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Pre-operative planning for reverse shoulder replacement: the
surgical benefits and their clinical translation
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Abstract: With the increasing use of reverse shoulder arthroplasty and its expanding indications, surgeons
today are facing tougher reconstructive challenges while still providing the patient with a good clinical
outcome. There are a greater number of primary and revision cases where glenoid vault deformity is
encountered. This presents a challenge to the surgeon during glenoid component positioning. He or she
must place the implants in a location and orientation that optimizes range of motion and stability while
minimizing impingement. In order to address this, surgeons can look to the use of 3D imaging in order
to better understand each patient’s pathology. With the use of virtual planning the surgeon has the ability
to arrive in the operating room with an established surgical plan in order to better address the deformity
present. This can help in determining if glenoid bone grafting, eccentric reaming, or the use of augmented/
lateralized components is the best choice in addressing bony deformity and maximizing impingement-
free range-of-motion. Furthermore, with the advent of patient specific instrumentation and navigation the
surgeon has the means to translate the preoperative plan into the operating room with increased accuracy,
thus, decreasing the likelihood of component malposition and its associated complications. In the future,
custom implants may grant the surgeon the means to address severe glenoid bone loss that would otherwise

not be reconstructable and potentially give the patient improved function.
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Introduction steadily since FDA approval in 2003, and in 2014 its use
surpassed utilization of anatomic TSA for the first time (5).

Reverse shoulder arthroplasty (RSA) has seen a significant RSA use is likely to continue to increase due to the aging

increase in utilization in the United States in the past . e .
population, expanding indications, and increased surgeon

several years as it can offer excellent function to patients
with a gamut of glenohumeral pathology including rotator
cuff tear arthropathy, glenohumeral arthritis with severe
glenoid bone loss (1,2), acute and delayed treatment of
proximal humerus fractures (3), failed anatomic shoulder
arthroplasty, chronic shoulder dislocations (4), massive
irreparable rotator cuff tears, and rheumatoid arthritis. The
utilization of RSA in the United States has been growing
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experience with the prosthesis. Long term outcomes have
been encouraging, with overall survivorship of 91-93%
at minimum 10-year follow up and persistently improved
outcome scores (6,7).

Importance of glenosphere position in RSA

Glenosphere positioning has a significant impact on
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outcomes in RSA. The glenosphere determines the center
of rotation and biomechanical traits of the new joint.
In both Grammont-style prostheses and newer more
anatomic designs, glenosphere position can influence
clinical outcomes. Malpositioning can lead to an increase
risk of a variety of complications including: dislocation,
scapular notching, decreased range of motion, and
component loosening. Scapular notching is the most
well studied complication and occurs when repeated
impingement of the humeral polyethylene insert against
the scapular neck during shoulder adduction and/or
external rotation leads to progressive bone loss along the
inferior neck of the scapula. This bone loss is likely due to
a combination of repeated mechanical impingement and
a potential wear debris response leading to polyethylene
wear, osteolysis, and potential implant loosening. Multiple
recent studies suggest glenosphere position is directly
correlated with the incidence of scapular notching due to
bony impingement, and subsequently negatively influenced
clinical outcomes (8-17).

Glenosphere position is determined by surgical
technique. Reasons for malpositioning of the glenosphere
include inaccurate assessment of pathologic anatomy (18),
incorrect choice of implant and/or positioning of the
implant to correct pathology (19), and inaccurate execution
of the preoperative plan at the time of surgery (19,20). All
are influenced by surgical exposure and degree of glenoid
bone loss. Glenoid exposure is critical in allowing the
surgeon to assess the pathologic anatomy and identifying
landmarks for accurate glenosphere placement. This
can be increasingly challenging with previous surgery,
degree of stiffness, and patient’s body habitus. Avoiding
bony impingement and scapular notching in patients with
minimal glenoid bone loss and a scapular neck of at least
1 cm is straightforward. It becomes difficult in patients
with significant glenoid bone loss or reduced scapular
neck length (10). In cases of negligible glenoid bone loss,
the surgeon may use the surface of the glenoid fossa,
“subchondral smile”, or standard guides with built-in tilt
as a reference to place the guide pin in the appropriate
amount of tilt. However, some studies have shown that
these references can be unreliable. Dilisio er 4/. performed
virtual glenoid baseplate preparation using the “subchondral
smile” and a guide with built-in inferior tilt and found them
to place the baseplate in 8.9 and 2.8 degrees of superior tilt,
respectively (21). Moreover, Verborgt et al. found that when
using standard instrumentation implants were positioned
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with an error range of 16° for glenosphere inclination and
12° for version (22).

Role of advanced imaging

The glenoid surface is the surgeon’s main reference
for inserting the guide pin at the time of surgery, yet
the scapular plane defines glenosphere orientation. As
previously stated, intraoperative surface landmarks can be
unreliable in assessing glenoid and scapular morphology.
Inaccuracy in the assessment of bony pathology can create
problems at the time of surgery potentially resulting in
glenosphere malposition or altered surgical plan. In order
to better understand pathologic anatomy and prevent
glenosphere malposition, preoperative advanced imaging
can be utilized. Computed tomography (CT), in particular,
provides better detail of bony pathology compared to
plain radiographs. Two-dimensional (2D) CT is routinely
performed, but several studies have proven the superiority
of three-dimensional (3D) CT imaging in quantifying
glenoid bone loss and guiding surgical decision-making
(20,23,24). Two-dimensional CT can be misleading when
used to determine the patient’s preoperative glenoid version
and inclination. The measurement of glenoid version using
2D CT scans is inaccurate in the presence of as little as
1 degree of out of plane imaging (25). Bokor er al. (26)
showed that minor rotation of the scapula of 15 degrees can
alter the accuracy of glenoid version by up to 10 degrees.
Hoenecke and others (27) compared the measurement of
glenoid version and assessment of the point of greatest wear
in the glenoid fossa with respect to the scapula plane on
both 2D axial CT scans and 3D CT reconstruction models.
They showed that the original CT scans were almost
never perpendicular to the scapular body. In addition, the
authors showed that the point of greatest wear was missed
on 2D scans in 52% of cases and that absolute error in
version measured on the 2D CT slice passing through the
tip of the coracoid was 5.1 degrees, while in 20% of cases,
the error was more than 10 degrees. Similarly, Scalise
et al. (23) compared the assessment of the zone of glenoid
bone loss, glenoid version and glenoid component fit
among four experienced shoulder surgeons and showed
that the use of 3D CT reconstructions improved inter-
rater reliability. Thus, 3D CT allows the surgeon to more
accurately identify the planes of the glenoid and scapula and
consequently improve precision in assessing preoperative
glenoid version and inclination.
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Preoperative planning

Preoperative planning with 3D CT imaging allows the
surgeon to better appreciate the relationship between the
glenoid and scapular planes, subsequently enabling him/
her to accurately calculate glenoid version and inclination
(Figure 1A4,B). In addition, the inner contour of the normal
glenoid vault is uniform across the population. A virtual
model has been created along with rules to position it within
a pathologic glenoid. Once accurate placed, the model can
be used to determine the prepathologic glenoid version,
inclination, and joint line position in the presence of glenoid
bone loss (27-30). Sizing and placing the vault model
requires adjustments in all three planes. In the axial and
sagittal planes, the vault is aligned with the inner cortical
margin of the anterior wall. In the coronal plane, the vault
is aligned with the inner cortical margin of the superior wall
at the suprascapular notch. If positioned correctly, the vault
model facilitates the surgeon to better define the area of
bone loss in pathologic glenoids (Figure 1B,C,D).

The vault model can be a useful instrument for
preoperative planning in RSA, particularly when dealing
with bone loss. It can help to address both joint line
medialization and pathologic version. It has been shown that
glenosphere lateralization and correcting pathologic glenoid
version increase impingement-free range of motion (31).
This is essential when using a Grammont style implant,
where excessive medialization results in decreased arc of
motion, subsequent scapular notching and its repercusions.
Moreover, by correcting back to pre-morbid anatomy
there is an improvement in soft-tissue tensioning that can
increase implant stability and potentially improve external
rotation strength of any remaining rotator cuff muscles.
It is the authors’ practice to place the glenoid baseplate at
the patient’s pre-morbid joint line and restore as close to
pre-morbid version as possible, as determined by the vault
model, while still achieving at least 50% baseplate contact
with native glenoid bone (Figure 1E,F,G,H,I). This is
supported by Formaini and others who found that glenoid
baseplate fixation is no different when when 50% or greater
of the baseplate is supported by native glenoid bone (32).
Version and medialization can both be corrected by glenoid
bone grafting, eccentric reaming, use of an augmented
baseplate or lateralized glenosphere, or most commonly a
combination of these surgical techniques.

Virtual templating permits the surgeon to place the
glenosphere in various positions within the glenoid vault
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on a 3D CT reconstruction of the patient’s scapula. This
enables the surgeon define the ideal implant location and
glenosphere size to achieve the desired surgical goals, with
awareness that glenosphere size may need to be adjusted
intraoperatively in order to address soft tissue tension and
stability. Glenosphere size and position is chosen to avoid
overhanging glenoid bone anterior, posterior, or inferior
to prevent humeral component impingement on range-of-
motion (Figure 1H,I).

Once the preoperative plan is established, 3D CT virtual
templating can be used to help the surgeon execute the plan
in the operating room. The planning software generates
the location and orientation of the glenoid guide pin. The
surgeon then notes the specific placement of the guide
pin relative to the local anatomy of the glenoid fossa, such
as a biconcave line if present or small indentations and
osteophytes on the periphery, as well as the trajectory of
the pin relative to the glenoid surface at that location. The
surgeon should be aware that acquired glenoid bone loss,
posterior erosion and/or significant osteophyte formation
may skew the ideal location of the guide pin on the surface
of the glenoid because the center of the glenoid vault does
not always correspond to the center of the arthritic glenoid
surface. Virtual planning also helps locate the correct guide
pin placement when the instrumentation includes a drill
guide that is the size and shape of the glenoid baseplate. In
this situation, the surgeon should reference an en-face view
of the implant on the virtual preoperative plan and note
the position of the implant relative to bony landmarks and
the rim of the glenoid. The surgeon then places the drill
guide in the same location as the implant on the virtual
preoperative plan to aid in accurate pin placement.

Another critical step in glenosphere positioning is
glenoid reaming, with the goal of creating a uniform
contact area and maximizing baseplate seating within native
glenoid bone. Some preoperative planning software allows
the surgeon to perform simulated reaming. This aids in
assessing appropriate reaming depth and location so as to
execute preoperative plan during surgery. The surgeon can
then confirm that the baseplate is placed sufficiently inferior
on the glenoid face to prevent scapular notching.

Eccentric glenosphere and baseplate designs present
added versatility in baseplate position. They allow the
surgeon to find a location higher within the glenoid vault
with adequate screw/peg purchase while still placing the
glenosphere in an inferior position and thus maximize
impingement-free range of motion. When the vault is too

Ann Foint 2019;4:4



Page 4 of 15 Annals of Joint, 2019

A

Figure 1 Preoperative planning with three-dimensional (3D) computed tomography (CT) planning software (OrthoVis Research, Cleveland
Clinic, Cleveland, OH) prior to second-stage re-implantation of a previously infected reverse total shoulder arthroplasty. Three-dimensional
reconstruction of the patient’s scapula shows significant anterior glenoid bone loss with inferior osteophyte formation from prior scapular
notching (A). Three points on the glenoid face are selected to determine its plane (green). It is important to note that osteophytes are
ignored as they may skew the amount of true deformity. Similarly, three points in the scapula are chosen to determine the scapular plane (blue).
These include the os trigonum, the inferior angle of the scapula, and the center of the glenoid vault. The software uses this information to
compute glenoid version and inclination. The vault model (orange) is positioned and sized to follow the inner cortical margin of the anterior
wall and suprascapular notch. The lateral aspect of the vault model denotes the prepathologic joint line. The software calculates vault
version, inclination and sagittal plane roll, as well as implant version, inclination, and sagittal plane roll (B-D). The baseplate (blue) has been
positioned to match premorbid joint line and version as closely as possible with the remaining glenoid bone stock (E-F). The baseplate and
glenosphere are placed in desired location and orientation (G-I). The baseplate is shown to achieve greater than 50% backside contact with
native bone while the glenosphere position looks to be in accordance to the patient’s vault model. Further reaming would medialize the joint
line and increase the risk of impingement. Therefore, the surgeon plans for removal of the inferior osteophyte to avoid bone impingement,

selective posterior reaming, and anterior glenoid bone grafting.
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small to achieve adequate fixation in any location, bone
grafting may be required. The graft size can be calculated
using the preoperative software by measuring the amount of
bone loss relative to the vault model and desired baseplate
position. The surgeon may also use the alternate glenoid
centerline to increase the amount of fixation in bone when
advanced bone loss is present. As described by Klein ez 4.
The alternate centerline directs the center screw or peg of
the baseplate along the axis of the scapular spine from the
center of the glenoid to the junction of the scapular spine
as it joins the body of the scapula (2). This has negative
impact in terms of impingement free range of motion
because it places the implant in approximately 30 degrees of
anteversion. This could compromise internal rotation of the
arm due to coracoid impingement.

Virtual templating has been shown to improve the
accuracy of guide pin position and orientation using
standard instrumentation. Iannotti and others first evaluated
guide pin position and orientation using bone models.
They compared 3D templating to 2D imaging while
using standard instrumentation. The authors found an
improvement in guide pin accuracy of 4.5£1.0° in version,
3.3+1.3° in inclination, and 0.4+0.2 mm in location with
the use of 3D templating (20). This was followed by a
randomized clinical trial of 46 patients undergoing total
shoulder arthroplasty where they once more demonstrated
three-dimensional templating significantly improved the
precision of implant placement to within 5° of desired
inclination or 10° of version (24).

Patient specific instrumentation

Preoperative virtual templating can be used to translate the
preoperative plan into the operating suite in the form of
patient specific instrumentation (PSI) and intraoperative
navigation. Both methods use computed tomography and
preoperative planning software to determine the optimal
implant location yet differ in the manner in which they
transfer the information to the operating suite. PSI entails
generating a custom guide that is able to reference the
local anatomy in order to place the guide pin in the desired
location, version, and inclination based on the preoperative
plan. On the other hand, intraoperative navigation uses
an optical tracking system to assess the orientation of the
guide pin relative to landmarks on the glenoid and scapula.
This requires intraoperative calibration of the tracking
system relative to a three-dimensional reconstruction of the
patient’s scapula by marking certain anatomical landmarks.
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Though intraoperative navigation does not require
manufacturing a custom guide, it does require specialized
tracking equipment and additional steps for calibration that
may increase surgical time and cost. Several clinical studies
have reported an approximate increase of 30 minutes, and
that the current technologies have experienced technical
problems that have required aborting the technology in up
to 37.5% of cases (33,34).

Commercially available PSI systems

There are two types of commercially available PSI:
disposable single-use, and reusable. Single-use patient
specific instruments are generated based on the desired
glenoid component position established during virtual
templating. The information is used to manufacture a guide
that references the surface anatomy of the bony glenoid and
places the guide pin in the desired location and orientation
relative to the plane of the scapula. Several systems also
provide a 3D model of the patient’s glenoid in order to
assess intraoperatively correct guide fit to the bony anatomy
and thus accurately reproduce the preoperative plan.

The second class of PSI uses a reusable instrument that
is able to be modified to determine the correct guide pin
location and orientation based on native glenoid surface
anatomy. First, virtual templating is used to establish desired
glenoid component position. Afterwards, the software
generates instructions for configuring the guide using a
reusable and adjustable base. Alternatively, the guide can be
configured by using a printed 3D glenoid model with the
planned location and orientation of the guide pin.

Currently, six manufacturers offer patient specific
instrumentation for reverse shoulder arthroplasty. Depuy,
DJO, Zimmer-Biomet, Tornier and Stryker offer single-
use PSI and Arthrex offers patient-specific reusable
instrumentation. All offer virtual templating software
using a 3D reconstruction of the patient’s scapula. At the
time of this publication, single use PSI systems specifically
designed for reverse shoulder arthroplasty include: the
Depuy TRUMATCH™ Personalized Solutions System,
DJO Match Point™ System, the Zimmer/Biomet PSI
Shoulder for Trabecular Metal™ Reverse Glenoid System,
the Tornier BLUEPRINT™ planning software and PSI,
and the Stryker TrueSight™ Personalized Planning System,
while the Arthrex Virtual Implant Positioning™" (VIP)
System offers a reusable PSI guide.

The DJO-Materialise system uses software where
landmarks on the glenoid and scapula are chosen to

Ann Foint 2019;4:4



Page 6 of 15

generate a coordinate system for measuring native glenoid
version and inclination. The surgeon is then able to
simulate placement of the glenoid guide pin, reaming, and
templating of the glenoid baseplate, as well as placement
of a bone graft. Once a surgical plan is formulated, the
information is used to fabricate a patient specific pin guide
that references the surface of the glenoid and base of the
coracoid (Figure 2). This guide is used to place the central
guide pin or drill hole in the planned location, version, and
inclination. A 3D bone model of the patient’s glenoid is
also provided to aid in intraoperative patient-specific guide
placement.

Similarly, the Depuy and Stryker systems use the same
Materialise software to create a 3D model based on a
patient’s CT scan and a patient specific guide that references
off of the coracoid is used intraoperatively to reproduce the
preoperative plan.

The Tornier BLUEPRINT™ planning software is
unique in that the surgeon creates a 3D reconstruction
and can place the implants without the need for a
company engineer. Once CT imaging is uploaded, the
software automatically calculates native glenoid version
and inclination, as well as humeral subluxation, even if
the scapula is incompletely imaged. Once the surgeon
selects the desired implant size and location, the software
determines the ideal guide pin entry point and trajectory,
required reaming depth, and percent backside seating.
If patient specific instrumentation is to be used, four
different points on the edge of the glenoid are selected for
the patient-specific guide arms to rest. A 3D printed bone
model along with the patient-specific guide is provided
for the procedure. It is very important to pay attention
to rotational alignment when placing the guide on the
glenoid. The company recommends defining the positions
of the guide arms in terms of a clock face, with the superior
glenoid designated as the 12 o’clock position in order to
eliminate any rotational malalignment.

The Zimmer/Biomet system employs a similar software
but allows for complete implant templating. The surgeon
is able to virtually ream the glenoid, place baseplate screws,
and trial different size glenospheres. Once preoperative plan
is agreed upon a 3D bone model of the patient’s glenoid is
manufactured with multiple patient specific guides. The
guides include: a pin guide to direct baseplate location, a
ream guide to direct reaming angle and depth, a roll guide
to control rotation of the implant, and a drill guide that is
placed over the baseplate to control the direction and length
of the screws (Figure 3).
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The Arthrex Virtual Implant Positioning™ (VIP)
software functions are similar to that of the Zimmer system.
The surgeon provides the company with the preoperative
CT images, who then generates a preliminary surgical
plan predicated upon the surgeon’s implant positioning
principles. The surgeon has the ability to then review,
modify, and approve the final surgical plan. The company
then provides the surgeon with instructions for setting the
reusable PSI, named the Glenoid Targeter, from a three-
dimensional model of the glenoid or a calibrator device. The
Glenoid Targeter is assembled and adjusted intraoperatively
to recreate the planned version and inclination (Figure 4).

Published PSI studies

Numerous studies have investigated the precision of pin
guide placement using single-use PSI during reverse and
anatomic shoulder arthroplasty. Several cadaveric studies
have compared the 3D preoperative plan to the final implant
position using pre- and postoperative CT and were found to
have a mean deviation from plan in inclination and version
of less than 5 degrees (37-40). The largest of these was a
multi-surgeon cadaveric study by Throckmorton ez al. (37)
in which 70 shoulders were randomized to PSI or standard
instrumentation for either anatomic or reverse TSA. In
anatomic TSA, the use of PSI was found to improve mean
deviation in version and inclination while in RSA the
difference. Though, multivariate analysis for the entire
cohort, combining both TSA and RSA, showed statistically
significant more accurate final implant position with the
use of PSI. Patient specific guides were most beneficial in
glenoids with more than ten degrees of retroversion. The
authors found no correlation between surgeon’s surgical
volume of shoulder arthroplasty and accuracy with the use
of standard instrumentation or PSI.

While these cadaveric studies validate the use of
patient specific guides as a reliable means of executing the
preoperative plan iz vitro, it can be more challenging to
use these guides in vivo. It is important for the surgeon
to recognize the importance of adequate exposure of
intraoperative landmarks in order for the patient specific
guide to seat properly. Sometimes this exposure can be
hampered by body habitus, soft tissue interposition,
and joint contractures potentially causing inadequate
visualization and/or guide malposition.

In light of this, several clinical studies assessed the
results of different types of PSI in the operating room.
Hendel ez al. (19) performed a randomized controlled
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Figure 2 DJO-Materialise PSI system. Preoperative sagittal and coronal CT scan images of a B2 glenoid (A). SurgiCase® connect virtual
planning software showing the patient’s three-dimensional reconstruction of the scapula with its corresponding glenoid inclination and
version measurements (B). The surgeon can choose between several templating options: unreamed without implant, unreamed with
implant, reamed with implant, reamed without implant. The software allows adjustment of the location, rotation, inclination, and version
of the implant. Central guide pin position with marked area of reamed glenoid bone based one baseplate position (blue) (C). View of the
scapula posteriorly after implant templating. Note the planned posterior bone graft (yellow) (D). The surgeon may switch between reamed
and unreamed views of the glenoid (not shown). As the surgeon adjusts the position of the baseplate, the software determines the location
and orientation of the central pin relative to the unreamed glenoid face. This is then used to manufacture the patient specific drill guide
along with the patient’s three-dimensional bone model. The guide is secured intraoperatively to the base of the coracoid used to drill in
the planned position (E). Intraoperative pictures of executed preoperative plan with guide pin position (F), bone graft in place (G), and
secured base plate (H). Postoperative radiograph of implant flush with inferior border of glenoid. Bone graft can be appreciated at the

posterosuperior aspect of glenoid (I).

clinical trial comparing standard instrumentation and reduced mean deviation in version from 6.9° to 4.3°, and
2D planning to PSI and 3D templating in 31 patients in inclination from 11.6° to 2.9°. The greatest benefit was
undergoing anatomic total shoulder arthroplasty. In found in patients with glenoid retroversion in excess of 15°
the patient specific instrumentation group there was a where the average deviation in implant position from the
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Figure 3 Zimmer PSI for Trabecular Metal TM Reverse Glenoid System. The three patient-specific guides and bone model are shown (A).
The glenoid bone model [1] is manufactured from a three-dimensional reconstruction of the patient’s glenoid. It contains two pin holes as
well as the carved shape of the pin guide to aid the surgeon orient the guide on the glenoid surface (A,B). The pin guide [2] is situated flat
onto the surface of the glenoid. The guide’s hook is oriented towards the anterosuperior quadrant. Next, the guide is locked into place with
two 2.5 mm pins (A,C). A 6mm cannulated drill bit is used over the inferior pin to make a pilot hole for the glenoid reamer (A,D). The
cannulated reamer is then used over the same pin with the associated ream guide [3] placed through the superior pin (A,E). Once reaming
completed, the inferior pin is removed and the 7.5 mm drill is used for the central post (not shown). The baseplate is then introduced while
using the roll guide [4] connected to the insertion handle and superior pin (F). Finally, the screw guide [5] is positioned over the baseplate
with the arrow pointing towards the superior pin (A,G). After drilling for the two baseplate screws, the guide is removed and the depth
gauge is used to verify screw length. Reprinted from Donohue ez 4/. (35).

preoperative plan for version improved from 10° to 1.2°.
No difference was seen in patients with retroversion <7°.
This is similar to the above findings by Throckmorton ez 4.
that suggested increased benefit of PSI used in patients
with marked glenoid deformity (37). Lastly, there was a
substantial increase in selection of the ideal glenoid implant
and decreased incidence of implant malposition with PSI
and 3D templating. In a similar study, Dallalana et a/. (41)
demonstrated high accuracy with PSI in vive in 20 patients
who underwent shoulder arthroplasty (10 T'SA and 10 RSA)
with the aid of a CT based PSI system. Postoperative CT
scans showed a mean deviation from plan of 1.8+1.9° in
glenoid version and of 1.3£1.0° in inclination. The mean
deviation in position on the glenoid face was 0.5+0.3 mm
in the anteroposterior plane and 0.8+0.5 mm in the
superoinferior plane. Most recently, Villatte and others (42)
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performed a meta-analysis comprised of 12 studies and 227
participants (patients and cadavers) and found significantly
lower deviations in version, inclination, and entry point
with the use of PSI compared to standard instrumentation.
Range of deviation from preoperative plan with the use of
PSI was about 1.88° to 4.96°, depending on the parameter.
They also found the number of component outliers were
significantly higher with standard instrumentation than
with PSI. Of note, heterogeneity was moderate or high for
all parameters.

Reusable PSI may be cost and time efficient as it does
not require fabrication of a custom guide. In the studies by
Tannotti ez a/. (20,24) they examined the effectiveness of the
Intelligent Reusable Instrument (IRI) (Custom Orthopaedic
Solutions, Cleveland, OH), a type of reusable PSI now
available as the Arthrex VIP™ system, to assist with guide
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Figure 4 Arthrex Virtual Implant Positioning™ (VIP) System (Arthrex, Naples Florida). Instructions for calibrating the reusable PSI,

called the Glenoid Targeter, are generated from the VIP™ preoperative planning software after selecting implant version, inclination, and

roll. The Glenoid Targeter utilizes five adjustable prongs used to match the surface anatomy of the glenoid while placing the guide pin in

the desired location and orientation relative to the axes of the scapula. First, the PSI guide is placed onto a three-dimensional model of the

patient’s glenoid which contains a pre-drilled hole that orients the guide pin according to the preoperative plan (A). The surgeon marks the

location of the prongs on the model in order to aid the surgeon determine appropriate rotation intraoperatively (B,D). Alternatively, the

Glenoid 5D Calibrator device may be used. This device is reusable (C). The guide pin is then inserted and the surgeon confirms the pin’s

position and orientation relative to the model and/or plan (D). Reprinted from Ramkumar ez al. (36).

pin placement (Figure 4). In the sawbones study, the authors
found a statistically significant improvement of 8.2+0.9°
in version, 11.4£1.2° in inclination, and 1.7+0.2 mm in
location with the use of the IRI and 3D planning software
compared to 2D imaging and standard instrumentation.
When compared to standard instrumentation and 3D
planning, the use of the IRI and 3-D software improved pin
positioning by 3.7+0.9° in version, 8.1x1.2° in inclination,
and 1.2+0.2 mm in location (P<0.001 for all). They
validated this finding with a randomized controlled trial of
46 patients undergoing anatomic total shoulder arthroplasty
randomized to either 3D templating with the IRI or 3D
templating with standard instrumentation (24). These
groups were compared to a historical control group using
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2D imaging with standard instrumentation. All preoperative
and postoperative measurements were taken from three
dimensional CT reconstructions. In accordance with the
sawbone study, the authors found that both 3D templating
with PSI and 3D templating with standard instrumentation
significantly improved the accuracy of glenoid component
placement within 5° of inclination and 10° of version of
desired location when compared to the control group.
Moreover, the authors found no difference in glenoid
component position between patients where 3D templating
and the IRI was used and those were 3D templating and
standard instrumentation was used. In a follow up study by
Iannotti e 4/. in 173 patients undergoing anatomic TSA,
all forms of PSI with preoperative 3D templating showed

Ann Foint 2019;4:4
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improved glenoid component position, when compared
to 2D glenoid imaging without templating and standard
instrumentation. There was a trend towards greater
accuracy with the reusable adjustable instrumentation in
some comparisons (43).

Technical considerations in the use of PSI

Despite the aforementioned studies demonstrating the
increased accuracy of implant positioning with the use of
PSI, it is not foolproof. It is important for the surgeon to
familiarize themselves with the details of the particular
commercially available PSI and preoperative planning
software that he or she is using. The surgeon should know
if the PSI was created from CT or MRI. If the PSI was
created from bony anatomy using a CT scan, the surgeon
needs to carefully remove any remaining cartilage, fibrous
tissue and labrum from the glenoid fossa at the time of
surgery, as is commonly seen on the paleoglenoid in
biconcave glenoids. Otherwise, if PSI is made from MRI
images these soft tissue structures are vital for adequate
guide fit. In addition, osteophytes should be left intact
initially, as most PSIs use these as references. This ensures
that the PSI rests on the landmarks it was intended to rest
on, improving the fit of the device. For PSIs that reference
off the base of the coracoid, the labrum and periosteum
need to be meticulously removed around the coracoid so
that the PSI again rests solely on bone. The surgeon should
reference images from the preoperative plan and/or the
accompanying glenoid bone model to ensure that that the
PSI is in the correct location, thus ensuring that the PSI
matches perfectly with the glenoid as intended. Once the
PSI is correctly placed and stable, the guide pin is then
inserted. Its position and placement should be compared to
the pre-operative plan and 3D glenoid model if present, and
any adjustments should be made before proceeding with
further glenoid instrumentation according to manufacturer
recommendations.

After placing the guide pin, the surgeon must still control
both the depth of reaming, and also maintain reaming in the
trajectory of the guide pin. Bending of the central guide pin
with the reamer can occur resulting in the implant being in
a different position than the guide pin. The surgeon must
also control the roll or rotation of the baseplate. Careful
preoperative planning and intraoperative referencing of the
plan will assist in this step and subsequently optimize screw
length and trajectory. The Zimmer/Biomet PSI system is
currently the only system that uses multiple guides to aid in

© Annals of Joint. All rights reserved.
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controlling these variables in this part of the procedure.

It is important for the surgeon to remember that patient
specific instruments do not define the optimal implant
placement, it only provides the ability to accurately translate
the virtual preoperative plan to the operating suite. The
surgeon must still use judgment in deciding implant type,
location, and orientation. These parameters are determined
in the preoperative virtual plan. Furthermore, there is still
debate about ideal implant position that only long term
clinical follow up studies will ultimately resolve.

Intraoperative navigation

Intraoperative navigation has also been utilized to improve
the accuracy of glenoid placement in RSA. It allows for
accurate execution of the preoperative plan intraoperatively
without the need of a patient specific guide. It requires the
surgeon to calibrate the navigation system intraoperatively
by marking certain anatomical landmarks. It provides the
surgeon with real-time feedback of: guide and reaming
retroversion and inclination, reaming and drilling depth, as
well as screw placement. The only commercially available
system currently is the ExactechGPS™, which is used with
the Exactech Equinoxe™ shoulder system (Figure 5). In
a study of 14 cadavers there was an improvement glenoid
component version of 5.6°, 4.9° of glenoid component tilt,
and improved accuracy of screw placement with a CT-based
navigation system compared to standard instrumentation (23).
Moreover, in a meta-analysis by Sadoghi et a/l. (44) of 5
studies performing intraoperative navigation in shoulder
arthroplasty showed an improvement in weighted mean
version of navigated shoulders of 4.4° retroversion
versus 10.6° for standard instrumentation. However,
despite the improvement in accuracy, studies have raised
potential technical difficulties with navigation. In a
case series reported by Edwards er al. (33), the accuracy
of the navigation system was 2.6° and the additional
operative time was initially 20-30 minutes but improved
to approximately 10 minutes with experience. In the only
prospective randomized clinical trial, Kircher et a/. (34)
compared standard instrumentation to navigation in TSA
in 20 patients and found that standard instrumentation
improved glenoid retroversion from 14.4° to 10.9 and
navigation improved retroversion from 15.4° to 3.7°. The
authors did mention experiencing technical difficulties
in 37.5% of cases and an increase of 31.5 minutes in
operative time subsequently leading to the discontinuation
of navigation.
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Figure 5 ExactechGPS™ intraoperative navigation system. The tracker with LED sensors is secured to the coracoid with screws (A).

Points of reference in the glenoid face are marked for acquisition (B). To drill pilot hole, the software shows the correct position based

on preoperative plan (blue dot) and the drill tip position and angulation (yellow dot and target). Once drilled, the software then provides

intraoperative digital feedback of reamer version, inclination and depth based on preoperative plan (C). Then the same is done for the center

peg drill (D). Adapted and Reprinted with permission from Exactech®.

Patient specific implants

Dealing with complex glenoid deformity is one of the
most challenging aspects of reverse shoulder arthroplasty.
These deformities can be present secondary to severe
primary degenerative or dysplastic pathology and can also
be seen secondary to bone loss in the setting of revision
surgery. Large defects or cavitary lesions result in a lack
of bony support for the glenoid component, limiting
treatment options and affecting clinical results. Options
included bone grafting, augmented baseplates, or large head
hemiarthroplasty as a salvage procedure. More recently,
custom made implants have been released as a means of
dealing with bone loss in particularly complex cases.
Zimmer/Biomet has released the FDA approved
Comprehensive® Vault Reconstruction System, a patient
specific reconstruction system for RSA in patients with
severe soft-tissue deficiency and glenoid bone loss. The
prosthesis is made using CAD/CAM (computer-aided
design/computer-aided manufacturing) reconstructions
based off the patient’s 3D CT reconstructions (Figure 6).
Preoperative planning also allows for the planning,
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placement, size and trajectory of the implant screws to gain
the best glenoid fixation. The implant fills bone voids with
a porous plasma spray-coated titanium, which allows for
biological fixation and can potentially account for bone loss
of up to 50 mm x 50 mm x 35 mm (45). Chammaa er a/. (46)
reported on another CAD/CAM custom made prosthesis
in the United Kingdom in which 37 patients with severe
bone loss were treated with the CAD-CAM TSR (Stanmore
Implants Worldwide, Elstreee, UK). The prosthesis is
custom made utilizing preoperative 3D CT reconstructions
and resembles a total hip prosthesis with 5 components
including a large hydroxyapatite-coated titanium glenoid
shell, with slots for screw fixation into the scapula and
titanium fixation screws, followed by a polyethylene liner,
and a cobalt-chrome humeral stem with a 28 or 32 mm
sized humeral head. At a mean follow up of 5 years, the
study showed a significant improvement in mean pain level
with activity from 9.2+1.7 to 2.4£2.9 and improvement
in the Oxford Shoulder Score from 11+8 points to 27+11
points. Complications requiring reoperation occurred in 9
patients (24%).

3D printed custom implants offer potential solutions in

Ann Foint 2019;4:4
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Figure 6 Demonstration of the Zimmer Biomet Vault Reconstruction System Implant. (A) Three dimensional CT reconstruction of patient

with severe glenoid bone loss; (B) implant positioned on pathologic glenoid bone model; (C) 3D CT reconstruction images demonstrating

severe glenoid pathology with proposed custom glenoid component position and screw trajectory; (D) implant positioned on glenoid and

secured with temporary pin fixation through predetermined screw holes; (E) the central screw hole can then be drilled once the implant

is securely positioned; (F) implant fixed with central 6.5 mm compression screw and predetermined peripheral screws. Reprinted with

permission from Dines ez a/. (45).

the management of severe glenoid bone loss in the setting
of primary or revision shoulder arthroplasty. Additional
clinical outcome studies are needed to define their
effectiveness and role.

Conclusions

With the increasing use of reverse shoulder arthroplasty
and its expanding indications, surgeons today are facing
tougher reconstructive challenges while still providing the
patient with a good clinical outcome. There are a greater
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number of primary and revision cases where glenoid vault
deformity is encountered. This presents a challenge to the
surgeon during glenoid component positioning. He or she
must place the implants in a location and orientation that
maximizes range of motion and stability while minimizing
impingement. In order to address this, surgeons can look to
the use of 3D imaging in order to better understand each
patient’s pathology. With the use of virtual planning the
surgeon has the ability to arrive in the operating room with
an established surgical plan in order to better address the
deformity present. This can help in determining if glenoid

Ann FJoint 2019;4:4
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bone grafting, eccentric reaming, or the use of augmented/
lateralized components is the best choice in addressing
bony deformity and maximizing impingement-free range-
of-motion. Furthermore, with the advent of patient specific
instrumentation and navigation the surgeon has the means
to translate the preoperative plan into the operating room
with increased accuracy, thus, decreasing the likelihood of
component malposition and its associated complications.
In the future, custom implants may grant the surgeon
the means to address severe glenoid bone loss that would
otherwise not be reconstructable and potentially give the
patient improved function.
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