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B Preoperative assessment of the glenoid in the setting of
shoulder arthroplasty is critical to account for variations in
glenoid morphology, wear, version, inclination, and gle-
nohumeral subluxation.

B Three-dimensional computed tomography (3D CT) scan
assessment of the morphology of glenoid erosion allows
for a more accurate surgical decision-making process to
correct deformity and restore the joint line.

B Newer technology has brought forth computer-assisted
software for glenoid planning in shoulder arthroplasty
and patient-specific instrumentation.

B There have been promising early findings, although
further evaluation is needed to determine how this
technology impacts implant survivorship, function, and
patient-reported outcomes.
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Introduction

Thorough understanding of the impact of glenohumeral
joint pathology on glenoid morphology is important in
the predictability of implant survivorship and outcome
following total shoulder arthroplasty. Preoperative radio-
graphic evaluation of the glenoid has become pivotal in
terms of proper surgical planning, implant choice, meth-
ods to correct deformity, and surgical technique. The vol-
ume of shoulder arthroplasty being performed continues
increasing at a rate which is comparable to those for hip
and knee arthroplasty procedures.” The purpose of this
review is to provide a summary of current methods for
assessment of the glenoid and preoperative planning
strategies for total shoulder arthroplasty.

Radiographic imaging modalities
Plain radiographs

Evaluation of the glenohumeral joint begins with plain radio-
graphs. The true anteroposterior (AP) view aids in deter-
mining the presence of arthritis, evidenced by joint space
narrowing, osteophytes, subchondral sclerosis, and sub-
chondral cysts. The plain radiograph provides a tremendous
amount of information as to the aetiology of the degenera-
tive process. For example, superior proximal humeral head
migration in relation to the glenoid, as well as acetabulariza-
tion of the undersurface of the acromion suggests arthrosis
related to pathology involving the rotator cuff. Changes in
arm position (internal and external rotation) can provide fur-
ther visualization of the severity of proximal humeral head
migration. It is important to obtain an axillary X-ray in which
the glenoid is not obscured by overlap of the acromion. At
times this can be difficult to consistently reproduce, and
fluoroscopic imaging can be a useful tool to aid in obtaining
this image. The axillary view aids in determining the pres-
ence of glenoid wear anteriorly or posteriorly, humeral head
subluxation, or dislocation of the glenohumeral joint.

Computed tomography (CT)

Computed tomography (CT) scan is a very useful tool for
characterization of glenoid morphology.?3 CT scan pro-
vides an accurate and detailed assessment of the glenoid
with regard to version, inclination, wear pattern and direc-
tion/location, bone quality, as well as integrity of the gle-
noid vault. Proper preoperative understanding of these
factors provides information to guide implant choice as
well as morphological aspects of the glenoid that affects
implant survival.4-¢

Initial characterization of glenoid bone loss pattern is
performed using two-dimensional (2D) CT scan images.
2D CT scans can be reconstructed into different planes.
They can also be used to create three-dimensional (3D)
reconstructed images, which aid in understanding and
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defining patient-specific glenoid anatomy and location
of wear, as well as enhancing the precision of glenoid
component positioning.”2 Werner et al showed that
measurements of glenoid version and inclination were
more accurate with 3D reconstruction measurements
compared with reformatted 2D CT scans. In fact, they
noted that surgical planning and implant choice was
altered for 7 of 50 shoulders after reassessing glenoid
morphology via 3D reconstructive imaging.®

A recent radiographic analysis by Chalmers et al postu-
lated that inclusion of only 8 cm of scapular width and
50% of scapular height is needed to ensure accurate gle-
noid measurements are made.'® Despite the study by
Chalmers et al suggesting that the exclusion of the verte-
bral scapular border and inferior scapular angle is satisfac-
tory to assess the glenoid, certain measurements discussed
in this review rely on these and other anatomic landmarks.
Additionally, 3D CT scan of the contralateral shoulder can
be obtained in cases of ambiguity.

Magnetic resonance imaging (MRI)

With a higher tissue-contrast resolution than seen on CT
scan, magnetic resonance imaging (MRI) provides a supe-
rior means for assessing soft tissue pathology, and is the
gold standard for evaluation of rotator cuff disorders.’
MRI has been used for preoperative assessment of glenoid
version, avoiding the need to undertake the additional
cost, time, and radiation associated with obtaining a CT
scan in a patient who already has an adequate MRI.12
Lowe et al compared MRI to CT for preoperative shoulder
arthroplasty assessment, and found that MRl and CT were
comparable for glenoid version measurements with less
severe deformity types.’> However, MRI significantly
under identified type B2 and over identified type C gle-
noid deformities when compared with CT, refuting the
idea that MRI could replace the utility of a CT in certain
circumstances.?

Glenoid measurements

Glenoid wear

Walch et al, in 1999 outlined a classification scheme of
glenoid wear patterns seen in primary glenohumeral
arthritis.2 The prognostic value of the Walch classification
has also been substantiated, with a higher Walch classifi-
cation acting as a negative predictor for postoperative
clinical function, as well as progression of posterior bone
loss over time.1415

Friedman et al demonstrated that CT scans accurately
revealed glenoid erosion patterns in patients with severe
glenohumeral osteoarthritis.? In the original study by
Walch, glenoid morphology in the setting of primary
glenohumeral arthritis was assigned as types A, B, or C
glenoid wear.?

Fig. 1 (A) Type A1 glenoid on an axillary lateral radiograph of a
left shoulder, characterized by a well-centred humeral head with
mild, symmetric glenoid erosion in the absence of glenohumeral
subluxation. (B) Type A2 glenoid on an axillary lateral radiograph
of a right shoulder, characterized by deeper, symmetric glenoid
erosion in which a line connecting the anterior and posterior
glenoid rims would transect the humeral head.

Fifty-nine per cent of 113 shoulders evaluated using
CT images were defined as type A, describing a humeral
head well centred on the glenoid with symmetric erosion
in the absence of humeral head subluxation on the gle-
noid (Fig. 1). This was further subclassified to A1 and A2,
signifying minor glenoid erosion or deeper central ero-
sion, respectively, with the latter being a typical finding
of inflammatory arthropathy.?¢ A more recent study fur-
ther clarifies the definition of the A2 glenoid as one in
which a line connecting the anterior and posterior gle-
noid rims in the axial plane transects the humeral head, as
would be seen with deeper central glenoid erosion.'”

In contrast, 32% of shoulders were defined as type B,
which described posterior subluxation of the humeral
head on the glenoid, resulting in asymmetric glenoid
loading and subsequent posterior arthritic wear patterns
(Fig. 2). More specifically, B1 identified posterior wear
without significant glenoid erosion, while B2 identified
those with posterior glenoid erosion resulting in the char-
acteristic biconcave glenoid.2 The posterior glenoid ero-
sion in the B2 results in biconcavity with the creation of a
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Fig. 2 (A) Type B1 glenoid on axial CT, characterized by posterior glenoid wear without significant glenoid erosion; note the
subchondral cyst beneath the posterior glenoid articular surface. (B) Type B2 glenoid on axial CT, characterized by posterior
subluxation of the humeral head on the glenoid, with subsequent posterior glenoid erosion and a characteristic biconcave
appearance. (C) In vivo B2 glenoid during a right shoulder arthroplasty, with characteristic biconcave appearance with increased
wear and sclerosis on posterior aspect of glenoid (left side of picture). (D) Type B2 glenoid uploaded into preoperative planning
software, showing calculated glenoid version, glenoid inclination, and posterior humeral head subluxation measurements,
respectively (BLUEPRINT, Wright Medical, Mempbhis, TN, USA). (E) Type B3 glenoid on axial CT, characterized by progression of
posterior wear leading to an excessively retroverted, monoconcave glenoid.

neoglenoid which is posterior and inferior as well as the
paleoglenoid which is the prepathologic joint line. Bercik
et al used 3D CT reconstructions and analysed 129 shoul-
ders to more clearly outline glenoid pathologic wear pat-
terns in glenohumeral osteoarthritis. This included the
addition of the B3 glenoid, which is defined as monocon-
cave with posterior wear, greater than 15 degrees of retro-
version, and posterior humeral head subluxation greater
than 70% of the humeral head related to the glenoid.!”
The B3 glenoid is the natural progression of continued
posterior glenoid wear of a B2 with loss of the paleogle-
noid and enlargement of the neoglenoid. Chan et al fur-
ther analysed 52 patients with B3 glenoids via 3D CT, and
found mean values of 24 + 7 degrees of retroversion, 8 + 6
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degrees of superior inclination, and 14 £ 4 mm of mediali-
zation.'® This study also illustrated that when gleno-
humeral subluxation is evaluated based on the glenoid
plane, despite increasing glenoid erosion and retrover-
sion, the humeral head appears concentric on the glenoid.
This is in contrast to what is seen when referencing the
scapular plane, where every 1 degree increase in glenoid
retroversion translates to an equivalent 1% increase in
humeral head subluxation.’®

Nine per cent of Walch’s original 113 shoulders were
classified as type C, which is developmental dysplasia of
the posterior glenoid (or posterior glenoid hypoplasia),
characterized by greater than 25 degrees of retroversion
(Fig. 3).2 While this morphologic pattern can be difficult to
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Fig. 3 (A) Type C1 glenoid on axial CT, characterized by
dysplastic glenoid retroversion greater than 25 degrees. (B)
Type C2 glenoid on axial CT, characterized by a dysplastic, high
premorbid glenoid retroversion in addition to degenerative
posterior glenoid wear resulting in biconcavity.

delineate from type A2 or B3 glenoids, initially described
type C glenoids commonly have characteristics of gener-
alized preserved joint space, minimal osteophytes, and
absence of a posterior glenoid neck associated with pos-
teroinferior glenoid hypoplasia.’® Type C glenoids have
since been subdivided further. A C1 glenoid represents
the aforementioned dysplastic glenoid retroversion, while
lannotti et al recently defined a C2 glenoid as one with
congenitally high premorbid glenoid retroversion in addi-
tion to acquired posterior bone loss.'® This posterior bone
loss results in a biconcave glenoid surface with associated
posterior humeral head subluxation, a finding similar to
that of the B2 glenoid. However, both premorbid (mean
19.4 degrees) and pathologic (mean 28.5 degrees) gle-
noid retroversion are significantly greater in type C2 gle-
noids when compared with B2.18

Bercik et al also introduced the idea of a rare type D
glenoid, defined as one with glenoid anteversion or ante-
rior humeral head subluxation and a Walch index less than
40%, described later (Fig. 4). With the addition of the B3
and D type glenoids, this study was able to show statisti-
cally significant improvement in both interobserver and
intraobserver reliabilities on preoperative glenoid wear
measurements.’”

Fig. 4 Type D glenoid on axial CT, which, while rare, is
characterized by glenoid anteversion.

Rotator cuff arthropathy creates glenoid wear in the
coronal plane due to proximal humeral head migration.
Lévigne et al implemented the Favard classification (Fig. 5)
to assess coronal plane glenoid erosion.’ Delineated as
the E classification, a type EO glenoid corresponds to supe-
rior humeral head migration without glenoid erosion, E1
with concentric glenoid erosion, E2 with superior erosion
limited to the superior glenoid (biconcavity in the coronal
plane), E3 with erosion extending to the inferior glenoid
edge (significant superior inclination), and E4 with glenoid
erosion isolated only to the inferior part of the glenoid.’®
Identifying these erosion deformities has implications in
glenoid bone loss management, appropriate implant
placement, correction of superior inclination and joint line
medialization, and prevention of scapular notching. Cor-
rection of this deformity avoids sites of scapular pillar
impingement which can restrict shoulder range of motion
in the setting of reverse shoulder arthroplasty.20:21

Glenoid version

Preoperative glenoid version has a direct correlation to
glenoid component survivorship and patient outcomes.
Farron et al demonstrated that glenoid component place-
ment into greater than 10 degrees of retroversion results
in increased bone-cement interface micromotion and
component loosening.?2 Similarly, Shapiro et al, in a cada-
veric study, found that excessive retroversion of 15 degrees
results in eccentric glenoid loading, significantly decreased
glenohumeral contact area, and increased contact pres-
sure which leads to wear and loosening.?? Augmented
glenoid component designs provide options to correct
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Fig. 5 Favard type E glenoids. (A) EO: superior humeral head migration without glenoid erosion, on true AP radiograph. (B) E1:
concentric glenoid erosion, on coronal CT. (C) E2: superior erosion limited to the superior glenoid, on coronal CT. (D) E3: erosion

extending to the inferior glenoid edge, on coronal CT.

version to prevent the adverse effects of excessively retro-
verted glenoid components.?#

Glenoid version is best assessed in the axial plane.
Whereas axillary view shoulder radiographs can be used,
they have been shown to overestimate glenoid retrover-
sion by as much as 86% when compared with CT imag-
ing.?> Axial radiographs are technique dependent and
frequently not consistent nor reproducible, making them a
difficult tool to use reliably. Two-dimensional CT imaging,
selecting the image just below the coracoid process
ensures that a consistent measurement is obtained.2¢ Sev-
eral methods exist for evaluating glenoid version on the
axial CT (Fig. 6). Friedman et al defined the glenoid version
as the angle formed between the glenoid line and the line
perpendicular to the scapular axis, defined as the line join-
ing the medial edge of the scapula and the centre of the
glenoid.? The angle formed between the intersection of
the scapular body and the glenoid surface is the method of
assessing version based on the scapular body axis (scapu-
lar body method). An alternative axis has been proposed
to measure glenoid version. Bouacida et al, developed the
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glenoid hull plane in which version is measured between
the glenoid line and a line perpendicular to that joining the
centre of the glenoid and the point of the scapula where
the anterior and posterior cortices meet medially, called
the hull.?”

The glenoid line connects the anterior and posterior
edges of the glenoid but can become more difficult to
measure in the presence of glenoid wear and erosion. Three
reference lines have been described. The paleoglenoid
assumes the morphology of the native glenoid and does
not consider posterior wear or erosion. The neoglenoid
does consider posterior erosion, and its line is drawn
from the anterior-most to posterior-most portions of the
deformed glenoid facet. The intermediate glenoid describes
a line drawn from the anterior to posterior edge of the gle-
noid regardless of wear or erosion.?6 Rouleau et al found
that, especially when measuring glenoids with posterior
wear, the interobserver and intraobserver reliability was
highest when using Friedman’s scapular plane and the
intermediate glenoid when measuring glenoid version. The
same study also found no advantage to 3D reconstructed
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Fig. 6 (A) Glenoid version as measured on an axillary right shoulder radiograph using the Friedman method, where version is the
angle between the glenoid line and the perpendicular (dashed) to the line joining the medial edge of the scapula and the centre

of the glenoid (scapular axis). (B) Glenoid version as measured on axial CT using the Friedman method, where version is the angle
between the glenoid line and the perpendicular (dashed) to the line joining the medial edge of the scapula and the centre of the
glenoid (scapular axis). (C) Glenoid version as measured on axial CT using the glenoid hull method, where version is measured in a
similar way to the Friedman method, but with the glenoid hull plane (the line between the centre of the glenoid and the point of the
scapula where the anterior and posterior cortices meet medially) replacing the scapular axis.

CT scans over their 2D counterparts.?6 Alternatively, in a
study by Walch et al, use of the neoglenoid in calculating
retroversion best predicted postoperative complications of
glenoid component loosening and periprosthetic disloca-
tion.?8 More specifically, neoglenoid retroversion of greater
than 27 degrees in biconcave glenoids led to a 44% risk of
complication at an average six-year follow up.?® Still, the
extent of intermediate glenoid retroversion also signifi-
cantly correlated with glenoid loosening and is commonly
used to assess version.2®

Glenoid inclination

Glenoid inclination can be measured on AP shoulder radi-
ographs, 2D CT scans, and 2D CT scans reformatted to
the scapular plane. Daggett et al showed less accuracy
and less reliability with beta angle measurements using
AP radiographs when compared to 2D scapular plane
reconstructions using 3D software measurement as the
accurate accepted value.?® Contrastingly, Maurer et al
proposed that the beta angle was the most reproducible
measurement for glenoid inclination on an AP radio-
graph, with strong reproducibility despite variations of
up to 20 degrees of rotation.30

Glenoid inclination is typically described as a positive
number for superior inclination and a negative number

for inferior declination. Minimal clinical evidence exists to
establish an ideal range, or the clinical manifestations in
deviating from this range, but increased risk of glenoid
component failure has been shown to be associated with
components placed in superior inclination.?*-3! Churchill
et al defined glenoid inclination as the angle formed
between the glenoid line (joining the superior and infe-
rior glenoid rims) and that perpendicular to the line join-
ing the medial angle of the scapula and the centre of the
glenoid.3? Using the method described by Maurer et al,
the beta angle is obtained from the intersection of the
glenoid line and the tangential line through the floor of
the supraspinous fossa (Fig. 7A).3° Glenoid inclination is
then calculated as the beta angle subtracted from 90,
representing the line perpendicular to that which is tan-
gential to the fossa.

Daggett et al showed a statistically significant correla-
tion between glenoid inclination and a measurement
named the critical shoulder angle (CSA).33 The critical
shoulder angle is defined as the intersection angle at the
inferior glenoid margin between the glenoid line and the
line drawn from the inferior bony margin of the glenoid to
the lateral-most border of the acromion on AP radiographs
(Fig. 7B).>* The measurement takes into consideration
both acromial coverage as well as glenoid inclination, and
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Fig. 7 (A) Glenoid inclination as measured on a coronal

CT of a left shoulder using the beta angle, which is the

angle formed by the intersection of the glenoid line and the
tangential line through the floor of the supraspinous fossa.
The value of inclination is then calculated as the beta angle
subtracted from 90. (B) The critical shoulder angle (CSA)
shown on a true shoulder anteroposterior radiograph, defined
as the intersection angle at the inferior glenoid margin
between the glenoid line and the line drawn from the inferior
bony margin of the glenoid to the lateral-most border of the
acromion. (C) The reverse shoulder (RSA) angle measured on
a coronal CT of a left shoulder, defined as the angle between
the perpendicular (dashed line) of the tangential line through
the floor of the supraspinous fossa and the line through the
inferior glenoid fossa (connecting the inferior glenoid rim to
the intersection of the supraspinous fossa tangential line and
the glenoid rim).
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is predictive for recognizing shoulders with degenerative
rotator cuff tears or primary osteoarthritis. This study
showed a mean CSA of 33.1 degrees in an asymptomatic
control group without arthritic changes and a normal
rotator cuff, whereas a CSA greater than 35 degrees
favoured rotator cuff pathology (84% positive predictive
value) and a CSA less than 30 degrees favoured osteoar-
thritis (90% positive predictive value).3* Translated to gle-
noid inclination, shoulders with massive rotator cuff tears
demonstrate significantly increased glenoid inclination
measurements relative to osteoarthritic shoulders, with
measurements of 13.6 £ 4.6 degrees and 7.6 + 5.01
degrees, respectively.33

Boileau et al recently proposed the reverse shoulder
arthroplasty (RSA) angle, which is the angle created from
the line of the inferior glenoid fossa and the perpendicular
of the tangential line through the floor of the supraspinous
fossa (Fig. 7C). In considering only the inferior aspect of
the glenoid fossa (where a shoulder arthroplasty compo-
nent would be appropriately implanted), they argue that
use of the RSA angle avoids underestimating the focal
inclination at the location of baseplate implantation and
prevents insufficient correction of superior tilt which
occurs when considering solely the global glenoid inclina-
tion represented by the beta angle.3> The subsequent use
of trapezoidal-shaped angled bony-increased offset (BIO)-
RSA techniques dictated by the RSA angle led to predicta-
ble correction of multiplanar glenoid deformity and good
clinical outcomes.3%

Glenohumeral alignment

Increased preoperative posterior humeral head subluxation
has been shown to be a significant risk factor associated
with glenoid component loosening, and asymmetric poly-
ethylene wear as a result of recurrent posterior humeral
head subluxation following anatomic total shoulder arthro-
plasty.3¢ Biomechanical testing shows that the degree of
posterior humeral head subluxation is directly correlated to
severity of posterior glenoid wear.2”,37 Walch et al exam-
ined the preoperative radiographic predictors associated
with an increase in postoperative complications follow-
ing anatomic total shoulder arthroplasty (TSA) in patients
with posterior glenoid erosion. This study retrospectively
reviewed 92 shoulders that underwent preoperative CT
arthrograms and subsequent anatomic total shoulder
arthroplasties, and found a 16.3% (15/92) revision rate at
six-year follow up.?®¢ Glenoid loosening was observed in
20.6% of shoulders and correlated with posterior humeral
head subluxation, neoglenoid retroversion (> 27° retrover-
sion associated with 44% risk of complication), intermedi-
ate glenoid retroversion > 30° (62% risk of complications),
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and posterior glenoid erosion depth.?¢ The authors con-
cluded that intermediate glenoid retroversion of > 30° is
associated with a > 50% risk of glenoid component loos-
ening. Posterior humeral head subluxation of > 80% is asso-
ciated with an 11% risk of posterior dislocation.?® A 2003
multicentre case series showed that patients with posterior
humeral head subluxation following anatomic shoulder
arthroplasty had more pain, decreased active external rota-
tion, and worse American Shoulder and Elbow Surgeons
scores.38

Jacxsens et al3® examined posterior humeral head decen-
tring in relation to the glenoid on preoperative CT scans
in patients with glenohumeral joint osteoarthritis. The
authors attempted to correlate glenohumeral subluxa-
tion index seen in 3D reconstructed CT scans to the Walch
classification and measured humeral head subluxation as
it relates to the glenoid surface, seen on the axial 2D CT
image. In their method, humeral head subluxation is
measured as per the Walch index; a ratio where a value
between 45-55% defines a well-centred humeral head
(Fig. 8A). Contrastingly, indexes of less than 45% or
greater than 55% denote anterior or posterior subluxa-
tion, respectively.?

Bouacida et al compared the humeral head subluxa-
tion measurement method to the glenoid hull plane.?”
In their study, 2D CT scans reconstructed in both the
anatomic scapular plane and glenoid hull plane com-
pared 109 shoulders with glenohumeral osteoarthritis to
97 control shoulders without arthritis. The glenoid hull
method describes the frontal plane as encompassing the
hull and the Saller line; a line connecting the superior-
most point of the glenoid rim to the inferior-most point
of the glenoid rim. The axial plane is then reconstructed
parallel to the floor of the supraspinatus fossa and per-
pendicularly through the middle of the Saller line seen in
the sagittal plane. To measure the humeral head sublux-
ation index in the hull plane, the line connecting the cen-
tre of the glenoid to the hull is used to obtain the ratio, as
depicted in Fig. 8B.%7

Similar to Walch’s original findings, Bouacida et al
found that humeral head subluxation increased with
increasing Walch classification in all planes with the
exception of type C, which had less subluxation than that
of B2. They also found that A2 glenoids based on the gle-
noid plane had significantly higher standard deviations
for amount of humeral head subluxation, with 35% of
type A2 glenoids showing greater than 75% humeral
head subluxation in the glenoid hull plane. Further inves-
tigation revealed that A2 glenoids could be categorized
as ‘centric’ type or ‘eccentric’ type, and that the hull
method identified the former as in fact corresponding to
a type B3 glenoid.?’ In this sense, the glenoid and scapu-
lar planes are suboptimal for differentiating the B3 gle-
noid, whereas the glenoid hull measurementdiscriminates

Fig. 8 (A) The Walch index for glenohumeral subluxation,
defined as the ratio of line D to E, where line A refers to the
glenoid line, B to its perpendicular which bisects the glenoid,
Cto a line parallel with A transecting the medial third of the
humeral head, and lines D and E represent humeral head
measurements along line C posterior to line C and from anterior-
posterior humeral head, respectively. (B) Scapulohumeral
subluxation index, measured using the glenoid hull plane.

The measurement is again obtained by the ratio of line D to

E, where line B is replaced by the line along the glenoid hull
plane (connecting the centre of the glenoid and the point of the
scapula where the anterior and posterior cortices meet medially)
and line C transects the medial third of the humeral head and is
perpendicular to line B. Lines D and E again represent humeral
head measurements along line C posterior to line C and from
anterior-posterior humeral head, respectively.

between true A2 glenoids (retroversion in hull plane of
7.5 £ 7.2 degrees) and B3 glenoids (retroversion in hull
plane of 25.6 + 6 degrees).?”
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Patient-specific instrumentation (PSI) and preoperative
planning software

Computer-assisted preoperative planning has emerged as
a means of relying on quantitative information to facilitate
intraoperative decision-making and hardware implanta-
tion.*® Accurate glenoid component positioning, espe-
cially in the setting of significant deformity such as B2/B3
glenoid, is one of the more difficult intraoperative chal-
lenges which directly impacts implant survivorship as well
as functional outcome.

In response to these challenges, software has been
developed to help identify glenoid deformity as well as
guide implant selection. These software programs are also
useful to create patient-specific guides to improve the
accuracy of implant positioning. Typically, the software
utilizes a CT scan, from which a preoperative plan is
designed by surgeons or company associated engineers.
The plan is then shipped to the manufacturers, 3D patient-
specific instrumentation is printed and returned to the
surgeon for use intraoperatively.

Recent studies have focused on use of these preopera-
tive models and their associated patient-specific instru-
mentation.#' Simulating glenoid componentimplantation
using bone models created from patients with shoulder
arthropathy, lannotti et al demonstrated improved accu-
racy of glenoid guide pin position with both preoperative
templating and a reusable, adjustable patient-specific
guide.*? In their study, they reported statistically signifi-
cantimprovement in pin location, version, and inclination
when comparing use of 3D preoperative planning soft-
ware to use of 2D imaging alone. Similarly, the introduc-
tion of an adjustable patient-specific guide also led to a
statistically significant improvement in pin positioning
compared to the use of 3D software alone.*? A cadaveric
study by Walch et al validated the finding of improved
accuracy in glenoid component placement when patient-
specific guides are used for guide pin insertion. Reported
mean errors between the achieved pin placement and
computed 3D software pin position were 1.05 millimetres
of translation, 1.64 degrees of version, and 1.42 degrees
of inclination.#3 Gauci et al further substantiated these
findings in vivo, demonstrating reproducible and accurate
orientation and positioning of the glenoid component in
a series of 17 arthroplasty patients using available preop-
erative planning software and patient-specific guides.** A
brief overview of available preoperative planning software
is discussed here.

Codsi et al first described the glenoid vault model in
2008. It is a model that utilized normal cadaveric shoul-
ders of various sizes to create a unique glenoid vault shape
with various sizes depending on the size of the individu-
al’s scapula.*® Scalise et al then analysed this system on
arthritic shoulders with the contralateral limb as a control
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and found a very close correlation.#6 Hendel et al com-
pared patient-specific instrumentation produced from this
glenoid vault model to standard surgical instrumentation
and found that the patient-specific instrumentation
allowed for a much more accurate placement of the gle-
noid implant in terms of inclination and medial-lateral off-
set. It also significantly improved the final version in
patients with a preoperative retroversion of greater than
16 degrees.*

The Match Point System (DJO, Austin, TX, USA) is a 3D
planning program that can be employed for both ana-
tomic and reverse shoulder arthroplasty. This system uti-
lizes a clip that attaches to the patient’s coracoid process
to allow for more accurate placement during surgical
implantation. This particular system was utilized by Levy
et al and was shown to replicate the preoperative planned
position within 2.6 degrees of glenoid version and 1.2
degrees of inferior tilt.#¢ Similarly, Dallalana et al showed
this system was able to place the glenoid within 1.8
degrees of the planned version and 1.3 degrees of the
planned inclination.*?

Another commonly utilized piece of software, BLUE-
PRINT 3D Planning Software (Wright Medical, Memphis,
TN, USA), recommends utilizing five principles of gle-
noid placement for anatomic shoulder arthroplasty:
subchondral bone preservation,*© less than 10 degrees
of glenoid retroversion,’ less than 10 degrees of gle-
noid superior inclination,>? 80% glenoid implant seat-
ing>3 and less than 80% of humeral head subluxation.3®
Daggett et al compared various imaging modalities in
their ability to predict glenoid inclination and found
2D CT scan formatted in the scapular plane using BLUE-
PRINT was the most accurate.?’ A comparison of meas-
urements was made between the BLUEPRINT and Match
Point systems and found no significant difference bet-
ween the version and inclination measurements pro-
duced by the two systems.>* Glenosys preoperative
planning software (Imascap, Brest, France) uses a vali-
dated automated 3D segmentation method to allow
angled measurements in simulating glenoid implanta-
tion.>> Boileau et al recently substantiated the accuracy
of the Glenosys system in measuring glenoid version
and inclination against previously described and widely
accepted manual or semi-automated methods, with no
significant differences between the automated and non-
automated measurements.>6

The Signature Glenoid Shoulder System (Zimmer-
Biomet, Warsaw, IN, USA) is another technology used to
create a patient-specific guide for improved guide pin
placement for both anatomic and reverse shoulder arthro-
plasty. Throckmorton et al demonstrated that utilization
of the Signature Glenoid Shoulder System (SGSS) statisti-
cally improved the glenoid positioning in both inclination
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and version over conventional instrumentation.>” On the
contrary, Lau and Keith utilized this system for 11 consec-
utive patients undergoing shoulder arthroplasty and
found that five of these had greater than 10 degrees of
anteversion or retroversion on final implantation.8

Certainly, the abundance of evidence supports the
idea that 3D modelling and patient-specific instrumen-
tation is useful for accurate placement of the glenoid
component in shoulder arthroplasty. The software is
new, however, and current literature may be suscepti-
ble to publication bias. Further evaluation must be per-
formed to assess the efficacy of these programs, with
subsequent comparison of the different programs to
one another.

Conclusion

We recommend preoperative planning start with stand-
ardized radiographic series of the glenohumeral joint
including AP, true AP, and an axillary view to evaluate
glenoid version, inclination, wear pattern/bone loss,
and relationship of the humeral head alignment with
the glenoid. CT scan with 3D reconstruction provides
additional detailed assessment of the glenoid morphol-
ogy and allows for computer-assisted surgical plan-
ning. Preoperative radiographic evaluation of glenoid
deformity in the setting of shoulder glenohumeral joint
pathology helps the surgeon to plan how correct the
glenoid deformity, implant choice, implant survivor-
ship, and outcomes following shoulder arthroplasty.
Myriad investigations have focused on defining meas-
urements and preoperative tools to aid in providing
increased reliability as well as reproducibility in the sur-
gical planning of TSA.
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