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Retrospective Cohort Study
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Abstract

AIM: To report the results of fixed-fulcrum fully con-
strained reverse shoulder arthroplasty for the treatment
of recurrent shoulder instability in patients with epilepsy.

METHODS: A retrospective review was conducted
at a single facility. Cases were identified using a com-
puterized database and all clinic notes and operative
reports were reviewed. All patients with epilepsy and
recurrent shoulder instability were included for study.
Between July 2003 and August 2011 five shoulders in
five consecutive patients with epilepsy underwent fixed-
fulcrum fully constrained reverse shoulder arthroplasty
for recurrent anterior shoulder instability. The mean
duration of epilepsy in the cohort was 21 years (range,
5-51) and all patients suffered from grand mal seizures.

RESULTS: Mean age at the time of surgery was 47
years (range, 32-64). The cohort consisted of four
males and one female. Mean follow-up was 4.7 years
(range, 4.3-5 years). There were no further episodes
of instability, and no further stabilisation or revision
procedures were performed. The mean Oxford shoulder
instability score improved from 8 preoperatively (range,
5-15) to 30 postoperatively (range, 16-37) (P = 0.015)
and the mean subjective shoulder value improved from
20 (range, 0-50) preoperatively to 60 (range, 50-70)
postoperatively (P = 0.016). Mean active forward
elevation improved from 71° preoperatively (range,
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45°-130°) to 100° postoperatively (range, 80°-90°)
and mean active external rotation improved from
15° preoperatively (range, 0°-30°) to 40° (20°-70°)
postoperatively. No cases of scapular notching or
loosening were noted.

CONCLUSION: Fixed-fulcrum fully constrained reverse
shoulder arthroplasty should be considered for the
treatment of recurrent shoulder instability in patients
with epilepsy.

Key words: Arthroplasty; Dislocation; Epilepsy; Insta-
bility; Shoulder

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Epileptic patients with recurrent shoulder
instability pose a significant challenge. We have reported
the first series in the literature of patients with epilepsy-
related recurrent shoulder instability to be treated with
fixed-fulcrum constrained reverse anatomy arthroplasty.
Our results suggest that it is successful in reducing pain
and eliminating actual and perceived instability in this
population. Contrary to previous reports there were no
cases of glenoid loosening, implant failure or revision
procedures. Postoperatively, there was a significant
improvement in functional outcome, which was accom-
panied by a mean improvement of 25° in active external
rotation and 29° in active forward flexion.

Thangarajah T, Higgs D, Bayley JIL, Lambert SM. Constrained
fixed-fulcrum reverse shoulder arthroplasty improves functional
outcome in epileptic patients with recurrent shoulder instability.
World J Orthop 2016; 7(7): 434-441 Available from: URL:
http://www.wjgnet.com/2218-5836/full/v7/i7/434.htm DOI:
http://dx.doi.org/10.5312/wjo.v7.i7.434

INTRODUCTION

Epileptic seizures can cause shoulder dislocation and
instability'™™. The incidence of dislocation during a
seizure is approximately 0.6% but this is likely to be
an underestimation since many may be undetected
because medical management of the seizure often takes
precedence®?!, Recurrent instability is common and
occurs soon after the first dislocation, with anterior and
posterior instability occurring equally''). Significant bone
loss from the glenoid rim and fossa, and corresponding
extensive humeral head fractures are held responsible
for this and are recognized as being a hallmark of
the condition™*?!. To address this, the majority of
non-arthroplasty (“conservative”) surgical strategies
focus on restoration and/or augmentation of the bony
glenohumeral joint while also addressing capsular
insufficiency and arthritis'®”). Despite technically
satisfactory reconstruction (“preservative”) procedures
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some patients still experience persistent instability and
increasing arthritis symptoms. Further conservative
reconstruction becomes an unenviable prospect due to
poor bone stock, large joint surface defects, and rotator
cuff musculotendinous and capsular insufficiency. The
patients are often young, in education or seeking work,
and find the prospect of living with a painful unstable
shoulder unbearable. In this context, arthrodesis has
been reported to be a successful treatment strategy
but the limitation in range of movement that inevitably
results means that it is not suitable for all patients'™.
Constrained arthroplasty may therefore represent an
alternative treatment option.

The Bayley-Walker shoulder (Stanmore Implants
Worldwide Ltd, United Kindom) was specifically con-
ceived for the treatment of patients with difficult
shoulder reconstruction problems such as advanced
rotator cuff arthropathy and tumours®'®. The device is
a constrained fixed-fulcrum reverse anatomy prosthesis
comprising a large-pitched, hydroxy-apatite-coated
titanium glenoid screw with a 22 mm CoCrMo alloy
head that forms a constrained “snap-fit” articulation
(to increase stability) with an UHMWPE liner encased
in a tapered titanium alloy humeral component giving
60° of intrinsic motion in any direction'®. The center
of rotation is placed medially and distally to the axis of
the normal shoulder, which increases the lever arm of
the deltoid, but to a lesser degree than most existing
non-linked reverse anatomy prostheses'®. These
features make the Bayley-Walker prosthesis a potential
treatment option for recurrent shoulder instability in
patients with epilepsy who have sufficient glenoid
bone stock for secure primary fixation of the glenoid
component. There are no reports of this management
strategy in the current published literature.

The aim of this retrospective study was to report
the results of fixed-fulcrum fully constrained reverse
shoulder arthroplasty (FF-RSA) for the treatment of
recurrent shoulder instability in patients with epilepsy.

MATERIALS AND METHODS

Between July 2003 and August 2011 five shoulders
in five consecutive patients with epilepsy underwent
FF-RSA for recurrent instability. Cases were identified
using a computerized database and all clinic notes and
operative reports were reviewed. The mean duration of
epilepsy in the cohort was 21 years (range, 5-51) and
all patients suffered from grand mal seizures. The index
dislocation occurred a mean of 15 years (range, 2-38)
before FF-RSA surgery. All cases were performed by
the senior authors (J I L Bayley, Deborah Higgs, and
Simon M Lambert). Mean age at the time of surgery
was 47 years (range, 32-64) and the cohort consisted
of four males and one female. All patients had anterior
instability. Three patients had bilateral symptoms. The
dominant shoulder was affected in three cases. FF-
RSA was performed after an average of two previous
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Table 1 Patient details

Case Gender  Age Previous stabilisation procedures Duration of Additional procedures
follow-up (yr)

1 Male 41 Putti-Platt procedure; 43 -

Allograft humeral head reconstruction;

Coracoid transfer;
Revision allograft humeral head reconstruction
2 Female 64 Coracoid transfer 4.6 -
3 Male 48 No previous stabilisation procedures 48 -
4 Male 32 Putti-Platt procedure; 5.0 Examination under anaesthesia and
Bankart repair; arthrocentesis due to persistent pain
Revision Bankart repair;
Allograft humeral head reconstruction;
Humeral head resurfacing

5 Male 51 No previous stabilisation procedures

stabilisation procedures (range, 0-5) in all but two
patients in whom the procedure was used as primary
treatment (Cases 3 and 5). All patients had had an
onset of instability that coincided with a seizure. In all
cases subsequent dislocations occurred during normal
activities or further seizures.

The indication for surgery was severe pain and
recurrent or persistent (i.e., the shoulder was never
able to be actively centralised) instability with a non-
functioning rotator cuff. The glenoid bone stock was
judged on computer tomography (CT) to be sufficient for
primary implantation of the glenoid screw component.
Neurological advice was sought preoperatively in all
cases to optimise the treatment of the epilepsy. Detailed
patient data are presented in Table 1.

Surgical technique

The deltopectoral approach was used in all patients.
The glenoid was exposed and a Bayley-Walker unce-
mented glenoid screw was inserted using standard
instrumentation. The humeral canal was prepared, and
a Bayley-Walker humeral stem was inserted. A simple
sling was used for 6 wk postoperatively during which
period passive rotation at waist level was permitted;
active scapular postural and motion exercises were
encouraged. An active anterior deltoid activation
programme was initiated after the first phase when
osseo-integration of the glenoid screw was considered
likely to have been achieved.

Assessment of radiological and functional outcome
Preoperative and postoperative radiographic imaging
was performed in all cases and included anteroposterior
and axillary views. Scapular notching was classified by
the size of the defect on the anteroposterior radiograph
using the four-part grading system devised by Sirveaux
et al™. Humeral loosening was assessed from antero-
posterior radiographs as described by Boileau et af**.
Preoperative and postoperative clinical outcome
measures included active forward elevation, active
external rotation, and the Oxford Shoulder Instability
score (OSIS)"?. Range of movement was assessed by
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the operating surgeon and/or an orthopaedic resident.
The OSIS is a 12-item questionnaire that places a
significant emphasis on the impact the patient’s shoulder
instability has on their lives, making it a highly discrimi-
nant tool to assess the efficacy of interventions used to
treat it. In addition, all patients were assessed using the
subjective shoulder value (SSV). The SSV can be used
as a supplementary tool to traditional, more complex
outcome measures and may be used in conjunction with
other scores to assess the patients’ outcome. It has
also been suggested to be a more sensitive measure of
shoulder function in patients with instability!*.

Statistical analysis

The paired t test was used to compare OSIS and SSV
before and after surgery. A P value of < 0.05 was
considered significant. The SPSS software package,
version 22 (SPSS Inc, an IBM Company, Chicago,
Illinois) was used to analyse data.

RESULTS

Mean follow-up was 4.7 years (range, 4.3-5 years).
One patient was deceased (Case 5) and was therefore
exempt from functional outcome analysis. There were
no further episodes of instability or persistence of
apprehension, and no further stabilisation procedures
and no revision procedures were performed. All patients
were on medical treatment for their epilepsy and had
been reviewed by a neurologist preoperatively. No cases
of scapular notching or loosening of either the humeral
or glenoid component were noted.

Mean active forward elevation improved from 71°
preoperatively (range, 45°-130°) to 100° postoperatively
(range, 80°-90°) (P = 0.418). Mean active external
rotation improved from 15° preoperatively (range,
0°-30°) to 40° (20°-70°) postoperatively (P = 0.221).
Clinical outcome following constrained fixed-fulcrum
reverse shoulder arthroplasty can be found in Table 2.

The mean OSIS improved from 8 preoperatively
(range, 5-15) to 30 postoperatively (range, 16-37) (P =
0.015). The mean SSV improved from 20 (range, 0-50)
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Table 2 Clinical outcome following constrained fixed-fulcrum
reverse shoulder arthroplasty

Case Active forward Active external Oxford shoulder Subjective

elevation in rotation in instability score shoulder
degrees degrees (preop/postop) value (preop/

(preop/postop) (preop/postop) postop)
1 130/80 30/25 5/32 0/60
2 45/80 20/20 15/37 50,70
3 60/90 10/70 6/33 20/60
4 50,/150 0/45 7/16 10/50

Preop: Pre operation; Postop: Post operation.

preoperatively to 60 (range, 50-70) postoperatively (P
= 0.016). Following surgery all patients reported less
pain and avoided fewer activities due to the fear of a
further dislocation. An improvement in dressing and
washing was also noted in all cases. The results from
the OSIS are summarized in Table 3.

One patient (Case 4) complained of persistent pain
and underwent arthrocentesis to exclude an infective
cause. No organisms were isolated and the patient
reported an excellent outcome at the latest follow-up
characterized by an improvement in functional outcome.

Case presentations

Case 1: A 41-year-old male with epilepsy was eva-
luated for a painful and unstable glenohumeral joint
eight years after the index dislocation. Four previous
stabilisation procedures had been performed, but
due to persistent symptoms FF-RSA was undertaken.
Following surgery, there was a reduction in pain and
an improvement in range of movement due to a stable
glenohumeral joint. No prosthetic complications were
noted at the latest follow-up (Figure 1).

Case 2: A 64-year-old female epileptic with a 38-year
history of glenohumeral instability was reviewed for an
unstable shoulder and severe pain. Preoperative CT
demonstrated advanced osteoarthritis with subchondral
cysts, subchondral sclerosis, and narrowed joint space.
FF-RSA was carried out successfully with no implant-
related complications. At the latest follow-up, instability
had been eliminated and there was a concomitant
reduction in pain, and an improvement in function.

Case 3: A 48-year-old male with epilepsy was
assessed for a painfully unstable glenohumeral joint
two years after the first dislocation. No previous
stabilisation procedures had been performed. FF-RSA
was undertaken in the setting of an inactive rotator cuff
and functioning deltoid. Postoperatively, there were no
episodes of instability and the patient was satisfied with
the outcome (Figure 2).

Case 4: A 32-year-old epileptic male was reviewed
following an 11-year history of glenohumeral instability.
Five previous surgeries had been undertaken, including
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Figure 1 Anteroposterior radiograph of a 41-year-old right hand-dominant
male with 4 previous stabilizations, 4 years after a right Bayley-Walker
fixed-fulcrum constrained reverse shoulder arthroplasty.

a humeral head resurfacing arthroplasty for dislocation
arthropathy. FF-RSA was considered due to ongoing
symptoms. At the time of surgery, the humeral head
resurfacing implant was loose and there were arthritic
changes on the glenoid. One year following surgery
the patient complained of persistent pain and so
arthrocentesis was undertaken. This did not demonstrate
any infective cause and the pain eventually settled (Figure
3).

Case 5: A 51-year-old epileptic male was evaluated
following a 16-year history of recurrent glenohumeral
instability. No previous stabilisation procedures had
been undertaken. At the time of surgery, a full-thick-
ness rotator cuff tear was noted. No implant-related
complications were detected following surgery. However,
the patient later died of an unrelated medical condition.

DISCUSSION

Shoulder instability can be a significant problem in
patients with epilepsy. Management is challenging
as seizures exert considerable forces on surgical
repairs. It is therefore imperative that a neurologist
is involved preoperatively so that medical treatment
can be optimized. Patients with epilepsy are prone to
recurrence and often undergo multiple operations to
achieve a stable shoulder joint™. With each successive
procedure the risk of complications increases and
the chance of a successful outcome is reduced. Only
a small proportion of cases remain refractory to
conventional surgery but these patients often have
distorted anatomy and multiple soft tissue defects that
make further reconstruction challenging and fraught
with complications. To address this, Thangarajah et
al® reported the outcome of six epileptic patients with
recurrent instability followed-up for a mean of 39 mo
who were treated with glenohumeral arthrodesis. Mean
age of the cohort was 31 years. An overall improvement
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Table 3 Change in the Oxford Shoulder Instability score following constrained fixed-fulcrum reverse shoulder arthroplasty

Item No. of patients reporting No. of patients reporting No. of patients reporting no
an improvement worsening change

No. of dislocations 4 0 0
Dressing oneself 4 0

Worst pain 4 0 0
Interference with work 4 0 0
Avoidance of activities due to fear of dislocation 4 0 0
Prevented activities of importance 4 0 0
Interference with social life 3 0 1
Interference with sport/hobbies 1 0 3
Frequency with which patient thinks about their shoulder 3 0 1
Willingness to life heavy objects 1 0 3
Base-line level of pain in shoulder 4 0 0
Avoidance of certain positions when sleeping 2 0 2

Figure 2 Anteroposterior radiograph of a 48-year-old left hand-dominant
male, one year after a left Bayley-Walker fixed-fulcrum constrained
reverse shoulder arthroplasty.

in functional outcome was noted, predominantly due
to the reduction in pain and elimination of instability,
but due to the restriction in range of movement and
limitation in function it could not be recommended
ubiquitously. In this context, constrained shoulder
arthroplasty could be a potential alternative but there
are no studies examining this strategy in an epileptic
population.

Constrained shoulder arthroplasty is characterised
by mechanical coupling of the humeral and glenoid
components around a fixed center of rotation (hence
the terminology “fixed-fulcrum” total shoulder arthro-
plasty). FF-RSA was initially considered as a potential
solution for rotator cuff arthropathy but early designs
were associated with loosening and implant failure, with
relatively poor ranges of motion compared with the
emerging anatomical designst**°,

The Bayley-Walker shoulder replacement is a con-
strained FF-RSA device that has been used for complex
reconstruction problems in which the rotator cuff is
absent (proximal humeral tumour excision), severely
deficient (rotator cuff arthropathy), or likely to be
compromised with the passage of time (post-traumatic
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Figure 3 Anteroposterior radiograph of a 32-year-old right hand-dominant
male with 5 previous stabilizations, 3 years after a left Bayley-Walker
fixed-fulcrum constrained reverse shoulder arthroplasty.

arthropathy, particularly when associated with disruption
of the coraco-acromial arch)®'?. Its design includes a
conical shaped glenoid screw that reduces the strain
placed on the implant, and “snap-fit” components
that enhance stability and place the center of rotation
medially and distally to the axis of the normal shoulder
in order to increase the lever arm of the abductors™”",
Post et al'® reported the results of 43 constrained
total shoulder replacements performed in 42 patients.
Follow-up was for a minimum of 27 mo. Indications
for surgery included osteonecrosis, complex fractures,
juvenile rheumatoid arthritis, and failed arthroplasty.
Twelve material failures were noted in 22 stainless
steel implants but only two were found in 21 cobalt-
chromium prostheses. Glenoid loosening was not
encountered. Traumatic dislocation occurred in four
cases. Revision surgery was undertaken in 13 patients
and was due to further traumatic episodes causing
dislocation and material failure. Maintenance of the
glenoid vault was found to be essential for secure
fixation of the glenoid component and so the authors
discouraged the use of constrained arthroplasty in
conditions that caused excessive bone loss such as
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tumours and severe osteoporosis. Coughlin et a/*”!

evaluated the results of 16 semi-constrained total
shoulder arthroplasties performed for intractable pain
and severe degenerative disease. Follow-up was for
a mean of 31 mo, with one failure due to mechanical
loosening. An improvement was noted in total range
of motion. Griffiths et a/” reviewed a series of 68
consecutive patients who underwent replacement of
the proximal humerus for tumour using a massive
endoprosthesis. The mean age of the group was 46
years and follow-up was for a mean of 5 years 11 mo.
An unconstrained endoprosthesis was implanted into
the first 64 patients and a custom-made constrained
(Bayley-Walker) reverse polarity fixed-fulcrum implant
linked to a massive proximal humeral endoprosthesis
was used in the remaining four. No dislocations were
noted in the group with a constrained implant at a
mean of 14.5 mo following surgery. This was in contrast
to the unconstrained group who had a dislocation rate
of 25.9%. No cases of glenoid loosening were identified
in the cohort.

Reverse total shoulder arthroplasty (RTSA) has
been established as an effective treatment for rotator
cuff arthropathy in an older patient population with low
functional demands™”. Few studies have examined its
use in patients under the age of 60 years with those
that do reporting serious complications in the short-
term such as the need for revision and dislocation"**,
Muh et al®"! retrospectively reviewed 66 patients with
a mean age of 52 years who underwent RTSA. Prior
surgical procedures were common with 67% of the
cohort having at least one prior intervention. At a
mean follow-up of 36.5 mo there was an improvement
in range of movement and functional outcome. Ten
complications were identified including five dislocations
that required revision in three cases and three infections
that required further surgery. Scapular notching was
found in 43% of patients. Sershon et a/** evaluated 35
patients with a mean age of 54 years that underwent
RTSA for a range of indications such as rheumatoid
arthritis, failed rotator cuff repair, instability sequelae
and cuff tear arthropathy. Of these, 83% had previous
surgery averaging 2.5 procedures per patient. At a mean
follow-up of 2.8 years there was an improvement in
range of movement and functional outcome. Six patients
had major complications including three dislocations,
one subluxation and two fractures. Furthermore, three
patients had revision surgery at 2 mo, 6 mo and 2.8
years.

Younger patients requiring shoulder arthroplasty
present several challenges as they have higher fun-
ctional demands and require longer implant survival
when compared to elderly patients. In our series, FF-
RSA was used in patients with a mean age of 47 years.
At short-term follow up there was an improvement in
functional outcome with no dislocations or revisions.
This suggests that FF-RSA may be able to overcome
some of the problems associated with more traditional
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reverse anatomy designs and provide a suitable alterna-
tive to invasive fusion surgery in a younger population.
However, further long-term studies are required because
clinical outcomes have been noted to deteriorate with
time following RTSA™?,

We have reported the first series in the literature
of patients with epilepsy-related recurrent shoulder
instability to be treated with fixed-fulcrum constrained
reverse anatomy arthroplasty. Our results suggest that
it is successful in reducing pain and eliminating actual
and perceived instability in this population. Contrary
to previous reports there were no cases of glenoid
loosening, implant failure or revision procedures. Post-
operatively, there was a significant improvement in
functional outcome as illustrated by an increase in
the OSIS and SSV. This was accompanied by a mean
improvement of 25° in active external rotation and 29°
in active forward flexion. This is in contrast to other
studies in which limitation of active external rotation
characterises reversed-polarity semi-constrained
prostheses™?®), We attribute our findings to the main-
tenance of teres minor and recruitment of the posterior
deltoid, which can work more effectively against a fixed
fulcrum with its less-medialised center of rotation™”’.

Limitations of this small cohort study include
those associated with its retrospective design and
the mean follow-up of 4.7 years, which is relatively
short in terms of prosthesis survivorship. However,
Uri et al®”! have shown that if a FF-RSA is becoming
loose, it is usually apparent within this time frame.
We believe that these prostheses can obtain durable
fixation through secondary osseointegration even in the
challenging environment of a patient in whom epilepsy
is a concomitant problem. This study of a unique group
of patients previously considered poor candidates for
shoulder arthroplasty provides some evidence of the
value of FF-RSA in the treatment of a difficult and
relatively uncommon problem. Further prospective
studies examining the performance of this implant in this
and similarly challenging patient populations in which
the stability of conventional reverse-polarity arthroplasty
remains uncertain are warranted.

In conclusion, epileptic patients with recurrent shoul-
der instability pose a significant challenge. Traditional
operative measures may be unsuccessful and multiple
revisions are common. In our series, FF-RSA eliminated
recurrent instability and significantly improved functional
outcome. This was accompanied by an improvement
in pain and range of movement (external rotation and
forward flexion). When managing this complex patient
group, medical optimisation is essential and we therefore
recommend that a neurologist be involved at the earliest
possible juncture.

COMMENTS

Background
Epileptic patients with recurrent shoulder instability pose a significant challenge.
Significant bone loss from the glenoid and humeral head is a common finding.
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Patients are often young, in education or seeking work, and find the prospect of
living with a painful unstable shoulder unbearable. In this context, arthrodesis has
been reported to be a successful treatment strategy but the limitation in range of
movement that inevitably results means that it is not suitable for all patients. The
purpose of this study was to report the results of fixed-fulcrum fully constrained
reverse shoulder arthroplasty for the treatment of recurrent shoulder instability in
patients with epilepsy.

Research frontiers

The authors have reported the first series in the literature of patients with epilepsy-
related recurrent shoulder instability to be treated with fixed-fulcrum constrained
reverse anatomy arthroplasty. This study of a unique group of patients previously
considered poor candidates for shoulder arthroplasty provides some evidence
of the value of fixed-fulcrum constrained reverse anatomy arthroplasty in the
treatment of a difficult and relatively uncommon problem.

Innovations and breakthroughs

At a mean of 4.7 years follow-up, there were no further episodes of instability,
and no further stabilisation or revision procedures were performed in the cohort.
A significant improvement was noted in functional outcome, as assessed by the
Oxford Shoulder Instability Score (P = 0.015) and Subjective Shoulder Value (P =
0.016). This was accompanied by a mean improvement of 25° in active external
rotation and 29° in active forward flexion. No cases of scapular notching or
loosening were noted.

Applications

Fixed-fulcrum fully constrained reverse shoulder arthroplasty should be
considered for the treatment of recurrent shoulder instability in patients with
epilepsy.

Peer-review
This is a well written paper regarding a very difficult clinical problem to manage.
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