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    8.12   Instability of Reverse Total 
Shoulder Arthroplasty 

    Srinath   Kamineni    and    Jonathan   Chae    

    8.12.1   Introduction 

 The reverse total shoulder arthroplasty (RSTA) is 
an implant that has recently become more popu-
lar for the management of rotator cuff tear 
arthropathy, in addition to several other patholo-
gies involving soft-tissue de fi ciency  [  17,   57,   67–
  73  ] . Originally the reverse arthroplasty was 
described by the French surgeon Paul Grammont 
in 1985  [  68,   74  ]  for the rotator cuff de fi cient 
shoulder with cranial migration of the humeral 
head and pseudoparalysis  [  68  ] , with encouraging 
early results  [  41,   57,   59,   67,   69–  72,   75–  77  ] . In 
addition to cuff tear arthropathy, the spectrum of 
indications has rapidly increased over the past 
decade  [  74  ] . Most of the early reported results 
highlighted the signi fi cant improvements in pain 
and function. However, the initial enthusiasm has 
been muted by a growing awareness of complica-
tion rates ranging from 19 % to 50 %  [  28,   57, 
  68–  71,   75,   76,   78,   79  ]  and reoperation rates up to 

33 % at 3 years  [  80  ] . The list of complications is 
extensive, but infection, component loosening, 
hematoma, and scapular notching are among the 
commonest  [  81  ] . Of all the complications, the 
two commonest that require revision operative 
intervention are infection and instability. 

 Instability of the reverse shoulder arthroplasty 
is incompletely understood, almost certainly mul-
tifactorial, and ranges from subtle maltracking 
with impingement, inferior chronic subluxation, 
recurrent subluxation  [  81–  84  ]  to frank disloca-
tions. Approximately 3–10 % of all reverse total 
shoulder arthroplasties have an episode of insta-
bility  [  82–  84  ] . Most commonly, instability is evi-
dent immediately after surgery (Fig.  8.23 ) but can 
be also noticed at more prolonged intervals. The 
direction of instability is primarily anterior and 
anteroinferior, usually following an extension, 
adduction, and internal rotation of the arm. 
Instability has been widely reported in many 
series of reverse arthroplasties but in particular 
with series in which revision arthroplasty consti-
tutes a signi fi cant proportion of the analyzed pop-
ulation  [  73,   85  ] . Revision arthroplasties  frequently 
have issues of increased scarring from previous 
surgeries, poorer soft tissues (Fig.  8.24a–c ), and 
fewer routine landmarks to guide the surgeon.   

 When dealing with such a complication as 
instability of a reverse shoulder replacement, the 
multifactorial nature can be better understood 
when all the factors are individually addressed. 
Once all the factors have been analyzed, they can 
individually be applied to one’s own patients to 
better understand the individual circumstances of 
instability. The remainder of this chapter will try 
to conglomerate most of the important known 
factors involved in RTSA instability, without any 
particular order of importance.  

    8.12.2   Surgical Approach 

 The two commonest approaches utilized for the 
insertion of a reverse total shoulder arthro-
plasty are the superolateral (trans-deltoid) and 
 deltopectoral approach. Ladermann et al. studied 
the functional in fl uence between the two 
approaches and found no difference  [  86  ] .   Fig. 8.23           
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 The integrity of the subscapularis has been 
considered an important feature in the preven-
tion of instability. Edwards et al. reported on a 
138-patient prospective series of reverse arthro-
plasties, all performed by a single surgeon with 
the deltopectoral approach  [  82  ] . The subscapu-
laris was irreparable in 76 patients, and seven 
dislocations were encountered in total, all in 
the irreparable group. Lack of subscapularis 
integrity was considered a signi fi cant risk for 
postoperative dislocation. A confounding fea-
ture of this study was that the group in which 
subscapularis was irreparable was a more com-
plex preoperative group. But more recently, 
Clark et al. retrospectively reviewed 120 
patients, all with deltopectoral approaches, 55 
of whom did not have subscapularis repair with 
three dislocations, and 65 with subscapularis 
repair with two dislocations  [  87  ] . The authors 
concluded that subscapularis repair was non-
contributory to dislocation risk. Hence, there is 
some con fl icting data concerning the role of 
subscapularis repair, and where ever possible, 
it should be repaired, until more de fi nitive data 
is available.  

    8.12.3   Humeral Component Version 

 Favre et al. assessed the effect of humeral and 
glenoid version on intrinsic stability of RTSA. 
Humeral version was found to be more critical 
for intrinsic stability than glenosphere version. 
Physiologic humeral version at 20 ° was found 
to have low intrinsic stability, and by increasing 
anteversion, one would be able to increase sta-
bility – more than 20 % increase for each 10 ° of 
anteversion. However, this resulted in limited 
external rotation and may hinder function  [  88  ] . 
Stephenson et al. demonstrated that humeral 
component version had a range of tolerances 
that allow good impingement-free motion  [  89  ] . 
Their cadaveric study demonstrated that in 20 ° 
anteversion, the external rotation in neutral 
abduction was almost −1 °. However, 30 ° of 
abduction considerably improved the ability to 
externally rotate without impinging. This study 
demonstrated the disadvantage of an anteverted 

humeral component, with much better overall 
motion in neutral or abducted arm positions 
with a neutral or mildly retroverted humeral 
component. Gulotta et al. concluded that retro-
verting the humeral component from 0 ° to 20 ° 
would allow maximum internal rotation with 
the arm by the side of the body without limiting 
the ability to externally rotate when the arm is 
abducted  [  90  ] .  

    8.12.4   Glenoid Component Position 

 Metaglenes can be positioned according to the 
native glenoid and are commonly positioned to 
cover the native glenoid (Fig.  8.25 ). However, 
with the interrelated issues of component 
impingement, scapular notching, and instabil-
ity, more attention has been focused on posi-
tioning the metaglene to minimize such 
complications.  

  Fig. 8.25           
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 Gutierrez et al. examined glenoid component 
stability with regard to angle of implantation. 
Implantation with an inferior tilt of 15 ° reduced 
the incidence of mechanical failure of the glenoid 
component, which increased implant stability 
 [  91  ]  (Fig.  8.26 ). Nyffeler et al. performed an 
in vitro cadaveric study with the delta III reverse 
implant to compare metaglene position that 
relates to motion. They found that placement of 
the baseplate overhanging the inferior glenoid 

rim signi fi cantly improved adduction and abduc-
tion, when compared to other positions (centered 
on the glenoid,  fl ush with the inferior rim, inferi-
orly tiled)  [  92  ]  (Fig.  8.27 ). As is predictable from 
these two latter studies, every effort should be 
made to avoid superior metaglene tilt (Fig.  8.28 ).     

    8.12.5   Humeral Length 

 The length of the humerus is essentially an indi-
cator of the length of the deltoid and indirectly a 
measure of the deltoid tension. The judgment of 
humeral length can be made using several bony 
(acromion/tip of greater tuberosity/base of cora-
coid) or soft-tissue landmarks (insertion of pecto-
ralis major/deltoid muscles). However, this 
judgment is more dif fi cult in cases of bone and 
soft-tissue loss, a common scenario in revision 
surgery (Fig.  8.29 ). In cases in which the humeral 
length is shortened, this can lead to instability as 
was noted by Melis et al.  [  93  ] . In their multicenter 
retrospective review of 37 reverse arthroplasty 
for aseptically loosened anatomical shoulder 
arthroplasties, they observed three instabilities, 
two of which were due to humeral shortening. 
Both successfully resolved after the addition of a 
metallic spacer, which effectively lengthened the 
humerus. The third case of instability was reduced 
and immobilized, resulting in a stable joint, 
 without further intervention. Ladermann et al. 
assessed the effect of humeral lengthening and 
tensioning of the deltoid on its effects on intrinsic 
stability. He found a strong correlation between 

  Fig. 8.26           

  Fig. 8.27           
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preoperative length compared with contralateral 
humerus and apparition of dislocation. Shortening 
of the humerus postoperatively, as compared to 
preoperatively contralateral humeral lengths, was 
observed to have a high correlation with disloca-
tion  [  63,   94  ] . Failure to restore suf fi cient tension 
in the deltoid can be responsible for prosthetic 
instability.  

 When inserting the humeral component, sev-
eral factors in fl uence the  fi nal length outcome. 
The  fi rst is obviously the judgment of the sur-
geon, who uses the bony and soft-tissue land-
marks to aid correct implant insertion, when they 
are available. A third factor is the ability to judge 
the instability of the inserted components as a 
function of constraint, to be addressed later, and 
soft-tissue tension, acting across the joint. Soft-
tissue tension, as a function of humeral length, 
requires surgical judgment. An often quoted 
method of judging tension is that thumb pressure 
of the reduced components should not be able to 
translate the humerus more than 50 % of its artic-
ular diameter. However, a confounding feature of 

this aspect is the increasingly common practice 
of regional anesthesia and muscle relaxation. No 
studies are available to help understand the true 
effect of these interventions and how they 
in fl uence the intraoperative judgment of soft-tis-
sue tension acting across the implants. 

 Humeral length, and hence soft-tissue tension, 
can decrease due to component subsidence  [  93  ] . 
The humeral component can subside for several 
reasons. With uncemented implants, the initial 
intraoperative press  fi t may be inadequate, lead-
ing to early component motion, and “settling” 
leading to loss of humeral length and soft-tissue 
envelops tension   . In cemented and uncemented 
components, a cortical breach, as is more com-
mon in revision surgery with cement removal or 
with periprosthetic fractures, can allow subsid-
ence into the cortical de fi ciency. In cemented 
implants, aseptic loosening can allow distal 
migration of the humeral component.  

    8.12.6   Intrinsic Component Stability 

 Gutierrez et al. examined intrinsic stability in 
terms of the force required to dislocate the 
humeral socket from the glenosphere. Joint com-
pressive force was determined to be the most 
important more so than socket depth and gleno-
sphere size  [  95  ] . Increasing tension of the soft 
tissues may lead to increased stability. Ratio 
between depth of socket and diameter of the 
metaglene – higher ratios result in more stable 
implants  [  96  ] , although higher ratios are more 
likely to result in scapular notching  [  97  ] . Although 
scapular notching is one of the commonest 
observed complications after reverse shoulder 
arthroplasty, its association with reoperation rates 
has not been  fi rmly validated. However, the poly-
ethylene wear of the humeral socket can be 
responsible for aseptic loosening, leading to com-
ponent migration and implant instability. Such 
scapular notching related medial polyethylene 
wear has been corroborated by Nam et al. in a 
retrieval study  [  98  ] . Such notching has been 
shown to decrease when the metaglene is posi-
tioned in an eccentrically inferior position on the 
glenoid  [  99  ] . 

  Fig. 8.29           
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 Compared to conventional shoulder replace-
ments, which utilize relative roll-spin-translation 
kinematics, reverse shoulder arthroplasties func-
tion without roll and translation between the 
components. The design is inherently more con-
strained and stable, and Matsen et al. de fi ned the 
“balance stability angle”  [  100  ] , the maximum 
angle that the joint reaction force can form within 
the concavity of the humeral socket, prior to dis-
location. For the reverse geometry implant, this 
45°arc of stable motion is greater than for con-
ventional, anatomically designed shoulder arthro-
plasty (30 °). 

 Roche et al. examined the jump distance of the 
glenosphere in relation to instability. Jump dis-
tance was de fi ned as lateral distance necessary 
for the glenosphere to escape from the humeral 
liner at varying degrees of abduction. Increasing 
the glenosphere size reduced the jump distance 
and created more stability in RTSA  [  101  ] .  

    8.12.7   Axillary Nerve Dysfunction 

 Axillary nerve function is critically important for 
the outcome of reverse shoulder replacements, 
and any dysfunction can lead to instability of such 
implants. Dysfunction can be transient or perma-
nent and, when permanent, serves as a contraindi-
cation to reverse arthroplasty. Most nerve palsies 
are temporary neurapraxias resulting from a vari-
ety of causes, including nerve traction due to frac-
ture dislocations, shoulder manipulations, retractor 
malplacement, or overstuf fi ng of the joint. The 
axillary nerve is prone to a traction neurapraxia 
during surgical exposure since the humerus is 
externally rotated, posteriorly retracted, and 
abducted  [  80  ] . Interscalene regional local anes-
thetic anesthesia can also produce temporary axil-
lary nerve palsy, which can lead to a joint 
subluxation immediately postoperation.  

    8.12.8   Acromial Fracture 

 In the pursuit of stability and optimal reverse 
shoulder arthroplasty function, a poorly under-
stood parameter is the amount of optimal deltoid 

tension. Since there are few objective methods 
available, surgical experience is paramount, with 
the inherent miscalculation always a possibility. 
When calculating the intraoperative tension 
required, the parameters to be borne in mind are 
the acromial strength (thickness being a surro-
gate) and deltoid integrity (previous surgical 
scarring, atrophic thinning, etc.). During the 
intraoperative tensioning of components, there is 
a natural tendency to over tension with the inser-
tion of thicker implants, with the belief to gaining 
greater stability. Whereas short-term stability 
may indeed be afforded by such a strategy, this 
may also predispose to fatigue fractures of the 
acromion, which in turn can result in loss of del-
toid tension and consequent implant instability. 
However, acromial fractures are not universally 
associated with a loss of active elevation and 
instability but do represent a complication that is 
associated with these adverse results  [  102–  104  ] .  

    8.12.9   Conclusion 

 Overall, instability is a leading cause of revision 
operative intervention in RTSA  [  97  ] . Achieving a 
stable and well-functioning reverse total shoulder 
arthroplasty requires a multifactorial understand-
ing and approach. Basic principles of soft-tissue 
release and balancing, correct deltoid tensioning, 
component positioning that allows functional 
motion without impingement, subscapularis repair, 
and cautious rehabilitation appear to be the key to 
avoid this complication. Several factors that have 
emerged as playing an important role remain 
incompletely understood, but some basic parame-
ters are now de fi ned, including the importance of 
adequate deltoid tension. 

 Treatment guidelines for an unstable RSTA 
are not well de fi ned, but early joint reduction and 
a trial of immobilization, correction of a malverted 
humeral/glenoid component, insertion of a thicker 
humeral lining when humeral length is inade-
quate, and ruling out infection as a source of early 
component loosening are some well-established 
basics. Revision of components should be 
 considered when a trial of reduction immobiliza-
tion fails to resolve the instability, although it is 
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 challenging to determine if one or all components 
need to be revised. 

 Revision requires focusing on increasing soft-
tissue tension. Increasing the compressive forces 
should be considered a priority  [  95  ] . This can be 
achieved by increasing humeral length, therefore 
increase deltoid function and converting more 
torque to compressive forces, with caution on over-
tensioning and acromial fractures. Soft-tissue ten-
sioning can also be increased through lateralization 
of the glenosphere, adjusting the humeral neck-
shaft angle, and increasing the thickness of the 
humeral component and/or the size of the gleno-
sphere  [  105  ] . If possible, subscapularis should be 
repaired which can improve stability as well  [  82  ] .       
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