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Intraoperative stability assessment in reverse shoulder arthroplasty
The indications for reverse shoulder arthroplasty have
expanded over the last decade and with more numbers now being
performed, the number of patients with complications is
increasing. Reverse shoulder arthroplasty requires adequate re-
tensioning of the deltoid to achieve elevation and implant stability.
Instability remains a feared complication, and it is well known that
most cases of early instability are attributable to inadequate tissue
tension from inaccurate component size or component malposi-
tion. Along with adequate deltoid tension, restoring the glenoid
offset in reverse shoulder arthroplasty is crucial, albeit an often
under-recognised step in achieving a stable construct.

Reverse shoulder arthroplasty (RSA) was originally designed to
treat pseudoparalysis with cuff tear arthropathy.1,2 Owing to its suc-
cess, the indications for RSA have expanded to also include massive
rotator cuff tears, acute trauma, trauma sequelae, failed arthro-
plasty and tumours.3e8 The UK National Joint Registry (NJR) shows
a year-on-year increase in the number of primary RSAs performed
with 806 in 2012e3015 in 2016, representing 50.7% of all primary
shoulder arthroplasties performed in that year.9 There are currently
only four years of outcome data demonstrating a cumulative per-
centage probability of revision of 3.4%. Elsewhere, the New Zealand
Arthroplasty Registry shows a 93% RSA survivorship at 13 years.10

Despite the success of RSA in improving pain and function,
complication rates remain high with instability reported to be the
commonest complication.6,9,11e13 In RSA, the tensioned deltoid
compensates for a deficient rotator cuff and provides the stable
fulcrum for active elevation and prosthetic stability. Failure to
adequately tension the deltoid contributes to prosthetic insta-
bility.14 In order to achieve the correct deltoid tension both the hu-
meral length and offset should be restored and we present our
algorithm for the treatment of prosthetic instability.

Surgery is performed under a general anaesthetic with an inter-
scalene block. The patient is positioned in the beach chair position,
prepped and draped, leaving the shoulder exposed. A deltopectoral
approach is used and following a subscapularis tenotomy the joint
is dislocated to expose the humerus. The humerus is prepared in a
standard fashion in line with the operative technique for that
implant. The glenoid is then exposed and prepared followed by im-
plantation of definitive components in neutral to restore the joint
line, which is aided by a preoperative computer tomography (CT)
scan. Attention is then turned to the humerus and a trial reduction
performed, as outlined below, before implantation of definitive
components in 20� of retroversion. Rehabilitation is supervised
by a physiotherapist within a comfortable safe zone, as defined at
surgery.

We perform a standardised routine when testing for implant
stability. No single test is perfectly accurate and by combining tests
even subtle instability can be recognised more readily. Prior to
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performing these tests we either remove or relax any self retainers,
which may introduce a false-negative and instead use a hand-held
retractor to visualise the joint. We start by assessing the range of
motion and in particular looking for hinged opening of the joint
during external rotation. Stability is also tested with the arm in a
position of extreme external rotation and abduction, followed by
testing in extreme internal rotation and flexion. Further testing in-
cludes the ‘shuck test’ involving traction along the longitudinal axis
of the humerus to assess for pistoning and checking the resting ten-
sion within the conjoint tendon.

We then proceed to the “Bed Shuffle Test” bringing the shoulder
into adduction and extension with the application of a proximally
directed force along the humeral shaft to try and dislocate the pros-
thesis antero-superiorly (Fig. 1). This is an effort to recreate the ac-
tion when the patient is shuffling themselves up the bed whilst
weight bearing via the elbow. We then perform the Lateral Thrust
Testwith the arm in line with the torso and the shoulder in neutral
rotation. The index finger is placed on the medial aspect of the
proximal humerus and a force applied laterally to displace the
proximal humerus off the glenosphere (Fig. 2). The ability to dislo-
cate the reverse prosthesis using a laterally directed force indicates
inadequate mediolateral offset. If any alterations are made to the
construct, we simply repeat the full gamut of tests until optimal
stability is achieved. This test may alternatively be performed using
a Hohmann retractor instead of the surgeon's finger. The aforemen-
tioned tests are summarised and demonstrated in Table 1 and
Video 1.

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.jcot.2018.11.006.

Modern RSA designs and improvements in surgical technique
have reduced the rate of complications reported in earlier de-
signs.6,8 Prosthetic instability remains the most common clinically
significant complication of RSA and is usually diagnosed within the
first postoperative year.8,12,14,15 Ekelund in his series of 1255 pri-
mary RSAs reported a dislocation rate of 1.4% with Trappey et al.
reporting a rate of 5% in his series of 212 patients.13,16 Furthermore,
the incidence of instability is significantly higher at 9.4% in those
patients receiving a RSA for a failed primary arthroplasty. Insuffi-
cient soft tissue tensioning accounts for most cases of instability
with other causes being medialisation of the glenoid component
leading to a poor deltoid wrapping angle, poor implant position,
impingement and infection.14,16

In order to achieve the correct deltoid tension both the humeral
length and offset should be restored.4 For a primary RSA the native
joint line should be re-established as guided by a preoperative CT
scan, as medialisation can lead to an inadequate deltoid wrap pre-
disposing to lateral instability.17,18 In our experience the lateral
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Table 1
Intraoperative stability assessment of Reverse Shoulder Arthroplasty.

Test Abnormal finding Management options

External Rotation in neutral Hinged opening Check posterior bony impingement acting as a hinge
Larger glenosphere

Abduction/External Rotation Anterior dislocation Build humeral height
Check posterior bony impingement acting as a hinge
Larger glenosphere

Adduction/Internal Rotation Posterior dislocation Build humeral height
Check anterior bony impingement acting as a hinge
Larger glenosphere

Conjoint tendon tension Excessive tension Reduce humeral height
“Shuck test” Excessive pistoning Build humeral height

Eccentric glenosphere
“Bed shuffle Test” Anterosuperior translation Build glenoid offset

Larger glenosphere with or without lateralisation
Lateralised humeral liner

“Lateral Thrust Test” Lateral dislocation Build glenoid offset
Larger glenosphere with or without lateralisation
Lateralised humeral liner
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shortening of more than 15mm and humeral axis medialisation of
more than 15mm to be significant risk factors for instability and
routinely use full-length scaled radiographs of both humeri to
plan surgery.12,17 Due to the lack of standardisationwe prefer a pre-
operative CT scan and intraoperative assessment to guide treat-
ment of the unstable RSA.

Insufficient deltoid tension in the vertical plane (humeral short-
ening) is usually treated with a thicker liner. Rarely, more signifi-
cant humeral shortening may require the insertion of a larger
stem proximally. Insufficient deltoid tension in the horizontal plane
due tomedialisation of the glenoid is most efficiently treatedwith a
larger glenosphere. Furthermore, such inadequate mediolateral
offset may be addressed using the humeral lateralised liner, which
is available on most modern modular systems. Building up the gle-
noid offset using the BIO -RSA technique (Bone Increased Offset) or
using metallic augments has the added advantage of reducing the
risk of glenoid notching and increased range of movement along
with restoring the mediolateral offset. This is indeed the most
desirable way of restoring adequate offset when performed pre-
emptively, however in a revision situation exchanging the base-
plate adds morbidity and time to the surgery.

In our experience the introduction of the lateral thrust and bed
shuffle tests have dramatically reduced the incidence of instability
of RSA in our practice. They have also been invaluable in the man-
agement of revising an unstable RSA. They provide a simple and
practical technique for checking whether the cause for prosthetic
instability is inadequate longitudinal deltoid tension or inadequate
offset.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcot.2018.11.006.
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