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Abstract

Introduction: The precision in the placement of a glenoid support in reverse shoulder prosthesis is the
most important factor defining the long-term evolution of the prosthesis. We put in place an automatic
measure of the version and the glenoidien inclination on various incidences of a 3 dimension
scannographic view. This study had as objective to evaluate the plannification realized in 34 patients in
whom the protocol was applied in the CHU de Dijon.

Methodology: Our study was based on 34 patients who benefitted from a reverse shoulder prosthesis
indicated for shoulder arthrosis at university hospital of Dijon. We compared the orientation of the
glenoid implant chosen in the course of the plannification with the aid of the software Personalfitet®
with the initial position of the glenoid cavity measured on preoperative scans.

Results: The average preoperative inclination angle measured on CT scan images was 6,5°, with a
maximum of 27° and a minimum of 13°. The version was 11,3°, with a maximum retroversion of 31°. On
the planification, the average inclination was at 8,6°, with a minimum inclination of 2° and a maximum
inclination of 21,5°.

Discussion: The values that we obtained from our method are similar to those described by other studies
in literature.

Conclusion: Thanks to preoperative plannification with the use of CT scan, the added correction to the
orientation of the glenoid support can be perfectly defined.

Keywords: Shoulder prosthesis, scannographic, arthrosis

Introduction

The precision in Glenoid component positioning in reverse shoulder prosthesis is the most
important factor in the long term outcome of the prosthesis [*-%l. The orientation of the glenoid
component influences significantly the biomechanics of reverse shoulder prostheses . we
devised an automatic measure of the version and the glenoid tilt on 3D scannographic views.
571, This method permits the preoperative measurement of the orientation in patients. These
measurements are used for the plannification of the orientation of the glenoid component with
respect to the corrections in the orientation to be added or used. The fabrication of a patient
specific or a personalized ancillary from the plannification permits the surgeon to orient the
glenoid component in an optimal manner. We compared the orientation of the glenoid which
was chosen during the plannifcation with preoperative 3D scan measures of the initial position
of the glenoid. The objective of this study was to evaluate the plannification of realized in 34
patients to whom this protocol was implemented.

Materials and Methods

This is an observational study conducted at laboratoire d’anatomie UFR santé de Dijon et
I’unité Inserm 1093 : Motricité-plasticité (Université de Bourgogne Franche-Comté, Dijon,
France. The study population constituted of 4 patients followed at university hospital of Dijon
for shoulder arthropathy for which an indication for a reverse shoulder arthroplasty was made.
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We used the tilt and the version of 34 glenoid cavities
measured from preoperative CT scans and compared with the
plannified position of the glenoid component, with the use of
the website Personal Fit® !, which permits the placement of
a Duocentriec reverse prosthesis with the aid of a
premeasured ancillary (PSI : patient specific instrument). The
preoperative evaluation was done following the scheme
below:

a) Determination of the inclination and version of the
glenoid.

The determination of angle of inclination and the version of
the glenoid was done using 3D scan images of the scapular.
The orientation of the glenoid was appreciated with respect to
body of scapula visualized in one plan. The measures were
obtained on the CT scans of 34 patients presenting with
shoulder arthrosis

The center of the glenoid CG was obtained by determining
anterior glenoid point GA and the posterior glenoid point GP
(on the incidence where the anterior posterior diameter
determined by an algorithm is biggest [5]), then by drawing a
straight perpendicular from GA — GP passing through this
point. A scapular plane and a transversal plane passing
through the center of the glenoid are then defined (fig.1 et
fig.2):

The scapular plane (PS) is obtained by passing through the
center of the glenoid CG and the points TS and Al, it’s
defined by the perpendiculars D1 and D2.

The transversal plane (PT) is the plane perpendicular to the
scapular plane (PS) passing through the center of the glenoid
CG, and defined by the perpendicular D3.

These perpendiculars D1, D2 and D3 permit us the definition
of three orthogonal axes (fig.3 et fig.4): X, y, and z. The angle
of inclination of the glenoid is calculated in the scapular plane
and the angle of version of the glenoid calculated in the
transverse plane (fig 5) (PT).

Using this method, we used the inclination and version of 34
glenoids on preoperative CT scans and compared with the
plannified position of the glenoid component using the
software Personal Fit® Pl permitting the realization of a
Duocentric reverse prosthesis with the aid of pre measured
ancillary (fig.6) (PSI : Personal Specific Instruments).

b) The measures: The inclination, ante version, and the tilt
The inclination is said to be superior if the surface of the
glenoid is tilted upwards, and said to be inferior if the glenoid
is tilted downward with respect to the transverse plane (PT)
which represents an inclination of 0.

The ante version is the version of the glenoid towards the
front with respect to scapular plane (PS). On the contrary, the
glenoid is in retroversion when its surface faces behind the
scapular plane.

The tilt: when glenoid component of implant is more oriented
in the superior half of the glenoid than the inferior half, we
talk of « superior tilt », and when it is more oriented in the
inferior half than the superior half, we talk of « inferior tilt ».

Results

Results of the 34 CT scans

a) The orientation of bony glenoid on preoperative scans
Inclination: average inclination 6,5° (it’s a superior
inclination), minimum inclination: 13° (it’s the inferior
inclination), maximum inclination: 27° (it’s the inferior
inclination).
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Mean version: retroversion of 11,3°, maximum ante version
of 16,5°, maximum retroversion of of 31°.

b) Orientation of the glenoid component of implant on
planification:

Mean inclination: mean inclination of 8,6°, minimum
inclination of 2°, maximum inclination of 21.5°.

Mean version: mean retroversion of 2.9°, maximum ante
version of 8°, maximum retroversion of 17.5°.

c) Examples of planification of the orientation glenoid
component of the implant with respect to the orientation
of bony glenoid.

Example n°1

Measurement of the inferior inclination of the bony glenoid of
13° and measurement of retroversion on scan of 31°,

From these measurements, the position of glenoid component
proposed by the surgeon during the planification is an
inclination augmented by 8° with respect to the inclination
measurement of 13°(the glenoid component has therefore an
upward inclination of 21° (8° + 13°)with respect to the
inclination of the bony glenoid )and a retroversion of 16° with
respect to the version measured (the retroversion of glenoid
component was reduced to16° with respect to the retroversion
measured (31° - 15°) on the preoperative CT scan of bony
glenoid.). (Fig.7 et Fig.8)

Example n°2

Measurement of the superior inclination of the bony glenoid
of 5,5° and measurement of the retroversion of 8,5°.

From the measurements, the position of the glenoid
component proposed during planification is an inclination
increased by 4° (the glenoid component then has a downward
inclination of 1,5° with respect to the inclination of the bony
glenoid) and a version of 0° (the glenoid component was in
8.5° ante version with respect to the version of the bony
glenoid measured on preoperative CT scan).

Example n°3

Preoperative measurement of the ante version of the bony
glenoid of 16.5°and measure of superior inclination of 1.5°
From these measurements, the position of the glenoid
component planified by the surgeon was an ante version of 8°
(the ante version was reduced by8.5°with respect to the
version bony glenoid measured on scan) and an inclination of
0° (the glenoid component has therefore an inclination
reduced by 1.5° with respect to the inclination of bony
glenoid measured on scan) (fig.9)

d) Differences between the preoperative glenoid
orientation and the planified orientation of the glenoid
component

The difference between the planified inclination of the
glenoid component of the implant and the inclination of the
glenoid measured on preoperative scan: we noted an average
increase in the inclination of 2,1°.

The difference the planified version of glenoid component
and the version of the glenoid measured on the preoperative
CT scan: we noted average an average decrease in the
retroversion of de 8,4°

The mean correction obtained was an increase in the upward
inclination of 2,1°and a diminution in the retroversion of 8.4°
of the glenoid component of the implant.

In 31(91%) of the 34 cases, the retroversion of the glenoid
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component was reduced with respect to the version of the
glenoid measured on preoperative scan. In one case the
version of the glenoid was unchanged.

e) Number of persons by category who benefited from a
correction of the inclination

Inferior glenoid inclination of 13° to 5°: 1 patient (inferior
inclination of the glenoid of 13°.Correction: superior
inclination of the glenoid component of 21° with respect to
inclination of the glenoid).

Inferior glenoid inclination of 5° to 0°: 5 patients (average
inferior inclination of the glenoid= 1.4°. Correction: average
superior inclination of the glenoid component 8.7° with
respect to the average inclination of the glenoid).

Superior inclination of the glenoid of 0.1° to 5°: 8 patients
(mean superior inclination of the glenoid = 3.1°. Correction:
average superior inclination of the glenoid component of 3.1°
with respect to the mean inclination of the glenoid).

Superior inclination of the glenoid of 5.1° to 10°:11 patients
(average superior inclination of the glenoid= 7.5°. Correction:
average superior inclination of the glenoid component of 2.5°
with respect to average inclination of the glenoid).

Superior inclination of the glenoid of 10.1° a 15°; 7 patients
(average superior inclination of the glenoid= 12.8°.
Correction: average inferior inclination of the glenoid
component of 3.8° with respect to the average Inclination of

the glenoid).
Superior inclination of the glenoid of 15.1° to 27°: 2 patients
(average superior inclination of the glenoid = 21.5°

Correction: mean inferior inclination of the glenoid
component of 9.3° with respect to the mean Inclination of the
glenoid.).

f) Number of patients by category who benefitted from a
correction of version

Ante version of the glenoid of 16.5° to 5°: 2 patients (mean
ante version of the = 11.5°. Correction: mean retroversion of
the glenoid component of7.5° with respect to the mean
version of the glenoid).

Anteversion of the glenoid of 51 ° to 0°: 1 patient
(anteversion of the glenoid of 1°. No correction).

Retroversion of the glenoid of 0.1° to 5°: 2 patients (average
retroversion of the glenoid= 3.8°. Correction : average
anteversion of glenoid component of 1.5° with respect to the
average version of the glenoid).

Retroversion of the glenoid of 5.1°to 10°: 10 patients (mean
retroversion of the glenoid = 6.9°. Correction : average
anteversion of the glenoid component of 4.6° with respect to
mean version of the glenoid).

Retroversion of glenoid of 10.1° to 15°: 8 patients (mean
retroversion of the glenoid = 13°. Correction: Mean
anteversion of the glenoid component of 11.6°with respect to
the average version of the glenoid).

Retroversion of glenoid of 5.1° to 20°: 7 patients (mean
retroversion of the glenoid =18°. Correction: Mean
anteversion of the glenoid component of 13.6° with respect to
the average version of the glenoid).

Retroversion of glenoid of 20.1° to 31°: 4 patients (mean
retroversion of the glenoid = 25.5°. Correction : Mean
anteversion of the glenoid component of 15.8° with respect to
the average version of the glenoid).

Discussion
The glenoid cavities studied on preoperative CT scan of
patients who presented with omarthrosis Showed that wearing
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out of the glenoid was predominant from back (posterior)
surface of the Glenoid, resulting in the retroversion of the
glenoid. But this phenomenon is not constant as 3patients
presented with an anteversion glenoid. The measure of
preoperative retroversion of the glenoid is an essential given
that in our study, this measurement resulted in the correction
of 5° to 16° in 29 of 34 patients. The values we obtained
through this measurably comparative to other series in
literature U111, Authors who used other reference points other
than ours in the measurement of the version ofglenoid
obtained values of the retroversion that are higher [2-16]
which does not alter the approach given that eventual
corrections are adapted to each patient. It seems the reference
point on the body of the scapular is closest to real functional
conditions of the glenoid as indicated by Budge [*71. it for this
reason that we chose this reference.

Fig 1: determination of center of the glenoid

Fig 2: reference points on scapula
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Fig 3: definition of the scapular plane and the transversal plane
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Fig 4: definition of glenoid landmarks
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Fig 5: inclination of the glenoid
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Fig 9: planification of case n°3

be perfectly define. The plannified version is obtained using a
pre- sized ancillary fabricated for each patient. This method is
particularly important in cases of major anomalies in the

Conclusion
Thanks to the preoperative planification with use of CT scan,

the correction of the orientation of the glenoid component can
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orientation of the glenoid as it improves the precision (which
is in the order of 1° from control post-operative CT scans
realized in this study) in the position of the glenoid
implant.our conclusions permit us to expand our study by
correlating the knowledge on the oreientation of humeral
implants with glenoid implants with the aid of the concept
«Personal Fit3 » Blwhich simulates the cinematics of the
preoperative shoulder with respect to the cinematics of the
prosthetic shoulder.

References

1.

10.

11.

12.

13.

14.

Farron A, Terrier A, Blcher P. Risks of loosening of a
prosthetic glenoid implanted in retroversion J. Shoulder
Elb. Surg. AM 2006;15:521-526.

Franklin JL, Barett WP, Jackins SE, Matsen FA. Glenoid
loosening in total shoulder arthroplasty, association with
rotator cuff deficiency. J. Arthroplasty 1988;3:39-46.

Ho JC, Sabesan VJ, lannotti JP. Glenoid component
retroversion is associated with osteolysis. J. Bone Joint
Surg. Am 2013;95:82-85.

Nyfeller RW, Sheikh R, Atkinson TS, Jacob HAC, Favre
P, Gerber C. Effects of glenoid component version on
humeral head displacement and joint reaction force: an
experimental study. J. Shoulder Elb. Surg. Am
2006;15:625-629.

Atmani H, Mérienne F, Fofi D, Trouilloud P. Computer
aided surgery system for shoulder prosthesis placement.
Comput. Aided Surg. Off Int. SocComput. Aided Surg.
2007;12(1):60-70.

Trouilloud P, Gonzalvez M, Baulot E, Charles H,
Handelberg F, Nyfeller RW. La prothése inversée
d’épaule duocentric et ses gabarits de pose personal fit.
Propositions innovantes pour optimiser le positionnement
prothétique et prévenir le probléme de I’encoche
scapulaire. Maitrise Orthopédique 2012;218:8-13.
Friedman RJ, Hawthorne KB, Genez BM. The use of
computerized tomography in the measurement of glenoid
version. J. Bone Joint Surg Am 1992;74:1032-1037.
Mullagi AB, Beddow FH, Lamb GH. CT measurement of
glenoid erosion in arthritis J. Bone Joint Surg. Br
1994;76(3):384-388.

Randelli M, Gambrioli PL. Glenohumeral osteometry by
computed tomography in normal and unstable shoulders.
Clin. Orthop 1986;208:151-156.

Trouilloud P, Gonzalvez M, Martz P, Charles H,
Handelberg F, Nyffeler RW et al. Duocentric reversed
shoulder prosthesis and Personla Fit templates: innovate
strategies to optimize prothesis positioning and prevent
scapular notching. Eur. J. Orthp. Surg. Traumalol. Orthop
2014;24:483-495.

Viard B. Rétroversion de la cavité glénoidale de la
scapula, scanner et prothése d’épaule. Comparaison des
méthodes de mesure, a propos de 50 omarthrose. Thése
de médecine de Dijon 2014.

Bouchaib J, Clavert P, Kempf JF, Kahn JL.
Morphological analysis of the glenoid version in the axial
plane according to age. Surg. Radiol. Anat 2013.

Couteau B, Mansat P, Darmana R, Mansat M, Egan J.
Morphological and mechanical analysis of the glenoid by
3D geometric  reconstruction using  computed
tomography. Clin. Biomech Bristol Avon 2000;15(1):8-
12.

Hoeneckke HR, Hermina JC, Dembitsky N, Patil S,
D’Lima DD. Optimizing glenoid component position
using  three-dimensional ~ computed  tomography

15.

16.

17.

~ 522~

www.orthopaper.com

reconstruction J Shoulder Elb. Surg. Am 2008;17(4):637-
641.

Matsummura N, Ogawa K, Ikegami H, Collin P, Walch
G, Toyama Y. Computed tomography measurement of
glenoid vault version as an alternative measuring method
for glenoid version. J. Orthop. Surg 2014;9:17-21.

Poon PC, Ting FSH. A 2-dimensional glenoid vault
method for measuring glenoid version on computed
tomography J. Shoulder Elb. Surg Am. 2012;21:328-335.
Budge MD, Lewis GS, Schaffer E, Flemming DJ,
Armstrong AD. Comparison of standard two-dimensional
and three-dimensional corrected glenoid version
measurements. J Shoulder Elb. Surg. Am 2011;20:577-
583.


http://www.orthopaper.com/

