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Abstract The indication of shoulder arthroplasties has increased progressively. Accurate posi-
tioning of the components may have significant implications for clinical results. The
navigation used to aid in the performance of anatomical and reverse total arthroplas-
ties has provided greater precision in implant placement, especially on the glenoid. The
development of the technique, material, and prosthesis design have shown encourag-
ing results and led to a trend toward its expansion. In this way, we estimate a higher
survival of the arthroplasties resulting from lower rates of dislocation and early
loosening. We aim to describe the current technique and to present the results of
the literature with navigation. However, comparative clinical studies with long term
follow-up are necessary to prove the efficacy in the final results of total shoulder
arthroplasties.
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Resumo A indicação de artroplastias do ombro aumentou progressivamente. O posicionamento
preciso dos componentes pode ter implicações significativas para os resultados
clínicos. A navegação utilizada para auxiliar no desempenho de artroplastias totais
anatômicas e reversas tem proporcionado maior precisão na colocação do implante,
especialmente no glenoide. O desenvolvimento da técnica, do material e do desenho
da prótese têm mostrado resultados encorajadores e levado a uma tendência de
expansão. Dessa forma, estimamos uma maior sobrevida das artroplastias resultantes
de menores taxas de luxação e afrouxamento precoce. Nosso objetivo é descrever a
técnica atual e apresentar os resultados da literatura com navegação. No entanto,
estudos clínicos comparativos com acompanhamento de longo prazo são necessários
para comprovar a eficácia nos resultados finais das artroplastias totais do ombro.
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Introduction

Both anatomic total shoulder arthroplasty (ATSA) and reverse
total shoulder arthroplasties (RTSAs) require the correct posi-
tioning of the glenoid component as one of the most critical
factors for the success of the procedure.

In ATSA, the malposition of the glenoid component can
result in eccentric loading, which can lead to instability and
early loosening of the glenoid component. This eccentric
directed force will cause overloading of the implant-bone
interface and result in premature failure. Consequently, it
increases its instability, early loosening, the failure rate of the
implant, and deteriorates the clinical results.1–3 The biggest
issue is implanting the glenoid component in excessive
retroversion or having it incompletely supported. Moving
an anatomic glenoid component superiorly may lead to
better loading characteristics as an ATSA humeral compo-
nent generally rides slightly superiorly, but if the glenoid
implant is somewhat superior, it will be well-centered.
However, with ATSA, we do not want them positioned
excessively superiorly inclined, as this can result in cuff
failure and secondary glenoid loosening.

In RTSA, the baseplate superiorly on the glenoid or with a
superior inclination may develop scapular notching, which
is erosion in the lower region of the scapula due to the
polyethylene impingement. On the advanced stage, early
loosening of the component, reduced function, and pain
may occur.4

The correct positioning of the glenoid component may be
challenging to get even for experienced shoulder surgeons,
especially in the case of deformity of the glenoid.5

Based on this consideration, preoperative planning is
always necessary. A conventional technique can perform it
with a two-dimensional CT scan (2D CT). However, that
method proved to be inaccurate, especially in severe defor-
mity of the glenoid.4,6 Three-dimensional CT scan recon-
struction (3D CT) and the development of the software allow
us to visualize a virtual surgical procedure, achieve preoper-
ative planning, and to make a patient-specific guide for each
case assisting the surgeon intraoperatively to positioning the
glenoid component, according to software planning.7 It
provides greater precision, better functional results, and
probably higher survival of the prosthesis.4

The literature has shown greater accuracy to correct bone
deformities as well as the setting on the glenoid component
of both ATSA and RTSA using the preoperative planning
based on 3D CT.4,6 However, the specific guides require a
period to be made, may suffer the influence of soft tissues
impairing its accuracy, add cost, and take time to be made.
These guides do not allow the surgeon to alter their preop-
erative plan as well.4,7,8

Computer navigation was developed earlier in spinal
surgery and after in the knee and hip joints.9,10 The first
report of navigation in shoulder surgery was in 2007 by
Bicknell et al. The authors described the use of that technique
in four-part fractures treated by hemiarthroplasty. They have
proved effectivity for the determination of the offset of the
humerus head.9

Currently, there is only one commercially navigation
system, the Guided Personalized Surgery (GPS) (Exactech
Inc., Gainesville, FL, USA), but it is not available in Brazil.

There is considerable variability in preoperative surgical
planning for both ATSA and RSTA. There currently is no
clinical data to support one preoperative plan over another.
However, in general, most surgeons aim to preserve as much
glenoid bone as possible, minimizing reaming. The preser-
vation of the bone has been more comfortable with the
advent of augmented implants. The recommendation for
ATSA is to reduce reaming, great use of augmenting glenoid
while keeping retroversion between 0° and 7° and inclina-
tion from inferior <10° to superior >10°. The anatomic
implant is moved slightly superior and anterior to the Fried-
man line to facilitate central loading of the humeral head on
the glenoid as the humeral head tends to ride superiorly.

The planning is very different for RTSA. A version for RTSA
can run from retroversion of 10° to anteversion of 5°.
Recognize that as the baseplate is further retroverted and
inferiorly inclined, so the glenospherewill bemore challeng-
ing to place on the baseplate. One of the authors uses
augmented baseplates in> 90 percent of cases to minimize
reaming. There is a general surgeon consensus that the RTSA
baseplate should not be superiorly inclined. The present
author likes to obtain 4mmof inferior glenosphere overhang
to almost eliminate notching.

Surgical Technique

There are several software systems for ATSA and RTSA
surgical planning. All of them acquire a 2D CT scan sliced
image; after that, the 3D CT image reconstruction of the
shoulder joint is processed. The software provides informa-
tion for surgical planning, especially for the glenoid. The
version and slope of the glenoid acquired allow the implan-
tation of the glenoid component virtually. We can correct
eventual deformities, either with a bone graft or with
augmented elements, which specifically address each case.
Once the planning is done, the generated file is exported to
the GPS computer to be used in the operating room.

Similarly to the technologies seen in hip and knee arthro-
plasties, the GPS uses a fixed point in the anatomy of the
patient (Friedman Axis). All instruments are then referenced
to this 3D mapping and correlated with preoperative plan-
ning to ensure a precise location at the desired location.

That system of navigation assists intraoperatively in the
positioning of the glenoid component. The GPS station has a
camera, a touch screen, sterile transparent protection, and
can be handled during the surgical procedure (►Fig. 1). It
should be set< 1meter from the surgical field, and no object
can be located between the fixed sensor on the coracoid
process and the navigation station. Sensors are routed to the
camera of the station. Particular attention should be given to
the positioning of the head of the patient; the intubation
cannula should be taken off the opposite side from the
operated shoulder, as well as the respirator hose, so that
they are not obstacles to communicationwith the navigation
station.
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The system was designed for use with the deltopectoral
access pathway for both ATSA and RTSA. The incision will
begin � 1 to 2 cm proximal to the standard deltopectoral
path, that is, at the lower edge of the clavicle, to allow access
to the coracoid process that should be exposed, and the
electrocautery used to remove the periosteal from the supe-
rior aspect; this will provide a support zone for the sensor.
The tracker is attached to the coracoid using two screwswith
the posterior one, the most extended screw, which is the
most important one. The attachment has to be stable, and all
assistants should avoid hitting it and destabilizing it during
the course of the surgery. If the tracker gets loose during the
course of the operation, the navigation will no longer be
accurate. After the tracker is placed on the coracoid process,
the next step is to acquire information from the local anato-
my through the use of a sensor probe. That probehas to set on
points, and surfaces arranged successively on the navigation
station screen. The system guides the surgeon in this process
of acquiring the information (►Fig. 2).

Acquisition and registrationof the glenoid datamust not be
done over soft tissue, labrum, or cartilage, which need to be
removed before registration. Time is required for the place-

ment of the coracoid tracker, for soft tissue removal, and the
registration typically adds � 6minutes.5 Once the data are
recorded, we confront the information with the preoperative
planning.At this time, standard instrumentationwitha tracker
on it can be used in a navigated manner to ensure optimum
angle and reaming depth according to the preset plan.

Fig. 3 Image of the GPS station during the milling process after the initial
hole is performed. (Courtesy of Exactech, INC, Gainesville, FL, USA).

Fig. 1 Image of the GPS station during the process of acquiring the anatomy of the patient. (Courtesy of Exactech, INC, Gainesville, FL, USA).

Fig. 2 Image of the GPS station during the process of locating the entry point to perform the initial hole. (Courtesy of Exactech, INC, Gainesville,
FL, USA).
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We start to operate with a sensor fixed to the coracoid
process, as previously described, and another sensor coupled
to a gauntlet, which connects both to the drill and to the
reamer cutter used in the preparation of the glenoid (►Fig. 3).

The tip of the instrument is presented in yellow on the
screen of the navigation station and must correspond to the
blue dot corresponding to the preoperative planning. We
have to align the instrument shaft with the target, which is
centered on the yellow dot. Computed tomography scan
image slices are arranged on the screen at the same time
assisting in the correct location of the drill and reamer
cutter. The version and tilt axes are numerically indicated
with high real-time accuracy. The insertion of screws to
settle the base plate of the glenosphere can also be guided
by navigation, which assists in the orientation and length of
the screws.

Results

Clinical studies with long-term follow-up periods comparing
surgery with and without navigation assistance are neces-
sary and should be published in the future. However, the
initial results are promising.4,5

Inoneof thefirst experimentswith theaidof intraoperative
computation, Bicknel et al,9 in 2007, used a computer-assisted
surgical technique for the treatment of four-part fractures
usinghemiarthroplasty. Theyshoweda statistically significant
difference when using the computer-assisted method in
determining the offset of the humeral head. The mean varia-
tion of the data obtained with the normal anatomy was
2.94mm for the assisted surgery and 10.07mm for the tradi-
tional technique (p¼ 0.02).9

Edwards et al,10 in 2008, performed an initial study on
cadavers to study the retroversion, inclination, and humeral
head diameter assisted by computer navigation. On the
glenoid side, they recorded the tilt and version of the surface
related to the native bone. This study was followed by a
cohort of 27 patients treated with ATSA or RTSA according to
the pathology. The navigation system presented an accuracy
of 2.6°. The authors reported that the procedure is safe and
provides valuable parameters for the surgeon.10

In 2009, Kircher et al1 published the first comparative
study involving ATSA. They evaluated prospectively the
correction of glenoid retroversion and the positioning of
the prosthesis component assisted by computer navigation.
The correction was from 15.4° to 3.7° postoperatively in the
assisted group. Compared with the control group without
navigation, this value was from 14.4° to 10.9°; there was a
statistically significant difference (p¼ 0.021). Higher accura-
cy was achieved to position the glenoid component using
navigation. In six cases, the authors gave up the use of the
computer due to technical difficulties. The authors also
observed that the surgical time was significantly higher, on
average 31minutes, in the navigation group.1

Briem et al,11 in 2011, in cadavers, compared the correc-
tion of the glenoid retroversion assisted by navigation with
the conventional method. They established a 10° correction
of the retroversion. In the assisted group, the mean of

correction was 9.8°, while in the control group, it was 5.1°
(p< 0.05). The authors recommend the navigation tech-
nique, but the increased surgical time and the cost are the
main obstacles. The evolution of the technology is necessary
for better applicability.

Also, in the same year, Verborgt et al analyzed the
version and inclination of the glenoid component of
the RTSA on a cadaver. They evaluated the accuracy of the
glenoid component insertion guided by navigation compar-
ing with the conventional method. The parameter of the
version was a neutral position. In the first group, they
obtained 3.1° of anteversion compared with 8,7° in the
control group. Regarding the inclination, they established
the parameter of 10° inferior tilt. The navigated group
achieved 5.4°, and the control group 0.9°. Therefore, they
conclude that the insertion of the glenoid component with
assistance navigation has greater precision when compared
with the conventional technique.12

Stubig et al,11 in 2013, evaluated the central guide wire
positioning on the glenoid to perform RTSA. The objective
was to implant the wire at 12mm to the lower limit of
the glenoid, with 10° inferior inclination, and centered with
the axial axis of the scapula. Theyobtained better accuracy to
determine the axial scapular plane. The mean guide wire
deviation was 1.6° in the group assisted by navigation and
11.5° in the control group with the conventional technique
(p¼ 0.004). However, they did not find any difference related
to the position from the inferior edge of the glenoid neither
to the inferior inclination that could help to prevent scapular
notching.13

In a systematic review, Sadoghi et al,14 in 2015, found a
significant improvement in the accuracy of the glenoid
version evaluation, but the clinical results are questionable
when compared with conventional methods.

Venne et al,15 in 2015, analyzed the precision of the
baseplate insertion and screws positioning on the RTSA
comparing two groups, assisted by navigation and conven-
tional technique. The navigation helped to measure the
length of the central pin of the baseplate, and the sizes and
angulation of the screws. No significant difference was
observed between the entry point of both the baseplate
and the screws.

Theopold et al,16 in 2016, evaluated the guidewire posi-
tioning in the glenoid. They used 34 scapulas of sheep in 2
groups, oriented by navigation and freehand technique. The
wire angulation was 2.2° and 4.7°, respectively (p¼ 0.01).
The authors also established a central line in the glenoid,
and the angulation of the wire to this was 14.4° and 17.2°,
respectively (p¼ 0.02). They concluded that the navigation
provided greater accuracy in the positioning of the
guidewire.16

Discussion

Shoulder arthrosis affects one in three people> 60 years old,
and total shoulder arthroplasty (TSA) is frequently indicated,
especially in the most severe cases.17 The current literature
shows that< 3% of surgeons perform> 10 shoulder
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arthroplasties annually. Also, almost 80% perform only 1 to 2
per year.6,18

Preoperative planning improves the precision of the
glenoid component insertion, especially with the 3D tech-
nology platforms. It minimizes the incidence of bone perfo-
ration by the implant, even without specific guides or
navigation.6,19,20 The first hole of the glenoid is the most
important step inwhich navigation can help the surgeon. It is
considered the main moment that causes technical error in
performing a TSA by the conventional method.20 Moreover,
the navigation in TSA is an important assistance tool for
training and learning for less experienced surgeons;14 elimi-
nating the use of guides, replaced by sensors, facilitating the
surgical technique and the learning curve. A comprehensive
review of the literature confirmed its superior accuracy to
the conventional method regarding the positioning of the
glenoid component.14

The navigation has benefits for both ATSA1,10,16 and
RTSA,12,15,16,21 especially when the anatomy is distorted
by fractures, revisions, wear, or dysplasia of the glenoid.9,10

The contraindications to navigation are the same for
shoulder arthroplasties, such as active or latent infection
and generally poor health. In some patients who had a prior
coracoid transfer, there is not enough coracoid remaining to
fix the tracker. Besides, severe osteopenia may compromise
the safety of fixation of the tracking device. Unlike hip and
knee, obesity does not compromise the accuracy of registra-
tion and fixation of screening devices during TSA navigation.
So, it is not considered a contraindication. A total of 13 out of
the 27 patients in the series by Edwards et al had a bodymass
index (BMI)> 30 (3 with BMI> 40) without loss of naviga-
tion functioning, even for the largest patient, with a BMI of
64.10

The surgical time added to the procedure is important,
especially at the beginning of the learning curve. According to
the literature, the surgical time is increased around 6 up to
31minutes.1,5,10,12 In another study, the navigated surgerywas
2.2minutes faster, but not statistically significant (p¼ 0.07).15

Barrett et al described 2 cases (5.5%) of coracoid process
fracture due to the fixation of the sensor. One of them was a
patient with low bone density, observed only in the postop-
erative period.5 Therefore, it is recommended to be careful in
attempting to identify situations with higher risk due to the
morphology of the coracoid process and bone density of the
patient. Other authors reported no complications, not even
related to the fixation of the sensor.10,12,16

Kircher et al1 reported no complications, but the naviga-
tion was aborted in 6 cases (37.5%) due to technical difficul-
ties related to the method.

Barrett et al5 also described that the navigation was
interrupted due to a technical failure in 1 case out of 36
patients (2.7%). Therefore, navigation is not considered a
standard procedure.

The cost of surgery is another important factor. The
technique involves a significant initial investment in tech-
nology. Increased surgical time also provides an additional
cost.5However, the greater accuracy in the positioning of the
prosthesis components will decrease the complication rates,

theoretically. In RTSA, scapular notching, early loosening,
and complications resulting from the length and angulation
of the screw can be prevented. It may damage the supra-
scapular nerve or even cause a fracture of the base of the
scapular spine. In ATSA, avoiding the malpositioning of the
glenoid component prevents early loosening and increases
the survival rate. Consequently, it decreases the cost of
revisions in general.5

Long-term prospective comparative clinical studies are
needed in the future to determine the functional outcome
and the cost-benefit of computer-assisted technology in TSA.4

Final Considerations

The indication of ATSA and RTSA has increased. The devel-
opment of navigation in shoulder surgery promises better
results with expected increased survival rate, especially in
themost severe cases involving a significant deformity of the
glenoid.
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