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Abstract We describe our experience with a new system
of patient-specific template called Personal Fit®, which is
unique in shoulder surgery and used in combination with
Duocentric® prosthesis. The reverse prosthesis’s concept is
the invention of Paul Grammont, developed with Gram-
mont’s team of Dijon University as from 1981, which led
to the first reversed total shoulder prosthesis called Trum-
pet in 1985. The Duocentric® prosthesis developed in 2001
is the third-generation prosthesis, coming from the Trum-
pet and the second-generation prosthesis Delta® (DePuy).
This prosthesis provides a novel solution to the notching
problem with an inferior overhang integrated onto the
glenoid baseplate. Personal Fit® system is based on
reconstructing the shoulder joint bones in three dimensions
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using CT scan data, placing a landmark on the scapula and
locating points on the glenoid and humerus. That will be
used as a reference for the patient-specific templates. We
study the glenoid position planned with Personal Fit®
software relative to native glenoid position in 30 cases. On
average, the difference between the planned retroversion
(or anteversion in one case) and native retroversion was
8.6°.
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Introduction

In this paper, we describe our experience with a new sys-
tem of patient-specific templates, called Personal Fit®,
which are unique in shoulder surgery and used in combi-
nation with the Duocentric® prosthesis.

This innovation adds to the original characteristics of the
glenoid baseplate component:

e Spherical inferior
notching

e Fixation peg of various sizes to preserve the glenoid
bone stock and adjustable length to reinforce the
fixation if needed (e.g., glenoid wear and revision

surgery).

overhang to prevent scapular

History of the reverse prosthesis

Paul Grammont devised and established the mechanical
principle of reversal in 1981. This was a watershed moment
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in prosthesis surgery for the treatment for shoulder arthritis
and large rotator cuff tears (rotator cuff tear arthropathy).
At that point, poor results with the anatomical prosthesis in
these indications had been a unanimous finding.

This principle consisted of medializing and lowering a
single center of rotation, which is fixed on the surface of
the glenoid [1, 2]. It appeared in Grammont’s philosophy,
developed in 1975, which set out that functional shoulder
surgery should not be constrained by the need to exactly
reproduce the anatomy.

The work pursued by the Dijon team, along with the
integration of comparative anatomy data, led to the prin-
ciple being validated on a Strasser-type experimental
model. In 1985, the first modern reverse shoulder pros-
thesis requiring only the deltoid muscle, called the
“Trumpet,” was introduced (Fig. 1).

This prosthesis had only two components: a short,
cemented humeral base made of polyethylene and a gle-
noid piece that consisted of two-thirds of a 44-mm sphere
(the only diameter available) embedded and cemented into
the glenoid.

Based on the original principle, many reverse prostheses
were developed in the 1990s. Despite the unanimously
recognized advantage of reversal on the range of motion,
some specific problems appeared that induced a break in
the survival curve for this type of prosthesis after about
7 years [3, 4]. The most common problem was scapular
notching.

1. Notching of the scapular pillar results from impinge-
ment of the medial edge of the humeral insert under
the glenosphere during arm adduction. Even if the

Fig. 1 The “Trumpet” prosthesis
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presence of notching does not necessarily have any
negative clinical consequences [5], the incidence is
high—from 49 to 70 % after an average follow-up of
10 years [6, 7]. Patients with a certain glenoid—
scapular neck morphology seem to be more predis-
posed to this impingement—a short-neck glenoid
(Fig. 2) limits motion during adduction more than a
long-neck glenoid (Fig. 2) [8]. This induces polyeth-
ylene wear, bone destruction, occasional impingement
with the inferior screw and can lead to loosening of the
glenoid baseplate over the long-term and failure of the
arthroplasty (4.1 % rate of loosening at a follow-up of
4.3 years [9] up to 17 % at an average follow-up of
10 years [7]). As a consequence, many have insisted
that notching should be prevented. Some of the
suggestions have included changing the glenoid
position by lowering and tilting it, changing the
inclination of the humeral cut or adding a glenoid
graft. These proposals were not without secondary
risks, such as acromion fracture, instability, and loss of
medialization [6]. Last but not least, new prosthesis
designs have been put forward to solve the notching
problem.

2. Loosening of the glenoid component, which has an
average rate of 4 % at a follow-up of 4 years [10, 11],
can also result in abnormal loads being generated
secondary to poor intraoperative positioning of the
glenoid. Precise control over prosthesis implantation
and fixation is essential [9, 12, 14].

3. Dislocation is the main aseptic complication, along
with glenoid loosening, of reverse total shoulder
arthroplasty. Its frequency ranges from 1.6 to 8.5 %
in various published studies [13]. The risk of super-
olateral instability is greater with a smaller neck-shaft
angle (Fig. 3). Other factors such as the surgical
approach, lateral humerus position, size of the humeral
baseplate, or size of the glenohumeral space seem to
more or less contribute to the dislocation risk.

The Duocentric® prosthesis

To get around these problems, we started developing the
Duocentric® reverse prosthesis (Aston Medical) in 2001.
These efforts led to the first implantation of a third-gen-
eration prosthesis called the Duocentric® prosthesis in 2003,
as a follow-on to the “Trumpet” and Delta® (DePuy). After a
few more improvements, the Duocentric® Expert Reversed
became available in 2007.

This prosthesis provides a novel solution to the notching
problem—an inferior overhang integrated onto the glenoid
baseplate (Fig. 4) places a protective resurfacing shield
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Fig. 2 Short-neck and long-
neck glenoid

Fig. 3 Dislocation risk as a
function of neck-shaft angle
(based on Nyffeler)

=

Fig. 4 Glenoid baseplate of the Duocentric® Expert Reversed with
inferior overhang

over this critical area in the scapular pillar at the start of
elevation. This overhang also increases the primary sta-
bility of the implant by counteracting the shearing forces at
the implant—glenoid interface. But this modification
requires a brief historical look back for context. With the
first-generation reverse prosthesis (Fig. 1), notching was
minimal, rare, and non-progressive since its two-thirds
sphere design automatically provided this resurfacing
(“prevention without knowing it...”). This complication

=~ neck-shaft angle in normal shoulders ~ 135°

increased risk for
dislocation

abduction

RW Nytalor

only truly appeared once a one-half sphere was used in the
second-generation, Delta-type prosthesis.

Several short- and medium-term clinical studies with the
Duocentric® have already demonstrated the beneficial
effect of this inferior overhang on the notching rate. The
rate decreased significantly from an average of 35 % in
published reverse prosthesis studies [9] to 0.5 % with a
follow-up of 1-3 years according to the results of the series
of Gonzalvez (Dijon Shoulder Days, 2010—unpublished
data) and those of Kany [3].

Other than its unique inferior overhang, this prosthesis
also has a low metaphysis volume, a cemented or ce-
mentless stem with a self-stabilizing cross-sectional shape,
a 145° neck-shaft angle, which is a compromise between
stability and mobility, a removable baseplate that is aligned
using the 125° humeral cut and a glenoid baseplate that is
fixed with a breakaway peg and three screws. The glenoid
baseplate has a porous dual layer titanium-hydroxyapatite
coating (Fig. 5).

These features have been devised to increase the active
range of motion, limit the risks of dislocation and glenoid
loosening, and meet the primary objective of reducing the
notching effect.
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Fig. 5 Elements of the
Duocentric® Expert Reversed

humeral
baseplate

stem

The standard Duocentric® instrumentation also con-
tributes to achieving these goals by making it easier to
implant the glenoid baseplate in the lower part of the
glenoid bone and by preparing the seat of the inferior
overhang.

However, surgical experience has shown that glenoid
positioning remains challenging because of difficult access,
reduced intraoperative visibility, and variable anatomy
[15]. The optimal areas to anchor the fixation elements
(peg, screws) are also difficult to determine preoperatively
based on two-dimensional imaging.

Thus, we continued to improve the Duocentric® pros-
thesis by coming up with a system that would more pre-
cisely adjust the position of the glenoid baseplate and its
fixation elements, and also the position of the humerus
relative to the glenoid. Called PERSONAL FIT®, this is
the first custom template system available for total shoulder
arthroplasty.

Personal Fit®, a unique planning and execution system
of patient-specific templates for reverse shoulder
arthroplasty

Using the Personal Fit® system allows the surgeon to not
only plan the size and position of the various Duocentric®
prosthesis components, but also to compare the joint
geometry with and without a prosthesis in three planes,
based on the chosen components. This planning triggers the
manufacturing of two templates that are personalized to the
patient (Patient Specific Templates or PST). One auto-
matically positions the center of the glenoid component
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glenoid
baseplate

insert glenosphere

and the orientation of its anchoring peg; the other sets the
height and retroversion of the humeral head cut.

Foundations of Personal Fit®

Personal Fit® is based on reconstructing the shoulder joint
bones in three dimensions using CT scan data, placing a
landmark on the scapula, and locating points on the glenoid
and humerus that will be used as a reference when the user

: upper point of the glenoid

Gl : lower point of the glenoid
GP : posterior point of the glenold
GA : anterior point of the glenoid
CG : center of the glenoid

Fig. 6 Locating the center of the glenoid
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positions the prosthesis components (Figs. 6, 7, 8, 9, 12,
13).

The center of the glenoid (CG) is obtained by estab-
lishing a point, GA or GP (depending on the glenoid wear),
then tracing a line perpendicular to GS-GI that goes
through this point.

These landmarks are used to calculate the inclination
and retroversion of the native glenoid and the glenoid
prosthesis component (Figs. 10, 11, 12, 13, 14, 15, 16).

Planning steps
The planning for a reverse prosthesis and the preparation of

personalized templates with the Personal Fit® system
consist of the following steps:

TS : trigonum scapulae
Al : inferior corner of the scapula

Al

Fig. 7 Landmarks on the scapula

Fig. 8 Frontal and transverse
planes through glenoid

If this is the surgeon’s first time using the system, he/
she will log on to the www.duocentric-expert.com
Web site to create a user account.

Creation of surgical procedure for patient: patient
information and surgery information; planning and
templates can be made for the glenoid only or for the
glenoid and humerus.

Patient gets CT scan according a specific Aston
Medical protocol that is sent to the radiologist; upload
of digital image files onto a secure external server;
three-dimensional reconstruction of the joint by Aston
Medical.

Surgeon receives email notification that the planning
can be performed.

Planning for glenoid component (Fig. 17): on the
screen, the surgeon can see a glenoid baseplate in the
“zero” position, which corresponds to the center of
the baseplate being superimposed over the center of
the native glenoid (Fig. 6) and with zero degrees of
inclination and retroversion; the user can successively
change the size of the glenoid baseplate and the length
of the central peg, its inclination, and retroversion
(while using the inclination and retroversion of the
native glenoid as a reference, Figs. 10, 11) along with
its depth and height, to find the best location for the
inferior overhang and fixation points (peg and screws).
Approval of glenoid planning if only a glenoid
template is being made; if both glenoid and humerus
templates are being made, this planning will be
approved on the final analysis screen (Fig. 19).
Planning for humeral component (Fig. 18): on the
humeral planning screen, the surgeon can see the
humeral stem in the “zero” position, which corre-
sponds to a 125° humeral resection through the lowest
part of the humeral head (Fig. 16) and zero degrees of
inclination and retroversion. The humeral baseplate is
also in its default neutral position; the user can

Transverse plane
(center CG)

L

Frontal plane
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progressively set the size of the stem, height, and 8.
position of the baseplate (for best coverage of the
humeral cut surface) and the retroversion and height of

the humeral cut (Figs. 15, 16).

Once both the humeral and glenoid parameters have
been set, the full prosthesis configuration will be visible on
the analysis screen (Fig. 19).

D3;D2;D1 == X,y:;2Z

10.

11.

12.

Mathematical calculation of the relative position of the
entire bone-prosthesis unit as planned (Fig. 19): this
screen shows the distance in the three planes between
the position of the planned joint center (the center of
the glenoid baseplate) and the native joint center
without the prosthesis (center of the humeral head); it
also gives the amount of humerus lateralization
between its initial position and its planned position,
with the latter being based on an analysis with the
default standard insert; the surgeon can change the
amount of lateralization by changing the thickness of
the insert.

If the final analysis is suitable, the surgeon approves
the glenoid and humeral planning simultaneously on
this screen.

An email is sent with the planning report that indicates
the planned implant size and position; this planning
report serves as a medical prescription for two patient-
specific templates being made as a result of this
planning.

Once this signed document is received by Aston
Medical, manufacturing of the custom templates is
initiated (Fig. 20). The glenoid template will automat-
ically show the planned center of the glenoid base-
plate, which will become the joint center of rotation.
The humeral template will allow fixation of the
humeral cutting guide at the height and orientation
chosen in the transverse plane.

Custom templates delivered to the health facility in
non-sterile bags; autoclave sterilization is required.

The full process of planning and preparing the custom

Fig. 9 Glenoid landmark templates requires at least 5 weeks from the date the CT
Fig. 10 Native glenoid Frontal ~
inclination plane

projection of the
scapula outline on =g
the frontal plane

Medial

.
<

li /
f inclination the frontal plane
\ Infericr

CG': projection of CG on
the frontal plane

|e10107

GS': projection of GS on
the frontal plane

GlI' : projection of Gl on
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Fig. 11 Native glenoid
retroversion

Transverse $
plane

Posterior

Projection of the
scapula outline on the
transverse plane

CG' : projection of CG on the
transverse plane

e
Jopauy

GP' : projection of GP on the
tranverse plane

GA' : projection of GA on the
transverse plane

rétroversion

Frontal plane
Transverse plane

Fig. 12 Position of the projected points relative to the anatomical
points

scan files are uploaded to when the templates are delivered
to the health facility.

Surgery
Humeral phase

After the humeral head is exposed, the humeral template is
put into place on its lone possible position before any os-
teophytes are removed. The cutting guide will be placed up
against the template and then fixed, which automati-
cally places it at the appropriate height and orientation
(Fig. 21). The humeral template thus replaces the invasive

: medial epicondyle

: lateral epicondyle

: top of the humeral head

: lower point of the humeral head

: center of the humeral head

Fig. 13 Landmarks on the humerus

centromedullary guide and the need to visually align the
cutting guide when using the standard technique. The
template is then removed, while leaving the cutting guide
in place. The humeral cut is then performed and the sur-
gical technique resumes using the standard Duocentric®
instrumentation.

Glenoid phase

The glenoid is exposed. Osteophytes are not removed
before placing the glenoid template in the lone possible
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P2 : plane orthogonal to P1 and containing El and EM

Fig. 14 Humeral planes

Fig. 15 Native humeral
retroversion

diaphysal axis

P1 is the plane whose normal is diaphysal
axis and tangential to humeral head

EM',EL',CT"', AT ' projections of points EM, EL,CT, AT on P1

position. A drill bit is passed through this template
(Fig. 22) to reproduce the center of rotation corresponding
to the chosen center of the final glenoid baseplate. This
replaces the metal gauge in the instrumentation that had to
be visually aligned on the glenoid when using the standard
technique. The glenoid preparation resumes with the
reamer and the inferior cutting gauge; both are automati-
cally centered on the point designated by the template.
Since the planning software was made available in
September 2011, about fifty shoulder arthroplasty cases
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have been performed using the glenoid template; the
humeral template has been available since September
2012.

Initial data from the Personal Fit® system
Because the Personal Fit® system is so new, we obviously

cannot determine its contribution to the clinical results with
the Duocentric® prosthesis.
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However, the available database can be explored to
determine the following:

e Planned position of the prosthesis based on the three-
dimensional information available on the native gle-
noid; position compared with the one the surgeon
would naturally have chosen during the surgery without
the aid of the three-dimensional planning system [10].

diaphysal axis P2

B

{\“‘“ \1
\ | P

|

PB" : projection of point PB on P2

Fig. 16 Level of humeral cut

Fig. 17 Glenoid planning
screen

omopate | Humérus |

e Distance between the position of the final glenoid
baseplate and the position of the planned glenoid
baseplate.

Study of glenoid position planned with the Personal
Fit® software relative to native glenoid position in 30
cases

Inclination results (Fig. 23):

1. The average native inclination was 6.5° upwards. The
average planned inclination was 4.2° upwards. Thus, in
most cases, the surgeons planned to reduce the native
glenoid inclination.

2. In 10 cases (shown in red numbers on histogram
below), the planning was performed to tilt the pros-
thesis upwards relative to the patient’s anatomy. In
half of these cases, the native inclination was either
downward or neutral (blue numbers on histogram
below).

3. On average, there was a 5.3° difference between the
planned inclination and the native inclination.

Retroversion results (Fig. 24):

1. The native glenoids are all retroverted, with an average
of 10.7° retroversion.

BONJOUR PROFESSEUR TOURNESOL

Informations

Nom du patient :
DUPONT (N°1)
Intervention : 15/10/2011

Epaule droite

Inclinaison gléne : 10,0°

Rétroversion gléne: 55°

|

Commentaire :

255 caractéres restants.

Vue

- =,
{J Vue en coupe

< Commandes v2.0RC5
ractéristi la prothé
@ support giéne : 36 |v) mm
Longueur du plot : 40 |v] mm
N
. . Inclinaison : (v I )
Version : v IKIA)
Rotation : (VIS

X=0,00mm Y=0,00mm Z=0,00 mm

Vue latérale Vue frontale

Rotation autour du plot
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Fig. 18 Humeral planning
screen

Fig. 19 Analysis screen
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Fig. 20 Glenoid and humeral PST

Fig. 21 Cutting guide on the humeral PST

2. In most cases, the surgeons planned to reduce the
retroversion angle since they refer themselves to the
scapular plane, while they intuitively position them-
selves at the visible glenoid plane and, for 17 cases,
planned for a neutral retroversion (red numbers on
histogram below). The average planned retroversion
was 2.1°.

3. One prosthesis was planned with 5° of anteversion
(blue number on histogram below).

4. On average, the difference between the planned
retroversion (or anteversion in one case) and native
retroversion was 8.6°.

Conclusion for this study: Having three-dimensional
information available for the glenoid led us to plan a
slightly lower and slightly less retroverted component

Fig. 22 Drill bit passed through the glenoid PST

position than the native glenoid to optimize the anchoring
areas for the baseplate (peg) and screws. Because of the
inferior overhang on the glenoid baseplate, the baseplate
does not need to be tilted downward.

Study of the distance gap between the true position
of the glenoid implant and its planned position in five
cases

This study required a postoperative CT scan of the shoulder
to be performed and special image processing to be carried
out to remove the artifacts induced by the metal prosthesis.
Thus, it was performed on a smaller cohort of patients.

Results of the implant size and position

1. For the five cases in question, the size of the implanted
glenoid baseplate and the length of its peg corre-
sponded to the ones planned.

2. The center of the implanted glenoid baseplate is
horizontally and vertically positioned within 1 mm of
the position determined during the planning.

3. The retroversion between the implanted baseplate and
the planned baseplate differed by an average of 2.5°,
either by decreasing or increasing the native
retroversion.

4. The inclination (tilt) differed by 4° on average.
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Fig. 23 Native and planned
inclination of 30 glenoids
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Fig. 24 Native and planned
orientation of 30 glenoids in the
transverse plane 50
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To summarize this part of the study, the Personal Fit®
system provided good repeatability of the implant size and
especially of the position of the joint center between the
planning stage and actual implantation.

Conclusions and future perspectives

Through its design, the Duocentric® prosthesis is the first
to provide an effective solution to the impingement that
leads to notching. It is also the first one up to now that can
be implanted using patient-specific templates that are
intended to optimize placement of the prosthesis compo-
nents, thus contribute to reducing the risk of glenoid
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patient n°®

loosening and dislocation. The system will be even more
useful in cases of severe shoulder deformity or significant
glenoid bone defects.

The limitations of the current system revolve around
the standard instrumentation not making use of all the
parameters resulting from the planning. In particular, the
reaming and implantation of the glenoid baseplate are not
guided by the orientation of the glenoid plane. Thus, the
Duocentric®/Personal Fit® concept will continue to be
refined along these lines.

Another improvement will consist of adding a kine-
matics module to the planning software that will auto-
matically calculate the range of motion of the shoulder
with the prosthesis (particularly external rotation because it
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is often reduced with a reverse prosthesis) and potential
implant—scapula impingement areas during the last plan-
ning step.

Regular follow-up of patients with an implanted Duo-
centric® Expert Reversed prosthesis that was implanted
with and without customized templates will allow us to:

e provide longer-term validation of the soundness our
implant-related choices, and

e measure the true contribution of the new technology
(personalized templates) to shoulder arthroplasty surgery.

Conflict of interest No funds were received in support of this study.
The authors, except P. Martz, are designers and inventors of the
Duocentric® reverse prosthesis.
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