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OBJECTIVES
The basic challenge of designing a total shoulder

replacement is to achieve stability while maintaining the
greatest possible range of motion. These challenges
become rather greater when meeting the needs of
patients with irreparable rotator cuff tears. In such
patients, the necessary compressive forces at the
glenohumeral joint are absent compromising stability
and function. In the natural joint this leads to
subacromial migration and in conventional total joint
replacements, problems of excessive wear and
loosening.

While many reverse anatomy prostheses have been
demonstrated to be effective for these patients, there
are reports associating their long term use with several
problem like impingement and bone notching on the
scapula side.

The objective of this study was to identify the key
geometrical parameters and optimise the design of a
reverse shoulder prosthesis using an established 3-D
computer shoulder model.

METHODS
The Newcastle Shoulder Model (Charlton and

Johnson, 2001) was used to evaluate the properties of
reverse anatomy prosthesis. The accurate description
of the geometry of the implant was achieved by
simulating a virtual implantation according to surgical
techniques (fig 1).

In order to analyse realistic kinematics, a group of
10 DELTA III prosthetic subjects was recorded
performing 10 Activities of Daily Living (ADL, Murray et.
al., 2004). The data were used to drive the model and
predict joint forces and impingement (fig 2)

�ƒ The model can perform kinematics analysis
evaluating the possible range of humeral motion
which is usually constrained by impingement

�ƒ The model can evaluate the biomechanics of the
prosthesis by predicting muscle activation and
joint contact forces for given motion and also
predict scapula bone notches

�ƒ Virtual geometrical changes of the prosthesis in
the model were possible in order to investigate
biomechanical performance of the implant

DISCUSSION
The model suggests that reverse anatomy design can:

�ƒprovide joint stability and restore shoulder function.

�ƒcompensate for dysfunctional muscles by
increasing moment arms.

The model also suggests that contact of the implant
with the scapula (impingement) is possible and can
create notching and loosening of the prosthesis.

Stability and impingement on a reverse design can be
affected by changing the design parameters but results
suggest that stability and impingement are antagonistic
factors, and each design parameter can affect it with a
different weight (fig. 5)

�ƒResult show that cup depth and sphere size can be
optimised for maximum range of motion and joint
stability for ADLs

�ƒFixation can also improve impingement and
instrumentation tools should optimise glenoid
fixation
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Figure 1: Biomechanical model of a 

reverse joint replacement

RESULTS

a) Joint Loading and Stability

�ƒ In the reverse design, there is an increase in the
deltoid moment arm of over 50% compensating for
the loss of the RC muscles.

�ƒ The model shows how the prosthesis reverses the
envelop of the forces on the GH joint; the glenoid
sphere is reacting to the upward pulling of the
Deltoid and the cup is constraining the contact forces
providing great joint stability (fig 3)

�ƒ While in a normal shoulder the glenoid loading is
mostly compressive due to the action of the RC
muscles (up to 0.9 x BW during ADL) In the reverse
shoulder there is an large increase in the shear
forces :
�ƒ In superior direction (up to 0.5 x BW)
�ƒ as well as in the antero-superior direction (up to

0.3 X BW �±fig 3)

b) Impingement results
The model clearly shows a mechanical contact between
the humeral cup and the scapula border. There are 2
types of impingement that can limit the overall range of
humeral motion:

�‡ Poly cup �±Scapula border (Inferior impingement)
�‡ Humerus �±Acromion (Superior impingement)

�‡ The prediction of the volume and site of the notches
of the model for a standard DELTA III prosthesis
matches cadaveric studies (Nyffeler et al., 2004-fig 4)

�‡ From the parameters tested, a shallow cup is the
most affective way to reduce the risk of impingement
(fig 6), but critically also reduce joint stability

�‡ Sphere with lateralised centre is also a very effective
way to reduce impingement, but increased bending
stresses from the high superior shear forces is a
concern for the fixation strength

�‡ The model also suggest that except design
parameters, accurate fixation can significantly reduce
bone notching with inferior positioning and minimum
reaming to be of great importance.
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Figure 2: 10 Activities of Daily  Living were recorded and used as an input to 

drive the biomechanical model

Figure 4: Impingement is one of the most common problems in 

reverse designs. The prediction of the volume and 

site of the notches of the model matches cadaveric 

studies (Nyffeler et al., 2005)
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