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Abstract
Glenohumeral osteoarthritis is a prevalent degenerative disease that can lead to excruciating pain and debility. End-stage
osteoarthritis can be treated by both conservative and surgical interventions. Along with a comprehensive history and physical
exam, pre-operative imaging with plain radiographs, computerized tomography, and magnetic resonance imaging plays an
essential role in the decision-making process guiding whether the patient undergoes a shoulder hemiarthroplasty, anatomic total
shoulder arthroplasty, or a reverse total shoulder arthroplasty. The most important pre-operative imaging factors are the integrity
of the rotator cuff and presence of significant glenoid erosion. Imaging is also critical postoperatively, as signs of prosthetic
loosening, rotator cuff failure (especially involving the subscapularis), periprosthetic fracture, and stress fractures are important
entities to recognize. This article will review pertinent imaging findings related to the pre- and post-operative management of
patients with glenohumeral osteoarthritis.

Keywords Shoulder arthroplasty . Anatomic shoulder arthroplasty . Shoulder hemiarthroplasty . Reverse total shoulder
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Introduction

Glenohumeral arthritis can be due to primary osteoarthritis of
the shoulder from overuse, posttraumatic arthritis (e.g., sec-
ondary to proximal humerus fractures), inflammatory arthritis
(e.g., rheumatoid arthritis), reactive arthritis (e.g., Lyme), sec-
ondary to proximal humerus AVN or secondary to a rotator
cuff tear (i.e., rotator cuff tear arthropathy) [1, 2]. Patients
present with pain with use of the affected shoulder and night
pain, often accompanied by weakness and limited range of
motion. The role of the radiologist is critical, as a variety of
imaging modalities are used to make or confirm the diagnosis
and play a key role in surgical planning. The surgical options
for patients with glenohumeral osteoarthritis consist of arthro-
scopic debridement procedures and joint replacement surger-
ies including hemiarthroplasty, total shoulder arthroplasty, and

reverse total shoulder arthroplasty. Resurfacing arthroplasty is
controversial and will not be discussed in this review. In ad-
dition to patient factors such as level of activity and goals of
surgery, several imaging characteristics are crucial in deciding
which joint replacement surgery is appropriate for each pa-
tient. The integrity of the glenoid bone stock, degree of oste-
oarthritis, and presence of rotator cuff injury are three essential
imaging features of high importance to the surgeon in deter-
mining the most appropriate surgery to perform.

Routine radiographic imaging is standard following shoul-
der arthroplasty in order to monitor for any developing com-
plications. The most common complications after shoulder
arthroplasty are implant loosening, instability, overstuffing,
rotator cuff failure, periprosthetic fracture, and stress fractures.
Imaging plays a key role in diagnosing or confirming these
complications, and as such it is important for radiologists to be
aware of them.

The purpose of this article is to review the common current
surgical treatments for glenohumeral osteoarthritis and to out-
line the role of imaging in the peri-operative management of
patients undergoing these procedures. Pre-operatively, imag-
ing is critical in confirming the diagnosis of glenohumeral
osteoarthritis and in the decision-making process of which
joint replacement option is the most appropriate. Post-opera-
tively, imaging is a routine component of the post-operative
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evaluation process and is also integral in monitoring for and
diagnosing complications.

Surgical treatment of glenohumeral
osteoarthritis

Glenohumeral arthritis, whether due to primary osteoarthritis,
rotator cuff arthropathy, or inflammatory arthritis, can be a
debilitating condition. The initial treatment of glenohumeral
arthritis is conservative. This varies patient to patient, but in
general consists of non-steroidal anti-inflammatory medica-
tions, physical therapy to focus on range of motion and
strengthening, and corticosteroid injections. If these treat-
ments fail and patients have refractory pain and loss of shoul-
der function that negatively affects their life, then surgical
treatment may be warranted. Surgical treatment options in-
clude hemiarthroplasty, total shoulder arthroplasty, and re-
verse total shoulder arthroplasty. Normal-appearing radio-
graphs of anatomic total shoulder arthroplasty and reverse
total shoulder arthroplasty can be seen in Fig. 1.

Hemiarthroplasty

Dr. Charles Neer was the first to describe the use of a
metallic hemiarthroplasty implant in the setting of proxi-
mal humerus fractures [3]. By definition, shoulder
hemiarthroplasty is replacement of the humeral side of
the shoulder joint with a stemmed implant leaving the
glenoid intact. Modern implants have customizable stem,
neck, and head implants that allow surgeons to recreate
the patient’s natural anatomy. Normal positioning consists
of having the humeral stem centered within the humeral
shaft and having the humeral head centered within the
glenoid. Current indications for hemiarthroplasty include
severe proximal humerus fracture where the humeral head
is at risk for avascular necrosis, primary osteoarthritis
without glenoid involvement, arthritis with severe glenoid
bone loss such that there is inadequate bone stock to sup-
port a glenoid component, cuff tear arthropathy with
enough remaining rotator cuff to allow for active eleva-
tion on clinical exam, and early stage osteonecrosis with-
out glenoid involvement [1]. Hemiarthroplasty is com-
monly used in the setting of proximal humerus fractures,
as Moeckel et al. have shown that it is effective at con-
trolling pain and improving functional outcomes in this
setting [3]. Compared with total shoulder arthroplasty,
hemiarthroplasty is associated decreased functional out-
comes and higher rates of revision when used in the set-
ting of primary glenohumeral arthritis and sufficient
glenoid bone stock [4]. Thus, in the setting of primary
glenohumeral osteoarthritis, hemiarthroplasty is most

often utilized in the setting of inadequate glenoid bone
stock or lack of glenoid involvement.

Contraindications to hemiarthroplasty are a compro-
mised rotator cuff and/or coracoacromial arch that could
lead to anterosuperior humeral escape, extensive
subchondral cysts, and/or an osteopenic glenoid making
the bearing surface of the glenoid less than ideal as an
articulating surface, a non-concentric glenoid that is un-
correctable by reaming, and, lastly, inadequate soft tissues
to help balance the non-constrained prosthesis. If there is
concern for inadequate bone stock on radiographs, then a
CT scan is obtained to evaluate glenoid bone stock as well
as glenoid version. This will be discussed further in the
preoperative imaging section. The coracoacromial arch is
defined by the region between the coracoid, acromion,
and the coracoacromial ligament, which aids in preventing
humeral head anterosuperior escape [2]. This arch must be
maintained to support the hemiarthroplasty. The presence
of a compromised rotator cuff and coracoacromial arch is
determined both clinically and radiographically.
Clinically, patients will not be able to actively elevate
their arm and on radiographs they will have a high-
riding humeral head. Relative contraindications to
hemiarthroplasty include: history of remote infection of
the glenohumeral joint, previous shoulder surgery, alco-
holism, cigarette smoking, chronic narcotic use, advanced
Parkinson’s disease, and neuropathic arthritis [1].

Total shoulder arthroplasty

Dr. Neer also described the first total shoulder
arthroplasty in 1974 utilizing a polyethylene glenoid im-
plant and a stemmed humeral component in the setting of
primary osteoarthritis [5]. Total shoulder arthroplasty in-
volves replacement of the humeral and glenoid sides of
the shoulder joint. Normal positioning includes the hu-
meral head component being centered within the glenoid
component and the humeral stem component being cen-
tered within the humeral shaft, without radiolucent lines
greater than 1.5 mm thick around either component. Total
shoulder arthroplasty has been shown to have better out-
comes associated with improved range of motion and bet-
ter pain relief, and is more cost-effective compared to
hemiarthroplasty [6]. Indications for total shoulder
arthroplasty are primary glenohumeral osteoarthritis caus-
ing pain treated with conservative measures in the setting
of an intact rotator cuff and good glenoid bone stock, as
well as inflammatory arthritis, osteonecrosis of the humer-
al head with glenoid involvement, and posttraumatic os-
teoarthritis [1]. Glenoid component loosening is frequent-
ly cited as the most common reason for revision
arthroplasty, ranging from 1.7 to 4.7% (Fig. 2).
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In the setting of primary osteoarthritis, multiple studies
have demonstrated superior outcomes with anatomic total
shoulder arthroplasty versus that of shoulder hemiarthroplasty
[4, 7, 8]. While failure rates associated with total shoulder
arthroplasty have been declining, with 95% 15-year survival
with current designs, the polyethylene glenoid continues to be
the Bweak link^ in total shoulder arthroplasty (Fig. 2) [9, 10].
For this reason, some authors prefer hemiarthroplasty, as there
is no glenoid component to loosen. However, with
hemiarthroplasty, the native glenoid itself becomes the weak
link with glenoid erosion by the metallic humeral head,

leading to pain. This has led to a conversion rate from
hemiarthroplasty to total shoulder arthroplasty of 8.1% [1, 4,
11].

Reverse total shoulder arthroplasty

The reverse total shoulder arthroplasty reverses the ball and
socket of the shoulder joint. It consists of modular glenoid
components, including a baseplate that is fixed to the glenoid
with screws and a glenosphere that is secured to the and acts as
the new Bball^ of the shoulder joint. The glenosphere and

Fig. 1 Normal radiographs.
Normal Grashey and axillary
lateral of anatomic right shoulder
TSAwith lesser tuberosity
osteotomy that is well reduced (a,
b). Normal appearing AP and
axillary lateral after left shoulder
reverse TSAwhere a
subscapularis peel was performed
(c, d). Normal-appearing AP and
axillary lateral after right shoulder
hemiarthroplasty where a
subscapularis peel was performed
(e, f)
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baseplate are often connected through a Morse taper. The hu-
meral component consists of a metal stem inserted into the
humeral shaft as well as a polyethylene-lined humeral tray,
which acts as the new Bsocket.^ The humeral stem and tray
may bemodular, which is important to know as they can fail at
the junction between these two components. Normal position-
ing includes having the glenosphere flush with the glenoid as
well as having the humeral component centered on the
glenosphere proximally and centered within the humeral shaft
distally.

Reverse total shoulder arthroplasty allows the deltoid mus-
cle to raise the arm without a functioning rotator cuff.
Therefore, knowledge of the rotator cuff integrity is essential
in the decision-making process to determine if reverse total
shoulder arthroplasty is the ideal implant. In 1987, Dr. Paul
Grammont was the first to design a clinically successful re-
verse total shoulder arthroplasty implant based on the princi-
ples of medialization and lowering of the glenohumeral joint
center of rotation to minimize the shear forces on the glenoid
implant, and to improve the rotational mechanical advantage
of the deltoid [12]. In addition, the reverse total shoulder
arthroplasty allows for a more constrained articulation—
allowing the deeper polyethylene dish of the socket now based
on the humerus to articulate with the glenosphere, thus restor-
ing fixed-fulcrum kinetics of the shoulder (Fig. 3). The deltoid
can then raise the arm around this fixed center of rotation in

the absence of a functional rotator cuff, instead of simply
sliding the humeral head superiorly without the centering ef-
fect of the rotator cuff. Classic indications for reverse total
shoulder arthroplasty are massive, irreparable rotator cuff tear
with or without concomitant arthritis, in a low-demand and
elderly patient (typically greater than 70 years old).
Contraindications include a non-functioning deltoid, infec-
tion, a neuropathic joint, and substantial and non-
reconstructable glenoid bone loss [13]. Frankle et al. evaluated
60 patients treated with reverse total shoulder arthroplasty for
glenohumeral osteoarthritis and rotator cuff deficiency. Their
functional American Shoulder and Elbow Surgeons (ASES)
score improved by an average of 34 points and their
pseudoparalysis was reversed, with average range of motion
improving from 55° to 105.1° with abduction [14].

Preoperative imaging evaluation

Radiography

Radiographs are the first imaging modality used to evaluate
the presence and degree of arthritis of the glenohumeral joint.
Common projections include an anteroposterior view, a
Grashey view, and an axillary view. These views allow for
evaluation of the presence, type, and degree of arthritis as well

Fig. 2 A 72-year-old male with
glenoid component loosening. a
Malpositioning of the humeral
component not concentric on the
glenoid component. b Anatomic
TSA failure and resultant humeral
head elevation. c Axial and d
coronal CT arthrogram images
showing periprosthetic lucency
indicative of loosening of the
glenoid component
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to rule out other pathology including but not limited to frac-
tures, dislocations, and bone lesions. Various radiographic
classifications have been established to determine the extent
of osteoarthritis of the glenohumeral joint. The most widely
adopted classification is the Samilson–Prietro classification
(Fig. 4). In this classification, grade 0 is normal; grade 1 is
mild with osteophytes less than 3 mm on the humeral head;
grade 2 is moderate with osteophytes between 3 and 7 mm on
the humeral head or glenoid rim; and grade 3 is severe with
osteophytes of more than 7 mm with or without articular in-
congruity [15].

The status of the rotator cuff can be inferred by radiograph-
ic evaluation on the Grashey view. The Grashey view is ob-
tained by a 30° lateral oblique projection, tangential to the
glenohumeral joint, in order to obtain the view directly paral-
lel to the glenoid face to reveal any degenerative changes. The
radiographic classification utilized for rotator cuff integrity is
the Hamada–Fukuda classification, a radiographic morpho-
logical description of the natural course of massive rotator cuff
tear assessing the height of the acromiohumeral space. There
are five distinctions within this classification [16]:

Type 1: Normal joint morphology and acromiohumeral
distance of more than 6 mm

Type 2: Acromiohumeral distance of less than 5 mm
Type 3: Type 2 plus acetabularization (i.e., exaggerated
undersurface concavity) of the acromion
Type 4: Types 2 and 3 plus narrowing of glenohumeral
joint space
Type 5: Types 2, 3, and 4 plus collapse of the humeral
head.

Lastly, an axillary view is essential in preoperative plan-
ning as it allows for assessment of posterior glenoid wear and
deficiency, which has ramifications on the glenoid preparation
(concentric reaming) necessary to center the glenoid-based
implant.

Computerized tomography

Computed tomography (CT) provides greater bony detail than
radiographs and is often used to evaluate the status of humeral
and glenoid bone as well as for preoperative planning. If there
is concern for glenoid bone loss, cysts, or retroversion on
radiographs, CT should be obtained as this can affect the
choice of which type of arthroplasty to perform or the position
of the glenoid component. In general, CTshould be performed
on all patients undergoing an arthroplasty procedure requiring

Fig. 4 Samilson-Prieto
classification. Mild arthrosis
demonstrates inferior osteophyte
less than 3 mm, moderate
between 3 and 7 mm, and severe
greater than 8 mm

Fig. 3 A 75-year-old man with
reverse total shoulder arthroplasty
for rotator cuff arthropathy.
Standard radiographs following
reverse total shoulder arthroplasty
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glenoid resurfacing (i.e., total shoulder arthroplasty and re-
verse total shoulder arthroplasty), as glenoid pathology can
affect implant positioning and fixation. Table 1 includes a
checklist of items that should be evaluated when a CT is or-
dered for preoperative planning prior to shoulder arthroplasty.

CTof the affected shoulder aids in the evaluation of glenoid
bone loss that may require preoperative planning prior to ec-
centric reaming, bone graft augmentation, utilization of aug-
mented glenoid components, or consideration of reverse total
shoulder arthroplasty [17]. CT evaluation should be per-
formed on all patients undergoing an arthroplasty procedure
requiring glenoid resurfacing (i.e., total shoulder arthroplasty
and reverse total shoulder arthroplasty), as it allows for quan-
tification of glenoid version and recognition of glenoid cysts
and other forms of glenoid bone loss that may impact implant
fixation and placement. Glenoid version is defined as the an-
gle between a line drawn from the medial border of the scap-
ula to the center of the glenoid and the line perpendicular to
the face of the glenoid on an axial CT scan [18]. Average
version is 5° of retroversion with a range from 7° of retrover-
sion to 10° of anteversion being considered normal.

The Walch classification is a commonly used scheme to
evaluate glenoid version, the relationship of the humeral head
to the glenoid, and the amount of posterior glenoid wear.
Glenoid types are divided into categories of A, B, and C
(Fig. 5) based upon the relationship of the humeral head to
the glenoid. Walch BType A^ has a concentric articulation
with either minor or deep erosion of the glenoid (A1 or A2,
respectively). Walch BType B^ has a biconcave glenoid with
asymmetric wear and posterior humeral subluxation with ei-
ther simple narrowing of the posterior joint space versus actual
posterior wear (B1 versus B2, respectively). Lastly, a Walch
BType C^ is a dysplastic glenoid with greater than 25° of
glenoid retroversion. Thus, the Walch classification distin-
guishes true retroversion from posterior wear [19].

Assessing and understanding glenoid morphology prior to
the operation can prevent common causes of implant failure. If
the glenoid is not placed in its anatomic location, the

articulation and movement between the resurfaced glenoid
and humeral head will be abnormal, causing glenoid implant
loosening and early arthroplasty failure. For example, in the
setting of a non-concentric glenoid, edge loading can occur
that leads to a Brocking-horse effect^ in either the frontal or
horizontal plane, which causes glenoid implant liftoff, and
thus failure [9]. Three-dimensional, volume-rendered images
of the scapula obtained from either a CT or magnetic reso-
nance (MR) imaging dataset provide extremely accurate, de-
tailed images of the glenoid, particularly as the scapula may be
tilted due to thoracic kyphosis making the glenoid morpholo-
gy and version more difficult to assess on standard two-
dimensional datasets. Budge et al. assessed the glenoid ver-
sion of 34 cadaveric shoulders with both standard axial two-
dimensional images, and modified two-dimensional recon-
structed images along the transverse scapular plane as defined
on a reconstructed surface-rendered three-dimensional model
of the scapula, and found a 5–15° difference in glenoid ver-
sion between the two methods, concluding that making the
measurement on a plane defined by the scapular body allowed
for more accurate and reliable assessment [20].

MR imaging

MRI of the shoulder is indicated in patients where there is
concern for rotator cuff deficiency on clinical exam. As men-
tioned previously, an intact rotator cuff is required for
hemiarthroplasty and total shoulder arthroplasty and thus the
integrity of the rotator cuff is the key factor in determining
whether a patient is a candidate for an anatomic total shoulder
arthroplasty or hemiarthroplasty versus a reverse total shoul-
der arthroplasty. MRI provides great soft tissue detail and can
provide information on the presence of rotator cuff tears as
well as the presence and degree of muscle atrophy.

The Goutallier grading scale of fatty infiltration of the ro-
tator cuff muscles was originally described using CT to assess
the degree of fatty infiltration of the individual muscles of the
rotator cuff [21]. This method was then modified by Fuchs

Table 1 Checklist of items that
should be evaluated when a CT is
completed for preoperative
planning

Item to evaluate Commentary

Glenoid bone status - Presence and location of glenoid bone loss and cysts

Glenoid version - Glenoid version should be measured and documented

Glenoid morphology - Commonly described using the Walch classification

- Comment on size and location of glenoid erosions/wear, whether
glenoid wear is concentric or eccentric, presence of glenoid dysplasia

Glenohumeral joint - Pattern of arthritis

- Whether glenohumeral articulation is concentric or subluxation/
dislocation is present

Rotator cuff muscle - Presence of muscle atrophy or fatty degeneration (although MRI is
typically ordered to evaluate the rotator cuff if needed prior
to shoulder arthroplasty)
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et al. utilizing MR imaging, which demonstrated acceptable
interobserver and intraobserver reliability [22]. The Goutallier
classification consists of: grade 0 being normal muscle, grade
1 being some fatty streaks, grade 2 being less than 50% fatty
muscle atrophy, grade 3 being 50% fatty muscle atrophy, and
grade 4 being greater than 50% fatty muscle atrophy [21]. The
importance of this grading scale is its implication on
reparability of the rotator cuff: a Goutallier or Fuchs fatty
infiltration grade of 3 or higher (i.e., fatty infiltration equal
to or greater than 50% of muscle bulk) has a re-tear rate of
50–70% [21, 23, 24]. As indicated earlier, a total shoulder
arthroplasty requires a stable joint. A glenohumeral joint with
a massive rotator cuff tear and fatty degeneration is
predisposed to dynamic and static elevation of the humeral
head as the deltoid force vector is no longer adequately op-
posed by the centering effect of the rotator cuff. This creates
unequal forces on the glenoid component as the head now
articulates with the superior edge of the glenoid—the so-

called Brocking-horse^ phenomenon that leads to early
glenoid loosening in total shoulder arthroplasty patients with
a large or massive rotator cuff tear [9].

It is important to note that the majority of patients with
primary osteoarthritis of the glenohumeral joint have an intact
rotator cuff. Thus, MRI is only obtained if there is concern for
rotator cuff deficiency on clinical exam. In Neer’s original
description, only one patient in 27 with primary osteoarthritis
had a full-thickness rotator cuff tear [5]. In another study,
Walch and Boileau found that 7.4% of patients with primary
glenohumeral osteoarthritis had a partial-thickness
supraspinatus tear and 7.6% had a full-thickness tear [25].
Total shoulder arthroplasty in the setting of a rotator cuff tear,
specifically of the infraspinatus and subscapularis tendons,
had poor clinical results with decreased Constant scores (ob-
jective and subjective data points which include pain, activi-
ties of daily living (ADLs), range of motion and strength),
decreased active external rotation, decreased forward flexion
and decreased subjective patient outcomes [25]. Small tears
isolated to the supraspinatus have little to no effect on the
outcome of arthroplasty for primary glenohumeral osteoarthri-
tis; however, fatty degeneration of the infraspinatus has been
found to be a negative prognostic indicator in arthroplasty
longevity [25].

3D specific imaging in shoulder arthroplasty

The glenoid component accounts for a large proportion (24%)
of the complications associated with total shoulder
arthroplasty [26]. Furthermore, there is an emphasis on accu-
rate placement of the glenoid in primary arthroplasty as revi-
sion total shoulder arthroplasty outcomes are inferior to those
of primary total shoulder arthroplasty [26, 27]. Bone loss and
severe retroversion lead to difficulties of accurate glenoid
placement in both anatomic and reverse total shoulder
arthroplasty, and if not accounted for, can lead to early
glenoid-based implant failure [28]. In order to mitigate these
possible complications, 3D reformatted images have been uti-
lized in preoperative planning and have been shown to help in
the accurate placement of the glenoid component.

A variety of implant companies have designed software to
help preoperative planning for both anatomic total shoulder
arthroplasty and reverse total shoulder arthroplasty (i.e.,
Athrex VIP System, Tornier BLUEPRINT, etc.). With the
utilization of 3D preoperative planning software, inter-rater
reliability of the assessment of intraoperative bone loss, as-
sessment of glenoid fit, and improvement in glenoid prepara-
tion has been demonstrated [29]. As a result, the positioning of
the glenoid implant has greatly improved with the ability to
place the implant within 5° of desired inclination and 10° of
planned version compared to standard techniques [30].
Furthermore, in the setting of reverse total shoulder
arthroplasty, utilization of 3Dmodeling has shown to improve

Fig. 5 Walch CT glenoid morphology classification
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both accuracy of baseplate placement as well as screw place-
ment within the scapula [31]. Due to these technical improve-
ments, surgeons will continue to rely on preoperative planning
tools as they can aid in intraoperative surgical decision-
making and surgical site preparation to reduce risks of future
complications.

Complications of shoulder arthroplasty

Although shoulder arthroplasty can reliably relieve shoulder
pain and restore motion, there are notable complications that
can adversely affect patient outcomes. Overstuffing of the
implant, rotator cuff failure, periprosthetic fractures and stress
fractures, implant loosening, instability, and notching may oc-
cur and can be detected on postoperative imaging studies.
Some complications such as periprosthetic humerus fractures
are common to all types of arthroplasty whereas other com-
plications are more specific to a surgical technique, such as
notching with reverse total shoulder arthroplasty. Table 2
shows a list of common complications for each arthroplasty
procedure.

Overstuffing

Hemiarthroplasty is an anatomic arthroplasty and, as such,
the goal is to match the patient’s anatomy. There are mul-
tiple implant systems with various types of modularity
that attempt to restore the native anatomy. It is paramount
for the surgeon to know both the individual patient’s anat-
omy and the specifics of the implant being used in order
to attempt to restore offset, retroversion, head size, and
the inclination of the proximal humerus [32]. Pearl et al.
demonstrated that 95% of the patient’s native anatomy can
be restored with a modern hemiarthroplasty implant if
proper technique is used [33]. Care must be taken to not
oversize the implant as it can overstuff the glenohumeral
joint limiting the ability to repair any remaining cuff, and
especially places a repaired subscapularis tendon at risk.
Overstuffing can lead to increased joint reactive force
with resultant pain and glenoid erosion [34]. Williams
et al. showed that even if the humeral head is the proper

size, malpositioning with overhang of 4 mm or more can
lead to rotator cuff tear [35]. The acromiohumeral interval
is a means to evaluate for overstuffing and can be
assessed and measured as early as the first standing
post-operative radiograph with a Grashey view of the
shoulder. The normal acromiohumeral interval measures
at least 7 mm; an acromiohumeral interval less than
2 mm suggests either overstuffing of the glenohumeral
joint or a new rotator cuff tear. Clinical exam can be
utilized to distinguish between overstuffing and a new
rotator cuff tear. The normal head height distance—the
vertical distance between the highest point of the implant
humeral head and the supraspinatus (i.e., superior) facet
of the greater tuberosity—should be between 2 and 5 mm.
A distance greater than 5 mm can possibly indicate
overstuffing, while sequential radiographs with decreasing
head height distance are indicative of subsidence of the
humeral component [36] [37]. Lastly, Alolabi et al. de-
scribed a reproducible radiographic assessment for
overstuffing, which necessitates obtaining a near-perfect
post-operative Grashey view of the extremity [38]. This
method uses three bony landmarks (medial edge of the
greater tuberosity, lateral edge of the greater tuberosity,
and medial calcar) to create a best-fit circle to define the
anatomic center of rotation. A second best-fit circle is
drawn to fit the curvature of the prosthetic humeral head
to define the implant center of rotation. A deviation of
greater than 3 mm between the anatomic and implant cen-
ters of rotation results in overstuffing of the reconstructed
joint (Fig. 6).

Rotator cuff tear

Subscapularis tendon failure is the secondmost common com-
plication following shoulder arthroplasty, reported in as high
as 51% of patients in some studies [39, 40]. To provide ade-
quate exposure and access to the glenohumeral joint for all
three arthroplasty options (hemiarthroplasty, anatomic total
shoulder arthroplasty, and reverse total shoulder arthroplasty),
the subscapularis typically is detached either through a lesser
tuberosity osteotomy, a subscapularis tenotomy, or by peeling
the subscapularis tendon off of the humerus. An example of

Table 2 Common complications
after hemiarthroplasty, total
shoulder arthroplasty, and reverse
total shoulder arthroplasty

Type of arthroplasty Common complications

Hemiarthroplasty Overstuffing, acetabularization of acromion, periprosthetic
proximal humerus fracture, rotator cuff failure

Total shoulder arthroplasty Glenoid loosening or Brocking horse phenomenon,^
subscapularis tendon failure, periprosthetic proximal
humerus fracture

Reverse total shoulder arthroplasty Notching, acromial stress fracture, periprosthetic proximal
humerus fracture
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normal post-operative radiographs following a lesser tuberos-
ity osteotomy can be seen in Figs. 1 and 7.

In the setting of shoulder arthroplasty, complications can
occur with lesser tuberosity exposure. Shi et al. followed pa-
tients for greater than 2 years and found lesser tuberosity fail-
ure at an average of 9 weeks from the date of surgery; the
lesser tuberosity failures occurred with and without trauma
[41]. When a lesser tuberosity osteotomy was performed in-
traoperatively, the subscapularis tendon failure is likely to be a
fracture through the osteotomy and thus radiographs or CT
can be used to identify the displacement of the lesser tuberos-
ity. In cases where a subscapularis tenotomy or peel was per-
formed intraoperatively, the subscapularis tendon is likely to

avulse off of the bone. In these cases, there will be no
displaced bony fragments. The only radiographic clue may
be a subtle anterior translation of the humeral component with
respect to the glenoid component on radiographs or CT. As the
subscapularis provides important function to the shoulder, it is
essential to report osteotomy failures and anterior subluxation
on post-operative radiographs.

Accurate imaging of implants withMRI requires sequences
limiting the dephasing and artifacts due to metal. Metal sup-
pression protocols are institution-dependent and can offer
valuable information in regard to the integrity of the rotator
cuff, soft tissue hematoma formation, and occult fractures.
Patients with absolute contraindications toMRI (e.g., cochlear
implants, many cardiac pacemakers, and some other im-
planted devices) require evaluation utilizing different imaging
modalities. Ultrasound is a fast and reliable way to diagnose
rotator cuff tears after arthroplasty as the prosthesis does not
limit the diagnosis of rotator cuff compromise [39]. Sofka
et al. recommends an extended field-of-view imaging and
tissue harmonic imaging, and power Doppler imaging when
utilizing ultrasound to evaluate the periprosthetic soft tissues,
including the rotator cuff [42]. CT arthrography can also pro-
vide valuable information, identifying the precise location of
tears and demonstrating presence and degree of retraction. CT
arthrography may also show intratendinous cleavages found
in full- and partial-thickness tendon tears, as well as detecting
a potentially loose component as contrast may insinuate
around the perimeter of the component [43].

Periprosthetic fracture

Periprosthetic fractures are a complication of all types of
shoulder arthroplasty with an incidence of 1.5–3%; ap-
proximately half of these injuries occur intraoperatively
and half occur on a delayed basis as the result of falls
or other blunt trauma [44, 45]. Timely recognition is es-
sential in adequately treating this complication.
Identification of fracture location and adequacy of

Fig. 7 A 72-year-old male fol-
lowing anatomic TSAwith use of
lesser tuberosity osteotomy to
gain access to the shoulder.
Patient immediately after surgery
(a) versus six weeks from surgery
(b)

Fig. 6 Best-fit method to evaluate for overstuffing. One best-fit sphere
representing the native humerus (solid line) is made from a circle around
the lateral edge of the greater tuberosity, and the medial calcar. The other
best-fit sphere representing the prosthetic humeral head is drawn to fit the
curvature of the prosthetic humeral head. The centers of rotation of each
best-fit sphere are annotated by the star for the prosthesis and the circle
for the native humeral head, with difference between the two > 3 mm
significant for concern for overstuffing
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humeral stem fixation should be noted as they will dictate
operative planning ranging from non-operative treatment,
open reduction and internal fixation, and revision
arthroplasty [45]. In the setting of total shoulder
arthroplasty or reverse total shoulder arthroplasty,
periprosthetic scapular neck or glenoid fractures can lead
to instability and component loosening. Imaging obtained
includes radiographs and CT where quantification of re-
maining glenoid bone stock remaining should be noted as
surgery may require the use of bone graft, bone wedge
reinforcements, and/or revision glenoid implants [46].

Implant loosening

Humeral component loosening

Humeral component loosening has an overall prevalence of
1% and accounts for 7% of the total complications after
arthroplasty. Loosening of the humeral component is even
higher in patients with non-cemented press-fit stems, although
radiolucent lines do not necessarily correlate with symptom-
atic implant loosening requiring revision arthroplasty [47].
Humeral periprosthetic lucency is more common when there
is a polyethylene glenoid component than with a
hemiarthroplasty, possibly due to effects of wear-related par-
ticles [48]. Sperling et al. defined Bat risk^ humeral compo-
nents as those with radiographic evidence of subsidence, tilt,
or a complete radiolucent line measuring greater than 2 mm
around the entire implant [49].

Glenoid component loosening

The majority of symptomatic loosening is associated with
the glenoid component (83% of cases with loosening)
[46]. Despite high numbers of radiographic lucent lines
(80% of cases) and even radiographic signs of loosening
(34% of cases demonstrated migration, tilt, or a shift of
the component or a complete radiolucent line of greater
than 1.5 mm in thickness), only 7% of cases at 13.4 years
required revision surgery for glenoid-based loosening
[46]. Implant design has demonstrated variability when
looking at radiolucent lines: keeled implants, as opposed
to pegged implants, have shown statistically higher rates
of radiolucent lines and clinically significant loosening
[46, 50]. Keeled implants are designed to have one central
keel implanted into the glenoid while pegged implants
have multiple smaller, peripheral pegs, which are im-
planted into the glenoid. Examples of these implant types
can be seen in Fig. 8. Metal-backed implants have histor-
ically also had a higher rate of failure [10, 46]. It is im-
portant to note that the majority of glenoid implants on
the market now are all-polyethylene, radiolucent implants.
Typically, a marker wire, beads, or other embedded

radiopaque material will be present for radiographic sur-
veillance. Figure 2 demonstrates an example of glenoid
component loosening.

Instability

Anterior and superior instability account for the greater
than 80% of cases of post-arthroplasty glenohumeral in-
stability; most of these cases are closely associated with
the integrity of the subscapularis tendon [46, 51].
Grashey, axillary, and scapular-Y radiographs should be
obtained to provide direction of dislocation and visualiza-
tion of possible associated fractures. Anterior subluxation
of the humeral head by more than 5 mm suggests anterior
instability [52]. This typically occurs due to the combina-
tion of implant malpositioning, inadequate soft tissue ten-
sioning, and poor soft tissue integrity. Warren et al. noted
anterior capsular abnormalities, excessive anteversion of
the glenoid component, an oversized humeral head com-
ponent, and anterior placement of the humeral component
also contributed to anterior instability. Similarly, superior
instability is noted by an acromiohumeral distance less
than 5 mm on the Grashey view. Posterior instability
can be due to positioning (glenoid retroversion greater
than 20° and/or humeral component retroversion greater
than 45°), infraspinatus insufficiency, and/or dorsal
glenoid deficiency. Lastly, inferior instability is due to
excessive shortening of the humeral implant or deltoid
insufficiency, possibly due to iatrogenic axillary nerve
damage [52].

Ear ly dis locat ion of a reverse tota l shoulder
arthroplasty (within 3 months of placement) is an uncom-
mon complication (2.9%) [53]. In this population, the
combination of using a deltopectoral approach and
subscapularis insufficiency leads to a statistically

Fig. 8 Two pegged (left) and two keeled (right) balloon designs. While
the polyethylene is radiolucent, a small cement mantle is often visible and
the majority of implants on the market have a metal marker embedded
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significant increase in the likelihood of instability. The
use of advanced imaging (MRI with metal suppression,
CT arthrography, or ultrasound) to determine the integrity
of the rotator cuff is recommended [54, 55].

Complications specific to reverse total
shoulder arthroplasty

Notching

Notching of the scapular neck is the phenomenon encountered
in reverse total shoulder arthroplasty where the cup-like hu-
meral component impinges upon the inferior aspect of the
scapular neck, leading to bone resorption (Fig. 9). The loss
of bone due to the notching can be seen on the inferior neck of
the glenoid on radiographs. Originally described by Boileau
et al., scapular notching was seen in 68% of patients in their
study; notching extending superior to the inferior screw was
seen in 28% of their patients [56].

The grading scheme for scapular neck notching is the
Nerot–Sirveaux classification: Grade 0, no notch; grade 1,
small notch stopping short of the inferior screw; grade 2,
medium notch reaching the inferior screw; grade 3, large
notch extending beyond/superior to the inferior screw
[57]. Despite being radiographically impressive, notching
has not been shown to consistently affect the Constant
score, the adjusted Constant score, nor the ASES score.
The surgeon can reduce the rate of notching by placing
the glenoid implant as low as possible on the glenoid face
[56]. In the presence of excessive glenoid notching,

glenoid loosening can occur, which can be observed on
plain radiographs [52].

Acromial stress fracture

Acromion stress fractures in reverse total shoulder
arthroplasty are believed to be due to increased deltoid
tension or acute trauma. These fractures often occur due
to increased forces on the acromion by the deltoid leading
to an insufficiency fracture in oeteopenic or osteoporotic
patients. Patients present with a change in their pain
scores after a period of being asymptomatic. They often
complain of pain with active abduction and tenderness
directly over the acromion (Fig. 10). Typically, patients
tolerate these fractures well and conservative treatment
is pursued. In rare cases, the fracture extends into the
scapular spine, operative fixation may be necessary.
These fractures most often occur just posterior to the
AC joint and can be difficult to detect on radiographs,
particularly in the presence of a metal glenosphere that
can obscure their presence on the axillary view [52, 58].
Thus, CT scan is often required to diagnose acromial
stress fractures.

Levy et al. described a classification of acromial fractures
following reverse total shoulder arthroplasty that was related
to the origin of the deltoid. Type I includes fractures through
the midpart of the acromion involving a portion of the anterior
and middle deltoid origins. Type II fractures involve the entire
middle deltoid origin with a portion of the posterior deltoid
origin. Type III fractures involve the entire middle and poste-
rior deltoid origins [59].

Fig. 9 An 80-year-old male following reverse total shoulder prosthesis
with glenoid notching. The arrow points to notching in the inferior neck
of the glenoid, which is grade 1, as it is small and does not extend to the
inferior screw of the glenoid component

Fig. 10 A 71-year-old female with an acromial stress fracture following
anatomic total shoulder arthroplasty. The stress fracture is highlighted
with the dashed circle
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Conclusions

Current imaging modalities allow for extensive preoperative
and postoperative assessment of patients undergoing shoulder
arthroplasty for the treatment of painful glenohumeral osteo-
arthritis. An understanding of both the indications for surgery
and then typical post-operative complications is essential for
the radiologist to communicate pertinent findings to the ortho-
pedic surgeon. In general, the most important pre-operative
factors for the orthopedic surgeon to gain from imaging are
the degree of osteoarthritis, the integrity of the rotator cuff,
and the presence of any significant glenoid erosion. Post-op-
eratively, the presence of implant loosening, rotator cuff fail-
ure (especially the subscapularis), periprosthetic fractures,
stress fractures, and instability are the critical findings indicat-
ing potential complications. As the number of shoulder
arthroplasties performed continues to increase, both the ortho-
pedic surgeon and the radiologist must work together to iden-
tify risk factors preoperatively and complications post-
operatively.
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