ).

   Kirane et al. evaluated the biomechanical 
characteristics of an all-polyethylene and tita-
nium step used to augment a polyethylene gle-
noid component in cadaver specimens [ 55 ]. The 
investigators created a posterior defect in the gle-
noid and implanted a pegged all-polyethylene 
implant augmented with either a polyethylene 
augment or a titanium augment. The control 
group for the experiment was a normal glenoid 
implant used in a normal glenoid without a pos-
terior defect. Loads were applied through the 

  Fig. 6.17    Total shoulder arthroplasty scenarios are shown 
for study group 2 (heterogeneous scapula): ( a ) full correc-
tion, full contact (FCFC); ( b ) full correction, partial contact 
(FCPC); ( c ) partial correction, partial contact (PCPC); ( d ) 
no correction, full contact (NCFC). The  blue, red, white , 

and  orange  indicate, respectively, implant, cement, cortical 
bone, and trabecular bone. Note the occurrence of glenoid 
decortication, particularly in the FCFC scenario, when cor-
recting signifi cant bony pathology (Reprinted from 
Yongpravat et al. [ 103 ] with permission from Elsevier)       
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rotator cuff muscles to simulate the force gener-
ated when a patient pushes his/her body weight 
away from a wall. The peri-glenoid strains 
recorded during the experiments were similar for 
the controls and the polyethylene augmented gle-
noid. The peri-glenoid strains were higher in the 
group augmented by the titanium augment. 

 Wang et al. compared the initial stability of 
standard all-polyethylene component that was 
prepared with eccentric reaming to correct retro-
version to neutral with the initial stability of a 
posterior augmented all-polyethylene component 
with an 8° angle-backed posterior augment [ 99 ]. 
Cyclic loading was applied to all specimens 
according to the ASTM standard F2028-08 with 
100,000 cycles. Superior and edge displacements 
were recorded during the loading protocol. Three 
of the six specimens in the posterior augmented 
group did not survive the loading protocol of the 
experiment, while fi ve of the six implants in the 
eccentric anterior reaming group did survive the 
loading protocol. These data suggest that an 
angled-back geometry may not resist shear stress 
as well as the standard glenoid implant. 

 Iannotti et al. tested the biomechanical charac-
teristics of four different glenoid designs with 
posterior augmentation with one non-augmented 
glenoid design [ 50 ]. The glenoids studied included 
the following types: (1) spherical asymmetric 

glenoid, (2) spherical symmetric glenoid, (3) 
fl at angled glenoid, (4) stepped glenoid, and (5) 
standard symmetrical curved back glenoid. 
These glenoids all had the same central peg 
design (Fig.  6.18 ). The glenoid components were 
implanted into foam bone and cyclically loaded 
according to the ASTM standard protocol, and the 
micromotion of the anterior edge of the implant 
was measured. In the group that used cement for 
the peripheral pegs, after 100,000 cycles, the stan-
dard glenoid lift off was 34 ± 0 μ, the step tech was 
87 ± 66 μ, the fl at angled was 334 ± 179 μ, the 
spherical symmetric was 294 ± 174 μ, and the 
spherical asymmetric implant was 310 ± 23 μ. 
When the spherical symmetric design was com-
pared to the step tech, there was a statistical dif-
ference at the initial loading of the implant, but 
there was not a statistically signifi cant difference 
after 100,000 cycles.

       Reverse Baseplate Fixation 

 Since the initial use of the reverse total shoulder, 
the glenoid component fi xation has been a com-
mon reason for early implant failure. The fi rst 
generation of reverse total shoulder designs used 
a lateralized center of rotation for the glenoid 
side of the implant. Modifi cations of the design 

  Fig. 6.18    Cross sections of fi ve glenoid designs: ( a ) 
spherical asymmetric glenoid, ( b ) spherical symmetric 
glenoid, ( c ) fl at angled glenoid, ( d ) stepped glenoid, and 

( e ) Anchor Peg Glenoid (Reprinted from Iannotti et al. 
[ 50 ] with permission from Elsevier)       
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that medialized the center of rotation of the 
implant decreased the stresses of the glenoid 
baseplate and resulted in less loosening and less 
early failure [ 9 ]. New designs that allow for 
larger screws, locking screws, and variable screw 
angle insertion have improved the initial fi xation 
of the glenoid baseplate as well. As the implant 
fi xation methods have improved, implant design-
ers have changed the center of rotation of the 
reverse constructs to more lateralized designs to 
help minimize the complications that occur with 
medialization. Some authors have described less 
scapular notching when the center of rotation is 
lateralized because the medial calcar of the 
humeral implant is less likely to impinge on the 
scapula [ 5 ,  59 ,  82 ,  88 ]. Other biomechanical con-
siderations have improved the surgical technique 
used to insert the baseplate, and these have been 
tested in biomechanical studies. Some modifi ca-
tions that are more diffi cult to test in the lab 
include bone ingrowth technology. These bio-
logic solutions cannot be simulated with our cur-
rent biomechanical experiments, so we must rely 
on long-term clinical follow-up before knowing 
how well these factors affect the stability of the 
glenoid baseplates. 

 Some of the earlier biomechanical studies 
focused on the effect of the screws used to fi x the 
glenoid baseplate. Chebli et al. used a sawbone 
model to fi x a glenoid baseplate with multiple 
variations in screw confi gurations [ 16 ]. The 
authors found that the inferior screw was the 
most important because fi xation strength was 
35 % weaker when that screw was omitted. The 
strength of the fi xation was 16 % weaker if the 
superior screw was omitted. Harmen et al. com-
pared the fi xation of the Encore reverse base-
plate fi xation, which uses 4 locking screws and a 
central non-locking screw with a fl at baseplate to 
the Depuy Delta III baseplate fi xation, which 
uses two locking screws and two non-locking 
screws to fi x a fl at baseplate with a central peg 
[ 39 ]. The Encore design used a lateralized center 
of rotation which exerts a 69 % higher load onto 
the baseplate compared to the Delta III design 
that has a more medialized center of rotation. 
The micromotion of both designs was below 
the threshold of 150 μ that is required to obtain 
bone ingrowth into the implants. If the Encore 

 baseplate was fi xed with non-locking screws, the 
micromotion was above the 150 μ threshold. 

 The number of screws used to fi x the glenoid 
has also become a question for debate as different 
designs use multiple screw confi gurations. All 
designs incorporate at a minimum a superior and 
inferior screw, which are commonly locked to the 
plate. Many designs also include a screw that can 
be fi xed in the center of the glenoid baseplate that 
engages the cortical bone in the middle column 
of the scapula. Other designs allow for an ante-
rior and posterior screw to be placed, but the bone 
can be thin and soft in these positions after the 
glenoid has been reamed, especially in smaller 
women. When the posterior screw engages both 
the glenoid cortex and the cortex of the scapular 
spine, the stability of the glenoid implant has 
been shown to improve signifi cantly by two sepa-
rate studies [ 23 ,  45 ]. The problem with using this 
type of confi guration is that the screw can poten-
tially injure the suprascapular nerve as it courses 
around the base of the scapular spine [ 40 ,  68 ,  98 ]. 
James et al. studied the effect of using two lock-
ing screws alone compared to two locking screws 
in addition to two non-locking screws in the ante-
rior and posterior positions. They did not fi nd any 
difference between the micromotion of the gle-
noid baseplate in their cadaver model [ 52 ]. 

 It is often diffi cult to apply the results of one 
biomechanical study that uses a specifi c implant 
to another implant that may have other important 
design characteristics that infl uence initial fi xa-
tion of the implant. These design differences 
include backside geometry such as fl at-backed 
or curve-backed designs. Curved-backed designs 
have been showed to improve initial stability in 
biomechanical testing, but they have the disad-
vantage of removing more cortical bone on the 
inferior glenoid due to the more inferior posi-
tioning of the implant compared to an anatomic 
implant [ 52 ]. This inferior placement is done to 
avoid notching of the scapula by the medial cal-
car of the humeral implant. The inclination of 
the glenoid implant also plays a critical role in 
the initial fi xation of the implant and the likeli-
hood of causing of scapular notching. Some 
authors have shown that inferior tilt of the gleno-
sphere improves the mechanics of the implant and 
decreases the micromotion in sawbone models 
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[ 38 ]. In an effort to minimize notching that was 
often seen with medialized glenoid designs, the 
glenosphere was changed to allow for inferior 
eccentric placement of the glenosphere on the 

baseplate. This allows the humeral component to 
be pushed more inferior and allows for more 
clearance before the humerus could impinge 
on the scapula. The biomechanical effect of this 

  Fig. 6.19    This is an illustration of the effect of different 
forces at the baseplate-bone interface. Each glenosphere 
confi guration (concentric, lateral eccentric, and inferior 
eccentric) can be placed in differing tilts to produce more 
even forces at the baseplate-bone interface. These forces 
are optimum for concentric and lateral eccentric gleno-

spheres when placed in inferior tilt, while for inferior 
eccentric glenospheres, the optimal tilt is neutral; this 
placement will cause the least amount of rocking. The 
other tilts lead to more uneven forces at the baseplate- 
bone junction and hence, increased rocking (Reprinted 
from Gutierrez et al. [ 38 ] with permission from Elsevier)       
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design compared to the medialized concentric 
design and a lateralized design was studied by 
Gutierrez et al. They found better mechanics and 
less rocking horse potential when the concentric 
and lateralized design was placed with inferior 
tilt, but the eccentric design had the best biome-
chanical stability when it was placed without any 
tilt [ 37 ] (Fig.  6.19 ).

   Bone loss can affect the stability of the reverse 
glenoid baseplate, and this is more commonly 
seen in diffi cult revision cases where the reverse 

total shoulder is used. Surgeons are also con-
fronted with an intraoperative decision when 
reaming the glenoid with inferior tilt, a method 
shown to improve the stability of the implant. 
The surgeon often has to ream away good bone 
medially in order to achieve complete backside 
bone coverage of the baseplate. Should the sur-
geon stop reaming and implant the baseplate 
with 75 % or 50 % coverage, or continue to ream 
medially in order to obtain 100 % bone coverage 
of the baseplate? Formaini et al. tried to answer 

  Fig. 6.20    Examples of the baseplate coverage experi-
mental groups, demonstrating 25 % coverage, 50 % cover-
age, and 75 % coverage of the undersurface of the glenoid 

baseplate (100 % coverage not shown) (Reprinted from 
Formaini et al. [ 29 ] with permission from Elsevier)       
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this question, and they examined the effect of dif-
ferent levels of bone loss on the initial stability of 
the Encore reverse glenoid baseplate in a foam 
block model [ 29 ]. They found that the micromo-
tion of the baseplate was above the 150 μ thresh-
old needed for bone ingrowth, but that 50 %, 
75 %, and normal glenoid bone conditions did not 
show any signifi cant difference in micromotion 
(Fig.  6.20 ).

       Summary 

 In summary, glenoid version can be accurately 
measured with axillary radiographs taken with 
good technique. CT scans can help get better ver-
sion measurements in cases of glenoid deformity, 
and the method of image acquisition can affect the 
version measurements by 10° if not done properly. 
The shape of the glenoid vault can be used to pre-
dict the version of a glenoid before it was deformed 
with pathology. Glenoid retroversion is increased 
in patients with arthritis  compared to patients with-
out pathology of the glenohumeral joint. Stability 
of glenoid implants is improved when the implant 
is completely supported by subchondral bone, and 
the version of the implant is not retroverted. 
Glenoid cement should be applied with pressuriza-
tion, and metal- backed glenoids used in anatomic 
total shoulders have shown a higher revision rate 
than polyethylene glenoids in multiple studies. 
Metal baseplates used in reverse total shoulders 
depend on a minimum of one screw in the inferior 
column, which provides the most resistance to 
micromotion, and one screw in the superior col-
umn of the scapula. The reverse total shoulder 
baseplate should not be implanted with any supe-
rior inclination, and at least 50 % of the backside of 
the implant should be supported by the bone.     
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          Introduction 

 Since the fi rst introduction in 1974, total shoulder 
arthroplasty (TSA) has become a reliable and 
reproducible treatment for end-stage arthritis that 
has failed to respond to nonoperative measures 
[ 18 ,  19 ,  25 ,  43 ,  57 ]. The utilization of TSA con-
tinues to expand at exponential rates with a 319 % 
increase in TSA procedures between 1993 and 
2007 [ 17 ]. Analysis of outcomes following shoul-
der arthroplasty suggests that the addition of a 
glenoid component improves pain relief and out-
comes [ 24 ,  47 ], suggesting signifi cant advantages 
of TSA over hemiarthroplasty. This observation 
as resulted in a moderate strength recommenda-
tion to perform a total shoulder arthroplasty over 
a hemiarthroplasty for patients with glenohu-
meral joint osteoarthritis (AAOS). Nonetheless, 
glenoid component loosening has been shown to 
be the most common middle-term and long-term 
complication of TSA and is one of the most com-
mon causes of revision surgery [ 6 ,  10 ,  27 ,  50 ,  51 , 
 74 ,  75 ]. Glenoid implant loosening has been 
associated with worse functional outcomes, 
worse pain, and inferior strength [ 59 ,  76 ]. 
Improvements in preoperative surgical planning, 

intraoperative instrumentation, surgical tech-
nique, and implant designs have all helped to 
improve the ability to properly and securely 
implant a glenoid component which will likely 
contribute to improved long-term results of total 
shoulder arthroplasty.  

    Glenoid Anatomy 

 A basic understanding of the variations in gle-
noid anatomy is critical for optimal utilization 
of glenoid components. Glenoid height, width, 
inclination, version, and vault size all play infl u-
ential roles in surgical planning. Recent litera-
ture has shed greater light into the complexities 
of glenohumeral anatomy in the setting of 
arthritis. 

    Glenoid Height 

 Glenoid height can be measured from the distance 
from the most superior and inferior points on the 
glenoid (Fig.  7.1 ). Checroun et al. [ 9 ] reported a 
mean height of 37.9 mm using an analysis of 412 
cadavers, Iannottii et al. [ 30 ] reported a mean 
height of 39 mm using an analysis of 140 shoul-
ders, and Churchill observed an average height of 
37.5 mm for men and 32.6 mm for women [ 11 ]. 
Analysis of the glenoid height helps to defi ne gle-
noid component size during glenoid component 
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preparation and implantation and is typically per-
formed on coronal reconstruction of CT images.

       Glenoid Width 

 Glenoid width can be measured from the most 
anterior and posterior points on the glenoid and is 
often infl uenced by osteophyte and wear patterns 
(Fig.  7.2 ). Variations in glenoid shape (Fig.  7.3 ) 
can infl uence the glenoid width, as pear-shaped 
and oval-shaped glenoids may have different 
variations in width. As an illustrative point, 
Ianottii [ 30 ] reported an average upper width of 
23 mm and an average lower width of 29 mm. 
Others have reported averages of glenoid width 
without taking into consideration differences in 
shape. Kwon et al. [ 35 ] reported an average width 
of 26.8 mm, and Churchill et al. [ 11 ] reported an 
average width of 27.8 mm. Appreciation of the 
glenoid width also helps to defi ne glenoid com-
ponent size, as efforts should be made to prevent 
excessive overhang of the implant. Accurate 
measurement is often made diffi cult, as osteo-

phytes and bone erosion often obscure the identi-
fi cation of the native glenoid limits.

        Glenoid Inclination 

 Glenoid inclination is defi ned as the slope of the 
glenoid articular surface measured in the superior 
to inferior axis and can be measured both on AP 
radiographs and coronal reconstruction CT 
images (Fig.  7.4 ). Maur et al. found the angle 
between the glenoid fossa line (line from the 
superior to inferior tip of the glenoid), and the 
fl oor of the supraspinatus fossa was most reliable 
at measuring glenoid inclination [ 42 ]. Average 
inclination can range from 2.2° of inferior tilt to 
4.2° of superior tilt with reported ranges from 12° 
of inferior tilt to 15° degrees of superior tilt [ 46 ]. 
Churchill et al. [ 11 ] found male patients to have 
an average of 4° of inferior tilt, whereas females 
had an average superior tilt of 4.5°. The observed 
range of inclination varied between 7° of inferior 
tilt to 15.8° of superior tilt. Appreciation of the 
glenoid inclination becomes important during 

a b

  Fig. 7.1     Glenoid   height  – the  double arrows  are intended 
to outline the measurement of glenoid height on a AP 
radiograph ( a ) and CT coronal reconstruction ( b ). The 

 double arrows  in ( a ) seems to have been a bit shortened as 
it shoulder reach the top of the glenoid       
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a b

  Fig. 7.2     Glenoid width  – glenoid width can be measured 
from the most anterior and posterior points on the glenoid. 
This can be measured both on an AP radiograph ( a ) and 

CT coronal reconstruction image ( b ) (Note the osteo-
phytes seen anteriorly and posteriorly which can overesti-
mate the glenoid width)       

a b c

d e f

  Fig. 7.3     Glenoid shape  – variations in glenoid shape can 
be appreciated best by 3D CT reconstruction images. 
Osteophytes and wear patterns influence this shape. 
( a ) Oval-shaped glenoid; ( b ) Pear-shaped glenoid with 

anterior- inferior osteophyte; ( c – e ). Pear-shaped glenoid 
with inferior osteophytes; ( f ) Posterior-superior glenoid 
wear alters the glenoid shape       
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glenoid implantation, as placement of the compo-
nent with superior tilt has been associated with a 
greater incidence of rotator cuff disease postop-
eratively [ 78 ].

       Glenoid Version 

 Glenoid version has gained a great deal of atten-
tion, as much of the pathologic changes in gleno-
humeral arthritis result in alterations in glenoid 
version. Glenoid version is most commonly cal-
culated on axial CT images using the Friedman 
method [ 22 ], which is measured based on the gle-
noid axis (anterior to posterior rim of the glenoid) 
and the scapular axis (line connecting the medial 
boarder of the scapula and the center of the gle-
noid line) (Fig.  7.5 ). Alternatively, the vault 
method [ 41 ] is referenced based on the glenoid 
axis and the glenoid vault axis (line connecting 
the tip of the scapular vault to the glenoid axis) 
(Fig.  7.6 ). Matsumura et al. reported that both 
methods demonstrated high intra- and inter-rater 
reliability with normal glenoids having 1.1° ± 3.2° 
retroversion with the conventional method and 
8.9° ± 2.7° retroversion with the vault method. In 
contrast, arthritic glenoids had average glenoid 
retroversion of 10.8° ± 9.3° measured with the 
conventional method and 18.2° ± 9.1° with the 
vault method. Variation in glenoid version in nor-
mal shoulders has been reported to average from 

2° of anteversion to 9° of retroversion [ 11 ,  22 ,  39 , 
 45 ], with greater degrees of average retroversion 
seen in arthritic shoulders [ 22 ] with wear patterns 
showing preferential wear in the posterior-infe-
rior glenoid [ 12 ]. There has been criticism of the 
accuracy of 2D CT scans in calculating glenoid 
version due to alterations in pathologic anatomy, 

  Fig. 7.4     Glenoid inclination  – glenoid inclination can be 
measured by the angle between the glenoid fossa line 
( vertical line ) and a horizontal scapular reference. This 
can be measured on radiographs as well as CT recon-
structed images. Maur et al. found the angle between the 
glenoid fossa line (line from the superior to inferior tip of 
the glenoid) and the fl oor of the supraspinatus fossa was 
most reliable at measuring glenoid inclination [ 42 ]       

  Fig. 7.5     Glenoid version  – glenoid version can be mea-
sured using the Friedman method which defi nes glenoid 
version based on the relationship between the glenoid axis 
( dotted line ; anterior to posterior rim of the glenoid) and 
the scapular axis ( solid line ; line connecting the medial 
boarder of the scapula and the center of the glenoid line)       

  Fig. 7.6     Glenoid version  – glenoid version can be mea-
sured using the vault axis method which defi nes glenoid 
version based on the relationship between the glenoid axis 
( dotted line ; anterior to posterior rim of the glenoid) and 
the glenoid vault axis       
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orientation of the scapula for axial cuts, and 
wear patterns of the glenoid. Recently, Scalise 
et al. utilized 3D CT reconstructions to assess 
glenoid version and observed an average retro-
version of 15.6° in the arthritic shoulder and 7° 
in the normal shoulder [ 51 ]. Using 3D CT recon-
structions, the plane of the scapula is defi ned by 
three points: inferior tip of the scapula, scapula 
trigonum, and the center of the glenoid. Once the 
plane of the scapula is defi ned, 2D images are 
made in the axial, coronal, and sagittal planes to 
help calculate glenoid version and inclination 
[ 51 ]. While 3D CT reconstructions may provide 
a more accurate assessment of glenoid version, 
utilization of 3D reconstructions to defi ne the 
scapular plane and then create a new 2D axial 
image along this plane resulted in no signifi cant 
differences in glenoid version measurements 
between 3D and 2D images [ 8 ]. Appreciation of 
glenoid version is important as reports have sug-
gested inferior outcomes when glenoid compo-
nents are implanted in excessive retroversion 
[ 29 ,  53 ,  77 ].

        Glenoid Vault 

 The glenoid vault has gained recent attention 
based on the work of Iannotti and Williams [ 15 , 
 23 ,  48 – 51 ,  68 ]. The concept, fi rst described by 
Ianotti and Williams [ 68 ], relates to opportunities 
for glenoid component fi xation when glenoid 
wear and bone loss becomes signifi cant. While 
this scenario is more common in the revision set-
ting, pathologic patterns of arthritic wear and 
joint destruction may allow for preferential gle-
noid component fi xation within the vault and rim 
rather than the typical subchondral bone surface. 
Codsi et al. utilized a custom software program 
to measure variations in glenoid vault anatomy in 
61 cadaveric specimens. A group of 5 sized gle-
noid vault implants were created, representing 
the consistent triangular anatomy observed in the 
glenoid vault. Appreciation of the glenoid vault 
helps to anticipate the ability of the glenoid com-
ponent to fi t within the glenoid vault rather than 
violating the medial cortex of the glenoid. 
Moreover, by understanding the glenoid vault 

anatomy, it is possible to recognize the altera-
tions in glenoid anatomy and facilitate recon-
struction efforts aimed at restoring normal 
version without medialization of the joint.  

    Subchondral Bone Density 

 Nearly all glenoid components rely on the sub-
chondral support of the glenoid. Violation of 
this subchondral surface during glenoid prepa-
ration has been shown to result in subsidence of 
the glenoid implant [ 66 ,  67 ]. It has thus been 
advocated that the subchondral plate be pre-
served during glenoid reaming. Simon et al. 
recently reported an analysis of 3D CT osteoab-
sorptiometry on 21 patients with concentric gle-
noid wear and 21 patients with eccentric glenoid 
wear [ 52 ]. They observed differences in sub-
chondral bone patterns for concentric and 
eccentric wear patterns, with greater density in 
the posterior zone for eccentric glenoids, 
whereas concentrically worn glenoids had a 
homogeneous pattern of bone density. In evalu-
ating CT scans, attention should be directed to 
the thickness of the subchondral bone. This can 
assist in preoperative planning when eccentric 
reaming is necessary.  

    Subluxation Index 

 Subluxation of the glenohumeral joint in the set-
ting of arthritis is rather common. Walsh et al. 
[ 62 ] described a method for calculating the sub-
luxation index by measuring the percent sublux-
ation of the humeral head on axial CT images. 
Using the midpoint of the glenoid axis (line 
between the anterior and posterior limits of the 
glenoid), the distance between this center point 
and the posterior limit of the humeral head is 
divided by the distance between the anterior and 
posterior limits of the humeral head (Fig.  7.7 ). A 
centered head has a subluxation index of 35–65 %. 
Posterior subluxation is defi ned as a subluxation 
index of greater than 65 % and anterior sublux-
ation as less than 35 %. Appreciation of the 
amount of subluxation seen on both axillary 
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radiographs and CT scans helps to understand 
wear patterns and formulate strategies for glenoid 
preparation.

       Glenoid Morphology 

 Recognition of patterns of wear and the glenoid 
morphology is one of the most important aspects 
of surgical planning for glenoid component 
placement. 

 The most widely referenced classifi cation of 
glenoid morphology was described by Walch 
et al. [ 61 ,  62 ] (Fig.  7.8 ). Five patterns of glenoid 
wear were described in a series of patients with 
osteoarthritis. Type A glenoids have a central pat-
tern of wear with minor erosion (A1) and major 
erosion (A2). Type B glenoids have posterior 
subluxation without erosion (B1) and with poste-
rior rim erosion (B2). B2 glenoids are commonly 
described as having a biconcave glenoid defor-
mity. Type C glenoids have glenoid retroversion 
of more than 25° and are typically considered 
dysplastic glenoids. While this classifi cation is 

typically observed on axial radiographs, axial CT 
images and 3D CT images help clarify the gle-
noid morphology.

   Recently, Walch introduced the concept of the 
B3 glenoid, based on the recognition that as gle-
noid erosion advances in the setting of posterior 
subluxation, a biconcave wear pattern becomes 
diffi cult to recognize. This glenoid morphology 
typically has posterior subluxation of more than 
70 %, retroversion of more than 10°, and no clear 
margin between the neoglenoid and paleoglenoid 
(CSSES Meeting, Tampa 2015). 

 Glenoid morphology patterns are different in 
the setting of rheumatoid arthritis. Levigne and 
Francheschi described a glenoid morphology clas-
sifi cation based on a series of 50 shoulders treated 
with shoulder arthroplasty [ 36 ] (Fig.  7.9 ). Stage 1 
represented an intact or minimally deformed sub-
chondral bone plate. Stage 2 showed erosion 
reaching the base of the coracoid. Stage 3 patients 
demonstrated erosion beyond the coracoid base.

        Surgical Plan 

 Common logic suggests that placement of the 
glenoid component in an ideal location should 
provide the best chance for long-term survivabil-
ity of the implant. Ideally, the glenoid face should 
be prepared to perfectly match the backside of 
the glenoid component without overhang of the 
glenoid component or reaming past the subchon-
dral bone. The fi xation pegs or keels should be 
contained within the glenoid vault. The compo-
nent should be placed in neutral to slight inferior 
inclination, specifi cally avoiding superior tilt. 
While there is no defi ned ideal version correction 
that has been shown to improve long-term fi xa-
tion or wear, Iannotti et al. suggested that glenoid 
version should be corrected to within 5° of a 
plane perpendicular to the plane of the scapula 
[ 30 ]. Unfortunately, with increasing glenoid 
deformities, the ability to accurately place the 
glenoid component can be challenging [ 30 ], both 
in terms of planning and execution of the surgical 
plan. 

 Advances in imaging capabilities, integration of 
surgical planning software, improvements in 

  Fig. 7.7     Subluxation  – subluxation of the humeral head 
can be appreciated best on axial CT images. Using the 
midpoint of the glenoid axis (line between the anterior 
and posterior limits of the glenoid), the distance between 
this center point and the posterior limit of the humeral 
head ( line b ) is divided by the distance between the ante-
rior and posterior limits of the humeral head ( line a ). The 
glenohumeral relationship can then be classifi ed as cen-
tered (35–65 %), posteriorly subluxated (>65 %), or ante-
riorly subluxated (<35 %)       
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implant innovation, and a greater understanding of 
glenoid anatomy and wear patterns have all contrib-
uted to the advancements in surgical planning of 
glenoid component implantation. The introduction 
of patient-specifi c instrumentation together with 3D 
modeling software developments has facilitated 
precise surgical planning with opportunities to carry 
out that plan with a high level of accuracy. 

 Radiographs continue to be the gold standard 
for the evaluation of glenohumeral arthritis. 
Properly oriented anteroposterior (AP) and axil-
lary lateral views of the glenoid are critical [ 28 ,  69 ]. 
While properly performed axillary radiographs 
can be suffi cient in evaluating glenoid wear 
patterns, the value of CT scan imaging with 
two- and three-dimensional reconstructions has 

a1 b1 c

a2 b2

  Fig. 7.8     Glenoid   wear morphology in osteoarthritis  – 
the most commonly referenced classifi cation of glenoid 
morphology of glenohumeral osteoarthritis as described 
by Walch et al. [ 62 ]. The fi gure represents the Walch clas-

sifi cation, ( a1 ) centered humeral head with mild glenoid 
erosion. ( a2 ) centered humeral head with major erosion, 
( b1 ) posterior subluxation with no erosion, ( b2 ) posterior 
erosion with biconcave glenoid. ( c ) severe retroversion       

  Fig. 7.9     Glenoid morphology in rheumatoid arthritis  – stage 1 ( a ) intact or minimally deformed subchondral bone 
plate; stage 2 ( b ) erosion reaching the base of the coracoid; stage 3 ( c ) erosion beyond the coracoid base       
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become invaluable in surgical planning for glenoid 
component implantation. 

 2D reconstructed CT scan images allow the 
analysis of several key components of shoulder 
anatomy that are critical in preoperative plan-
ning of glenoid component implantation. Axial 
images are used to calculate the glenoid version, 
humeral head subluxation, eccentric wear pat-
terns, glenoid width, subchondral bone density 
and location, location of osteophytes, depth of 
the glenoid vault, analysis of the quality of the 
subscapularis muscle and tendon, and identifi ca-
tion of bone defects which may be present. 
Coronal reconstructions help to appreciate the 
glenoid height, inclination angle, superior 
humeral head subluxation, and quality of the 
supraspinatus and infraspinatus muscle and ten-
dons. Sagittal reconstructions help to appreciate 
muscle atrophy of the rotator cuff musculature. 
Using two- dimensional images, glenoid plan-
ning can be performed [ 31 ]. The central axis 
point can be estimated which will serve for the 
axis of glenoid reaming. The amount of glenoid 
reaming necessary to restore appropriate version 
can be estimated as well. 

 The introduction of 3D reconstructions with 
humerus subtraction has helped to better under-
stand the limitations of 2D CT imaging as well as 
gain a better appreciation of the location of wear 
patterns in pathologic glenoids. Not only can cal-
culations of version, inclination, and subluxation 
be performed more accurately [ 60 ], but the actual 
location of glenoid wear patterns can be appreci-
ated. In recent years, 3D printing technology has 
become more widely available. Printing scapular 
models of patient anatomy brings the understand-
ing of glenoid anatomy to the next level and is 
now a part of most patient-specifi c instrumenta-
tion platforms currently available. The recent 
interest in patient-specifi c instrumentation has 
taken surgical planning to a high level of preci-
sion [ 31 ,  37 ,  38 ,  58 ,  64 ,  65 ]. The combination of 
virtual surgical planning, 3D printing of the scap-
ula, and instrumentation developed specifi cally 
for reproducing the virtual surgical plan has 
improved the accuracy of carrying out the surgi-
cal plan for glenoid component placement to 
within a few degrees of error. With accurate plan-

ning, it is now possible to place the glenoid com-
ponent accurately in the properly planned 
location, correct deformities of version and incli-
nation, defi ne the appropriate component rotation 
on the face of the glenoid, and properly size the 
glenoid components to avoid medial vault 
penetration.  

    Implant Selection 

 There are numerous variations in glenoid implant 
designs. Differences are seen in component 
shape, radial mismatch, backside curvature, keel 
and peg size and orientation, and method of fi xa-
tion. It is important to understand the rationale 
behind each of these implant features. 

    Glenoid Shape 

 Most of the original glenoid component designs 
were oval shaped despite the pear shape of the 
native glenoid. The surgeon was often left with a 
decision of how to best size the prosthetic gle-
noid component, as proper sizing of the inferior 
glenoid often resulted in implant overhang supe-
riorly. With the advent of the Aequalis (Tornier, 
Edina, MN) and the Solar (Stryker, Kalamazoo, 
MI), attention was focused on more closely 
matching the glenoid anatomy using a pear- 
shaped design [ 9 ]. Several glenoid implants have 
since been introduced with a more anatomic gle-
noid shape. The theoretical risk of the anatomi-
cally matched glenoid component is increased 
instability [ 1 ,  16 ]; however, to date there are no 
reports of greater instability seen with anatomi-
cally shaped glenoid components. It is generally 
accepted that the optimal glenoid component size 
is one that most closely matches the prepared gle-
noid surface without allowing for the component 
to hang off the glenoid bone.  

    Radius of Curvature Mismatch 

 Nearly all glenoid components have a mismatch 
between the radius of curvature of the humeral 
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head and the glenoid. This is based on the ratio-
nale that normal glenohumeral mechanics result 
in translations between the humeral head and 
glenoid. In a cadaveric analysis, Karduna et al. 
observed that active translations seen in normal 
joints were best reproduced with glenoid com-
ponents that were less conforming and deter-
mined that a radial mismatch of 4 mm best 
represents this relationship [ 32 ]. In a multi-
center analysis of fl at-back cemented polyethyl-
ene glenoids, Walch et al. observed that 
glenohumeral mismatch signifi cantly infl uenced 
the incidence of radiolucent lines and described 
an ideal mismatch between 6 and 10 mm [ 63 ]. 
However, no study has defi ned the ideal radial 
mismatch for a glenoid component based on 
effects on outcomes, and variations in the radial 
mismatch remain common among different 
implant designs.  

    Glenoid Fixation 

 Critical to the long-term success of the glenoid 
component is implant fi xation. There are several 
methods of component fi xation that have been 
utilized in glenoid implant designs. Pegged and 
keeled designs are certainly the most common 
and have historically been cemented into the 
glenoid. Metal-backed glenoid components 
with polyethylene inserts allow for enhanced 
fi xation using screws, pegs, and ingrowth met-
als. Recently, hybrid combinations of cemented 
and uncemented pegs have been utilized as 
methods of enhancing component fi xation into 
the bone. 

 Fully cemented pegged and keel designs 
have been utilized since the fi rst total shoulder 
arthroplasties performed by Charles Neer in the 
early 1970s. While keel designs remain the most 
popular worldwide, Edwards et al. reported sig-
nifi cantly higher rates of radiolucent lines sur-
rounding keeled implants than pegged implants 
both on initial postoperative radiographs and 
2-year follow-up [ 20 ]. All cemented peg and 
keel designs vary with differences observed in 
the shape of the keel and the orientation and 
number of pegs. 

 The effect of cement technique on glenoid 
component fi xation has been studied. Terrier 
et al. used an FEA to assess the stress interaction 
between the cement and glenoid bone and con-
cluded that a 1.0 mm cement mantle thickness is 
ideal [ 55 ]. Nyffl er performed axial pullout testing 
of variable glenoid component designs and 
observed that threaded pegs demonstrated higher 
pullout force than notched pegs, which were both 
higher than smooth pegs [ 45 ]. Additionally, they 
noted that increasing the cement mantle thick-
ness from 0.1 to 0.6 mm increased the pullout 
force [ 45 ]. Roughened backside surface fi nish of 
glenoid components has also been shown to 
improve component stability in all-cemented gle-
noids [ 2 ,  45 ]. Finally, cement pressurization dur-
ing glenoid component implantation has been 
associated with a low incidence of early radiolu-
cent lines [ 4 ,  34 ]. 

 Recently, enhanced fi xation glenoids which 
support bone growth into or around pegs have 
gained interest based on improved biologic fi xa-
tion. Early results are quite promising with high 
rates of bone growth observed between the fl utes 
on the pegs [ 72 ,  73 ] in studies with up to 5-year 
follow-up [ 13 ]. With greater initial fi xation of the 
component [ 14 ] and opportunity for biologic fi x-
ation of the pegs, enhanced fi xation polyethylene 
glenoids may ultimately help to lower rates of 
radiolucent lines suggestive of glenoid 
loosening. 

 Metal-backed uncemented glenoid implants 
have lost popularity based upon a historical 
experience of high complications. The original 
designs utilized a metal casing secured with 
screw fi xation and an exchangeable polyethyl-
ene insert. High rates of screw breakage, exces-
sive polyethylene wear, dissociation, and high 
revision rates have been reported [ 40 ,  54 ]. 
Recently, new uncemented metal-backed 
designs utilizing modern fi xation technologies 
have been introduced. These include implants 
with ingrowth metals and improved screw fi xa-
tion methods that may help avoid the historical 
failures. However, to date there are no reports 
to suggest that the history of loosening and cat-
astrophic failure has been avoided using these 
newer designs.  
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    Glenoid Materials 

 As glenoid component fi xation improves, initial 
failure modes may shift from component loosen-
ing due to loss of fi xation to polyethylene wear 
and osteolysis. Cross-linked, ultrahigh molecular 
weight polyethylene is typically used for most 
glenoid components [ 71 ]. While polyethylene 
wear has been clearly linked with osteolysis in 
total hip arthroplasty, there are few reports of sim-
ilar reactions following total shoulder arthroplasty 
[ 33 ,  79 ]. Osteolysis after TSA has been reported to 
be as high as 23 % [ 79 ] and has been shown to be 
more common with metal-backed glenoids [ 5 ,  33 ]. 
Wirth et al. evaluated the polyethylene debris par-
ticle size in retrievals of three failed total shoulder 
arthroplasties that were revised for aseptic loosen-
ing with osteolysis and compared them to failed 
total hip components revised for similar rea-
sons. The wear debris was found to be larger 
and more fi brillary than the particles from failed 
total hip arthroplasty [ 70 ], suggesting a different 
mechanism of wear in shoulders than in hips. 
Differentiating between mechanical loosening 
from loss of fi xation and osteolysis may ulti-
mately be diffi cult as osteolytic regions can con-
tribute to mechanical loosening. 

 Recently, the addition of vitamin E into highly 
cross-linked polyethylene has been introduced 
into total shoulder arthroplasty. This has been 
based on the success seen in total hip arthroplasty, 
which has demonstrated oxidative stability, low 
wear rates, and improved strength with the addi-
tion of vitamin E [ 7 ]. With enhanced fi xation of 
glenoid components, efforts at utilizing this and 
other polyethylene materials with improved wear 
and strength properties will continue. Given the 
recent introduction of this technology, there is no 
clinical data supporting the use of these alterna-
tive polyethylene materials in total shoulder 
arthroplasty.   

    Surgical Execution 

 Proper glenoid exposure remains the critical 
step for placement of a glenoid component. 
This necessitates appropriate soft tissue releases, 

placement of retractors, and suffi cient bone resec-
tions to allow clear visualization of the glenoid. 
Once the glenoid is exposed, all total shoulder 
arthroplasty systems now have instrumentation 
designed to prepare the glenoid surface to match 
the backside of the glenoid and precisely drill peg 
holes or a keel vault to match the selected glenoid 
component. 

    Glenoid Preparation 

 All glenoid components are defi ned based on a 
central axis. This axis, defi ned during surgical 
planning, defi nes all corrections in version, incli-
nation, and translation. Once this axis is defi ned, 
glenoid reaming can be performed using glenoid 
reamers. These reamers are either cannulated 
based on a wire that has been placed down the 
central axis or non-cannulated utilizing a tip that 
fi ts within a hole in the central axis point on the 
glenoid face. The goal of glenoid preparation is 
to prepare a matching surface to the backside of 
the glenoid component. Early fl at-back glenoid 
designs often required signifi cant glenoid ream-
ing, whereas concave glenoid designs typically 
require less glenoid reaming during preparation. 
A critical principle of glenoid preparation is to 
avoid reaming past the subchondral bone plate 
into more cancellous bone as this has been asso-
ciated with early component subsidence [ 66 ,  67 ]. 

 Once the glenoid is reamed to match the back 
surface of the glenoid component, the peripheral 
pegs or keels are created. For glenoids designed 
to utilize cement, the peg or keel preparation 
anticipates creating a cement mantle which is 
typically 1.0 mm [ 55 ]. Glenoid designs, which 
utilize pegs without the need for cement, create 
peg holes designed for a press fi t. 

 The rotation of the glenoid component is 
defi ned during this step. Most TSA systems pro-
vide precision jigs which help to create the periph-
eral pegs or keel vault; however, the surgeon must 
defi ne the rotation of the component. By referenc-
ing the biceps insertion on the supraglenoid tuber-
cle, the proper rotation of the glenoid component 
can be selected. Patient-matched instrumentation 
systems have the capacity to integrate this step 
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into a guide that is used during surgery, defi ning 
both the central axis for reaming and a peripheral 
peg hole to maintain the accuracy of glenoid com-
ponent rotation in  addition to version, inclination, 
and translation position [ 56 ].  

    Glenoid Implantation 

 Most all-polyethylene glenoid components utilize 
cement for component fi xation. Modern cement 
techniques have evolved with most emphasizing 
drying the glenoid [ 21 ], cement mantle thickness 
of 1.0 mm [ 55 ], and cement pressurization either 
by injection into the peg hole or keel vault using a 
syringe [ 4 ,  34 ] or weep- hole vacuum assistance 
[ 26 ]. Use of additional cement on the back of the 
glenoid component is more controversial based 
on concerns regarding fracture and fragmentation 
of thin areas of cement and associated risk of 
third-body wear from dislodged cement particles. 
Once the glenoid component is placed, all 
extruded cement must be removed from the 
periphery of the glenoid component.   

    Conclusion 

 Modernization of total shoulder arthroplasty 
has greatly improved the understanding and 
appreciation of variations in glenoid anatomy 
in severely arthritic shoulders. Appreciation 
of both normal and abnormal glenoid anat-
omy has helped the surgeon understand 
patient pathology and has enhanced glenoid 
component design and surgical technique. 
Collectively, the surgeon now has a greater 
understanding of how to appreciate anatomi-
cal variations, properly plan glenoid place-
ment, and accurately execute standard glenoid 
component placement during total shoulder 
arthroplasty.     
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          Introduction 

 Degenerative arthritis that results in asymmetric 
posterior glenoid wear presents potential chal-
lenges for the surgeon, including the management 
of the bone defi ciency, joint subluxation, and soft 
tissue laxity or contracture. The primary objective 
with osteoarthritis with asymmetric glenoid wear 
is to effectively restore functional anatomy of the 
joint with implants that will lead to long-term sur-
vivability. Unfortunately, the literature to date is 
incomplete as it pertains to the long-term success 
rate of the various arthroplasty options for man-
agement of moderate to severe glenoid bone loss. 

 There are several options for management of 
glenoid bone loss and associated retroversion, 
which include hemiarthroplasty, glenoid realign-
ment with bony reaming, bone grafting, reverse 
shoulder arthroplasty, and augmented implants. 
Unfortunately, no one management technique 
has demonstrated clinical superiority. Recently, 

there has been renewed interest in posteriorly 
augmented glenoid implants. Several orthopedic 
implant manufacturers have developed posteri-
orly augmented glenoid implants with various 
backside geometries to minimize anterior glenoid 
bone removal and maximize implant stability and 
survivability. These implants attempt to restore 
glenoid retroversion and re-center the humeral 
head during anatomic total shoulder arthroplasty 
by reconstructing the glenoid bony erosion with 
polyethylene.  

    Glenoid Morphology 

 Osteoarthritis (OA) of the shoulder affects the 
biomechanics of the glenohumeral joint and 
results in morphology of the glenoid. These 
changes lead to posterior humeral head sublux-
ation, increasing bony erosion of the posterior 
glenoid, and increased retroversion. These altera-
tions on glenohumeral relationships were fi rst 
noted by Neer et al. in 1982 [ 1 ]. They described 
severe cases of primary glenohumeral OA with 
posterior sloping of the glenoid and posterior 
subluxation of the humeral head resembling “an 
old posterior dislocation.” 

 Walch et al. formally classifi ed glenoid mor-
phology into fi ve types in 1999 [ 2 ]. This classi-
fi cation system was based on wear patterns and 
version and has become the most commonly 
used system to classify glenoid bone loss. Type 

        W.  A.   Aldebeyan ,  MD, FRCSC    •    N.  K.   Knowles ,  MESc    
   G.  S.   Athwal ,  MD, FRCSC      (*) 
  Roth|McFarlane Hand and Upper Limb Centre , 
 St. Joseph’s Health Care ,   268 Grosvenor Street , 
 London ,  ON ,  Canada   
 e-mail: wdebeyan@gmail.com; 
nik_knowles@hotmail.com; gathwal@uwo.ca   

    L.  M.   Ferreira ,  PhD    
  Department of Mechanical and Materials 
Engineering ,  University of Western Ontario , 
  London ,  ON ,  Canada   
 e-mail: Louis.Ferreira@uwo.ca  

  8

mailto:wdebeyan@gmail.com
mailto:nik_knowles@hotmail.com
mailto:gathwal@uwo.ca
mailto:Louis.Ferreira@uwo.ca


112

A  glenoids, which represented 59 % of patients, 
had concentric wear with a centralized humeral 
head. These patients were subclassifi ed into 
minor (A1) or major (A2). Type B glenoids, 
present in 32 % of cases, had posterior humeral 
head subluxation and joint space narrowing 
(B1) or a biconcave glenoid (B2). A type C gle-
noid was present in 9 % of cases and consisted 
of a dysplastic glenoid with retroversion of 
more than 25°. A type B3 glenoid has recently 
been described, which is a severe B2 deformity 
with posterior humeral head subluxation and 
erosion removing the entire paleoglenoid (ante-
rior) facet (Fig.  8.1 ).

   Static posterior humeral head subluxation 
has been associated with posterior glenoid ero-
sion. Walch et al. reported on 13 male patients 
at a mean age of 40 with OA and symptoms of 

shoulder pain, stiffness, and locking. These 
patients were all found to have posterior 
humeral head subluxation with a mean sublux-
ation index of 65 %, without posterior glenoid 
bony erosion. The authors suggested that poste-
rior humeral head subluxation was the fi rst 
stage of glenohumeral OA and that it might 
lead to the subsequent glenoid erosion and the 
B2 deformity [ 3 ]. 

 Type B2 glenoids have a predictable wear pat-
tern. The average erosion in a type B2 glenoid is 
directed toward the 8 o’clock position in a right 
shoulder [ 4 – 7 ]. This pattern of erosion causes 
potentially important regional variability in the 
density and porosity of the underlying subarticu-
lar bone, with the densest and least porous bone 
found in the neoglenoid, which tends to be 
located posteroinferiorly [ 8 ].  

a1

b1

c

b2 b3

a2

  Fig. 8.1    Illustration of the Walch classifi cation of gle-
noid morphology, which is based on wear patterns and 
version.  Type A1 , centered humeral head with minor gle-
noid erosion.  Type A2 , centered humeral head with major 
glenoid erosion.  Type B1 , posterior subluxation with no 

erosion.  Type B2 , posterior erosion with a biconcave gle-
noid.  Type B3 , severe posterior erosion with loss of the 
entire paleoglenoid (anterior) facet.  Type C , dysplastic 
glenoid with severe retroversion       
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    Biomechanics 

 Shoulder biomechanics pertaining to posterior 
erosions can be thought of as having three time 
periods: (1) the biomechanics leading to the onset 
of erosion, (2) the biomechanics present in spe-
cifi c Walch asymmetrical classifi cations, and (3) 
the biomechanics following treatment with an 
augmented component. 

    The Biomechanics or Events Leading 
to the Erosion 

 The onset of posterior erosion is initiated by a 
posterior shift of the normal articular motion pat-
tern. This may not be a static subluxation at fi rst, 
but with time, the suboptimal articular contact 
pattern leads to increased joint contact pressures 
in the posterior region, which eventually causes 
erosion and subchondral sclerosis. Once this is 
accompanied by static posterior subluxation and 
osteophytes, it is diagnosed as a Walch type B1. 
However, the factors that initiate the altered 
motion pattern are not fully understood or agreed 
on. In the normal midrange of motion, the 
dynamic muscle forces determine the normal 
range of compression and shear vector compo-
nents, and it is the ratio of these that defi ne stabil-
ity [ 9 ]. For inferiorly directed loads, Halder et al. 
found that the ratio of shear to compressive loads 
was 0.6 [ 10 ]. An imbalance in muscle forces does 
not necessarily imply active forces, but can also 
be due to a shortening, which increases muscle 
load at the end of the muscle’s extension range, 
which has been shown to play a role in anterior 
dislocations caused by a passive load from the 
pectoralis when it is fully extended [ 11 ]. 

 Weber and Caspari reported that posterior 
instability is most likely a continuum between 
subluxation and dislocation with progressive 
injury to the posterior capsule and attachments, 
such as the labrum, which is the principal restraint 
to posterior displacement [ 12 ]. 

 Some research has suggested that the compli-
ance of the glenoid subchondral bone under a 
compressive load generates a congruent articu-
lation that matches the humeral head radius of 

curvature [ 13 ]. This would be consistent with 
thin fi lm principles of lubrication. In this sce-
nario, it is hypothesized that the labrum pro-
vides an important function of retaining synovial 
fl uid under compressive load and thus increas-
ing intra- articular fl uid pressure. Gibb et al. 
(1991) reported that, under a distraction force, 
negative pressure was capable of resisting a 
pulling force of about 22 N, plus the weight of 
the arm [ 14 ]. Thus, it is also possible that a 
labral tear, contracted through acute injury, 
could also result in a loss of the negative pres-
sure traction force, leading to a posterior shift in 
the articular pattern. 

 Dysfunctioned proprioception may also play a 
role in altering the balance of muscle forces or in 
altering the timing with which different muscle 
groups are recruited to stabilize the joint. Stability 
of the glenohumeral joint is provided by a com-
plex system of forces that are largely redundant, 
and as such, there is an infi nite number of ways in 
which stability can be compromised. Thus, it is 
likely that a single etiological path of causality 
does not exist for the onset of posterior erosion, 
but rather that any insult to the complex balance 
may lead to this result.  

    The Biomechanics Present in Specifi c 
Walch Asymmetrical Classifi cations 

 Regardless of the cause which initiates poste-
rior instability and erosion, the increased con-
tact pressures result in signifi cant bone 
formation in this region, as the subchondral 
bone remodels to account for the increased load 
distribution [ 8 ,  15 ]. Once a Walch type B1 is 
diagnosed, it is likely to progress to a type B2, 
which is identifi ed by acquired retroversion due 
to erosion of the posterior osseous rim. The pos-
terior erosion is often characterized as a concav-
ity (forming a “biconcave” glenoid), which is 
the “neoglenoid” articular surface, in the poste-
rior region, distinguishing this from the anterior 
native “paleoglenoid.” In patients with glenoid 
erosion, the paleoglenoid typically maintains 
articular  cartilage, indicating that this region has 
not undergone morphological changes or bony 
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erosions. The biomechanics of Walch type B 
glenoids are marked by static subluxation, 
which has chronically altered the normal motion 
pathways and forces in virtually all of the 
dynamic and other soft tissue structures, as well 
as the osseous anatomy. Essentially, a new bal-
ance of forces is established, although this may 
still progress further to a Walch type B3.  

    The Biomechanics Following 
Treatment with an 
Augmented Component 

 Most often, the operative plan is to restore a native 
joint rotation center; however, as mentioned in the 
previous section, there is a chronic change in the 
balance of forces once the humeral head becomes 
statically subluxated with posterior erosion. This 
represents an established and, in some cases, 
mechanically stable system. The consequences of 
instantly restoring – fully or partially – the native 
joint position are not understood, and it may be 
less disruptive to maintain something close to the 
neoglenoid articular position. 

 Postoperative biomechanics will determine 
the longevity of augmented glenoid implants. 
There is still no longitudinal data on the surviv-
ability of these designs, given their still short 
clinical history. In particular, augmented designs 
are intended to preserve anterior bone by mini-
mizing high-side reaming; however, recent 
research shows that the anterior bone being pre-
served may have signifi cantly high porosity and 
low density, caused by bone remodeling after 
long-term disuse of the paleoglenoid articular 
facet [ 8 ]. Moreover, it is now understood that 
the orientation of the average posterior erosion 
is not purely posterior, but rather somewhat 
inferior as well (toward 8 o’clock on a right 
shoulder) (Fig.  8.2 ) [ 4 ]. Thus, it is clear that the 
posteriorly eroded glenoid is different from the 
symmetrically eroded glenoid in shape and also 
in the composition of the subchondral bone, in 
terms of its density and porosity as a function of 
location.

   Further biomechanics investigations are 
required to completely understand the glenoid in 
these complex cases and how augmented implants 
perform under these specifi c circumstances.   

a b

  Fig. 8.2    ( a ) A 2D axial CT scan view of a right shoulder 
demonstrating an asymmetric type B2 glenoid. ( b ) A sag-
ittal view of a 3D CT reconstruction demonstrating a B2 
glenoid with posteroinferior erosion. The neoglenoid 

( NG ) and the paleoglenoid ( PG ) are depicted (Reprinted 
from The Journal of Shoulder and Elbow Surgery, 24(4), 
Knowles et al. [ 4 ], Copyright (2015), with permission 
from Elsevier)       
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    Treatment Options 

 There are several ways of treating patients with 
type B2 glenoids, including implanting a glenoid 
component in a retroverted position, i.e., without 
correcting the version, eccentric reaming, hemiar-
throplasty, posterior bone grafting, and reverse 
shoulder arthroplasty (RSA). 

 Component placement in a retroverted posi-
tion has been shown to cause early failure and 
loosening of the glenoid component if the retro-
version is ≥15° [ 16 ]. A common method used 
to correct glenoid retroversion is eccentric 
reaming, or reaming the high side, where the 
anterior glenoid is reamed to the level of the 
posterior surface to recreate glenoid version 
and theoretically re-center the humeral head. 
However, this technique is limited by the 
amount of preoperative retroversion and the 
fact that reaming leads to loss of bone stock as 
the glenoid vault narrows medially. Cadaveric 
and computer simulation studies have indicated 
that approximately 15–18° is the amount of ret-
roversion that can be successfully corrected 
without vault penetration [ 17 – 19 ]; however, 
vault perforation may not be the best metric to 
assess maximum correction. 

 Eccentric reaming has also been used with 
hemiarthroplasty. This technique, which was 
popularized by Matsen and termed “ream and 
run,” aims to create a concentric socket by 
reaming the glenoid without implanting a gle-
noid component and resurfacing the humeral 
head with a hemiarthroplasty. Short-term fol-
low-up of this procedure showed cases of pro-
gressive medial erosion and recurrent posterior 
glenoid erosion [ 20 ]. 

 Biologic resurfacing of the glenoid with hemi-
arthroplasty of the humeral head has been tried in 
young adults where the longevity of a polyethyl-
ene glenoid component is of concern. Meniscal, 
fascia lata, and Achilles tendon allografts have 
been used with mixed outcomes. There is little 
high-quality evidence to support the use of these 
methods [ 21 – 24 ]. 

 Posterior bone grafting of the glenoid using 
autograft or allograft is another method of man-
aging type B2 glenoids. This method has the 

theoretical advantage of preserving bone stock 
while correcting glenoid version. There are vary-
ing outcomes for bone grafting, with some stud-
ies showing excellent to satisfactory results and 
others showing poor results [ 25 – 30 ]. 

 Reverse shoulder arthroplasty (RSA) is most 
commonly used to treat rotator cuff tear arthrop-
athy. However, RSA has recently been investi-
gated for use in primary glenohumeral 
osteoarthritis with a type B2 glenoid [ 31 ]. The 
ability to bone graft the glenoid with screw fi xa-
tion from the glenoid baseplate and the use of a 
long central post to engage native bone is par-
ticularly attractive, in addition to the constraint 
offered by the RSA which solves the problem of 
posterior subluxation. The use of RSA for this 
indication is promising but requires further fol-
low- up to determine the long-term durability of 
this approach.  

    Augmented Glenoid Implants 

 The outcome of fi rst-generation augmented gle-
noid implants was poor. Rice et al. reviewed 14 
shoulders treated with an asymmetric wedge- 
shaped posteriorly augmented glenoid compo-
nent with a mean follow-up of 5 years [ 32 ]. 
More than half of the implants showed radiolu-
cent lines, and one third showed moderate or 
severe posterior humeral head subluxation. The 
authors concluded that the contribution of the 
modifi ed glenoid component seemed marginal, 
and the use of this implant was discontinued 
[ 32 ,  33 ]. 

 Second-generation augmented glenoid com-
ponents are currently available on the market. 
There are three design concepts, posterior step, 
full wedge, and posterior wedge (Fig.  8.3 ).

      Posterior Step 

 This design concept uses varying backside step 
heights encompassing the entire posterior hemi-
sphere. This implant reduces joint medialization 
by minimizing eccentric “high-side” anterior 
reaming.  
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    Full Wedge 

 This implant acts to reduce anterior cortical bone 
removal for posterior eroded glenoids with retro-
version and uses a full-wedge design from poste-
rior to anterior.  

    Posterior Wedge 

 This implant design uses a wedge that encom-
passes the entire posterior hemisphere. This 
design acts to minimize reaming by mimicking 
the degree of retroversion exhibited in asymmet-
ric glenoid erosion [ 34 ].   

    Advantages and Disadvantages 
of Augmented Glenoid Implants 

 All augmented implant designs aim to preserve 
bone stock and reduce medialization by decreas-
ing the amount of eccentric reaming needed for 
glenoid implant seating. Sabesan et al. conducted 
a study comparing standard and augmented gle-
noid components on a virtual three-dimensional 
reconstruction and concluded that the use of an 
augmented component can allow complete 
 correction of retroversion and minimize the effect 
of medialization [ 35 ]. Kersten et al. also con-
ducted a study using virtual implantation of three- 
dimensional reconstructions of B2 glenoids to 

a b c

  Fig. 8.3    Illustration showing the amount of bone removal 
required for each implant design. ( a ) Wright Medical 
Technology ®  PerFORM Plus Posterior Augment Glenoid. 

( b ), DePuy ®  Global ®  StepTech ®  APG. ( c ) Exactech ®  
Equinoxe ®  Posterior Augment Glenoid       
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compare the amount of bone removal using three 
glenoid designs, standard, wedged, and stepped. 
They concluded that both augmented components 
corrected glenoid version to neutral and required 
less bone removal, required less reaming depth, 
and were supported by more cortical bone than in 
the standard implant. The least amount of bone 
removed was with the wedged design [ 36 ]. 

 However, these designs assume that the poste-
rior erosion of the glenoid occurs directly posterior 
toward the 9 o’clock position in a right glenoid, 
when in fact the line of erosion is directed toward 
the posteroinferior quadrant with the orientation of 
bone loss directed toward the 8 o’clock position 
[ 4 ]. Furthermore, using an augmented glenoid 
implant could lead to removing more bone poste-
riorly to make room for the augment, which in a 
B2 glenoid is considered the bone with the highest 
density [ 8 ]. This may affect stability of the glenoid 
implant in the future. Knowles et al. showed, in a 
three-dimensional simulation study, that substan-
tial variations in the volume of bone removal and 
the quality of the remaining glenoid bone were 

found between three different designs of aug-
mented implants (full wedge, posterior wedge, and 
stepped). Simulations with the posterior-wedge 
implant resulted in substantially less glenoid bone 
removal, with the remaining supporting bone 
being of better quality (Fig.  8.4 ) [ 37 ].

       Outcomes 

 Unfortunately, the outcomes of fi rst-generation 
augmented glenoid implants were disappointing 
and they were discontinued [ 32 ]. Second- 
generation augmented glenoids have only recently 
been introduced and as such have limited data 
related to their clinical outcomes. Youderian et al. 
showed good short-term results using a stepped 
design with a minimum of 6-month follow-up, 
demonstrating excellent seating and clinical 
results. Postoperative computed tomography anal-
ysis demonstrated excellent correction (mean 
16.7°) of glenoid version with minimal loss (mean 
0.45 mm) of the premorbid joint line [ 38 ]. 

  Fig. 8.4    Three commercially available augmented gle-
noid component designs: ( a ) Wright Medical Technology ®  
PerFORM Plus Posterior Augment Glenoid. ( b ) DePuy ®  

Global ®  StepTech ®  APG. ( c ) Exactech ®  Equinoxe ®  
Posterior Augment Glenoid.  Bottom  fi gures are posterior 
views and  top  fi gures are articular surface views       

a b c
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 An in vitro study by Iannotti et al. [ 39 ] com-
pared four different augmented glenoid designs 
(one stepped and three full-wedge designs with 
either an asymmetric spherical backside, a sym-
metric spherical backside, or a fl at-angled back-
side) with a standard glenoid. They concluded 
that a stepped design for an augmented glenoid 
component has superior fi xation and less anterior 
glenoid liftoff in the presence of eccentric load-
ing and may have better long-term clinical results 
compared to a non-stepped augmented design 
[ 39 ]. Kirane et al. [ 40 ] also performed an in vitro 
biomechanical analysis in which a standard gle-
noid component implanted in neutral version was 
compared with two prototype stepped glenoid 
components (one all polyethylene and the other 
with a titanium posterior step) implanted into 
simulated biconcave glenoids. They measured 
peri-glenoid bone strains under consistent load-
ing conditions. The titanium metal-backed pros-
thesis produced signifi cantly increased anterior 
compressive and posterior tensile strains com-
pared to the standard glenoid. However, they 
found no signifi cant difference between the poly-
ethylene posterior step and the standard glenoid 
[ 40 ]. Conversely, Wang et al. [ 41 ] compared 
eccentric reaming with a full-wedge augmented 
glenoid component in composite scapulae and 
recorded superior and inferior glenoid edge lift-
off. They concluded that the use of angle-backed 
augmented glenoid components results in accel-
erated implant loosening compared with neutral- 
version glenoids after eccentric reaming [ 41 ]. 

 Unfortunately, there are no medium or long- 
term outcomes on the use of contemporary aug-
mented implants to manage type B2 glenoids. As 
such, patients should be educated on the unknown 
survivability of these particular implants.  

    Conclusion 

 Although studies have shown the benefi ts of 
implanting a posteriorly augmented glenoid 
component, their drawbacks are still poorly 
understood. Additionally, proposed solutions 
address the issue of correcting the bony anat-
omy with little information on how the soft tis-
sue envelope is affected. Future studies are 
needed to show how altering this bony anat-
omy affects soft tissue balance. 

 Using posterior augments allows the sur-
geon to preserve bone and restore proper bio-
mechanical forces across the shoulder joint. 
Although longer follow-up studies are 
needed, it appears that in the short-term fol-
low-up, the use of augmented glenoid compo-
nents is encouraging.     
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      Interposition Shoulder 
Arthroplasty                     

     Jeremy     S.     Somerson      ,     Aaron     J.     Bois      , 
and     Michael     A.     Wirth     

          Introduction 

 The young patient with glenohumeral arthritis 
presents a challenging clinical dilemma in which 
the surgeon and patient must balance goals of 
obtaining maximum pain relief and functional 
outcome, returning to activity with few limita-
tions and ensuring long-term durability. When 
arthroplasty is indicated, total shoulder arthro-
plasty (TSA) is considered the gold standard by 
many surgeons due to superior results when com-
pared to hemiarthroplasty in short-term studies 
[ 1 ,  2 ]. Long-term comparisons of TSA to hemiar-
throplasty in young patients have not demon-
strated substantial differences between groups [ 3 , 
 4 ]. However, long-term follow-up of TSA has 
raised concern for glenoid loosening and declin-
ing outcomes [ 5 – 8 ]. As a result, surgeons have 
explored alternative approaches to arthroplasty 
that address glenoid-sided arthrosis without 
implantation of a prosthetic glenoid component.  

    Historical Considerations 

 The earliest discussion of interposition arthro-
plasty for the shoulder is thought to be from 
Jones in 1944, in which fascia lata resurfacing 
was described as a method of treatment for proxi-
mal humerus fractures [ 9 ]. With the emergence 
of silicone plastic implants, Varian provided a 
brief report using silicone cup interposition for 
the rheumatoid shoulder [ 10 ]. The positive results 
from this series were not reproduced by Spencer 
and Skirving, who reported a 58 % early failure 
rate in 1986, and the technique was largely aban-
doned [ 11 ]. 

 Biological interposition became the subject 
of research interest in the 1990s, as Milbrink and 
Wigren published promising results of resection 
arthroplasty with interposition of freeze-dried 
dura mater graft [ 12 ]. In 1995, Burkhead and 
associates reported results of hemiarthroplasty 
with glenoid resurfacing using autogenous fascia 
lata, showing functional improvements at a min-
imum 2-year follow-up [ 13 ]. These results were 
maintained at 2–15-year follow-up, as reported 
by Krishnan et al. in 2007 [ 14 ]. This generated 
substantial interest over the following years, 
with multiple series reporting hemiarthroplasty 
in conjunction with resurfacing using lateral 
meniscal allograft (LMA) [ 15 – 18 ], animal-based 
xenografts [ 19 ,  20 ], and other combinations of 
allograft and/or local tissue [ 21 – 26 ]. 
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 Another approach to non-prosthetic arthro-
plasty of the glenoid was described in which the 
glenoid is concentrically reamed to provide a 
smooth concavity, known as “ream and run” [ 27 ]. 
In 2005, Matsen et al. [ 28 ] demonstrated in a 
canine histological study that this technique 
resulted in a viable layer of fi brocartilage tissue 
covering the reamed surface at 24 weeks postop-
eratively. Multiple therapeutic case series [ 29 –
 31 ] as well as a large level II prognostic series 
[ 32 ] have been published regarding the ream and 
run technique with encouraging results.  

    Indications and Patient Selection 

 Understanding patient expectations is critical to 
managing the young arthritic population. In par-
ticular, younger patients have a high expectation 
for returning to sporting activities following 
arthroplasty. Henn et al. [ 33 ] showed that younger 
patients had greater expectations for outcomes 
after total shoulder arthroplasty, including 
improvement in exercise or sports participation. 
A high level of sports participation following 
arthroplasty procedures has also been demon-
strated. Schumann et al. [ 34 ] reported an 89 % 
rate of return to sport among patients undergoing 
total shoulder arthroplasty, with athletic patients 
more likely to be younger. McCarty et al. [ 35 ] 
reported that younger patients were likely to 
return to sports such as downhill skiing, swim-
ming, weight lifting, cross-country skiing, golf, 
and tennis. This raises concern for long-term 
loosening of an implanted glenoid component, 
although the effects of patient activity levels after 
TSA are currently unknown. 

 The primary indication for non-prosthetic gle-
noid arthroplasty with or without interposition is 
a diagnosis of glenohumeral arthritis that limits 
activities of daily living and causes pain that is 
refractory to conservative measures. Diagnoses 
may include osteoarthritis, post-capsulorrhaphy 
arthritis, or post-traumatic arthritis. Patients 
should have exhausted all nonoperative mea-
sures, including anti-infl ammatory medication, 
activity modifi cation, vocational rehabilitation, 
and analgesics for an extended length of time. 

The senior author (M. A. W.) does not recom-
mend a specifi c age cutoff. Rather, after clear 
communication of risks and expected outcomes, 
patients who wish to avoid the risks and potential 
limitations associated with a polyethylene gle-
noid component due to physiological age and/or 
activity level are considered for non-prosthetic 
management. Patients must be highly motivated, 
have good mental and emotional health, and 
demonstrate good understanding of the options 
available. Furthermore, evidence of glenoid carti-
lage loss should be identifi ed preoperatively and 
confi rmed intraoperatively prior to proceeding 
with treatment.  

    Contraindications 

 Patients with infl ammatory arthropathies are not 
good candidates for non-prosthetic glenoid treat-
ment. In cases with instability, rotator cuff defi -
ciency, or cuff tear arthropathy, other options 
should be pursued. Dependency on narcotics, 
alcohol, or tobacco is a relative contraindication.  

    Surgical Technique 

 Many different techniques have been described 
for non-prosthetic glenoid resurfacing, as shown 
in Table  9.1 . Reported outcomes from these tech-
niques are discussed below.

      Authors’ Preferred Technique 

 We perform shoulder arthroplasty in the beach- 
chair position using a deltopectoral approach. 
Meticulous attention is paid to preservation of the 
deltoid origin and insertion during the surgical 
exposure. A subscapularis peel is used to gain 
access to the joint, and the tendon is separated 
from underlying anterior capsule approximately 
2 cm medial to the subscapularis footprint on the 
lesser tuberosity. Adhesions at the base of the 
coracoid process are released, and a 360° release 
of the subscapularis is performed about its long 
axis at the level of the anterior glenoid rim. 
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 A Crego elevator is placed behind the humeral 
head, and the articular surface is resected at a 
plane just inside the rotator cuff insertion. The 
osteotomy usually varies between 20 and 30° of 
retroversion. The varus-valgus alignment of the 
cut is based on placing an osteotomy template 
along the shaft of the humerus and marking the 
intended resection site with electrocautery. The 
most superior and lateral portion of this mark is 
at the junction of the articular surface with the 
rotator cuff insertion. 

    Glenoid Reaming 
 After exposure of the glenoid, the articular sur-
face is assessed for wear, eccentricity, and 
smoothness. Care is taken to preserve stable 
native labral tissue. A burr, curette, or hand-held 
elevators may be used to remove eburnated ridges 
of bone between concavities. A custom reamer 
size is selected with the fi nal concavity diameter 
measuring 2 mm larger than the prosthetic 
humeral head diameter (Fig.  9.1 ). Bone stock 
should be preserved to the greatest extent possi-
ble rather than attempting to correct glenoid 
 version to neutral (i.e., partial correction of 
version).  

    Meniscal Allograft Interposition 
 Lateral meniscal allografts are obtained from 
proximal tibia specimens and dissected from 
underlying bone. The glenoid size is then esti-
mated using a translucent glenoid-sizing disk 
used for TSA. The anterior and posterior horns of 
the meniscus are sutured together using number 2 
Cottony Dacron suture (Deknatel, Fall River, 
MA, USA), creating an oval structure that is sim-
ilar in size to the best-fi t glenoid-sizing disk 
(Fig.  9.2 ). To secure the meniscus to bone, sutures 
are placed through the existing glenoid labrum 
whenever possible, although suture anchors may 
be used if labral tissue is inadequate. The menis-
cal graft is then held against the glenoid and the 
suture locations are marked with a surgical pen. 
Nine sutures are placed equidistant around the 
glenoid perimeter. The anchoring sutures are then 
placed into Gabbay-Frater suture guides 
(Deknatel) in a triangular fashion. One limb of 
each suture is placed through the meniscal graft 
at the marked site, and the meniscus is “para-
chuted” to the articular surface (Fig.  9.3 ). The 
graft is then anchored in place, tying one suture 
in each third of the graft in an alternating fashion 
analogous to tightening lug nuts on the rim of a 
tire (Fig.  9.4 ).

          Humeral Component Insertion 
and Closure 
 After removal of periarticular osteophytes, an 
anatomically sized trial humeral component is 
inserted. Soft-tissue balancing is assessed based 
on the following criteria: (1) posterior drawer 
testing with 40–60 % translation of the prosthetic 
head relative to the glenoid center, (2) a mini-
mum of 75° internal rotation with the arm in 90° 

   Table 9.1    Selected non-prosthetic glenoid arthroplasty 
technique descriptions   

 Author  Year  Technique 

 Burkhead 
et al. [ 13 ] 

 1995  Glenoid resurfacing with 
anterior capsule or fascia 
lata 

 Brislin et al. 
[ 19 ] 

 2004  Arthroscopic glenoid 
resurfacing with bovine 
tissue patch 

 Nicholson 
et al. [ 16 ] 

 2007  Glenoid resurfacing with 
lateral meniscal allograft 

 Krishnan et al. 
[ 36 ] 

 2008  Glenoid resurfacing with 
fascia lata or Achilles tendon 

 Lee et al. [ 22 ]  2009  Glenoid resurfacing with 
anterior capsule and humeral 
resurfacing arthroplasty 

 Wirth [ 17 ]  2009  Glenoid resurfacing with 
lateral meniscal allograft 

 Clinton et al. 
[ 37 ] 

 2009  Non-prosthetic glenoid 
reaming 

 de Beer et al. 
[ 23 ] 

 2010  Arthroscopic glenoid 
resurfacing with human 
dermal allograft 

  Fig. 9.1    Concentric reaming of the glenoid       
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of abduction, (3) the ipsilateral hand can be 
placed on the superior contralateral shoulder 
without scapular protraction, and (4) 45° of 
external rotation is present with the subscapularis 
held at the osteotomy site. Bone tunnels for sub-
scapularis attachment are created prior to implant 
insertion. The subscapularis is then reattached 
using 1-mm Cottony Dacron sutures (Deknatel) 
passed through 2-cm long bone tunnels extend-
ing from the osteotomy site to the humeral neck, 
resulting in medialization of the subscapularis 
insertion.  

    Postoperative Management 
 In the afternoon following surgery, the physician 
performs passive forward fl exion of the arm up to 
90° or to the maximum extent that is comfort-
able. Passive forward fl exion with a pulley, pas-
sive external rotation with a meter stick, and 
pendulum exercises are initiated at postoperative 
day 1. These exercises are repeated fi ve times 
each and performed three to four times a day. 

 Patients with inadequate passive motion at 
4–6 weeks postoperatively are given additional 
stretching exercises. Strengthening exercises are 
initiated after achieving passive range of motion 
from 120 to 140° of fl exion and 20–40° of exter-
nal rotation, typically at 6–8 weeks after surgery. 
In addition to rotator cuff exercises, shoulder 

  Fig. 9.2    Suturing the graft ends to create an oval ring       

  Fig. 9.3    The allograft is brought down to the face of the 
glenoid using a parachute technique       

  Fig. 9.4    Two views of the meniscal allograft after 
anchoring it to the glenoid surface       
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shrug exercises and wall push-ups are performed 
to strengthen the scapular stabilizing muscle 
groups.    

    Outcomes 

 Glenoid resurfacing using lateral meniscal 
allograft (LMA) was fi rst described by Ball et al. 
[ 15 ] in 2001 with encouraging early results. 
Other authors have similarly demonstrated short- 
term pain relief, functional improvement, 
improved glenohumeral registry, and preserva-
tion of glenoid bone following meniscal resurfac-
ing [ 16 ,  17 ,  38 ]. However, recently published 
series at other academic centers reporting the 
midterm results of biological interposition do not 
seem as encouraging [ 18 ,  21 ,  24 – 26 ]. In 2013, 
Hammond et al. [ 24 ] performed a level III retro-
spective cohort study on 44 patients aged 50 years 
of age or younger at a mean follow-up of 
3.7 years; 23 patients received hemiarthroplasty 
alone and 21 received hemiarthroplasty and bio-
logical resurfacing (LMA or dermis). Six patients 
(26 %) in the hemiarthroplasty group and 12 
patients (57 %) in the resurfacing group were 
considered failures due to revision surgery or an 
American Shoulder and Elbow Surgeons (ASES) 
score less than 50. In the biological resurfacing 
group, the primary mode of failure was persistent 
pain, stiffness, infection (one patient), and ASES 
scores below 50 (six patients, or 50 %); all fail-
ures occurred within the fi rst year with 28 % 
requiring revision surgery (six patients). Only 14 
of 21 patients (66 %) were available for radio-
graphic follow-up; data on humeral head sublux-
ation and glenoid erosion was not available in the 
resurfacing group. Overall, improved outcomes 
and lower failure rates were observed in the 
hemiarthroplasty group. 

 In another recently published midterm follow-
 up study of previously published work by 
Nicholson et al. [ 23 ], Strauss et al. [ 26 ] found an 
overall clinical failure rate of 51.2 %. In this 
series, 41 patients were followed at an average of 
2.8 years from LMA (31 patients) or dermal 
interposition (10 patients). Failure was defi ned as 
conversion (eight patients) or recommended con-

version (fi ve patients) to a shoulder arthroplasty, 
revision surgery for graft removal (one patient), 
an ASES score below 50 (fi ve patients), or 
patient-reported disabling pain or loss of function 
(two patients). When the results were further 
stratifi ed according to graft type, the LMA cohort 
had a failure rate of 45.2 % (mean time to failure 
3.4 years), and the dermal interposition group 
had a failure rate of 70 % (mean time to failure 
2.2 years). The overall rate of reoperation was 
22 % (nine patients). Radiographic data on 
humeral head subluxation or glenoid erosion was 
not available. Despite signifi cant improvements 
in clinical outcomes compared to baseline, bio-
logical resurfacing resulted in high failure rates 
according to the methods used in this study to 
defi ne failure. In 2009, Wirth reported favorable 
short-term clinical outcomes of lateral meniscus 
allograft resurfacing of the glenoid in conjunc-
tion with uncemented humeral head arthroplasty 
for advanced glenohumeral joint arthritis. More 
recently, Bois et al. reported the midterm results 
of this patient cohort at 5–12 years postopera-
tively [ 39 ]. At a mean of 8 years postoperatively, 
patients showed improvement in ASES and SST 
scores, but 9 of 30 patients underwent reopera-
tion (30 %). Only two of these reoperations took 
place in the fi rst 2 years, and three reoperations 
were performed between 8 and 10 years postop-
eratively, indicating the need for long-term fol-
low-up. A gradual decrease in joint space was 
noted on radiographs at latest follow- up, which 
likely represented progressive wear of the inter-
position tissue. 

 Concentric glenoid reaming with hemiarthro-
plasty (“ream and run”) has had fewer published 
reports, although outcomes have shown improve-
ment in function and comfort with relatively low 
reoperation rates. In the largest series to date, 
Gilmer et al. [ 32 ] assessed factors affecting the 
prognosis for improvement in function and com-
fort in 162 consecutive patients following ream 
and run. Of these, 124 patients (76 %) achieved 
the minimum clinically important difference in 
Simple Shoulder Test (SST) scores, while 22 
patients (14 %) underwent reoperation. Results 
from a smaller series at a different academic cen-
ter corroborated these fi ndings, with 14 of 17 
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patients achieving a minimum clinically impor-
tant difference in SST scores and three reopera-
tions [ 31 ]. 

 Results of arthroscopic glenoid resurfacing 
using a biologic animal-derived patch without 
humeral hemiarthroplasty were described by 
Savoie et al. in 2009 [ 20 ]. Twenty patients were 
evaluated at 3–6 years postoperatively, with 15 
patients remaining satisfi ed at latest follow-up 
and 5 patients undergoing reoperation (25 %) for 
humeral head replacement at 1–5 years after the 
index procedure. Of note, biopsies taken from the 
resurfaced glenoid at the time of revision showed 
viable chondrocytes in a hyaline-like matrix. De 
Beer et al. [ 23 ] reported similar results in 2010 
with arthroscopic resurfacing using human acel-
lular dermal allograft. Thirty-two patients were 
followed for a minimum of 2 years with 23 of 
these (72 %) considered successful outcomes.  

    Conclusions 

 Young active patients with advanced degener-
ative joint disease present a treatment dilemma 
once the clinical condition progresses and the 
decision is made to proceed with a shoulder 
arthroplasty. Non-prosthetic glenoid resurfac-
ing techniques include open concentric ream-
ing with hemiarthroplasty and open and 
arthroscopic interposition techniques. 
Confl icting results exist in the literature 
regarding outcomes after glenoid resurfacing 
and humeral head replacement, and the opti-
mal treatment of this population has yet to be 
determined. Patients should be counseled 
regarding the high potential for future reoper-
ation. Further study is needed to determine 
whether the addition of meniscal allograft 
interposition tissue results in superior out-
comes when compared to concentric reaming 
alone.     
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      Revision Total Shoulder 
Arthroplasty                     

     Tom     Lawrence      ,     Neil     Pennington      , 
and     John     Sperling     

          Introduction 

 Arthroplasty as a treatment for painful disabling 
conditions of the shoulder has undergone signifi -
cant development since the fi rst shoulder hemiar-
throplasty (HA) performed by Neer in 1953 [ 1 ] 
for proximal humeral fracture. The two major 
advances in shoulder arthroplasty have been the 
introduction of the glenoid component for total 
shoulder arthroplasty (TSA) in 1974 [ 2 ] and the 
concept of semi-constrained reverse shoulder 
arthroplasty (RSA) popularised by Grammont 
[ 3 ]. With these advances in implant design, the 
indications for shoulder arthroplasty have 
increased dramatically, as has the need for revi-
sion surgery [ 4 ]. 

 Management of the failed shoulder arthro-
plasty is challenging for the patient and surgeon. 
There may be many reasons why a primary shoul-
der arthroplasty has not produced the desired suc-
cessful outcome. It is important that the shoulder 
surgeon has a thorough understanding of the con-
cepts of revision shoulder arthroplasty to mini-
mise pitfalls and optimise outcomes. 

 This chapter considers the evaluation of a 
failed shoulder arthroplasty, addresses the specifi c 
indications for revision shoulder arthroplasty, 
along with the surgical techniques for undertaking 
such procedures and the likely outcomes.  

    Evaluation 

 Prior to revision surgery, the patient must be fully 
evaluated with a detailed history, clinical exami-
nation and appropriate tests. Documenting previ-
ous shoulder surgery, perioperative events and 
implants used provides invaluable information 
for the revision arthroplasty surgeon. When 
assessing the patient who presents with a failed 
arthroplasty, the surgeon must make an assess-
ment of a number of key factors:

•    Presence or absence of infection  
•   Component positioning and stability of the 

joint  
•   Loosening of either humeral or glenoid 

components  
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•   Wear of bearing surfaces – native or 
prosthetic  

•   Integrity and function of the rotator cuff and 
deltoid    

    Patient Complaints 

 Pain is by far the most common reason for a 
patient to seek further treatment following shoul-
der arthroplasty. Pain may occur at rest, prevent 
activities of daily living and disturb sleep. 
Another common reason for revision is limited 
function. There are many patients with failed 
shoulder replacements that are willing to tolerate 
some pain and shoulder dysfunction rather than 
undergoing revision surgery. It is important to 
discuss expected goals of revision surgery with 
patients and balance them with the potential risks 
when considering further surgery.  

    Physical Examination 

 Clinical examination should focus on assessment 
of the soft tissue envelope of the shoulder, range 
of motion and integrity of the rotator cuff and 
anterior deltoid. Visual inspection should assess 
for signs of infection, previous scars and wasting 
of the deltoid and rotator cuff. Range of motion 
should be assessed, passively and actively, and 
the cuff strength determined. Loss of active 
motion in the presence of preserved passive 
motion may indicate deltoid failure, axillary 
nerve palsy or severe cuff defi ciency. The sub-
scapularis should be tested using the lift-off or 
belly-press tests; rotator cuff integrity is crucial if 
revision to an unconstrained implant is being 
considered.  

    Imaging Studies 

 Radiographic evaluation should include a true 
anteroposterior (AP) view, scapular Y view and 
an axillary view. These should be critically 
assessed for implant positioning, wear and evi-
dence of loosening. The AP view may show 

proximal migration of the proximal humerus 
indicative of superior cuff failure. The axillary 
view may reveal evidence of humeral head sub-
luxation and allows an initial assessment of the 
glenoid version and bone stock. A computed 
tomography (CT) scan is necessary to more 
accurately assess glenoid and humeral version, 
loosening of components and glenoid bone 
stock. A CT arthrogram can provide more infor-
mation regarding the integrity of the surround-
ing soft tissues. In addition, the use of 3D 
reformats has been shown to be superior in aid-
ing surgical decision- making in comparison to 
2D scans [ 5 ]. Imaging of the rotator cuff may be 
considered where there is uncertainty from the 
clinical examination. Sperling et al. [ 6 ,  7 ] 
assessed the role of specialised MRI (magnetic 
resonance imaging) in painful shoulder arthro-
plasties undergoing revision surgery. MRI cor-
rectly predicted the presence of a cuff tear in 10 
of 11 shoulders and the absence of a tear in 8 of 
10. MRI also correctly predicted glenoid carti-
lage wear in eight of nine shoulders. The authors 
suggest that MRI might be a useful technique to 
determine the integrity of the rotator cuff and 
residual cartilage in the painful shoulder arthro-
plasty. Ultrasound (US) offers a dynamic non- 
invasive method to assess the rotator cuff 
without distortion from the metal implants; a 
few reports have shown it to be particularly use-
ful in evaluating the integrity of the subscapu-
laris after TSA [ 8 ].  

    Additional Tests 

 The possibility of infection should be considered 
in every revision shoulder arthroplasty, even in 
the absence of clinical symptoms and signs of 
infection, because indolent infection is prevalent. 
There are additional tests that may yield useful 
information in the workup of a failed shoulder 
arthroplasty; in particular blood investigations 
including white blood cell count, C-reactive pro-
tein and erythrocyte sedimentation rate can pro-
vide an indicator of any infective process. 

 If there is any concern regarding an underly-
ing infection, then samples should be acquired 
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for microbiological culture either by sterile joint 
aspiration or arthroscopic biopsy, although false 
positive rates are high [ 9 ]. All microbiology 
specimens should be subjected to extended cul-
tures and enrichment medium regimes as advised 
by a microbiologist to ensure the successful iden-
tifi cation of any low-virulence organisms, such as 
 Propionibacterium acnes .   

    Indications for Revision 

 There are a number of reasons why patients may 
require revision shoulder arthroplasty. In a review 
of 47 studies with non-constrained shoulder 
implants that were implanted for degenerative or 
infl ammatory conditions and had at least 2 years 
follow-up, complications occurred in 906 out of 
4,010 shoulders (22.6 %) [ 10 ]. Surgical revision 
was needed in 11.2 % of cases, with at least one 
of the implant components being changed in 
7.9 % of cases. Most complications were on the 
glenoid side: either bone wear in cases of hemiar-
throplasty (20.6 %) or loosening in cases of total 
arthroplasty (14.3 %). The cause of failure is 
important for treatment strategies but also in pre-
dicting prognosis following revision surgery. 
Dines et al. [ 11 ] reviewed 78 shoulders that 
underwent revision shoulder arthroplasty; they 
found that those undergoing revision for osseous 
or component-related problems achieved better 
results than those performed for soft tissue 
defi ciency. 

    Suboptimal Prosthesis Positioning 

 Neer fi rst recognised that poor component posi-
tioning was a cause for failure and suboptimal 
outcome following shoulder arthroplasty [ 12 ]. 
Humeral malpositioning and alterations of the 
centre of rotation of the glenohumeral joint have 
been found to be the most common surgical 
errors in one of the largest series of failed shoul-
der arthroplasties [ 13 ]. The single most common 
technical error in failed shoulder arthroplasty is 
overly superior placement of the humeral compo-
nent in relation to the greater tuberosity [ 13 ]. 

Anatomic reconstruction of the proximal 
humerus with regard to the glenohumeral centre 
of rotation and the relationship of the articular 
surface to the rotator cuff insertion have been 
shown to improve range of motion and shoulder 
function and provide indirect evidence of 
decreased glenoid loading and wear [ 14 ,  15 ]. In 
particular glenohumeral offset and the position-
ing of the humeral articular surface just superior 
to the greater tuberosity appear to be key in main-
taining optimal shoulder function [ 16 ,  17 ]. There 
is a strong association between component mal-
position and postoperative superior humeral 
migration (Fig.  10.1 ), glenoid loosening and 
excessive glenoid wear [ 18 – 20 ].

       Glenoid Failure 

 The single largest point of long-term failure in 
shoulder arthroplasty is due to failure of the gle-
noid, either due to erosion in hemiarthroplasty 
(HA) (Fig.  10.2 ) or excessive wear or loosening 
of glenoid component [ 17 – 20 ]. The prevalence 
of glenoid erosion has been estimated to approach 
100 % [ 21 ] with symptomatic glenoid erosion 
being most common after HA performed for 
arthritic conditions as opposed to arthroplasty for 
proximal humeral fracture [ 13 ]. Resurfacing of 
the glenoid has demonstrated improvements in 
patient-reported outcome measures [ 22 ,  23 ]; 
however there is no long-term comparative data 
on these groups of patients. Failure of the glenoid 
component following TSA is considered to be the 
most common reason for revision of shoulder 
arthroplasty [ 18 – 20 ,  24 ].

   The diagnosis of a loose glenoid component 
relies on identifying progressive radiological 
lucency surrounding the glenoid component in 
the presence of pain. Lucent lines associated with 
the glenoid component following TSA are 
 commonly reported, especially with the progres-
sion of time [ 25 ]. Torchia et al. [ 1 ] reported results 
at 5–17 years postoperatively and showed that 
early development of lucencies around the gle-
noid component on radiographs correlated to the 
development of subsequent symptomatic  glenoid 
loosening. This particular series  demonstrated 
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that at 12 years following surgery, 84 % of patients 
had radiographic evidence of peri- glenoid lucen-
cies in the implant bone interface [ 26 ]. Nagels 
et al. [ 27 ] defi ned radiological loosening as the 
observation of a progressive lucency around the 
glenoid component of 2 mm or more, spanning 
the whole cement-bone interface or an apparent 
shift in the position of the component. Deutsch 
et al. [ 28 ] attempted to further classify the pres-
ence of radiological loosening by setting out the 
following four features: circumferential radiolu-
cent line of at least 2 mm around the  glenoid com-
ponent, progression of radiolucent lines on serial 
radiographs, presence of cement fragmentation 
and gross component migration. 

 It is important to note that lucent lines 
around a glenoid component on plain radio-
graphs do not necessarily imply glenoid loosen-
ing [ 29 ]. The rate of clinical failure and revision 

a b

  Fig. 10.1    ( a ) Failed hemiarthroplasty with stem perforation, ( b ) Successful revision with a modular reverse geometry 
prosthesis treated with a modular reverse geometry prosthesis       

  Fig. 10.2    Severe native glenoid wear post resurfacing 
hemiarthroplasty       
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TSA due to a loose glenoid is lower than the 
rate of postoperative radiographic lucent lines 
and no defi nite causal relationship has been 
established. 

 The aetiology of glenoid loosening is multi-
factorial, including aseptic osteolysis, rotator 
cuff insuffi ciency and the so-called rocking horse 
phenomenon and infection. It is postulated that 
eccentric loading of the glenoid by the humeral 
head subjects the glenoid component to torque, 
ultimately generating tensile stress at either the 
bone-implant or bone-cement-implant interface, 
with the end result of loosening. The degree of 
eccentric loading has been found to be maximal 
in a superior-inferior direction, which presum-
ably explains the rates of glenoid loosening 
observed in patients with non-functional rotator 
cuffs [ 25 ]. It has also been shown that glenoid 
components implanted in a central position dem-
onstrate superior resistance to mechanical failure 
in comparison to those glenoid components 
implanted superiorly or inferiorly inclined or ret-
roverted positions [ 30 ].  

    Humeral Failure 

 Component loosening is much less common on 
the humeral side compared to that of the glenoid 
[ 31 ]. In a large study of 1,584 shoulder arthro-
plasties, the revision rate, for any cause, of the 
humeral component was 8 % at 10 years [ 31 ]. 
Humeral loosening may be due to aseptic osteol-
ysis but must raise the suspicion of infection. 
Risk factors for humeral revision include younger 
age, male gender, replacement due to posttrau-
matic arthritis and the use of a metal-backed gle-
noid component [ 31 ].  

    Instability 

 Shoulder subluxation or dislocation is a well- 
recognised complication of anatomic TSA; 
nearly 30 % of all complications associated 
with anatomic TSA relate to glenohumeral 
instability [ 6 ]. The overall rate of instability 
after TSA is 4.9 % of which 20 % of cases are 
posterior. Sanchez-Sotelo et al. [ 32 ] reported 

on 33 shoulders with anterior (Fig.  10.3 ) or 
posterior instability (Fig.  10.4 ). Based upon 
radiographic, clinical, and intraoperative fi nd-
ings, the authors attributed instability to abnor-
mal soft tissue tension in 21 shoulders, 
component malpositioning in 1 shoulder and a 
combination of factors in 11 cases. Excessive 
posterior capsular laxity was implicated in 10 
of the 14 shoulders with posterior instability, 1 
of which also had excessive anterior capsular 
tightness.

  Fig. 10.3    Anterior instability post TSA       

  Fig. 10.4    Posterior instability following TSA       
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    The most common cause for anterior insta-
bility is attributed to rupture of the subscapu-
laris. However, posterior instability is most 
likely multifactorial in nature including exces-
sive humeral retroversion, glenoid retroversion 
and failure to balance the soft tissues. Moeckel 
et al. [ 8 ] reported on three cases of posterior 
instability and found that retroversion of the 
glenoid and humeral component in combina-
tion with a tight subscapularis were causative 
factors.  

    Rotator Cuff 

 In the context of unconstrained shoulder arthro-
plasty, rotator cuff defi ciency can occur intra-
operatively or postoperatively. Risk factors for 
intraoperative injury include excessive retro-
version of the humeral saw cut, which may 
damage the supraspinatus and infraspinatus 
[ 30 ] and excessive humeral head resection. 
Chronic failure of the rotator cuff after HA or 
TSA manifests as pain, lack of function and 
superior migration of the humeral head. This 
radiographic fi nding has been reported in up to 
46 % of TSA procedures [ 5 ]. Whilst the true 
incidence of revision for rotator cuff failure is 
not well documented, there are an increasing 
number of reports of revision to RSA for this 
problem [ 33 ].   

    Infection 

 Infection is a rare (1 %) but devastating compli-
cation following shoulder arthroplasty [ 18 ]. 
Risk factors for infection include diabetes, 
infection at a distant site, revision surgery, pre-
vious local radiotherapy, infl ammatory arthrop-
athies, immunosuppression, advanced age and 
malnutrition [ 18 ,  34 ]. Infection must be a con-
sideration in the evaluation of any patient with 
postoperative shoulder pain, especially in the 
context of radiographic evidence of loosening 
[ 34 ]. A detailed discussion related to the 
infected shoulder arthroplasty is covered in a 
separate chapter.  

    Surgical Techniques 
and Considerations 

 Prior to commencing surgery, previous operative 
reports should be accessed to confi rm the index 
surgical approach, operative fi ndings and type of 
implant that was used. The surgeon should be 
familiar with the implant that is being revised and 
have available any necessary instruments to assist 
removal. 

    Surgical Exposure 

 The patient is set up in the beach-chair position 
following general anaesthesia and an inter- 
scalene nerve block. Perform an examination 
under anaesthesia to determine degree of fl exion, 
abduction, and external and internal rotation. 
Restriction in motion can direct the surgeon to 
the releases required. 

 Previous incisions are incorporated if possible 
although there should be a low threshold for a 
new incision in the optimal position away from 
the axilla to minimise contamination. The delto-
pectoral approach is generally recommended for 
use during revision cases, given it is extensile, to 
provide access to almost the entire humeral shaft 
distally. This is particularly relevant in cases 
where removal of a well-fi xed humeral compo-
nent is necessary. An anteromedial approach to 
the shoulder with detachment of the anterior del-
toid from its clavicular and anterior acromial ori-
gins has been described as a method of enhancing 
exposure for diffi cult cases [ 35 ]. The surgeon 
should be aware that the cephalic vein can often 
no longer be relied upon as a landmark in revi-
sion surgery and that the delta-pectoral interval 
may be diffi cult to fi nd due to scarring. It is best 
to start the dissection proximally adjacent to the 
most medial aspect of the deltoid origin from the 
clavicle. The superior 1–2 cm of pectoralis major 
insertion should be released to facilitate 
exposure. 

 There will frequently be dense adhesions on 
the deep surface of deltoid and lateral border 
of the conjoint tendon. Both surgical planes 
will need to be carefully developed, affording 
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 signifi cant care for the axillary and musculocuta-
neous nerves. First release the adhesions on the 
lateral aspect of the conjoint tendon by starting 
on the lateral aspect of the coracoid and working 
distally, and subsequently develop the planes on 
the anterior and superior aspects of subscapu-
laris. Develop the subcoracoid space, and retract 
the conjoint tendon medially taking care not to 
injure the musculocutaneous nerve [ 36 ] and bra-
chial plexus [ 37 ]. 

 Next release the subacromial and subdeltoid 
spaces with a combination of sharp and blunt dis-
section. Flexion and internal rotation of the arm 
further exposes this tissue plane and allows prox-
imal dissection up into the subacromial space. 
After the rotator cuff is identifi ed, scar tissue is 
excised. To complete and confi rm the subdeltoid 
release, use an index fi nger to sweep superiorly, 
posteriorly, laterally and fi nally anteriorly. At this 
point the deltoid should be fully separated and 
mobile from the rotator cuff and the underlying 
proximal humerus down to the level of the del-
toid insertion; this will allow easy insertion of 
retractors to expose the subscapularis and rotator 
interval. 

 Protection of the axillary nerve is necessary 
throughout the procedure; it is found at the infe-
rior border of the subscapularis in the subcora-
coid space although identifi cation may be diffi cult 
in cases of severe scarring. The “tug test” [ 38 ] 
can be useful to facilitate identifi cation of the 
axillary nerve; this is performed by placing a fi n-
ger from one hand on the nerve as it passes infe-
rior to subscapularis and a fi nger from the other 
hand under the deltoid on the anterior branch of 
the nerve. The application of gentle pressure 
from one end will allow the transmission to be 
felt in the other end confi rming the location of the 
nerve as well as demonstrating undersurface 
release of the deltoid. The long head of biceps 
should be examined and if diseased or scarred 
within the joint, then a tenotomy or tenodesis are 
performed. 

 After complete extra-articular mobilisation, 
the rotator interval is identifi ed and opened. The 
coracoacromial ligament overhangs the rotator 
interval and therefore excision may improve 
exposure. The method of subscapularis release is 

determined by the degree of limitation of external 
rotation and the quality and thickness of the ten-
don. Typically, each centimetre increase of sub-
scapularis length increases external rotation by 
approximately 20° [ 39 ]. The surgical options 
include a standard subscapularis tenotomy with 
capsular releases (for ER greater than 40°), sub-
scapularis release directly from its bony insertion 
with subsequent medial reattachment (for ER 
between 20 and 40°) and a Z-lengthening of the 
tendon (for ER less than 20°). 

 The simplest and most familiar technique is a 
subscapularis tenotomy with circumferential 
release to increase tendon excursion and lateral 
advancement. A vertical incision is made by the 
use of a scalpel or electrocautery through the ten-
dinous portion of the subscapularis 1 cm medial 
to its insertion on the lesser tuberosity to allow 
for direct tissue repair. Attention is paid to ligate 
or cauterise the anterior humeral circumfl ex 
artery as it crosses the inferior aspect of the ten-
don, and the arm should be placed in external 
rotation and adduction to further protect the axil-
lary nerve. Simple traction sutures are then 
placed in the edge of the subscapularis tendon 
along the line of the tenotomy to facilitate mobil-
isation. Once the subscapularis has been divided, 
a circumferential release can be performed to 
maximise the muscle-tendon unit excursion. This 
release involves freeing its superior margin from 
the coracoid (coracohumeral ligament), the pos-
terior surface from the anterior capsule and scap-
ular neck, the inferior border from the axillary 
nerve and circumfl ex vessels and the anterior sur-
face from the conjoined tendon [ 40 ]. 

 The second option for the subscapularis is to 
dissect the tendon directly from its insertion on 
the lesser tuberosity with a more medial 
 reattachment to effectively lengthen the muscle-
tendon unit (subscapularis “peel”) The subscapu-
laris and capsule are dissected off the humerus as 
a single unit after which a circumferential release 
is performed as described above. Once the intra- 
articular release is completed, the subscapularis 
tendon is reattached to the humerus via trans- 
osseous sutures or anchors. 

 Third, for tendons of suffi cient quality and 
thickness, a subscapularis Z-plasty to lengthen 
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the subscapularis is an option, although this is 
contraindicated if the tendon is thin and atrophic. 
Subscapularis Z-plasty was originally described 
for internal rotation contractures after surgery for 
recurrent anterior instability [ 41 ,  42 ]. A modifi -
cation of this technique was described by Green 
and Norris [ 43 ] in the setting of shoulder arthro-
plasty for glenohumeral arthritis after anterior 
instability repair. Essentially the technique 
involves carefully dividing the anterior half of the 
subscapularis tendon at the margin of the lesser 
tuberosity, leaving the posterior half of the ten-
don attached. The anterior half of the tendon is 
then dissected medially to the level of the anterior 
glenoid, and the anterior capsule is divided at this 
level to create two tissue fl aps. The lateral aspect 
of the anterior fl ap is sutured to the medial edge 
of the posterior fl ap to effectively lengthen the 
subscapularis. Nicholson et al. [ 44 ] have 
described a coronal Z-lengthening for internal 
rotation contractures in the setting of shoulder 
arthroplasty using the plane between the sub-
scapularis and capsule which are then sutured to 
each other, creating an overlapping slide instead 
of an end to end repair. It is important to be aware 
that there are signifi cant concerns regarding sub-
scapularis Z-plasty, namely, that the repair is 
weak and that failure will lead to shoulder insta-
bility and that internal rotation strength is dimin-
ished. As a result of these issues, many authors 
have moved away from performing subscapularis 
Z-plasty. 

 The proximal humerus can now be dislocated 
anteriorly giving access to the humeral head; 
when doing so, care should be taken as to not use 
excessive external rotation force that can lead to 
an iatrogenic fracture or rotator cuff tear.  

    Humeral Component Revision 

 In most revision cases, the humeral component 
will need to be removed. Furthermore, in the 
majority of cases, the humeral stem is well fi xed 
either with cement or bone on-growth. For this 
reason removal can be a challenging procedure 
that requires experience and appropriate instru-
mentation to minimise the risk of fracture and 

humeral bone defects. Occasionally the humeral 
stem can be retained if the implant is modular 
and only the glenoid requires revision. The most 
common reason is when revising a HA to a TSA 
or a TSA with a loose glenoid. There are also 
modern platform systems now available that 
allow conversion of an anatomic shoulder to a 
reverse without exchange of the humeral 
component. 

 In the fi rst instance, scar tissue surrounding 
the neck of the prosthesis is removed. If the 
implant is modular, then the head is removed 
using a tuning fork. The proximal bone-implant 
or cement-implant interface is disrupted with the 
use of fi ne high-speed burrs and narrow osteo-
tomes to facilitate implant removal (Fig.  10.5 ). 
Some implants have a connector for the stem 
with a slap-hammer adapter that will facilitate 
stem removal. If this is not the case, then 
a square-tipped impactor placed under the 

  Fig. 10.5    Use of high-speed burr to facilitated compo-
nent removal       

 

T. Lawrence et al.



137

 infero- medial aspect of the neck is struck with a 
mallet to try to extract the implant (Fig.  10.6 ). In 
the situation where this does not work, and the 
humeral component remains well fi xed further 
distally, then an anterior longitudinal humeral 
osteotomy can be used to gain access to the 
remaining humeral implant in a safe and con-
trolled manner [ 13 ]. Sperling and Cofi eld have 
also described the application of a number of dif-
ferent humeral cortical “windows” to facilitate 
the removal of a well-fi xed humeral stem [ 31 ]. 
They describe anterior humeral windows 
(Fig.  10.7 ) and advocate the use of a proximal 
medial humeral window (Fig.  10.8 ) when revis-
ing a humeral component with only proximal 
coating and a smooth distal stem. In contrast for 
fully textured components, or those with a well- 
fi xed cement mantle, they recommend an anterior 
cortical window, which can be subsequently 
bypassed by a longer humeral revision stem. 

Good rates of union were achieved through either 
suture or wire cerclage fi xation of the windows 
and a stable construct achieved using a cemented 
revision stem [ 31 ]. Pre-drilling in the line of the 
proposed osteotomy is a useful technique to 
avoid unwanted distal fracture propagation, and 
cerclage wires can be positioned prior to revision 
stem insertion for osteotomy fi xation. The use of 
distal humeral windows has also been described 
for gaining access to the stem tip and distal 
cement mantle [ 12 ]. Ultrasonic devices may aid 
cement removal, but we would advocate caution 
to the potential risk of thermal injury to the radial 
nerve. Efforts to remove all cement in its entirety 
are only necessary in the case of revision for 
infection; in the absence of infection, a cement- 
in- cement revision can be performed.

      Larger proximal bony defi ciencies pose an 
additional challenge to the revision surgeon. 
Reconstructive options include the use of an 
allograft-prosthetic composite, a modular revision 

  Fig. 10.6    Utilisation of impactor to facilitate humeral 
component removal       
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  Fig. 10.7    Anterior humeral window [ 31 ]       
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component system or custom tumour-type pros-
theses. Chacon et al. [ 45 ] reported high rates of 
bone incorporation with the use of APC combined 
with a reverse implant. The use of newer modular 
proximal humeral prostheses is an attractive option 
as it allows the resection level to be determined at 
the time of surgery and intraoperative fl exibility 
via extensive component modularity (Fig.  10.1 ).  

    Glenoid Component Revision 

 Addressing the glenoid component is also very 
challenging during revision shoulder arthro-
plasty. The mode of failure and glenoid bone 
stock should be assessed prior to surgery. Large 

glenoid bony defi ciencies frequently  compromise 
implant fi xation in a revision setting and some-
times may preclude glenoid component place-
ment altogether [ 29 ]. In the case of an isolated 
loose glenoid component in a patient who is too 
frail to undergo major revision surgery, 
arthroscopic extraction of the loose component 
has been described with good postoperative 
results in a small series of patients [ 46 ]. 

 After the humeral side has been addressed, the 
glenoid is exposed for revision. In the case of a 
failed HA with minimal bone loss, the glenoid 
can be replaced in the standard fashion. For an all 
polyethylene glenoid that is well fi xed, the com-
ponent can be cut into equal segments with a sag-
ittal saw (Fig.  10.9 ). This allows piecemeal 
removal (Fig.  10.10 ) whilst minimising damage 
to the underlying glenoid bone stock. The central 
peg or keel can then be extracted using a rongeur, 
and the remaining cement mantle can be removed 
using osteotomes or a high-speed burr. Removal 
of metal-backed components can be associated 
with increased glenoid bone loss, so this should 
be done cautiously in a manner that preserves as 
much glenoid bone as possible. After removal of 
the glenoid, gentle reaming of the glenoid surface 
is performed to remove any fi brous tissue and to 
expose healthy subchondral bone.

    The glenoid should now be carefully inspected 
to assess the location and extent of bone loss and 
the feasibility of reimplantation. Defects have 
been classifi ed as central, peripheral and com-
bined, which in turn can be mild, moderate or 
severe (Fig.  10.11 ). Defi ciencies are classifi ed as 
mild if they involve less than a third of the gle-
noid rim or surface, moderate if they involve 
between one- and two-thirds and severe if they 
involve greater than two-thirds. Mild and moder-
ate defi ciencies may be suitable for single-stage 
reimplantation with or without bone grafting 
whilst severe defects may preclude reimplanta-
tion. Superior outcomes have been observed 
when bone grafting and glenoid implantation are 
compared to cases where bone grafting alone is 
performed [ 47 ]. Cheung et al. [ 48 ] performed 
revision in 68 shoulders for glenoid loosening. In 
33 patients, new glenoid implantation was 
possible at the time of the revision procedure, and 

  Fig. 10.8    Medial humeral window [ 31 ]       
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the remaining patients were revised to HA with 
glenoid bone grafting. Benefi ts of glenoid reim-
plantation were increased in forward elevation 
and greater patient satisfaction. The rate of 
revision- free survival at 5 years was not signifi -
cantly different between the two groups. Overall, 
the results suggested that a new glenoid compo-
nent should be implanted if structurally feasible.

   Severe central or combined defi ciencies may 
preclude a new component being implanted. In 
this situation, bone grafting using either cancel-
lous or corticocancellous bone should be per-
formed to restore glenoid bone stock and facilitate 
potential future glenoid revision. Selective second- 
stage glenoid component implantation is consid-
ered only in those patients who continue to report 
pain once the fi rst-stage graft has fully consoli-
dated [ 21 ,  47 ] Phipatanakul and Norris [ 21 ] 
reported on 24 patients undergoing revision TSA 
with removal of the glenoid component and bone 
grafting. Eighteen patients had adequate pain 
relief after the initial procedure, and four patients 
achieved good pain relief after a second- stage gle-
noid implantation for persistent pain. Graft subsid-
ence was reported in 10 out of 20 cases (50 %) 
although it did not preclude placement of a new 
glenoid component during the second-stage revi-
sion. Overall, the investigators found bone grafting 
of the glenoid benefi cial in terms of pain relief as 
well as enabling delayed glenoid implantation. 
However, range of motion did not improve signifi -
cantly and graft subsidence rate was concerning. 

 The two available techniques for bone grafting 
of a glenoid defect are corticocancellous impac-
tion grafting or the use of a structural cortical bone 
graft. The type of defect, and whether it is con-
tained or un-contained, will determine the appro-
priateness of the use of these available techniques. 
Central contained glenoid defects are typically 
managed with cancellous bone graft, whilst 
peripheral and combined defects are addressed 
with a combination of cancellous and structural 
bone graft. In cases with an isolated central gle-
noid defi ciency, Neyton et al. [ 49 ] have described 
a technique using a central bicortical graft with the 
cortical aspect of the graft positioned laterally, 
with further cancellous graft packed peripherally 
and medially behind the cortical graft. In cases 

  Fig. 10.9    Use of sagittal saw to remove polyethylene 
glenoid       

  Fig. 10.10    Piecemeal removal of glenoid pegs       
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with a peripheral defi ciency, the same group 
describes the use of a bicortical graft secured with 
two cortical screws and then further cancellous 
graft being packed into the now “contained” resid-
ual defect. The biggest problem with impaction 
grafting alone is the risk of subsidence. Cancellous 
allograft either in morcellized or structural form 
has been associated with resorption and medializa-
tion of the humeral head [ 50 ]. When using struc-
tural grafts that are fi xed with screws, placement 
should be planned to avoid interference with the 
glenoid component fi xation. Although initial 
results were encouraging with the use of bulk 
allografts, longer-term follow-up has revealed evi-
dence of graft resorption on radiographs [ 34 ].  

    Management of Instability 

 Anterior instability most commonly arises from 
failure of subscapularis, which is the main 
restraint to anterior glenohumeral translation. 

Mobilisation and repair of a ruptured subscapu-
laris following shoulder arthroplasty patient is 
entirely dependent on the chronicity of the ten-
don failure. Early intervention implies easier 
mobilisation of the torn tendon from the anterior 
glenoid neck and possible direct repair. However, 
the subscapularis typically retracts quickly after 
rupture making adequate mobilisation and repair 
impossible. Pectoralis major transfer has been 
described to augment defi cient anterior structures 
although results in the setting of TSA are associ-
ated with high failure rates [ 51 ]. More recently 
more predictable results have been achieved with 
conversion to reverse shoulder arthroplasty [ 52 ]. 

 Surgical management of posterior instability 
after shoulder arthroplasty has traditionally 
involved improving component position and soft 
tissue balance including release of tight anterior 
structures and plication of the lax posterior cap-
sule [ 53 ,  54 ]. When considering shoulder arthro-
plasty revision for posterior instability, the 
surgeon should have a thorough understanding of 
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Moderate Severe  Fig. 10.11    Classifi cation of 
glenoid bone defects [ 47 ]       
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the factors that predispose to the problem to opti-
mise the chance of a successful outcome. Few 
studies have reported on the results after revision 
for posterior instability after shoulder arthro-
plasty. Furthermore, due to the limited number of 
patients, these reports have combined anterior 
and posterior instability cases making the results 
more diffi cult to evaluate. Moeckel et al.[ 8 ] 
reported on 7 cases of anterior instability and 3 
cases of posterior instability in a series of 236 
total shoulder arthroplasties. Revision surgery 
restored stability in all seven of the anteriorly 
unstable shoulders, whereas of the three with 
posterior instability, only two were stable at fol-
low- up. The fi nal patient failed two revisions and 
eventually underwent component removal. In a 
multicentre study performed by Ahrens et al. [ 55 ] 
consisting of 29 patients with posterior instabil-
ity, revision surgery was successful in only 53 % 
of cases. In the Mayo Clinic [ 32 ] series of revi-
sion procedures for instability, 8 of the 14 shoul-
ders with posterior instability underwent posterior 
capsule plication. However, 7 of the 14 patients 
required additional revision surgery in an attempt 
to restore stability. The authors concluded that 
surgical treatment of instability after shoulder 
arthroplasty is associated with a moderately high 
failure rate. The results of these studies suggest 
that the surgical treatment of posterior instability 
after shoulder arthroplasty with unconstrained 
anatomic components is associated with a signifi -
cant failure rate, particularly when soft tissue 
procedures alone are performed. On this basis, 
RSA has emerged as an attractive revision 
alternative. 

 Abdel et al. [ 52 ] published results on 33 unsta-
ble anatomic shoulder arthroplasties that were 
revised to a reverse design of which two patients 
had posterior instability. Outcomes evaluated 
included visual analogue scores (VAS) for pain, 
range of motion, shoulder stability and Neer rat-
ing. The mean age of the patients at the time of 
revision surgery was 71 years. They were fol-
lowed for a mean of 42 months (range, 
25–71 months) or until revision surgery (one 
patient) or death (two patients). The average time 
from the index arthroplasty to revision was 
26 months. Pain scores improved signifi cantly as 

did mean active forward elevation from 40 to 97°, 
whereas there was no difference in internal or 
external rotation. At last follow-up 31 shoulders 
(94 %) were stable, the remaining two patients 
experienced dislocations, one at 2.5 weeks post-
operatively and the other at 3 months postopera-
tively. According to the Neer rating system, there 
were 13 excellent, 10 satisfactory and 10 unsatis-
factory results. The authors concluded that revi-
sion to a reverse prosthesis reliably restores 
shoulder stability with improved pain and active 
elevation although the overall results are inferior 
to the outcome with RSA in cuff-tear arthropathy. 
Whilst there is currently no literature available 
directly comparing the results of revision for 
instability using anatomic versus reverse tech-
niques, these studies suggest that revision to RSA 
more predictably restores shoulder stability with 
better clinical outcomes compared to revision 
using anatomic components. It should be remem-
bered that this is a complex patient group and that 
complication and revision rates remain high.  

    Revision to Reverse Shoulder 
Arthroplasty 

 Rotator cuff dysfunction (involving either the 
anterior or superior cuff) is a common cause of 
failed anatomic shoulder arthroplasty. This is 
associated with signifi cant pain and loss of func-
tion. Revision surgeries using anatomic prosthe-
sis designs are often disappointing. For this 
reason reverse shoulder arthroplasty (RSA) has 
emerged as an attractive revision alternative in 
dealing with a failed HA or TSA with cuff defi -
ciency with or without bone loss [ 56 ]. RSA pro-
vides increased stability due to greater constraint 
and conformity enhanced by the increased ten-
sion within the deltoid muscle, which generates 
greater compressive forces across the glenohu-
meral joint. 

 Once the glenoid component has been 
removed, the glenoid should be carefully inspected 
to assess the location and extent of bone loss. 
Glenoid bone defects must be addressed to obtain 
secure fi xation of the reverse baseplate, and larger 
defects may require  structural bone grafts or may 
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even preclude implantation of a component. The 
guide pin is positioned in the appropriate location, 
and reaming is kept to a minimum to maintain 
subchondral bone and allow seating of the base-
plate. The baseplate is now secured in place in a 
standard fashion with a combination of central 
and peripheral screws. The glenosphere is inserted 
using the largest available diameter to enhance 
stability and lessen the chance of dislocation. The 
humerus is brought into the wound, taking care 
not to get caught on the glenosphere in doing so, a 
trial liner is inserted on the trial humeral compo-
nent and the shoulder reduced and the stability 
and tension assessed. The trials are now removed 
and the defi nitive implants inserted. 

 Walker et al. [ 57 ] performed a retrospective 
case series of 24 patients with failed TSA who 
were treated with conversion to RSA. Indications 
for conversion to RSA included failure of TSA 
from glenohumeral instability in 19, mechanical 
failure of the humeral or glenoid component in 
10 and infection in 2. American Shoulder and 
Elbow Surgeons score improved from 38.5 pre-
operatively to 67.5. Fourteen patients rated their 
outcome as excellent, 3 as good, 3 as satisfactory 
and 2 as unsatisfactory. The overall complication 
rate was 22.7 %. The authors concluded that RSA 
is an effective treatment for failed TSA by 
decreasing pain and improving shoulder function 
although RSA in the revision setting is associated 
with a higher complication rate. 

 Patel et al. [ 15 ] considered the outcomes of 31 
patients with a failed anatomic arthroplasty that 
were revised to a RSA; their results showed sta-
tistically signifi cant improvement in all outcome 
measures. Improved function and pain relief were 
reliably achieved with 82.2 % or patients report-
ing a satisfactory, good or excellent outcome; the 
greatest improvement was noted in revision of 
failed TSA [ 15 ]. The authors concluded that RSA 
is a reliable salvage option for a challenging clin-
ical problem. Kelly et al. [ 16 ] also found a signifi -
cant improvement in function and pain when 
using RSA as a revision tool, although a compli-
cation rate of 50 % was observed in those requir-
ing concomitant tri- cortical glenoid bone 
grafting; 80 % of these patients remained either 
satisfi ed or very satisfi ed with their outcome. 

 Melis et al. [ 58 ] specifi cally considered the 
outcome of RSA used to address aseptic glenoid 
loosening in 37 patients, 78 % requiring an asso-
ciated structural bone graft in combination with 
glenosphere insertion. In three cases early gle-
noid component loosening was observed due to 
the use of baseplate with an insuffi ciently long 
central peg to provide adequate primary fi xation 
to native glenoid bone. Two of these cases 
required revision to a “long-pegged” baseplate, 
going on to demonstrate successful radiological 
graft incorporation, and one was converted to a 
HA. Given the encouraging rates of graft incor-
poration that have been seen with RSA prosthe-
ses, some surgeons prefer to use RSA and bone 
grafting as a revision tool to address a glenoid 
bony defi ciency even in the setting of an intact 
rotator cuff.   

    Conclusion 

 Revision shoulder arthroplasty is challenging 
for the patient and surgeon. Successful man-
agement of the failed shoulder arthroplasty 
starts with a thorough assessment of the 
patient, adequate imaging studies and exclu-
sion of infection. The mode of failure must be 
clearly identifi ed to direct the subsequent 
treatment strategy. Patients should be coun-
selled carefully with regard to expected out-
comes and potential complications. The 
surgeon should be clearly aware of the techni-
cal challenges presented by the exposure, 
removal of humeral and glenoid components 
and reimplantation. Soft tissue and bone defi -
ciencies may preclude revision to a further 
anatomic implant, which has led to the 
expanding role of RSA in the revision setting.     
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      Hemiarthroplasty 
for the Treatment of Proximal 
Humerus Fractures                     

     Jia-Wei     Kevin     Ko       and     Charles     L.     Getz     

          Introduction 

 The majority of proximal humerus fractures 
encountered can be managed without surgical 
intervention [ 1 ]. However, more severe fractures, 
including three- and four-part proximal humeral 
fractures, may account for approximately 5 % of 
those seen [ 2 ]. In these types of fractures, surgi-
cal intervention may be considered in order to 
optimize patient function and pain relief. 

 Since the contributions of Dr. Neer, fractures that 
were not amenable to fi xation routinely underwent 
proximal humeral replacement arthroplasty [ 1 ]. 
More recently, advancements in techniques of 
osteosynthesis and the development of reverse 
shoulder arthroplasty have narrowed the indications 
for anatomical prosthetic replacement. Nonetheless, 
hemiarthroplasty still has a role in the treatment of 
displaced proximal humeral fractures. Successful 
utilization of shoulder hemiarthroplasty for the 
treatment of fractures relies on a keen understand-
ing of anatomy, careful patient evaluation, surgical 

planning, and meticulous surgical technique, as 
well as minimization of complications.  

    Classifi cation 

 Proximal humeral fractures were initially described 
by Codman [ 3 ]. His classifi cation system was based 
on the anatomical position of the fracture relative to 
the major proximal humeral segments as divided by 
physeal lines. These major fragments included the 
humeral head, the greater tuberosity, the lesser 
tuberosity, and the surgical neck. Neer modifi ed 
this classifi cation to add fracture displacement and 
angulation to the defi nition of a fracture “part,” in 
what is now the most universally recognized clas-
sifi cation system used today [ 4 ] (Fig.  11.1 ).

   Other less commonly utilized classifi cations 
include the AO classifi cation system and the Hertel 
classifi cation. The AO classifi cation system is 
based on the universal classifi cation principles 
used to classify articular fractures throughout all 
long bones [ 5 ]. A-type fractures include extra-
articular unifocal fractures; B-type fractures 
include extra-articular bifocal fractures; lastly, 
C-type fractures include articular fractures. The 
Hertel classifi cation system was essentially a mod-
ifi cation of other anatomical classifi cation systems 
but also furthered the concept that fracture pattern 
could predict humeral head ischemia at the time of 
fracture fi xation [ 6 ]. In his series, the amount of 
metaphyseal head extension (<8 mm) and the 
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integrity of the medial hinge (displacement >2 mm) 
were most predictive of ischemia (Fig.  11.2 ).

       Anatomical Considerations 

 Vital to any attempt at reconstruction of the proxi-
mal humerus is a thorough knowledge of its anat-
omy and its range of variability. As noted above, 
there are four major segments to the proximal 
humerus, which represent the division between each 
of the ossifi cation centers of the proximal humerus 
during skeletal growth. These include the humeral 
head, the greater tuberosity, the lesser tuberosity, 
and the surgical neck. These segments represent the 
major fracture lines and fracture fragments that 
should be identifi ed and controlled in all cases. 

 The humeral head is retroverted in relation to 
the trans-epicondylar axis of the distal humerus. 
Studies have demonstrated substantial variability 
in the amount of retroversion that exists in the 
proximal humerus, but on average the humeral 
head exists around 19° of retroversion [ 7 ,  8 ]. When 
taking into account the valgus carrying angle of the 
elbow, this corresponds to about 30° of retroversion 
with respect to the axis of the ulna, which can be a 
more easily identifi able intraoperatively. 
Historically, the bicipital groove has been utilized 
as a point of reference for humeral head retrover-
sion. In an anatomical study based on computed 
tomography scans, Boileau et al. noted that the cen-
tral axis of the humeral head exists 7 mm (95 % CI 
6.1–7.9 mm) posterior to the posterior margin of 
the bicipital groove [ 9 ]. This distance may have 
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less variability than humeral head retroversion 
making it a more reliable landmark. However, limi-
tations in the utility of the bicipital groove were 
also demonstrated in a prior study by Balg et al. 
who noted that there was substantial variation 
between patients and between the proximal to dis-
tal portions of the bicipital groove as the anatomy 
of the groove is more s-shaped rather than being 
straight [ 10 ]. The neck-shaft angle also exists 
within a range of variability. Several studies inves-
tigating this topic demonstrate that the mean neck-
shaft exists between 130 and 135° [ 8 ,  11 ,  12 ]. 

 Another important anatomical consideration is 
the blood supply to the proximal humerus. 
Traditionally, the majority of the blood supply was 
thought to occur through the anterior humeral cir-

cumfl ex artery and its concomitant arcuate branch. 
This belief was based upon a classic study by 
Brooks et al. who also noted that this branch was 
disrupted in most four-part proximal humeral frac-
tures [ 13 ]. However, more recent studies have ques-
tioned the true dominance of the anterior humeral 
circumfl ex and suggested an increased role of the 
posterior humeral circumfl ex artery [ 14 ,  15 ]. As 
mentioned above, Hertel et al. noted some radio-
graphic predictors for humeral head vascularity. 
They found that metaphyseal extension of the frac-
ture line greater than 8 mm into the metaphysis and 
preservation of the medial hinge were predictive of 
preserved vascularity [ 6 ]. While preservation of the 
blood supply is thought to be an important determi-
nant between fi xation and arthroplasty options of 
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treatment for proximal humeral fractures, it is now 
recognized that reperfusion of the humeral head is 
possible even if blood supply to the humeral head is 
disrupted initially [ 16 ]. Therefore, it is likely that 
patient-related factors such as age, activity level, 
and bone quality may be more important determi-
nants of treatment compared to the maintenance of 
humeral head blood supply alone. 

 The attachments and relationships of the soft 
tissue structures of the proximal humerus are use-
ful to understand the deforming forces on each of 
the fracture fragments and also as anatomical 
landmarks for reconstruction. The greater tuber-
osity serves as the attachment site of the supraspi-
natus, infraspinatus, and teres minor tendons. 
This tends to pull this fragment posterosuperiorly 
in the shoulder and can lead to varus deformity 
through the fracture. The subscapularis attaches 
to the lesser tuberosity and tends to displace this 
fragment medially. The pectoralis major can also 
act as a deforming force pulling the shaft more 
medially. The pectoralis major tendon insertion is 
also an important landmark for judging or recreat-
ing humeral head height, particularly in instances 
in which extensive comminution may obscure 
normal bony landmarks. On average, the top of 
the humeral head is 5.6 cm superior to the pecto-
ralis major insertion on the humeral shaft [ 17 ].  

    Indications for Surgery 

 Determining a plan for surgery depends upon 
both fracture characteristics and patient charac-
teristics. While both have an effect on determin-
ing treatment options independently, they must 
be considered in conjunction to determine opti-
mal treatment for a particular patient. 

 Proximal humeral fracture characteristics that 
favor treatment with hemiarthroplasty include 
four-part and some three-part fractures. Increased 
fracture displacement, comminution, and head 
dislocation all suggest a higher likelihood of 
compromised vascular supply, which may 
impede healing or lead to avascular necrosis. 
Likewise, head-splitting fractures pose a chal-
lenge to fi xation and to vascularity, which may 
make replacement options more favorable. 

 However, there are many other aspects to con-
sider other than the technical diffi culty of osteo-
synthesis or the vascularity or the humeral head, 
especially when we now recognize that many 
fractures which initially compromised humeral 
head blood supply may undergo reperfusion [ 16 ]. 
It is also important to consider the age of the 
patient, their functional expectations, and implant 
survivorship. Therefore, we generally hesitate 
considering replacement options in active 
patients less than 60 years old. Likewise, in older 
patients (>70 years old) who are of low func-
tional demand and diminished ability to partici-
pate in rehabilitation, reverse shoulder 
arthroplasty may be a more viable option. The 
bone quality of a patient may preclude satisfac-
tory bone purchase for fi xation techniques, and in 
these instances, prosthetic options will likely pro-
vide more reliable outcomes. Lastly, the status of 
the rotator cuff is an important factor to consider. 
While a defi cient rotator cuff does not absolutely 
preclude fi xation or hemiarthroplasty options, 
more reliable function may be achieved with 
reverse shoulder arthroplasty. There are no abso-
lute indications for hemiarthroplasty over other 
treatment options; however, the optimal scenario 
is a displaced four-part proximal humerus frac-
ture in an older but moderately active patient with 
diminished bone quality (but good tuberosity 
bone) and an intact rotator cuff. 

 Absolute contraindications to placement of a 
hemiarthroplasty for fracture are few but include 
severe neurologic compromise of the extremity 
or patients with an active infection of the 
shoulder.  

    Alternatives to Hemiarthroplasty 

 Several alternatives exist to hemiarthroplasty for 
the treatment of displaced three- and four-part 
proximal humeral fractures. Many of these may 
represent more viable options in certain patients 
with characteristics as described above. Multiple 
techniques of osseous fi xation with various 
degrees of invasiveness have been described. 
Each of these can be effective in appropriately 
selected patients but are generally favored in the 
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younger and more active patients. Reverse shoul-
der arthroplasty is becoming a more popular 
treatment option and may yield more predictable 
results in lower-demand elderly patients. Lastly, 
nonoperative treatment may be the best course of 
treatment for most low-demand patients in which 
comorbid conditions render their surgical risk to 
be too high.  

    Preoperative Evaluation 

 Physical examination of a patient with a proximal 
humerus fracture is often limited given the pain 
associated with the fracture. Examination focuses 
on neurovascular status and ensuring there are no 
associated injuries. There are reports of axillary 
artery injury following proximal humerus frac-
tures. Therefore a thorough examination of distal 
pulses and a high index of suspicion are required, 
particularly in displaced four-part fractures or frac-
ture dislocations [ 18 ]. Likewise, the axillary nerve 
can also be at risk along with other nerves emanat-
ing from the brachial plexus. Subtle nerve injuries 
are likely more common than is generally thought 
with reports that they may exist in up to 67 % of 
fractures [ 19 ]. However, it is rare that formal nerve 
exploration is required, as most are from neuro-
praxia and resolve without specifi c intervention. 

 All proximal humeral fractures should also be 
evaluated with plain radiographs. This typically 

includes a trauma series of the shoulder, which 
includes an AP view, scapular Y view, and an 
axillary view (Fig.  11.3 ). If the axillary view is 
too diffi cult to obtain due to patient discomfort, a 
Velpeau view can be obtained in its place. 
Evaluation of radiographs should focus on identi-
fying the major fracture fragments and develop-
ing an operative plan. Studies have demonstrated 
that there is only moderate inter- and intraob-
server agreement when classifying fractures 
using plain radiographs [ 20 ]. A computed tomog-
raphy (CT) scan can be obtained if further evalu-
ation of the fracture is required. Typically, this is 
utilized if there is uncertainty in identifying the 
fracture fragments or determining treatment. 
Additionally, requesting three-dimensional 
reconstructions can further improve conceptual-
ization of the fracture and the development of a 
surgical plan. However, it should be noted that 
CT scans do little to improve the inter- and intrao-
bserver reliability of fracture classifi cation over 
plain radiographs alone [ 21 ,  22 ].

       Surgical Technique 

 Our preferred position for surgery is the beach 
chair position with the patient’s head elevated to 
approximately 45°. Although it may not need to 
be utilized, positioning should allow adequate 
fl uoroscopic examination intraoperatively if 

a b c

  Fig. 11.3    ( a ) AP, ( b ) Grashey and Scapular-Y, ( c ) views of a patient with a displaced proximal humerus fracture       
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needed. Also, the use of a mechanical arm posi-
tioner can be helpful to free the hands of surgical 
assistants (Fig.  11.4 ).

   A standard deltopectoral approach is typically 
employed. Unlike a deltopectoral approach for a 
standard arthroplasty, the upper border of the 
pectoralis major insertion is preserved if possi-
ble. This allows this landmark to be utilized for 
judging the height of the humeral stem. If the 
pectoralis insertion needs to be partially released 
for exposure, the location of the upper border 
should be clearly marked for later reference. 
Additionally, the coracoacromial ligament should 
be maintained if at all possible. This maintains 
the integrity of the coracoacromial arch and some 
resistance to superior escape if secondary cuff 
failure is encountered in the future. 

 Identifi cation of the bicipital groove and biceps 
tendon is critical to establishing orientation in the 
shoulder during fracture cases. This is often more 
challenging than in uninjured shoulders due to the 
presence of fracture hematoma and local soft tissue 
edema. In these instances, identifi cation of the 

biceps tendon more distally can be more reliable as 
the insertion of the pectoralis tendon is just lateral 
to the biceps tendon. Unroofi ng of the bicipital 
sheath will lead to the rotator interval, which can be 
released as part of identifi cation and control of the 
major fracture fragments. The fracture line which 
separates the lesser tuberosity fragment from the 
greater tuberosity fragment typically lies about 
1 cm posterior to the bicipital groove in the senior 
author’s experience. Therefore, care must be taken 
to keep the most anterior fi bers of the supraspinatus 
attached to the most anterior portion of the greater 
tuberosity during exposure. This often requires 
osteotomizing the bicipital groove so the entire 
great tuberosity and supraspinatus can be recon-
structed. Once the lesser tuberosity and greater 
tuberosity fragments are identifi ed and segregated, 
they should be tagged with a suture for later manip-
ulation (Fig.  11.5a ). The biceps tendon can be teno-
desed to the pectoralis tendon insertion with 
resection of the intra-articular portion so that it is 
out of the way and does not impede fracture visual-
ization or reduction. Some surgeons prefer to keep 
the biceps intact to help judge soft tissue tension. 
With the greater and lesser tuberosity fragments 
identifi ed and retracted, the humeral head fragment 
should be easily identifi able through the rotator 
interval and removed. This fragment is retained on 
the surgical fi eld to guide sizing of the prosthetic 
humeral head. The glenoid should be inspected for 
any associated injuries, in particular glenoid rim 
fractures, that were not appreciated before.

   Next, the humeral shaft is delivered from the 
wound in preparation for arthroplasty implanta-
tion. The details of humeral preparation depend 
on the specifi c implant system utilized. However, 
focus should be placed on recreating humeral 
head height and version. Depending on the 
amount of comminution and metaphyseal bone 
loss, the retained fragments may or may not be 
helpful for judging these parameters. Therefore, 
the anatomical landmarks described above are 
used, namely, the relation of the pectoralis major 
insertion to humeral head height and the relation 
of the bicipital groove to the central axis of the 
humeral head keeping in mind the variability and 
limitations of each of these landmarks. Attention 
to proper sizing is important, especially avoiding 

  Fig. 11.4    This fi gure demonstrates the typical beach 
chair positioning with a mechanical arm positioner       
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overstuffi ng the joint with too large of a humeral 
head, as this can place undue tension of the rota-
tor cuff and tuberosity repair. It is our preference 

to error on undersizing the head if there is any 
question regarding sizing of the humeral head 
implant. Another common pitfall to avoid is 
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  Fig. 11.5    ( a – h ) Identifi cation and tagging of the greater tuberosity and lesser tuberosity fracture fragments and suture 
confi guration used to anatomically reduce and secure the tuberosities       
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implant insertion with too much retroversion, as 
this can result in uniformly poor function [ 23 ]. 

 Trialing of the components is vital to ensure 
that anatomy has been restored. Also, it can give 
an indication of whether or not the tuberosities 
can be adequately reduced and if there is enough 
stability for cementless fi xation. Fluoroscopy can 
be utilized at this point if desired to assess implant 
placement and recreation of the “gothic arch” 
[ 24 ] (Fig.  11.6 ). The senior author fi nds fl uoros-
copy essential for assessing proper tuberosity 
positioning. Once satisfactory component posi-
tioning and sizing has been attained, it is often 
helpful to mark specifi c relationships between 
the trial implant and the humeral shaft so that 
they can be precisely recreated during implanta-
tion of the fi nal components. Preparation of the 
humeral shaft for suture fi xation of the tuberosi-
ties with drill holes and suture shuttling should 
also be performed prior to implantation of the 
fi nal components. Both cemented and cementless 
fi xation can be utilized depending on the amount 
of stability the humeral component has and 
whether or not this allows for secure restoration 
of humeral head height and version.

   Once the fi nal implant is in place, secure tuber-
osity fi xation must be obtained and is the most 
critical portion effecting the outcome of this pro-
cedure [ 23 ]. While many techniques and suture 
confi gurations are possible, several principles 
should be adhered to. Heavy nonabsorbable suture 
is generally utilized. Horizontally oriented sutures 
secure the greater and lesser tuberosity back to one 
another. Looping these sutures through or around 
the implant can help to reduce the tuberosities to 
the implant and prevent migration. Frankle et al. 
demonstrated that a medial cerclage stitch which 
incorporates both tuberosities provided the best 
biomechanical confi guration to minimize inter-
fragmentary displacement and strain [ 25 ]. 
Vertically oriented sutures help to secure the tuber-
osities back to the shaft. Several drill holes in the 
shaft placed in front of and behind the bicipital 
grove should be placed and sutures shuttled prior 
to implantation of the fi nal prosthesis. All sutures 
are generally placed in a mattress fashion if possi-
ble although simple sutures can often be used as a 
cerclage around the implant and tuberosities as 
described above (Fig.  11.5b–h ). Bone graft from 
the excised humeral head can be used to fi ll in any 
remaining space between the tuberosities and the 
implant left from metaphyseal comminution or 
bone loss. Lastly, closure of the rotator interval can 
add additional security between the lesser and 
greater tuberosity fragments and can help to seal in 
any bone grafting. At this point, some surgeons 
may elect to use fl uoroscopy again to confi rm 
tuberosity reduction prior to fi nal tensioning and 
tying of the sutures.  

    Considerations of Prosthetic Design 

 While implant design cannot overcome poor sur-
gical technique or principles, many major implant 
companies now have developed fracture-specifi c 
stems which may offer improved ability to ana-
tomically reduce the tuberosities and to fi xate 
them securely. While each specifi c implant has its 
own proprietary design features, they all generally 
have similar design goals. Most fracture- specifi c 
stems are less bulky in the metaphyseal region so 
that less of the existing tuberosity bone will have 

  Fig. 11.6    Fluoroscopic image demonstrating recreation 
of the “gothic arch” of the shoulder       
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to be removed to anatomically reduce the tuber-
osities to the implant. Additionally, many possess 
a coating to promote bony ingrowth of the tuber-
osities to the implant. These implants also have 
strategically placed holes in the fi ns or collar that 
can be used to secure tuberosity sutures (Fig.  11.7 ).

   It is now also becoming increasingly popular 
to utilize “platform” stems, which allow conver-
sion of the prosthesis to a reverse shoulder 
arthroplasty without needing to remove the 
entire stem. This feature can be attractive 
because if the outcome following a hemiarthro-
plasty is suboptimal, conversion to a reverse 
shoulder arthroplasty is often the salvage proce-
dure of choice. This is particularly benefi cial if 
the prosthesis needs to be cemented since the 
challenges of cement removal can be appreci-
ated by any surgeon who has undertaken revi-
sion surgery. Overall, however, the clinical 
benefi ts of each of these design features have 
yet to be established, despite the seemingly 
sound logic behind their application.  

    Postoperative Care 
and Rehabilitation 

 The operative arm is maintained in a sling for 
2 weeks except for gentle pendulums and 
intermittent elbow, wrist, and hand move-
ment. In an effort to promote anatomical 
tuberosity healing, only passive range of 
motion is permitted until 6 weeks following 
surgery. The limits of motion should be dic-
tated at the time of surgery depending on the 
security of fixation of other factors such as 
the patient’s bone and tendon quality. This 
must also be balanced with the patient’s reha-
bilitation potential and propensity for stiff-
ness. Active-assisted range of motion is 
generally initiated by 6 weeks with progres-
sive strengthening at 12 weeks. Sequential 
radiographs of the shoulder should be taken at 
each postoperative visit to assess the ade-
quacy of tuberosity healing and any subse-
quent migration or malposition.  

  Fig. 11.7    This fi gure demonstrates several examples of fracture-specifi c stems which include a less bulky metaphyseal 
region, fi ns which permit suture passage, and proximal ingrowth coating       

 

11 Hemiarthroplasty for the Treatment of Proximal Humerus Fractures



154

    Results of Hemiarthroplasty 
for Fracture 

 Hemiarthroplasty performed for displaced three- 
and four-part proximal humeral fractures typi-
cally provides good pain relief and adequate 
waist level function. However, its ability to 
restore range of motion and overhead function is 
inconsistent. In a systematic review of the litera-
ture including over 800 hemiarthroplasties, 
Kontakis et al. demonstrated an average forward 
elevation of 105.7°, abduction of 92.4°, and 
external rotation of 30.4° [ 26 ]. Additionally, 
careful evaluation of many postoperative patients 
will demonstrate that the majority of these 
patients gain much of their motion through scap-
ular compensation rather than through the gleno-
humeral joint. 

 In another study with some of the longest fol-
low- up, Antuna et al. reported on 57 hemiarthro-
plasties with a minimum of 5 years follow-up 
[ 27 ]. Satisfactory outcomes using the Neer rating 
system were achieved in only 47 % of cases, and 
only 58 % of patients achieved a minimum of 90° 
of active forward elevation. This highlights some 
of the challenges in performing a hemiarthro-
plasty for this particular patient population. In 
general, a patient can expect good pain relief but 
inconsistent ability in restoring preoperative 
function. 

 As noted above, the functional results fol-
lowing hemiarthroplasty are intimately tied to 
healing of the tuberosities. If anatomical heal-
ing of the tuberosities can be achieved, then 
good results can be obtained. However, if the 
tuberosities resorb or become malunited, poor 
results are inevitable. In many respects, the 
outcome following this surgery is an “all or 
nothing” phenomenon hinging on the tuberos-
ities. This was illustrated in a recent study by 
Cuff et al. looking at the treatment of dis-
placed proximal humerus fractures treated 
with hemiarthroplasty or reverse shoulder 
arthroplasty [ 28 ]. In this study, patients who 
had a hemiarthroplasty and adequately healed 
their tuberosities achieved an average of 131° 
of elevation, while those who did not only 
achieved 52°.  

    Complications 

    Tuberosity Malunion/Nonunion 
and Rotator Cuff Dysfunction 

 Tuberosity malunion, nonunion, or resorption 
remains the most signifi cant contributor to poor 
patient function following hemiarthroplasty 
(Fig.  11.8 ). Boileau et al. reported on a series of 
66 patients in which tuberosity malpositioning 
occurred in 50 % of the patients and was associ-
ated with worse functional outcome [ 23 ]. While 
initial malposition of the tuberosities was under-
standably associated with poor fi nal positioning, 
there were also 15 patients in which the tuberosi-
ties migrated from their initial postoperative 
position. This again demonstrates the importance 
of anatomical reduction of the tuberosities but 
also creating a secure enough construct to keep 
them in place until healing occurs. Even with 
good reduction and security of the tuberosities, 
healing is not guaranteed. Tuberosity nonunion 
or resorption has been described with regularity. 
In the series reported by Antuna et al., they 
reported tuberosity nonunion or resorption in 

  Fig. 11.8    Radiograph demonstrating resorbed tuberosi-
ties following a hemiarthroplasty performed for a proxi-
mal humeral fracture       
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29 % of their patients that were available for 
radiographic follow-up [ 27 ].

   Cuff dysfunction following hemiarthroplasty 
is intimately tied to tuberosity malposition or 
nonunion. This was clearly demonstrated in a 
study by Greiner et al. in which they correlated 
fatty infi ltration of the supraspinatus and infra-
spinatus muscle to malposition of the greater 
tuberosity and fatty infi ltration of the subscapu-
laris to lesser tuberosity malposition [ 29 ]. 
Glenohumeral subluxation can also be quite 
common, particularly in the superior direction 
indicating an incompetent posterosuperior rota-
tor cuff function [ 27 ]. In the largest systematic 
review in the literature, proximal migration of the 
humeral head was noted in 6.8 % of all cases 
[ 26 ]. Cuff dysfunction can occur independent of 
tuberosity malunion and can stem from age- 
related cuff wear or failure to recreate anatomical 
humeral head height or version. Overall, how-
ever, this is likely a less signifi cant contributor to 
long-term cuff dysfunction compared to issues 
with tuberosity malposition and healing. 

 The management of lingering issues involving 
the tuberosities and rotator cuff can be diffi cult 
and should be tailored to individual symptoms 
and functional goals. Revision tuberosity fi xation 
can be attempted if there is early migration; how-
ever, delayed treatment can require osteotomies 
to mobilize the tuberosities, and resorption can 
make revision fi xation diffi cult to achieve. Many 
cases therefore require conversion to a reverse 
total shoulder arthroplasty.  

    Neurologic Injury 

 Nerve injuries are underappreciated sequelae of 
proximal humerus fractures. This may stem from 
the diffi culty in thoroughly assessing neurologic 
function in an elderly patient with an acutely 
painful fracture or the subtle nature of many of 
these nerve injuries. However, nerve injuries 
detectable by electromyographic testing have 
been reported to exist in up to 67 % of patients 
related to the initial trauma, as was noted above 
[ 19 ]. Neurologic injury can also occur during 
surgical intervention, particularly with the distor-

tion in anatomy that can occur with fractures. 
However, this is much less commonly reported in 
the literature. 

 The axillary nerve is the most commonly 
reported nerve injury, owing to its close anatomi-
cal location to the surgical fi eld [ 30 ]. The muscu-
locutaneous nerve and other brachial plexopathies 
are also possible and typically result from exces-
sive traction during surgery. Thankfully, the 
majority of injuries are typically transient in 
nature and resolve without any specifi c 
intervention.  

    Heterotopic Ossifi cation 

 Heterotopic ossifi cation has been reported to 
occur in approximately 8.8 % of hemiarthroplas-
ties performed in the fracture setting [ 26 ]. The 
propensity for developing heterotopic ossifi ca-
tion may be related to several patient-related fac-
tors such as having the condition ankylosing 
spondylitis or diffuse idiopathic skeletal hyperos-
tosis. It may also be related to the energy of the 
initial injury or delays in treatment [ 31 ,  32 ]. Most 
cases of heterotopic ossifi cation result in only 
Brooker grade 1 or 2 heterotopic ossifi cation, and 
the majority of these cases do not result in any 
signifi cant loss of motion or function. Therefore, 
routine prophylaxis against heterotopic ossifi ca-
tion is generally not undertaken. More extensive 
Brooker grade 3 or 4 heterotopic ossifi cation is a 
more rare occurrence but can serve as enough of 
an impediment to motion and function to warrant 
excision once the heterotopic ossifi cation has 
matured.  

    Glenoid Wear 

 Progressive wear of an un-resurfaced glenoid is a 
concern for any hemiarthroplasty of the shoulder 
(Fig.  11.9 ). In practice, however, it is seldom 
 necessary to revise a hemiarthroplasty for fracture 
purely due to glenoid wear. The rate of reoperation 
for glenoid wear was reported to be 4.2 % in one 
series in the literature [ 33 ]. The relatively low rate 
of symptomatic glenoid wear is likely related to the 
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low functional demands of the patient population 
who sustain these fractures. In the instance that gle-
noid wear is thought to be the major contributor to 
the patient’s dysfunction, insertion of a glenoid 
component can be considered. However, in many 
instances, conversion to a reverse total shoulder 
arthroplasty may offer a more reliable result.

       Infection 

 Infections are relatively uncommon with rates of 
superfi cial and deep infections reported to be 
1.6 % and 0.6 %, respectively, in a systematic 
review involving 771 hemiarthroplasties for frac-
ture [ 26 ]. The relatively low rate of reported 
infection in this patient population may come as 
a surprise to some given the relatively poor qual-
ity of the soft tissues and multiple medical 
comorbidities that a more elderly patient popula-
tion can have. Superfi cial infections typically 
respond to antibiotic treatment with or without 
surgical debridement. Deeper infections may 
require implant removal if complete infection 
eradication is the goal and is often associated 
with signifi cant morbidity and mortality. 

   Conclusions 

 Shoulder hemiarthroplasty for the treatment 
of fractures involving the proximal humerus is 
a technically challenging procedure with nar-
rowing indications. However, in patients 
where fi xation options are suboptimal but they 
are of an age or activity level precluding them 
from being a good candidate for a reverse total 
shoulder, a role for this procedure still exists. 
Recreation of anatomy with secure tuberosity 
fi xation is vital to avoiding the most common 
causes of poor functional results. If major pit-
falls can be avoided, satisfactory function and 
durable pain relief can be achieved.       
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      Complications: Infection, 
Subscapularis Insuffi ciency, 
Periprosthetic Fracture, 
and Instability                     

     Jonah     Hebert-Davies       and     Leesa     M.     Galatz     

          Infection 

 Infections after shoulder arthroplasty are rela-
tively rare but nevertheless have considerable 
impact on outcomes. Periprosthetic infections in 
the shoulder differ vastly from those of other 
joints in that the most common pathogen is 
 Propionibacterium acnes , a diffi cult organism to 
isolate. Treatment is often based on a high index 
of suspicion. Incidence has been reported from 
0.4 % to 4 % [ 1 – 3 ], although the real incidence 
may be higher. Infection is associated with com-
ponent loosening and pain. Although diagnostic 
techniques have improved, accurate diagnosis 
can still prove challenging. Treatment options are 
based on multiple factors including pathogen, 
associated bone loss, and patient-specifi c details. 

  Propionibacterium acnes  is the most com-
monly described pathogen, and  Staphylococcus 
aureus  and coagulase-negative  Staphylococcus  
are the next most common. A variety of other 
organisms have been identifi ed [ 1 ,  2 ].  P. acnes  is 
a gram-positive bacillus commonly found in the 

axilla in great abundance [ 4 ]. Given that it is a 
normal skin fl ora and has low virulence, its role 
in infection is poorly understood. 

    Diagnosis 

 Unexplained or new onset of pain after shoulder 
arthroplasty should immediately raise suspicion 
of infection. Acute systemic symptoms such as 
fever or sepsis are rare on presentation but can 
occur in immunocompromised patients (rheuma-
toid arthritis, sickle cell anemia). Patients with 
any progressive lucency or bone loss on serial 
X-rays should be screened for infection. Both 
 P. acnes  and coagulase-negative  Staphylococcus  
have relatively low virulence. Defi nitive diagno-
sis can be diffi cult and cultures usually require 
extended incubation time of tissue samples (up to 
21 days) [ 4 ]. Adjuvant means of diagnosis have 
been developed with varying levels of success. 
The gold standard for diagnosis remains positive 
cultures from open biopsy of multiple tissue sam-
ples. The diffi culty with revision surgery is that 
infection must be excluded before proceeding. A 
reliable diagnosis allows the surgeon to plan for a 
one-stage versus a two-stage revision surgery [ 5 ]. 

 Typical preoperative workup should include 
biological markers such as C-reactive protein 
(CRP), sedimentation rate (ESR), and white 
blood cell count (WBC). These markers often 
lead to false-negative results, with normal or only 
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slightly elevated values despite active infection 
[ 6 ]. Fluoroscopic joint fl uid aspiration has been 
proposed by certain authors; however these have 
had typically low sensitivity (12.5 %) [ 7 ]. A 
newer method has recently been described using 
arthroscopy to obtain tissue biopsies. Dilisio 
et al. compared results from these biopsies to cul-
tures obtained during the subsequent open revi-
sion procedure. They found a 100 % sensitivity/
specifi city/negative and positive predictive value 
[ 8 ]. This was in contrast to fl uoroscopically 
obtained aspirates, which had a sensitivity of 
only 16 %. They concluded that arthroscopic 
biopsy in the setting of a presumed or possibly 
infected shoulder arthroplasty is a reliable means 
of confi rming diagnosis and identifying the caus-
ative agent [ 8 ]. Villacis et al. recently looked at 
interleukin-6 (IL-6) as a diagnostic marker for 
infection. They obtained serum values for all 
patients undergoing revision surgery and consid-
ered a positive intraoperative culture as a diagno-
sis of infection. Overall sensitivity and specifi city 
were 14 % and 95 % respectively [ 9 ]. They con-
cluded that serum IL-6 levels were not an effec-
tive method of diagnosis of shoulder arthroplasty 
infection. Following this, another group looked at 
using synovial fl uid IL-6 as a marker of infection. 
Sensitivity and specifi city were 87 % and 90 %, 
respectively, and both preoperative and intraop-
erative measurements correlated to each other. 
They suggested that preoperative fl uoroscopic- 
guided aspiration with IL-6 measurement could 
be a useful adjunct for diagnosing infection [ 10 ]. 

 Consistent intraoperative diagnosis of latent 
infection is very useful for surgical decision- 
making during revision surgery. Unfortunately, 
gram stain is rarely contributory in this setting, 
and culture results may take up to 21 days for 
 P. acnes  to become positive. Frozen section has 
been used with arthroplasty in other joints with 
varying success [ 11 ,  12 ]. Grosso et al. looked at 
the sensitivity of frozen section for diagnosis of 
infection in revision shoulder arthroplasty [ 13 ]. 
Using standard guidelines of fi ve polymorpho-
nuclear leukocytes per high-powered fi eld in fi ve 
fi elds as a positive result, they found a 50 % sen-
sitivity and 100 % specifi city for  P. acnes  infec-
tion. They then modifi ed the criteria to be a sum 

of ten polymorphonuclear leukocytes in fi ve 
fi elds. With the new criteria, the sensitivity rose 
to 72 %, while the specifi city remained at 100 %. 
The authors recommended lowering the thresh-
old for a positive screening in order to increase 
the yield of frozen section.  

    Risk Factors 

 The preponderance of  P. acnes  infection in the 
shoulder can be in part attributed to the numerous 
sebaceous glands and hair follicles of the axilla in 
close proximity to the surgical incision. Patients 
developing infection generally have identifi able 
risk factors in up to 50 % of the time [ 2 ,  6 ]. 
Specifi c risk factors include diabetes, systemic 
lupus erythematosus, rheumatoid arthritis, previ-
ous surgical procedures, and remote infection. 
Other risk factors include chemotherapy, cortico-
steroid therapy or intra-articular steroid injec-
tions, coagulopathy, renal failure, fl uid and 
electrolyte disorders, and a diagnosis other than 
primary osteoarthritis (cuff tear arthropathy, 
acute proximal humerus fracture or nonunion, 
avascular necrosis) [ 2 ,  6 ,  14 ]. Smucny et al. 
looked at inpatient development of infection and 
found a direct correlation with length of stay. The 
risk of a surgical site infection (SSI) increased by 
14 % per additional day of hospitalization [ 14 ]. 
Morris et al. looked at risk factors associated with 
infection after reverse shoulder arthroplasty 
(RSA) specifi cally. They found that previous 
failed arthroplasty and younger age were the only 
two independent risk factors for infection [ 15 ]. 
According to their fi ndings, patients above the 
age of 65 were less likely to develop infections 
after RSA.  

    Prevention 

 Preventing SSIs should be a priority because 
treatment is often complicated and can require 
multiple interventions. Matsen et al. attempted to 
locate the areas of the surgical site most likely to 
fi nd  Propionibacterium  in patients undergoing 
revision. They found positive cultures in an 
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unprepared epidermal layer in 16/18 men and 
7/12 women. Initial and fi nal dermal cultures 
were obtained prior to antibiotic prophylaxis and 
were positive in 11/20 for the men and none of 
the women. They concluded that surgical prepa-
ration did not completely eliminate dermal 
 P. acnes , and it persists in sebaceous glands in 
signifi cant quantities (10 5  or greater.) [ 16 ]. Deep 
cultures were positive in 12/20 cultures for the 
male patients and only 1 of the females, and this 
was correlated with the dermal cultures [ 17 ]. 
They concluded that males were more likely to 
have  Propionibacterium  present in their wound 
than females, and this is despite adequate skin 
preparation. Lee et al. confi rmed these results 
fi nding that 70 % of patients undergoing TSA had 
a positive epidermal culture for  P. acnes  immedi-
ately following skin preparation with chlorhexi-
dine prep. 

 Other studies have evaluated for the presence 
of  P. acnes  in primary surgeries. Levy et al. 
obtained intra-articular cultures during primary 
TSA in patients who had not had prior shoulder 
surgery. They found positive cultures in 23/55 
(42 %) patients [ 18 ]. All patients were treated 
with 4 weeks of oral antibiotics and no patient 
developed infective signs. The authors hypothe-
sized that low-grade infection with  P. acnes  may 
even play a role in the development of OA; how-
ever this has not been substantiated [ 19 ]. Matsen 
et al. examined patients undergoing TSA for pri-
mary osteoarthritis without a history of infection. 
Cultures were obtained after receiving intrave-
nous antibiotic prophylaxis and were positive in 
three out of ten patients (7/50 specimens) [ 20 ]. 
The authors concluded that even with adequate 
skin prep and appropriate antibiotic prophylaxis, 
 P. acnes  is very commonly found in the surgical 
site. The relevance of its presence is diffi cult to 
interpret, but presence may be a risk for 
infection. 

 Antibiotic prophylaxis usually involves a fi rst- 
generation cephalosporin (cefazolin) and has 
been shown effective at reducing the overall 
infection rate [ 21 ]. Despite this success, several 
authors believe an alternative prophylaxis regi-
men should be used to specifi cally address the 
 Propionibacterium  problem [ 20 ]. Finally, the use 

of antibiotic-loaded cement in total shoulder 
arthroplasty has been supported by at least one 
study. Nowinski et al. retrospectively compared 
two cohorts of total shoulder arthroplasties: one 
using antibiotic cement and the other with nor-
mal cement. These two groups were well 
matched, and they found a 3 % higher infection 
rate in the group using normal cement [ 3 ].  

    Treatment 

 Treatment for infected joint arthroplasty is debat-
able and there is a lack of consensus among 
shoulder surgeons. Treatment with antibiotics 
and retention of the prosthesis, for eradication or 
chronic suppression, has very high failure rate, 
up to 60–75 % [ 22 ]. This should be reserved for 
patients that are either medically unfi t for surgery 
or refuse to undergo revision. Resection arthro-
plasty is another therapeutic option that should 
be kept as a last resort. A review of patients after 
resection arthroplasty demonstrated a successful 
elimination of infection and reasonable pain 
relief (a mean reduction of 4.3 points on the VAS 
scale); a majority (13/17) of patients had no or 
very limited functional ability in the affected 
shoulder [ 23 ]. Therefore, resection is an option in 
end-stage cases. 

 The mainstay of treatment for prosthetic joint 
infection includes either single- or two-stage 
revision arthroplasty combined with prolonged 
intravenous antibiotic therapy. Single-stage revi-
sion has the advantages of lower cost, decreased 
morbidity, and potentially better outcomes. The 
drawbacks include a theoretically higher reinfec-
tion rate and the need for subsequent surgery. 
Several studies have reported good outcomes 
with single-stage revision without a higher than 
expected risk of reinfection [ 22 ,  24 ,  25 ]. Another 
recent study demonstrated a 94 % infection-free 
survivorship at a mean of 4.7 years following 
single-stage revision [ 26 ]. The protocol used by 
the surgeons included intraoperative tissue sam-
ples to confi rm infection, thorough debridement 
and irrigation of the surgical fi eld, reimplantation 
with antibiotic-loaded cement, and postoperative 
IV antibiotics for an average of 10.6 days [ 26 ]. 
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 Two-stage revision arthroplasty is the pre-
ferred method for treating prosthetic joint infec-
tions of the shoulder for most surgeons. The 
protocol consists of explantation with aggressive 
debridement and antibiotic spacer placement and 
prolonged IV antibiotic treatment. A tissue 
biopsy and/or joint aspirate culture with evalua-
tion of infl ammatory blood markers (CRP, ESR, 
WBC) follows IV antibiotic treatment, and 
second- stage reimplantation takes place when 
confi dent that there is elimination of infection. 
There is limited data on results of this protocol, 
likely due to the relatively low incidence rate of 
infections in shoulder arthroplasty. Coste et al. 
reported on ten patients treated with two-stage 
revision. Their cohort had a 20-point increase in 
the mean constant [ 27 ] score; however there was 
persistent infection in four patients (40 %) with 
one patient undergoing a second revision [ 22 ]. 
Strickland et al. reported on 19 shoulders under-
going staged treatment, with 7 shoulders (37 %) 

having persistent infection [ 28 ]. They also 
reported 14 complications and concluded that 
while staged revision offered a better chance at 
infection eradication, it was associated with sig-
nifi cant morbidity and low functional outcome 
results [ 28 ]. Sabesan et al. evaluated two-stage 
revision using reverse arthroplasty in 17 patients. 
They had one persistent infection (6 %) and 35 % 
complication rate, including fi ve reoperations for 
instability [ 29 ]. Cleary, this is a challenging clini-
cal problem without a defi nitive and predictable 
solution. Figure  12.1  demonstrates a protocol for 
treating suspected or confi rmed prosthetic joint 
infections of the shoulder.

        Periprosthetic Fracture 

 Periprosthetic humerus fractures are rare with an 
incidence of 0.6–3 % of all shoulder arthroplas-
ties. The majority of these fractures involve the 

  Fig. 12.1    Treatment algorithm for suspected/confi rmed shoulder arthroplasty infection       
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humerus. Glenoid periprosthetic fractures are 
rare and most often occur in metal-backed 
implants (such as reverse shoulder arthroplasty 
baseplates). A vast majority of humeral fractures 
occur intraoperatively secondary to technical 
errors. Technical errors include poor patient posi-
tioning and inadequate surgical exposure. This 
results in excessive traction and rotation and can 
encourage cortical breach due to increased lever-
aging on bone and soft tissues. Oversized 
implants also cause fractures [ 30 ]. Patient age 
and sex, osteopenia, and rheumatoid arthritis are 
risk factors for periprosthetic fractures [ 30 ]. In 
one series, 85 % of fractures occurred in women 
with an average age of 71 years [ 31 ]. Others also 
found that RA was present in 55–100 % of 
patients with postoperative humerus fractures 
[ 32 ,  33 ]. 

 Nonunions for periprosthetic fractures occur 
in higher frequency compared to other humerus 
fractures [ 32 ]. Several factors are thought to play 
a role, including relative stress shielding, 
increased force transmission, and potential dis-
traction caused by an oversized stem [ 32 ]. 
Delayed healing is similarly seen in patients with 
RA, female sex, and osteopenia. 

    Prevention 

 Prevention of periprosthetic fractures is key 
because treatment options are often diffi cult. 
Adequate patient positioning helps reduce forced 
manipulation of the shoulder during component 
preparation, especially during canal reaming. 
Fully releasing all soft tissue adhesions in both 
the subacromial and subdeltoid spaces will 
decrease the torsional forces through the humeral 
shaft during manipulation. Finally, inferior cap-
sular release and rotator interval release help 
achieve excellent glenoid exposure and protect 
the humerus from retractors and excessive exter-
nal rotation. 

 Technical errors during reaming also lead to 
fractures. Initial reaming should be started lateral 
to the center of rotation and posterior to the 
biceps groove. This helps to avoid varus place-
ment of the reamer and lateral cortical breaching. 

Reaming should be collinear to remain within the 
confi nes of the cortical bone and avoid cortical 
notching. Several other techniques during ream-
ing (using hand-controlled reamers, limiting 
reaming to the earliest cortical chatter, using 
slightly undersized trials and implants) can help 
minimize stress through the humeral cortex. A 
press-fi t stem also increases the relative risk for a 
fracture to 2.9 compared to a cemented compo-
nent [ 34 ]. Reverse arthroplasty stems have a 
fl ared proximal component that can increase 
stress risers through the metaphysis during 
implantation. Postoperatively, patients who have 
had notching or canal transgression, a varus- 
positioned stem, an ipsilateral total elbow arthro-
plasty, or a loose stem are all at an increased risk 
for future fracture.  

    Fracture Classifi cation 

 Fractures about a humeral implant are classifi ed 
according to location. Wright and Cofi eld 
described three types of fractures: type A is cen-
tered near the tip of the stem and extends proxi-
mally, type B is centered around the tip, and type 
C is located distal to the stem [ 33 ]. Campbell and 
Iannotti described a similar classifi cation system 
based on location. Type I fracture involves the 
tuberosities, type II is in the metaphyseal region, 
type III is located around the tip of the stem, and 
type IV is distal to the tip in the diaphysis [ 35 ]. 
Osteopenia is an important risk factor for peri-
prosthetic fractures. It is classifi ed according to 
ratio of the cortical thickness compared to the 
width of the humeral diaphysis. A ratio >50 % 
indicated normal bone, 25–50 % indicated mild 
osteopenia, and <25 % indicated severe osteope-
nia. Based on this defi nition, osteopenia has been 
reported to be present in 75 % of the peripros-
thetic humeral shaft fractures [ 35 ,  36 ].  

    Treatment 

 Factors to consider include the location, stability of 
the fragments, stability of the prosthesis, and bone 
quality. Fracture treatment is dictated according to 
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fracture type and characteristics. Nonoperative 
management is preferred for minimally displaced, 
stable fractures in patients with body habitus ame-
nable to bracing. Surgical treatment is recom-
mended for patients with grossly unstable fractures, 
with loose stems, or with displaced fractures that 
have failed nonsurgical treatment [ 36 ]. 

 Intraoperative fractures, as a rule, should be 
addressed at the time of surgery. If discovered, 
tuberosity fractures should be repaired with cer-
clage fi xation using heavy nonabsorbable suture 
or wire. Fractures involving the humeral shaft 
can be bypassed with a longer stem and supple-
mented with cerclage wires, strut allografts, or 
plate fi xation as needed. 

 Treatment of fractures occurring postopera-
tively depends on implant stability. In general, 
loose implants should be revised. Fractures 
involving the tuberosities can be treated conser-
vatively when they are not displaced or mini-
mally displaced. Displaced fractures can be 
treated similarly to those found intraoperatively. 
Proximal fractures are treated with a long- 
stemmed prosthesis that bypasses the fracture by 
two or three cortical widths [ 30 ,  35 ]. Stems may 
be cemented or press fi tted and supplemented 
with wires and allograft without signifi cant 
impact of healing rates [ 32 ]. Fractures around the 
distal aspect of the stem can be treated with revi-
sion using a longer implant, open reduction inter-
nal fi xation (ORIF), or a combination of both 
(Fig.  12.2a–c ). Hybrid fi xation using a locking 
plate and cerclage wires can be used with a stable 
humeral stem. Very distal fractures are treated 
similarly to non-periprosthetic diaphyseal 
humerus fractures. In the absence of bone loss 
and stem loosening, fi xation using standard or 
locking plates is used with or without supple-
mental wires (Fig.  12.3a–c ).

    Treatment of periprosthetic glenoid fractures 
is often more complex and is completely depen-
dent on implant stability and bone stock. These 
fractures typically occur with reverse shoulder 
prostheses. Small fractures occurring intraopera-
tively can be ignored if suffi cient stability of the 
baseplate is achieved. Otherwise, long-pegged 
implants with extra screw fi xation are a good 
option to maintain a steady component. If a 

 baseplate cannot be safely implanted, staged 
 surgery is advisable with fracture fi xation occur-
ring in the fi rst surgery. The second stage is used 
for reimplantation, with or without the use of 
supplemental bone graft.  

    Outcomes 

 Outcomes reporting for periprosthetic humeral 
fractures are reserved to case series and level IV 
evidence [ 30 ,  34 ,  35 ,  37 ,  38 ]. Kumar et al. 
reported on 16 postoperative fractures occurring 
at a median time of 49 months from initial sur-
gery. All fractures healed; however, those treated 
operatively healed in a mean time of 278 days 
compared to 180 days for nonoperative treatment 
[ 30 ]. Although this may seem counterintuitive, it 
is due to the initial, unsuccessful nonoperative 
treatment in the surgical group that lasted a mean 
of 123 days. Another study reviewed 21 patients 
with periprosthetic humeral fractures and found 
average time to union was 2.3 months for frac-
tures treated surgically compared to 3.5 months 
for those undergoing conservative treatment [ 35 ]. 
Athwal et al. reviewed a large series of 45 intra-
operative fractures which included 20 tuberosity 
fractures, 16 humeral shafts, 6 metaphyseal, and 
3 combined fractures [ 34 ]. All fractures united at 
an average of 17 weeks although subanalysis 
revealed displaced shaft fractures took signifi -
cantly longer to heal (mean 22.5 weeks). Overall 
outcomes for patients sustaining fractures around 
a primary arthroplasty were found to have satis-
factory to excellent outcome in 24/31 patients. 
Fractures occurring around a revised humeral 
component tended to have worse outcomes, 
although it is not known if this is due to the revi-
sion itself. Best outcomes were found in patients 
with non-displaced tuberosity fractures [ 34 ]. 

 Recently, Andersen et al. reported on 36 
patients with postoperative fractures treated with 
ORIF or revision surgery with or without fi xation 
[ 37 ]. All fractures in the ORIF group healed at an 
average time of 6.8 months, compared to 
7.7 months in the revision group. A majority of 
patients returned to pre-fracture ASES scores 
regardless of the treatment modality. 
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 Periprosthetic humeral fractures are a rare and 
challenging clinical problem. Efforts should be 
made to prevent their occurrence by using proper 
operative techniques. Special care should be 
taken in patients with documented risk factors 
(osteopenia, RA, revision surgery, etc.) to avoid 
increasing stress on the humerus. Intraoperative 
fractures are treated based on location, fracture 
stability, and stem fi xation. Postoperative frac-
tures are treated similarly with the exception that 
nonsurgical management may be attempted in 

certain fracture patterns. Tuberosity fractures are 
addressed using suture or wire fi xation. Unstable 
meta-diaphyseal fractures around a well-fi xed 
stem are treated with plate and screw constructs 
with or without cerclage wires and cortical struts. 
Loose stems should be revised and made to 
bypass the fracture by at least two cortical 
widths. Fractures distal to the tip of the stem are 
treated like standard humeral shaft fractures with 
stable osteosynthesis that bypasses the stem 
suffi ciently.  

a

c

b

  Fig. 12.2    ( a ,  b ) AP and axillary views of a Type III periprosthetic humeral fracture. ( c ) Postoperative x-ray showing 
treatment with open reduction and internal fi xation using hybrid fi xation with screws and cerclage wires       
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b

  Fig. 12.3    ( a ) Preoperative X-ray for a Type IV periprosthetic fracture. ( b ,  c ) Postoperative x-rays showing open reduc-
tion and internal fi xation        
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    Shoulder Arthroplasty Instability 

 Instability after shoulder arthroplasty is a rare 
complication, occurring in about 5 % of all 
replacements [ 1 ,  39 ]. This rate has been reported 
to be much higher for reverse shoulder arthro-
plasty, up to 15–28 % [ 40 ,  41 ]; however this is 
likely due to initial learning curve reported in 
these early series. Instability is specifi c to the 
type of implant used. Instability following total 
shoulder arthroplasty is generally related to com-
ponent malposition, component loosening, soft 
tissue defi ciency, or a combination of all of these. 
Dislocation following reverse shoulder arthro-
plasty is related to component malposition, 
trauma, or component wear. 

 Instability following anatomic shoulder 
arthroplasty can be divided into anterior and pos-
terior instability. Anterior instability is related to 
component anteversion, subscapular defi ciency, 
or a combination of both [ 42 ,  43 ]. Revision for 
anterior instability does not usually result in 
renewed stability. Two large series reported that 
less than 50 % of patients regained stability fol-
lowing revision surgery [ 42 ,  44 ,  45 ]. Treatment 
options include component revision, subscapu-
laris repair, pectoralis major transfer, soft tissue 
supplementation, and reverse shoulder arthro-
plasty [ 44 ,  46 ,  47 ]. Conversion to reverse shoul-
der arthroplasty was found to solve instability in 
94 % of patients in one recent study [ 48 ]. 

 Posterior instability is usually caused by soft 
tissue laxity (posterior capsule in chronically 
subluxated shoulders or biconcave glenoid) or 
excessive retroversion of components. Treatment 
consists of component revision, posterior capsu-
lar plication, postoperative immobilization, or 
revision to reverse shoulder arthroplasty. Soft tis-
sue management and component revision resulted 
in 64 % of good outcomes in one study [ 44 ]. A 
recent series found that revision to reverse shoul-
der arthroplasty helped regain stability in 95 % of 
patients [ 49 ]. 

 The reverse shoulder arthroplasty (RSA) is a 
semi-constrained implant with inherent stability 
provided by component shape. Postoperative 
instability has been reported as high as 68 %, but 
recent analyses estimate the incidence closer to 

0–8 % [ 50 ,  51 ]. Component positioning has a 
defi nite impact on stability. A biomechanical 
study found that glenoid version had little to 
contribute to inherent stability, which is logical 
because the spherical nature of the implant 
should change very little with slight degrees of 
version change [ 52 ]. The position of the humeral 
component, however, greatly infl uences inherent 
stability in both the resting position and the 90° 
abducted position. With a neutral glenosphere, 
there was a 20 % increase in stability for each 
10° of anteversion placed in the stem, starting at 
20° of retroversion [ 52 ]. Gallo et al. reviewed the 
fi rst 57 RSAs and found an overall instability 
rate of 15.8 %, all occurring within the fi rst 
6 months of the initial surgery [ 41 ]. They found 
component malposition or infection to be 
responsible of all cases. They concluded that the 
steep learning curve for reverse shoulder arthro-
plasty likely explains the high instability rate in 
this series. Another recent study reviewed all 
RSAs done at one institution and found a 2.9 % 
instability rate. The mean time to dislocation 
was 3.4 weeks postoperatively. All patients 
underwent initial attempt at closed reduction and 
was successful in 81 % of cases. Ultimately, 7 of 
11 patients (64 %) needed revision surgery [ 51 ]. 
Another report describes similar success with 
initial treatment with closed reduction, resulting 
in a 62 % revision- free survival. Black et al. 
reported on six patients undergoing revision 
RSA for instability. They found only a 50 % 
retention rate, with two patients undergoing 
resection arthroplasty and a third remaining in 
fi xed anterior dislocation [ 53 ]. 

 Overall, instability following shoulder arthro-
plasty is a diffi cult problem to treat. Depending 
on the type of dislocation, initial closed reduction 
can be an effective treatment. Recurrent instabil-
ity must be treated with revision surgery to 
address the cause (soft tissue defi ciency, 
 component malposition, infection.) For incurable 
instability in anatomic total shoulder arthro-
plasty, revision to reverse shoulder arthroplasty is 
a good salvage operation. Recurrent instability 
following revision reverse shoulder arthroplasty 
has a very poor prognosis and often leads to 
resection arthroplasty or hemiarthroplasty.  
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    Subscapularis Insuffi ciency 

 Subscapularis rupture following total shoulder 
arthroplasty is a rare complication that can lead 
to pain, weakness, and instability [ 54 ]. Multiple 
risk factors have been described including revi-
sion operation, oversized head, subscapularis 
lengthening, and noncompliance with postopera-
tive activity restrictions [ 54 ]. Also, patients with 
signifi cant internal rotation contracture and 
insuffi cient release at the time of surgery are at 
high risk for subscapularis tear [ 54 ]. A recent 
biomechanical study found that a defi cient sub-
scapularis induced a compensatory decrease in 
force of the infraspinatus muscle. This force 
decrease was balanced by an increase of the 
supraspinatus and middle deltoid. Consequently, 
the defi cient subscapularis induced upward 
migration of the humeral head with eccentric 
contact patterns and higher stress in the glenoid 

component [ 55 ]. Regardless of the method used 
to address the subscapularis when performing 
arthroplasty, function and strength of the tendon 
take roughly 24 months to recover [ 56 ]. Even at 
2 years, only 15 % of patients return to normal 
function of the subscapularis [ 56 ]. Although 
there is no difference in functional outcomes 
between a subscapularis peel, tenotomy, and 
lesser tuberosity osteotomy [ 57 ], one advantage 
of the osteotomy is the ability to see failure on 
X-ray (Fig.  12.4 ). Ives et al. found that patients 
with a symptomatic TSA had a 51 % prevalence 
of subscapularis tear on ultrasound compared to 
9 % in individuals with an asymptomatic TSA 
[ 58 ]. Ideal treatment consists of early repair with 
or without supplementation of a pectoralis major 
transfer [ 54 ,  59 ]. Ultimately, although patients 
undergoing tendon repair, with or without tendon 
transfer, regain most function, their objective out-
comes are decreased [ 54 ].

a b

  Fig. 12.4    Axillary ( a ) and AP ( b ) x-ray views of a left shoulder in a patient with early failure of a lesser tuberosity 
osteotomy. The tuberosity has migrated medially and inferiorly       
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     Conclusion 

 Shoulder arthroplasty provides dramatic 
improvements in functional outcome for 
patients suffering from osteoarthritis. 
Complications of shoulder arthroplasty are 
rare; however, they can severely impact these 
outcomes. Ideally, surgeons would take every 
necessary precaution to avoid these complica-
tions. Unfortunately, even when all precau-
tions are taken, some complications will 
undoubtedly occur. In these cases, a system-
atic approach to both diagnosis and treatment, 
as outlined in this chapter, is necessary to 
ensure the best possible outcomes.       
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      Rehabilitation of Shoulder 
Arthroplasty                     

     John     J.     Basti     

       Total shoulder arthroplasty is most frequently 
used to eliminate pain and restore function for an 
array of conditions that cause destruction of the 
articular surfaces of the glenohumeral joint and 
surrounding soft tissue [ 1 – 5 ]. Optimizing the 
patient response to these types of surgeries is 
multifactorial. A positive surgical experience 
combined with a well-designed postoperative 
rehabilitation program, including patient educa-
tion, is key a component to a positive outcome. 
Several factors contribute to a successful out-
come: the pathological condition of the joint, the 
quality of the bone and soft tissues, the status of 
the rotator cuff and deltoid, the overall condition 
of the patient, and their ability to perform, exe-
cute, and comply with the rehabilitation program 
[ 6 ,  7 ]. The team approach is advocated with 
ongoing communication between the surgeon, 
patient, and therapist as the rehabilitation pro-
gram is developed and implemented at each phase 
of the progression. Rehabilitation of the shoulder 
can be challenging. The shoulder is a complex 
structure that has fi ve articulations, i.e., the gleno-
humeral joint, the coracoacromial articulation, 
the acromioclavicular joint, the sternoclavicular 
joint, the only attachment to the axial skeleton, 

and the scapular thoracic articulation. With little 
bony stability at the glenohumeral joint, shoulder 
function for the upper extremity and hand place-
ment is most reliant on the surrounding soft tis-
sues, the capsule, ligaments, rotator cuff, deltoid, 
and periscapular muscles for static and dynamic 
stability. Attaining an optimal outcome, estab-
lishing normal motion, dynamic stability, and 
strength is the result of a well- performed surgery, 
an adaptive progressive system of rehabilitation 
directed by the surgeon, implemented and exe-
cuted by the therapist in concert with a coopera-
tive, engaged, and educated patient. 

 Shoulder rehabilitation for patients with 
symptoms following trauma or surgery is an 
essential component for a good recovery. A posi-
tive surgical outcome and team approach com-
prised of the surgeon, therapist, and patient with 
a well-designed and well-implemented rehabili-
tation program enhanced by ongoing communi-
cation lend itself to improved and hopefully 
optimal outcomes. 

    Treatment Principles 

 Treatment principles are the cornerstone of a 
well-organized and appropriately administered 
rehabilitation program and are as follows:

    One : Performing a thorough initial evaluation fol-
lowing the surgical procedure is the fi rst step in 
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establishing trust in the patient/therapist profes-
sional relationship. Obtaining a history with 
subjective and objective measurements will 
convey the patient’s general postoperative state, 
their pain level, and their level of understanding 
of what was done and what’s expected, their 
physical impairments, and functional limita-
tions which are critical points for developing a 
level of effective intervention.  

   Two : Control pain and swelling using appropri-
ate analgesics and pain medication coordi-
nated with exercise to limit pain, muscle 
guarding, and spasm. Application of heat/ice 
and other physical therapy modalities such 
as gentle mobilization and therapeutic mas-
sage are effective adjuncts to exercise. 
 Three : The notion of early passive motion 
tailored to the surgical repair has been sup-

ported in the literature to establish motion 
and limit the effect of postsurgical soft tissue 
scarring and adhesions. Strengthening is bet-
ter served when range of motion has been 
regained and reactivity has diminished. This 
is the fi rst step in the rehabilitation process 
preparing the patient for active assistive and 
active motion as fl exibility and healing pro-
gresses [ 6 – 8 ].  

   Four : The scapular plane has been defi ned as the 
plane of maximal elevation [ 8 ] (Fig.  13.1 ). 
This plane allows the humeral head to be cen-
tered on the glenoid and the capsule to be 
relaxed with appropriate tension on the sur-
rounding ligaments and muscles. Moving the 
extremity in this plane is more comfortable 
postoperatively and maximizes functional ele-
vation [ 7 ,  8 ].

“Elevation”

“Abduction”
(coronal plane)

Functional
arc

30º–40º

a b

“F
le

xi
on

” 
(s

ag
itt

al
 p

la
ne

) “E
le

va
tio

n”

(s
ca

pu
la

r p
la

ne
)

  Fig. 13.1    Scapular plane. The plane of maximal elevation 
is centered on the scapular plane, rather than the coronal 
plane (abduction) or sagittal plane (fl exion). Shoulder move-
ments should be thought to be centered on this plane because 
( a ) the capsule of the glenohumeral joint is most relaxed in 
the scapular plane, allowing the highest upward excision, 
with the greatest ease and freedom of movement, and ( b ) the 

glenohumeral joint is most often used in this plane. 
Movements here occur more naturally and with less effort. 
The body may be rotated to cause the arm to be raised in the 
scapular plane rather than the coronal plane. The concept is 
stressed in the postoperative exercise program (From Neer 
[ 12 ], by permission of WB Saunders)       

 

J.J. Basti



175

      Five : Proximal and distal joints should be incor-
porated into the program. Elbow, wrist, and 
hand motion facilitates improved circulation 
and reduces edema and stiffness. Attention to 
proximal musculature provides dynamic sta-
bility to the scapula; thus the glenohumeral 
joint is addressed later in the program, while 
glenohumeral motion is established.  

   Six : With patients who have stiffness, the reha-
bilitation program focuses on range of motion, 
stretching, and fl exibility exercise. With 
patients who have good fl exibility but weak-
ness, the program focuses on strengthening.  

   Seven : Patient education, compliance, and par-
ticipation in a home program are some of the 
most important aspects of the postoperative 
program. Patients should be given written 
instruction with the home program providing 
a clear understanding of the exercise. Review 
of the use of pain medication and appropriate 
use of heat and ice should be explained. Lying 
or sleeping fl at in the supine position is rarely 
tolerated. Positioning for comfort should be 
demonstrated (a recliner, when possible, with 
a pillow under the arm in a neutral position 
(scapular plane) semi-reclined for the shoul-
der to be above the heart, relative to gravity, 
facilitating circulation and edema control) 
with instruction to family and friends.  

   Eight : Having a good understanding of the surgi-
cal procedure, the soft tissue reconstruction and 
the understanding of early protection of certain 
structures direct the therapist, tailoring the 
exercise program to the patient. The exercise 
program incorporates a progression of passive, 
active assistive range of motion, gentle isomet-
rics, and active exercise, which initiates 
strengthening, followed by advanced stretching 
and progressive resistive exercise [ 9 – 13 ].     

    Shoulder Arthroplasty 
and Considerations in Rehabilitation 

 The indications for shoulder arthroplasty have 
been well established. 

 Osteoarthritis is the most common indication 
for shoulder arthroplasty [ 2 ,  7 ,  14 – 16 ]. These 

patients generally present with signifi cant pain 
and globally restricted motion, especially exter-
nal rotation. Rehabilitation focuses on range of 
motion and fl exibility fi rst and then strengthening 
since these patients usually develop good 
strength. The soft tissues in this process are pre-
served but retracted and stiff. Rotator cuff tears 
occur in only 5–10 % having little effect on out-
come since they are usually small 1 cm tears [ 5 , 
 17 ]. Rheumatoid arthritis and other infl ammatory 
conditions account for approximately 30 % of all 
total shoulder replacements. More care must be 
given to the soft tissues during surgery and reha-
bilitation secondary to the progressive chronic 
infl ammatory nature of this systemic disease. 
Rotator cuff tears are signifi cantly higher in these 
patients and can occur up to 50 % with an average 
of 25 % occurrence [ 18 ]. Rehabilitation is focused 
on preventing stiffness with gentle range of 
motion with the limits determined at the time of 
surgery protecting the rotator cuff repair. In addi-
tion, other joint involvements are considered and 
may necessitate altering and modifying exer-
cises. These patients usually develop good mobil-
ity but are slower gaining strength. 

 Arthritis of instability falls into two categories, 
patients who have chronic recurrent dislocation 
and/or subluxation and those who have had a pre-
vious surgical procedure for instability [ 14 ]. The 
patients who have had prior instability surgery 
tend to be at a younger age with a higher inci-
dence found in the male population [ 5 ]. One or 
more traumatic dislocations can put the individual 
at risk of developing osteoarthritis of the glenohu-
meral joint [ 14 ,  19 ]. Stability at the glenohumeral 
joint is dependent on the balance of the soft tissue 
envelope surrounding the glenohumeral joint. 
Patients with instability who undergo surgical sta-
bilization procedures, if not done properly, 
develop the risk of articular cartilage damage 
which can result in shoulder arthroplasty. In 
instances where staples and screws and other 
hardware are used, migration and malposition can 
result in additional cartilage damage [ 20 ]. In other 
instances, over-tightening the soft tissues in an 
attempt to restore stability to either side of the 
 glenohumeral joint for anterior instability or 
missed multidirectional instability can result in 
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displacement of the humeral head to the nonoper-
ated (unaddressed) side; this results in a chronically 
subluxed humeral head away from the surgically 
repaired side with the consequence of disabling 
pain, progressive cartilage wear, soft tissue con-
tracture, bone loss, and loss of motion [ 14 ,  21 ].  

    Rehabilitation Program 

 The postoperative rehabilitation program is 
decided at the time of surgery. Usually the pro-
gram is initiated on the same day as surgery; 
however, a modifi cation during the surgical pro-
cedure may necessitate an alteration in the nor-
mal progression of postoperative rehabilitation 
and may be deferred. With the use of regional 
anesthesia, the patient is comfortable and can be 
moved without pain to the passive limits set in 
surgery. It is believed that early passive motion 
tailored to the surgical procedure is the corner-
stone to a successful outcome, provided the bony 
repair and soft tissues are not overstressed and 
adequate pain control is achieved [ 3 ,  6 – 8 ,  14 ,  21 ]. 
Early passive motion is one of the most important 
aspects of the rehabilitation program. The appli-
cation and assessment of intensity of exercise 
were defi ned by Mccann et al. [ 22 ]. Their electro-
myographic study of shoulder rehabilitation 
exercises forms the foundation of this present 
exercise program. They found that in the supine 
position, passive external rotation and forward 
fl exion generated the least electrical activity of 
the rotator cuff and deltoid [ 22 ]. They found that 
there was less activity in the middle deltoid and 
supraspinatus muscles with the elbow bent versus 
straight during passive motion. Of course all 
motion was directed in the plane of the scapula 
and when compared to elevation with the elbow 
straight muscle activity was consistently less. It is 
therefore recommended that early passive motion 
in the plane of the scapula be performed with a 
bent elbow. They also felt that verbal cues to 
relax and to let the arm hang like a “rag doll” 
further reduced muscle activity [ 22 ]. Passive 
range of motion limits is usually set at 130° of 
forward elevation in the plane of the scapula and 
30° of external rotation. Reverse total shoulder 

patients may be protected in a sling for 6 weeks 
or moved to 0° external rotation and 90° of for-
ward elevation which is at the discretion of the 
surgeon. With the inter-scalene block in place 
eliminating pain, the patient sees how freely the 
extremity moves with the new replacement. As 
the block wears off, the patient begins to regain 
feeling; however, they are medicated to reduce 
the intensity of the postoperative pain. Patients 
are instructed to take their arm out of the sling 
and do elbow fl exion and extension and wrist and 
hand motion frequently throughout the day. 
Patients are also instructed in pendulum exercises 
originally described by Codman (Fig.  13.2 ). The 
exercise was originally a momentum exercise. 
Swaying and rotation of the body implemented a 
momentum that provided passive painless motion 
at the glenohumeral joint with the patient bent 
forward. Teaching these exercises is sometimes a 
challenge; however, with the patients who have 
diffi culty, teaching them to bend forward and 

  Fig. 13.2    Patient bends forward at the waist supporting 
the trunk with the uninvolved arm on top of a counter top 
or dresser. Relax your operated arm, letting it hang straight 
down. Gently begin to rock your body allowing momen-
tum to move the extremity in small circles, clockwise and 
counterclockwise       
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place there opposite extremity on a table or coun-
tertop to stabilize their proximal musculature 
protecting their back facilitates the exercise ade-
quately. Having the upper extremity hang in the 
dependent position exerts gentle traction with the 
weight of the extremity reducing the amount of 
pain, muscle spasm, and tightness at the shoulder 
complex, accomplishing the goal of the exercise. 
Gentle small circles clockwise with the thumb 
leading and palm forward and counter clockwise 
with thumb leading and palm facing back are 
gently initiated by the patient. In this case the 
pendulum is considered a relaxation exercise and 
a warm-up exercise and a good precursor to fol-
lowing exercises. Supine or semi-reclined pas-
sive external rotation in the plane of the scapula 
is then initiated by the therapist. The patient 
should be positioned with a pillow underneath 
the arm keeping it in neutral position avoiding 
extension with the elbow slightly away from the 
side (Fig.  13.3 ). Small circular motions are 
started with the upper extremity supported at the 
elbow and held at the wrist. Gentle external 
 rotation is started to the limits of range desig-
nated at the time of surgery, usually 30°, or to a 
point where pain and stiffness are beginning. 
Forward elevation is accomplished in the same 
manner to a limit of 130° (Fig.  13.4 ). Slow easy 

motion with constant verbal cues to relax and let 
go is given during these exercises. This approach 
facilitates trust and cooperation enhancing the 
relaxation effect to accomplish the goals of treat-
ment. Guarding and resistance with these exer-
cises put the repair at risk whether it is tuberosity 
fi xation, subscapularis repair, or rotator cuff 
repair. As the surgical procedure permits, usually 
days 2–3, supine active assistive external rotation 
with the stick (Fig.  13.5 ) is initiated followed by 

  Fig. 13.3    Patient lies supine with pillow supporting 
elbow comfortably at the side in the plane of the scapular. 
The therapist supports the wrist and elbow. Passive exter-
nal rotation is performed to set limits, usually 30°, accom-
panied by verbal ques to relax the arm       

  Fig. 13.4    Patient lies supine with pillow supporting 
elbow comfortably at the side in the scapular plane. The 
therapist supports the wrist and elbow. Passive forward 
fl exion is performed to set limits, usually 130°, accompa-
nied by verbal ques to relax the arm       

  Fig. 13.5    Patient lies on their back with a pillow under 
the arm. Patient holds a stick with the involved end posi-
tioned into the palm. The good hand pushes the affected 
hand gently outward with the stick. Return to starting 
position       
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active assistive supine forward elevation 
(Fig.  13.6 ). Patients are instructed in range of 
motion exercises with the goals of maintaining 
and accomplishing 30° of external rotation and 
130° of elevation. The supine position is pre-
ferred since this allows the individual to relax the 
trunk and cervical muscles and focus on the 
shoulder. If a physical condition precludes this 
position, semi- reclined or sitting positions are 
reverted too. The patients are instructed to pro-
ceed to the point of stiffness when performing 
their exercises and move into it a slight amount to 
create a gentle stretch and tension but not pain. A 
count of fi ve to ten with a hold is recommended 
and then a return to the neutral position with one 
or two easy short arc oscillations to help with 
relaxation before repeating the exercise. The 
exercises are usually repeated for ten repetitions. 
In the performance of the pulley exercises, the 
pulley block is located over the shoulder of the 
operated side so that elevation performed by the 
opposite extremity elevates the affected extrem-
ity in the plane of the scapula (Fig.  13.7 ). Putting 
the pulley over the head will bring the upper 
extremity across the body putting undue stress on 
the posterior capsule and soft tissues. Patients 
usually experience pain and have reduced motion 
when early exercises are performed out of the 
plane of the scapula. Increased EMG activity of 

the deltoid and spinati muscles was noted with 
pulley exercises suggesting more active muscle 
contraction [ 22 ]. Therefore they are deferred 
with arthroplasty with rotator cuff repairs for fear 
of re-tear. In these cases pulleys are usually 
started at 6 weeks or when the surgeon deems 
that the repair is stable. Independent exercise 
while in the hospital is encouraged along with 
review of the exercises with the patient to ensure 
good execution and understanding of the exer-
cises. Upon discharge the patients are cautioned 
about the development of a temperature greater 

  Fig. 13.6    Patient lies on their back with the pillow under 
the involved arm. With their good hand, they reach across 
and grasp the involved wrist. The patient smoothly pulls 
the arm upward above the head       

  Fig. 13.7    Sit on a chair with the pulley block positioned 
over the operated shoulder. Patient relaxes the involved 
arm, while the good arm pulls the involved arm above the 
head. Gently lower to start position       
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than 101° Fahrenheit, the onset of severe pain not 
relieved by medication, intolerance to the pain 
medication, excessive bleeding from the surgical 
site, or any additional physical symptoms they 
may be experiencing.

            Outpatient Rehabilitation 

 After a detailed history and physical exam, goals 
can be established and a progressive safe outpa-
tient rehabilitation experience can be initiated. 
Establishing a good rapport with the patient and 
communicating with the surgeon are the fi rst 
steps in this process. A postoperative report is 
very helpful and ensures proper care and supports 
early safe rehabilitation since the therapist is 
more aware of what was done at the time of sur-
gery and reinforces the precautions followed dur-
ing rehabilitation. Review of a home program, 
including the exercises being performed, the 
importance of coordinating pain medication with 
exercises, positioning for comfort, as well as any 
concerns or diffi culty the patient may be experi-
encing, should be addressed, reviewed, and dis-
cussed. The exercise program is initiated and 
complemented with the use of heat/ice and elec-
trical modalities, followed by gentle mobilization 
for accessory motion and therapeutic massage to 
reduce pain, muscle spasm, and stiffness in prep-
aration for exercise. 

 Active assistive exercises continue for 6 weeks 
including pendulum, supine external rotation 
with the stick, active assistive forward fl exion 
supine, and pulley exercises following total 
shoulder replacement with an intact rotator cuff 
(Table  13.1 ). Extension (Fig.  13.8 ) and internal 
rotation (Fig.  13.9 ) are avoided for 6 weeks since 
they put tension on the repaired subscapularis 
and arthroplasty with rotator cuff repair for risk 
of re-tear (Tables  13.2  and  13.3 ).

       Isometric exercise can be initiated at 6–9 days 
submaximally. A gentle progression of external 
rotation, fl exion, abduction, and extension 
(Fig.  13.10 ) is introduced. Internal rotation is 
deferred since isometrics signifi cantly increase 
the amount of muscle activity of the subscapu-
laris when evaluated by EMG [ 22 ]. Internal rota-

tion resistance is avoided for 6 weeks. Patient’s 
reactivity should be followed with appropriate 
adjustment of the exercise. Younger patients with 

   Table 13.1    TSR, intact RC sling 2–3 weeks, and then 
PRN   

 Time 
post-op  Exercise  Exercise program 

 1–2 days  EPM (early 
passive 
motion) 

 Supine ER to 30° 

 Supine FF to 130° 

 Elbow/wrist/hand ROM 

 Pendulum 

 3 days  Active 
assistive 

 Pendulum 

 ER w/stick (to 30°) 

 FF (to 130°), pulleys 

 No IR a  no exit. w/stick a  

 6–9 days  Isometrics  ER (no IR), anterior 

 Deltoid, posterior 
deltoid, 

 Middle deltoid, 
multi-angle 

  Goals: control pain and swelling, protect the anterior 
capsule and subscapularis tendon repair, prevent 
adhesion formation, increase ROM (scapular plane), 
educate (importance of medication, ice heat 
application, compliance to the program, frequent 
gentle exercise, rest, positioning for comfort at home, 
family friend instruction), establish a well-understood 
home program, with a gradual introduction of exercises  

 10 days  Active  Supine FF w/stick 

 Supine Ff w/stick + 
weight (1–2 lb) 

 Supine FF 

 ER side lying 

 Eccentric pulleys 

 Standing press w/stick 

 Eccentric standing press 
w/stick 

 Prone Ext./Abd to 
midline 

 6 weeks  Advanced 
stretching 

 Follow exercise fi gures 

 Resistive 
(scapular) 

 Follow exercise fi gures 

  Goals: control pain and swelling, increase active 
ROM, increase strength, develop neuromuscular 
control of the shoulder complex, increase 
proprioception, normalize response to dynamic 
challenges  

   FF  forward fl exion,  ER  external rotation,  Abd  abduction, 
 w  with,  TSR  total shoulder replacement 
  a Ext. (extension) and IR (internal rotation): not performed 
until 6 weeks post-op  
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good strength move quickly through this phase. 
Older patients with long-standing pathology may 
be slower to respond to this process. In patients 
with small to medium rotator cuff tears, isomet-
rics are not initiated until 2–3 weeks. With the 
larger massive repairs, submaximal progressing 
to maximal isometrics is started at approximately 
6–8 weeks.

      Active Exercise (Early Strengthening) 

 Application of exercise is a procedure and soft tis-
sue repair dependent. This phase of the exercise 
program is comprised of initial closed loop supine 
forward fl exion using a stick. This allows the 
patient to actively use the deltoid and rotator cuff 
with reduced load in the supine position with the 
support and stability from the opposite extremity 

avoiding pain (Fig.  13.11 ). As the patient becomes 
more comfortable with that exercise, a 2 lb weight 
(Fig.  13.12 ) is added to improve strength in the 
supine position. The patient then progresses to 
active supine forward fl exion with the extremity 
alone (Fig.  13.13 ). This can be initiated at 10 days 
after total shoulder replacement and humeral head 
replacement with an intact rotator cuff. 
Arthroplasty with rotator cuff tear due to the 
requirement of bone and soft tissue healing is 
begun at 4–6 weeks and as late as 8 weeks with 
massive rotator cuff tears. Side-lying external rota-
tion is initiated in this phase with a bolster between 
the elbow and trunk to maintain the glenohumeral 
joint in the plane of the scapula (Fig.  13.14 ). The 
loading of the shoulder is then progressed to 
eccentric pulleys in the sitting position (Fig.  13.15 ). 
This helps the patient begin to reestablish neuro-
muscular control of the rotator cuff, deltoid, and 
periscapular muscles. This exercise is comfortable 
and protected under full control of the patient 

  Fig. 13.8    Patient grasps stick behind back. Using your 
good arm to supply the power, push the stick backward 
and stretch       

  Fig. 13.9    Use your good hand to grasp the involved 
wrist. Let the good hand supply the power to slide up the 
middle of the back       
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while the hand follows the dowel down to a resting 
position. Standing press with the stick (Fig.  13.16 ) 
is advanced to an eccentric exercise (Fig.  13.17 ) 

which incrementally further loads and challenges 
the shoulder. With this progression of exercises, 
the therapist should be mindful of altered mechan-
ics such as a shoulder shrug indicating weakness 

   Table 13.2    TSR, w/cuff involvement, medium repair 
approx. 2–3 cm   

 Time post-op  Exercise  Exercise program 

 1–2 days  EPM (early 
passive 
motion) 

 Supine ER to 30° 

 Supine FF to 130° 

 Elbow/wrist/hand ROM 

 Pendulum 

 3 days  Active 
assistive 

 Pendulum 

 ER w/stick (to 30°) 

 FF (to 130°), pulleys 

 No IR a  no Ext. w/stick a  

 2–3 weeks  Isometrics  ER (no IR), anterior 
deltoid 

 Posterior deltoid 

 Middle deltoid, 
multi-angle 

  Goals: control pain and swelling, protect the anterior 
capsule and subscapularis tendon repair, prevent 
adhesion formation, increase ROM (scapular plane), 
educate (importance of medication, ice/heat 
application, compliance to the program, frequent 
gentle exercise, rest, positioning for comfort at home, 
family/friend instruction), establish a well-understood 
home program, with a gradual introduction of 
exercises  

 3–4 weeks  Active  Supine FF w/stick 

 Supine FF w/stick + 
weight (1–2 lb) 

 Supine FF 

 ER side lying 

 Eccentric pulleys 

 Standing press w/stick 

 Eccentric standing press 
w/stick 

 Prone Ext./Abd 

 6 weeks  Advanced 
stretching 

 Follow exercise fi gures 

 Resistive 
(scapular) 

 Progress as tolerated 

  Goals: control pain and swelling, increase active 
ROM, increase strength, develop neuromuscular 
control of the shoulder complex, improve 
proprioception, normalize response to dynamic 
challenges  

  Sling 2–3 weeks and then PRN 
  FF  forward fl exion,  ER  external rotation,  Abd  abduction, 
 w  with,  TSR  total shoulder replacement 
  a Ext. (extention) and IR (internal rotation) not performed 
until 6 weeks post-op  

   Table 13.3    TSR, w/cuff involvement large rotator cuff 
repair 3–5 cm massive repair >5 cm   

 Time post-op  Exercise  Exercise program 

 1–2 days  EPM (early 
passive 
motion) 

 Supine ER to 30° 

 Supine FF to 130° 

 Elbow/wrist/hand ROM 

 Pendulum 

 6–8 weeks  Active 
assistive 

 Pendulum 

 ER w/stick (to 30°) 

 FF (to 130°), pulleys 

 No IR a  no Ext. w/stick a  

 6–8 weeks  Isometrics  ER (no IR), anterior 

 Deltoid, posterior deltoid, 

 Middle deltoid, 
multi-angle 

  Goals: control pain and swelling, protect the anterior 
capsule and subscapularis tendon repair, prevent 
adhesion formation, increase ROM (scapular plane), 
educate (importance of medication, ice/heat 
application, compliance to the program, frequent 
gentle exercise, rest, positioning for comfort at home, 
family/friend instruction), establish a well-understood 
home program, with a gradual introduction of exercise  

 8 weeks  Active  Supine FF w/stick 

 Supine FF w/stick + 
weight (1–2 lb) 

 Supine FE 

 ER side lying 

 Eccentric pulleys 

 Standing press w/stick 

 Eccentric standing press 
w/stick 

 Prone Ext./Abd 

 12 weeks  Advanced 
stretching 

 Follow exercise fi gures 

 Resistive 
(scapular) 

 Progress as tolerated 

  Goals: control pain and swelling, increase active 
ROM, increase strength, develop neuromuscular 
control of the shoulder complex, improve 
proprioception, normalize response to dynamic 
challenges  

  Sling 6–8 weeks 
  FF  forward fl exion,  ER  external rotation,  Abd  abduction, 
 w  with,  TSR  total shoulder replacement 
  a Ext. (extention)/IR (internal rotation and performed until 
10–12 weeks post-op)  
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  Fig. 13.10    Place towel between the extremity and door frame. Push into door frame fi rst fl exion, followed by abduct, 
extension, external rotation, and internal rotation. Hold for the count of fi ve to ten submaximal contractions at fi rst       

  Fig. 13.11    Hold stick in both hands and raise over head 
with the assist of the nonoperated arm       

  Fig. 13.12    Hold stick in both hands and raise overhead 
with a 1–2 lb weight       

  Fig. 13.13    The patient elevates in the supine position 
starting with a bent elbow at 90° and straightens arm as 
they reach up over head       

  Fig. 13.14    With a bent elbow at 90° supported on a pil-
low, the patient slowly raises their hand away from the 
body       
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and overloading of the rotator cuff and its inability 
to maintain the humeral head centered on the gle-
noid. The patient should return to the previous 
exercise and continue to strengthen until good 
mechanics are achieved before advancing. Failure 
to do this will result in impingement with riding up 
of the humeral head under the coracoacromial arch 
creating an infl ammatory response of the underly-
ing soft tissue. With a watchful attentive therapist, 
this pitfall can be avoided. Prone extension 
(Fig.  13.18 ) and abduction (Fig.  13.19 ) are then 
initiated to isolate the posterior structures during 
strengthening of the posterior cuff and periscapu-
lar muscles.

  Fig. 13.15    Patient raises the involved arm as high as it 
can go with the pulley; open the hand and slowly follow 
the handle down to the starting position       

  Fig. 13.16    Patient holds stick at chest level, raising the 
stick overhead keeping it level       

  Fig. 13.17    Patient holds stick at chest level, raising the 
stick overhead to maximum height, lifts the involved hand 
off the stick, and slowly follows the stick to starting 
position       

  Fig. 13.18    Lying prone the arm is extended to midline       
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               Advanced Stretching Exercise 

 Stretching exercises become more aggressive as 
the healing progresses and the planar motion 
increases. Advanced stretching is not initiated 
until the sixth postoperative week since the inten-
sity of the exercises directs stretching in com-
bined planes of motion and toward maximum 
range and fl exibility. With massive and large 
rotator cuff repairs and humeral fractures, 
advanced stretching is deferred until 12 weeks 
when healing is suitable to accept the stretching. 
At this point in the program if there is excessive 
stiffness, emphasis is placed on stretching with 
less attention paid to strengthening. Functional 
range of motion, above and below the horizontal, 
with full end range, with combined movement is 
the goal of the advanced stretching program. 
During stretching the patient is instructed to 
move to the point of stiffness, apply additional 
force slightly into the stiff range, and hold for the 
count of fi ve to ten. This should be repeated for 
fi ve to ten repetitions and can be adjusted accord-
ing to the patient’s tolerance and response to 
treatment. The one-arm wall stretch is started 
with the patient holding the wrist of the affected 
extremity and sliding it up the wall (Fig.  13.20 ). 
As the patient begins to reach up, the wrist is 
released and the patient stretches up and leans his 
axilla and arm into the wall. The goal of the exer-
cises is to have the patient’s axilla and arm fl at 
against the wall. After 140° of forward elevation 
is comfortably obtained, combined fl exion, exter-
nal rotation, and abduction stretching can be ini-
tiated (Fig.  13.21 ). This position can be 
challenging for the patient with end range stiff-

  Fig. 13.19    Lying prone the arm is abducted to midline 
palm down or thumb pointing up       

  Fig. 13.20    Patient places hand on a door, reaches up, and 
stretches to the top of the door, attempting to press their 
armpit onto the door       

  Fig. 13.21    Patient clasps their hands and raises them in 
one motion over their head placing them behind the head. 
They try to spread their elbows out to the side and touch 
the mat and then bring them together       
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ness. This stretch focuses on the inferior and 
anterior structures of the shoulder most espe-
cially at the glenohumeral joint. With these 
advanced stretching exercises, planar motion can 
be normal; however, there can be quite a bit of 
stiffness with combined rotational components 
which may result in soreness after performing 
these exercises. One should proceed in a gentle 
slow progression of intensity of stretching since 
patients can become sore with these exercises. 
The over-the-door hang (Fig.  13.22 ) is one of the 
more aggressive exercises using the weight of the 
patient, controlled by the patient, in the overhead 
stretch position. This is a hang-down exercise. 

Stretch is applied by the patient bending knees 
and relaxing the shoulders and arms and clasping 
the top of the door with their fi ngertips. A chin-
 up bar can also be used for this exercise. This 
stretch should be gradual and controlled. The 
standing 90/90 corner stretch (Fig.  13.23 ) contin-
ues to address combined motion and resulting 
stiffness. Patients may demonstrate good external 
rotation in the plane of the scapula; however, if 
they elevate to 90° and attempts to externally 
rotate, their shoulder adducts and external rota-
tion is limited usually less than 90° in abduction. 
The patient is directed to walk toward the corner 
of a room, place his arms at 90° abduction 
approaching external rotation as far as he can and 
place his hands on the wall with his elbows and 
forearms, and lean into the corner of the wall. If 
the patient has limited external rotation, it may be 
diffi cult to assume this position so modifi cation 
should be made. With younger patients, supine 
external rotation at 90° of abduction at 90° of 
elbow fl exion may be initiated with a stick push-
ing the hand further into external rotation 
(Fig.  13.24 ). Advanced internal rotation stretch 
incorporates a towel or scarf (Fig.  13.25 ). This is 
especially effective for people to have diffi culty 

  Fig. 13.22    Patient slides hands to the top of the door and 
grasps with their fi ngertips. Relaxing their shoulders and 
bend their knees, gently, to apply weight and stretch their 
shoulders       

  Fig. 13.23    With arms out to the side with elbow bent to 
90°, the patient gently leans their body forward into the 
corner       
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using their opposite hand behind the back. 
Standing with the hand on the counter is an alter-
native to this exercise (Fig.  13.26 ). If posterior 

capsular tightness is present, the cross-body 
adduction stretch (Fig.  13.27 ) will help stretch 
the posterior aspect of the shoulder. If the scapula 
is very mobile, lying supine stabilizes the scapula 
toward the thorax and will help facilitate isolated 
posterior capsular stretching.

              Resistive Exercise 

 At 6 weeks strengthening is also initiated since 
the soft tissues are intact and the subscapularis 
tendon repair is suffi ciently healed. With large to 
massive rotator cuff repairs, resistance does not 
start until 12 weeks since the soft tissues require 
longer protection for adequate healing. Joint reac-
tion force at the normal glenohumeral joint, while 
raising the arm in abduction, approximates body 
weight [ 23 ]. During resistive exercises, the 
amount of force generated at the glenohumeral 
joint should be considered. Overloading the joint 
with resistive exercises will alter arthro- kinematics 

  Fig. 13.24    Place a pillow under the elbow with the arm 
abducted to 90°. With the scapular stabilized against the 
mat, the patient bends the elbow to 90° and pushes the 
hand toward external rotation       

  Fig. 13.25    The patient grasps a towel or old silk tie using 
their uninvolved arm to pull the involved arm up the cen-
ter of the back       

  Fig. 13.26    The patient places the hand in the center of 
the back, leans into the counter top, and grasps it with 
their hand and bends at the knees       
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and should be avoided. Pain should also be 
avoided during strengthening. A progression of 
light to heavy elastic tubing is incrementally 
introduced as the patient begins to strengthen. As 
he becomes more comfortable with the resistive 
exercises, free weights are then introduced. The 
goal of this part of the exercise program is to 
strengthen with proper mechanics keeping the 
humeral head centered on the glenoid avoiding a 
shrug sign and riding up. If this occurs, or if there 
is pain, the resistance should be reduced. External 
rotation with resisted tubing initiates strengthen-
ing to the rotator cuff (Fig.  13.28 ). The patient 
should place a towel between his arm and trunk as 
demonstrated and externally rotate avoiding sub-
stitution. If substitution is unresolved, the supine 
position can be reverted too (Fig.  13.29 ). Resistive 
internal rotation is performed in the same position 
with controlled inward rotation to the belly press 
position followed by slow release with controlled 
eccentric rotation to the starting position 
(Fig.  13.30 ). This motion may be weak due to the 
direct effects of the surgery and contracture 
released. The subscapularis strength is pivotal in 
maintaining the stability of the shoulder. Strength 
may be slow to return since it is the only muscle 
released during the surgery [ 8 ,  18 ]. Resisted 

abduction and combined external rotation is a 
complex exercise. It involves combined strength-
ening and coordination directed at the periscapu-
lar muscles, deltoid infraspinatus, and teres minor 

  Fig. 13.27    Patient raises the involved arm to the hori-
zontal position. With the other hand, they push their elbow 
toward the opposite shoulder       

  Fig. 13.28    Patient holds the elastic tubing in both hands 
with a towel placed between the involved elbow and the 
waist to maintain the scapular plane. With the elbow 
pressed to the towel, the patient pulls outward and slowly 
returns to the starting position       

  Fig. 13.29    To help avoid substitution, the patient is 
placed supine to stabilize the trunk and scapular with a 
towel or pillow under the arm to maintain the scapular 
plane. Holding the elastic band in both hands, the patient 
pulls outward and returns slowly with the elbow main-
tained at 90°       
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muscles for abduction and external rotation 
(Fig.  13.31 ). Weakness of either group results in 
upward rotation of the scapula and drifting of the 
hand and forearm inward. Placing an elastic band 
on a doorknob stepping back and pulling in 
straight back strengthens the posterior deltoid 
(Fig.  13.32 ). This exercise usually is not problem-
atic. The uppercut or punch upward strengthens 
the rotator cuff and anterior deltoid (Fig.  13.33 ). 
A band is attached to the doorknob and the patient 
punches up to the horizontal. Riding up of the 
shoulder as well as pain should be monitored. If 

  Fig. 13.30    The elastic tub is attached to the doorknob. 
With a bolster under the elbow, the patient takes a large 
step away from the door. Holding the elbow against the 
bolster, the patient internally rotates the hand toward the 
stomach and slowly allows it to return to the starting 
position       

  Fig. 13.31    While holding the elastic band with both 
hands with elbows maintained at 90°, the patient starts by 
pulling their hands apart outward and upward and at the 
same time lifting their elbows away from the body. It 
important to lead with the hands not the elbows       

  Fig. 13.32    The elastic tub is placed on the doorknob. Patient 
takes a large step back. Patient pulls straight back until the 
hand is at the waist and then returns to the starting position       
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either is present, reduction in the amount of resis-
tance is recommended. Standing press with the 
stick and a weight is the next exercise (Fig.  13.34 ). 
Symmetry should be evaluated. This exercise is 
then followed by the one-arm press without a 
weight and then adding a 1–2 lb weight 
(Fig.  13.35 ). Care should be taken to monitor and 

evaluate the quality of movement and kinematics 
as the therapist progresses the patient through 
these strengthening exercises. Improper exercise 
execution and/or overloading can result in painful 
infl amed soft tissues and rotator cuff. As range of 
motion and fl exibility improve with gains in 
strength, the scapular and periscapular muscles 
are addressed. Setting of the scapula with an 
upward rotation movement maintaining the 
humeral head centered in the glenoid is necessary 
for proper overhead function. Abnormal scapular 
mechanics in this scenario is usually due to pre-
surgical glenoid or glenohumeral pathology and 
stiffness. With range of motion and strength being 
restored at the glenohumeral joint, it is not uncom-
mon to see normal scapulothoracic/humeral 
mechanics develop without focus on the periscap-
ular muscles during early rehabilitation. However, 
if periscapular muscle dysfunction is present after 

  Fig. 13.33    The elastic band is attached to the doorknob. 
Standing with the shoulder next to the door and your elbow at 
the doorknob and waist, the patient performs an uppercut rais-
ing their hand above the head and shoulder motion approach-
ing 90° and then slowly returns to the starting position       

  Fig. 13.34    Patient holds a bar or a stick beginning with a 
1–2 lb weight and performs a standing press raising the bar 
as high as possible and then returns to the starting position       

  Fig. 13.35    Patient holds a weight 1–5 lb with palm out at 
shoulder level. Patient then presses weight upward until 
the arm is straight and then returns to the starting 
position       
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glenohumeral motion and strength are estab-
lished, strengthening of these muscles will ensure 
continued proper function below and above the 
horizontal. Strengthening is started in the supine 
position with scapular protraction. The patient 
performs a reach up plus with the one or 2 lb 
weight or appropriate resistance (Fig.  13.36 ). The 
second exercise is scapular retraction using the 
elastic bands. The elastic band is attached to 
the door and held in two hands. The patient has 
his arms outstretched in front and isolates bring-
ing their scapula together as the patient expands 
their chest up and out (Fig.  13.37 ). For younger 
patients, the quadruped push-up plus is effective 
in developing strength and control for proper 
mechanic at the scapular thoracic articulation 
(Fig.  13.38 ).

  Fig. 13.36    Patient lies supine with a 1–5 lb weight in the 
hand with a straight arm at 90° shoulder fl exion. With a 
locked elbow, the patient raises the shoulder reaching 
toward the ceiling and then slowly returning to the starting 
position       

  Fig. 13.37    Elastic bands are attached to the doorknob. 
Patient takes a large step back and, with bands in both 
hands, pulls back till elbows approach the waist at the 
point the patient pulls his scapular together and pinches 
their center back together       

  Fig. 13.38    Patient assumes the quadruped position. 
Patient locks their elbows and pushes the center of the 
back toward the ceiling and then returns to the starting 
position       
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                Exercise Strategy for the Weak 
Shoulder 

 In some instances the attempt to repair and reha-
bilitate long-standing destruction of the biome-
chanical and neuromuscular components of the 
shoulder to regain shoulder function requires an 
altered strategy of rehabilitation to attain an opti-
mal outcome. Patients with severe weakness fol-
lowing long-standing disease or following severe 
trauma involving muscular and neurovascular 
injury may not progress as expected in the recov-
ery process. The primary goal of function above 
the horizontal may be slow to realize. Inability to 
raise the upper extremity in the erecting position 
above the horizontal due to weakness may require 
a modifi ed rehabilitation approach to regain func-
tion. These patients can be challenging and 
require closer attention to techniques in strength-
ening exercises that will allow them to realize 
their full potential. The weak shoulder program 

focuses on supine exercise with the effects of 
gravity reduced on the weight of the extremity. 
The program is a progression from supine to the 
erecting sitting position moving from 0 to a 30° 
elevation of the trunk to a 60 and then 90° posi-
tion which gradually increases the effect of grav-
ity on the extremity as the patient approaches the 
critical range of 60–120° of shoulder elevation. 
The patient starts at a comfortable position supine 
where elevation can be accomplished, closed 
loop using a stick, with good mechanics 
(Fig.  13.39 ). Avoiding anterior superior transla-
tion of the numeral head with a shrug sign assures 
appropriate resistance. The rotator cuff in this 
position is not overloaded and performs its 
 function of centralization and control as the del-
toid powers through to elevate the extremity. 
Strengthening with progressive forms of resis-
tance such as weights, elastic bands, and manual 
resistance imparted by the therapist is adminis-
tered. The patient is advanced to the next level of 

  Fig. 13.39    Patient is progressed from supine to 30° to approximately 60° and fi nally to 90° (not pictured). The effect 
of gravity and the weight of the upper extremity approaching 60–120° of elevation is increased at each position       

 

13 Rehabilitation of Shoulder Arthroplasty



192

trunk elevation when a shrug sign is no longer 
apparent and motion is smooth and comfortable. 
Active elevation of the extremity with good 
mechanics is the goal. This process may be slow. 
Patients are advised to be patient and not to 
become frustrated since gains in strength may be 
protracted. Functional gains can be realized up to 
1 year to 18 months and sometimes longer if 
there is an associated neurovascular injury or 
complications during surgery.

    In conclusion, rehabilitation of shoulder arthro-
plasty requires an understanding of the pathology, 
complexity of the surgery, and postoperative man-
agement in order to accomplish the best possible 
outcome. The concept of early controlled range of 
motion has been presented with a logical progres-
sion of exercise and its application with respect to 
the surgical procedure, soft tissue reconstruction, 
healing, and exercise intensity. Certain potential 
complications have been addressed and should 
always be considered in the rehabilitation process. 
Team approach has been emphasized and its 
importance in the care of the patient maximizing 
recovery and outcome. The guidelines have been 
presented with a specifi c exercise program that 
has an ordered intensity of exercise. A modifi ed 
strengthening program has been presented to 
manage those patients who present with signifi -
cant weakness and have diffi culty gaining forward 
elevation. The programs presented are fl exible 
working modules that can be applied and adjusted 
to any shoulder patient, at any point in the reha-
bilitation process to attain an optimal outcome.      
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