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Abstract Follow-up examinations of 45 patients who
received shoulder arthroplasty for osteoarthritis following
shoulder instability were conducted after 44 months. The
goal of this study was to describe the clinical findings
associated with advanced glenohumeral arthritis due to
shoulder instability and instability repairs and to present the
clinical results and complications of treating this with
shoulder arthroplasty. The weighted average Constant score
increased significantly from 49.4 to 81.3 points. There was
no significant difference in the type of arthroplasty with 35
cases of total shoulder replacements and ten cases of
hemiarthoplasty. The rate of complications was 40% (18/45
patients) with 20% (9/45 patients) requiring an operative
revision. Patients with arthritis after instability repair
showed great improvement in all qualities of the Constant
score. Nonetheless, further analyses are required to deter-
mine why such a relatively young group of patients showed
high complication rates.

Introduction

Epidemiological studies have shown an incidence of
shoulder instability between 0.5 and 1.7% [1, 2] following
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dislocation. Simonet et al. describe an overall adjusted
incidence of initial traumatic shoulder dislocation of 8.2/
100,000 persons [3]. Owens et al. prospectively captured all
traumatic shoulder instability events in the United States
Military Academy between September 2004 and May 2005
and found 117 new traumatic shoulder instability events
among 4,141 students throughout this time period with a
one-year incidence of 2.8% [4]. Approximately 9% of
patients with shoulder joint arthroplasty have had shoulder
instability [5, 6], while prospective studies have radiolog-
ically shown arthritis in over 20% of patients with a history
of shoulder dislocation [7, 8]. Marx et al. have demonstrat-
ed that the probability of developing shoulder joint arthritis
requiring arthroplasty is ten times higher in patients
exhibiting a history of shoulder dislocation. Following
operative treatment of the instability, this probability
increases 20-fold [9]. Although these facts certainly show
a statistical correlation, little can be said in terms of
causality.

Samilson and Prieto [10] were unable to find a
correlation either between the degree of arthritis and the
frequency of shoulder dislocation or the extent of initial
damage to the joint surfaces in the humeral head or glenoid.
Posterior instability appears solely to correlate to a higher
degree of instability induced arthritis [10, 11]. Using the
Bristow-Latarjet procedure [12], Hovelius et al. were able
to demonstrate an arthritis rate of 35% in mild and 14% in
moderate and severe cases as defined by Samilson [10].

Regarding the aetiology of arthritis following instability
repair, two main mechanisms—excluding direct damage
resulting from metal implants—are shown schematically in
Fig. 1. Both result in eccentric loads and higher compres-
sion and shearing forces [13-16]. (Fig. 2)

The central aims of this study were to examine the long-
term effects of shoulder joint arthroplasty in patients with a
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Fig. 1 Aectiology of arthritis
following instability
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history of instability induced arthritis with regard to the
clinical, functional and radiological results, and to evaluate
the type, reasons and treatment of complications associated
with this sequela of instability.
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Materials and methods

We retrospectively reviewed 45 of 51 patients with
osteoarthritis of the glenohumeral joint and a history of

Fig. 2 Preoperative (a, b) and postoperative (¢, d) X-rays with typical posterior bony defect. The same patient two years postoperative
demonstrating near normal shoulder range of motion (e, f)
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shoulder instability who underwent prosthetic replacement
of the shoulder between 1999 and 2006. Six patients
(11.8%) were lost to follow-up, two patients died, and four
were not available for follow-up examination. Prior surgical
shoulder stabilisation was performed in 21 of 45 cases
including three arthroscopic stabilisation procedures, nine
Eden-Hybbinette and nine open Bankart repair procedures.
All patients had a single instability procedure. The mean
age at the time of surgery was 55.8 years (n=45; range 32—
76 years, SD 10.553). There were 30 males and 15 females.
The aectiology of the instability was traumatic in 14 and
atraumatic in 29 cases, with two shoulder dislocations due
to seizure. We detected seven bony Bankart lesions in these
45 cases. All fracture dislocations and cases of posterior
dislocation were excluded from the study.

The diagnosis was based on clinical examination with
evaluation of active ranges of motion. A radiological
investigation of X-ray examinations in three planes was
carried out. The radiological evaluation was performed by
one reviewer (orthopaedic surgeon).

Prior to surgery, all patients underwent unsuccessful
conservative treatment of physiotherapy for a minimum of
six months and pain medication with non steroidal anti
inflammatory drugs.

The mean time interval between last surgery and
shoulder arthroplasty was 63.02 months (n=45; range 0—
288 month; SD 94.04 month). MR imaging showed an
articular side, partial tear of the supraspinatus tendon in ten
cases. In 35 cases there was an intact rotator cuff.

Preoperative CT scan was performed in 36 cases in order
to determine the glenoid type according to Walch et al.
[17], revealing seven Al types, seven A2 types, eight Bl
types, and ten B2 types. Four type C cases had a dysplastic
glenoid.

Prior to the operation all patients had a severe functional
disability caused by pain and limited range of motion.
Thirty-five patients (77.8%) underwent total shoulder

Fig. 3 Bifocal capsulotomy
according to Habermeyer

replacement, and ten patients (22.2%) underwent humeral
head replacement. Among these prostheses, there were
seven cemented (15.6%) and 38 uncemented stems (84.4%)
as well as four cemented glenoids (8.9%) and 31
uncemented glenoids (91.1%).

Following general anaesthesia we used the deltopecoral
approach. The deltoid and pectoralis major muscles were
retracted. In an external rotation position the lateral border
of the subscapularis tendon was identified just medial to the
bicipital groove. The subscapularis muscle was entirely
released from the rotator interval below the level of the
anterior circumflex vessels continuing along the humeral
shaft in order to perform a complete capsular release on the
humeral side anterior and inferiorly (Fig. 3). This step is
necessary in order to create a sufficient visualisation and for
the preparation of the glenoid bone.

Glenoid preparation was performed to alter the posterior
wear in one case with a posterior bone graft (Fig. 4) or with
anterior shaping of the glenoid. In one case an additional
coracoid transfer was performed to restore stability.

Contraction of the anterior capsule and the subscapularis
was addressed by bifocal capsulotomy, according to
circumstances, and by the preoperative mobility by appro-
priate lengthening of the subscapularis tendon (Fig. 3).

All index arthroplasty procedures and revision proce-
dures were performed by the same surgeon (H.P.).

Postoperative rehabilitation Immediately following sur-
gery, the joint was immobilised for three weeks by means
of an abduction pillow. During the first three weeks, passive
mobilisation was restricted to 30° abduction, 30° flexion,
60° internal and 0° external rotation. By the end of the sixth
week, the range of motion was increased to 60° abduction,
90° flexion and 60° internal rotation. Following the seventh
week, the patients were allowed to freely move their
shoulders following careful strengthening if the pain was
tolerable.
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Fig. 4 Bone grafting in a case with posterior bony defect. The hollow screw of the cementless glenoid component fixes the bone graft

Follow-up evaluation The follow-up was performed after a
mean of 44 months (range 12-101 months, n=45). All
patients with complications came back for follow-up. The
patients were clinically evaluated using the Constant score
(CS) and the age and gender adjusted Constant score
system according to Katolik et al. [18, 19]. Standard
radiography including a true anterioposterior (AP), an
outlet, and an axillary view in order to detect radiolucent
lines around the stem and the glenoid and to detect
concentric or eccentric glenoid abrasion was attempted.
Complications occurred in 40% of the patients (n=18/45).
Nine patients were treated conservatively. Among those, five
patients (11.1%) displayed clinically asymptomatic radiolu-
cency lines. One patient (1/45; 2.2%) showed clinical signs
of instability without dislocation of the shoulder arthroplasty;
hence, he could be treated conservatively. Three patients (3/
45; 6.67%) had a subsequent rotator cuff tear but did not
require surgical revision after successful conservative treat-
ment with physiotherapy and muscle strengthening. In a total
of nine cases (n=9/45; 20%) a second operation was
required, and in three of these nine cases a second revision.
One patient developed a postoperative frozen shoulder after
three months and a posterior PE abrasion of the glenoid
component with subsequent loosening of the stem that
required a complete revision arthroplasty after 38 months.
The same patient suffered from a further glenoid loosening

that required a second revision of the uncemented glenoid
component to a cemented glenoid.

There were six cases (n=6/45, 13.3%) of abrasive wear
of the posterior glenoid. In three of those cases (n=3/45;
6.67%), due to posterior instability, exchange of the glenoid
component was required with a posterior capsular shift after
14, 42 and 62 months, respectively. One of these patients
sustained a breakout of the uncemented glenoid after
84 months that required a further revision of the glenoid
component to a cemented glenoid component.

One patient showed an exostosis on the anterior glenoid
that required removal of this exostosis after 24 months. Sixty-
nine months after the index arthroplasty procedure a glenoid
component was implanted due to painful glenoid erosion.

One patient with anterior bone loss of the glenoid and
shoulder instability was treated with a shoulder arthroplasty
and coracoid transfer. After 16 months a breakout of the
anterior screw occurred, which was treated by a “ream and
run” [20] technique of the glenoid in order to create
stability of the shoulder arthroplasty.

Fifty months after the index arthroplasty procedure one
patient showed an anterior inferior dislocation with rotator
cuff tear and dislocation of the PE component of the
uncemented glenoid. A revision procedure was performed
to exchange the PE insert and a rotator cuff repair
(Table 1).

Table 1 Complications after

arthroplasty due to shoulder Complications

Treated conservatively

Treated operatively Asymptomatic

instability
Radiolucency

Rotator cuff tear

Instability without dislocation
Glenoid PE wear

Exostosis

Anterior bone loss

Stem loosening

5

6
1 (with second revision)
1 (with second revision)

1 (with second revision)
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Statistical analysis We used SPSS version 13.0 (SPSS Inc.,
Chicago, Illinois). The level of significance was set at p<
0.05. Pre- and postoperative nonparametric data (Constant
score, Range of motion) were compared using the Wil-
coxon signed-rank test. Differences in the Constant scores
were analysed for the groups with and without complica-
tions and between patients that were treated conservatively
before and those that were stabilised before prosthetic
replacement.

Results
Clinical

The mean Constant score increased significantly (p<
0.0001) from 40.9 points (range 12.6-75 points; adjusted
CS 49.4) to 65.7 points (range 36.2-95.5 points; adjusted
CS 81.3+£36 ) 44 months postoperatively. The patients
showed a significant improvement in the level of pain
(»<0.0001), activities of daily living (p<0.0001), and
active range of motion (»p<0.006), but not in strength of
abduction. The abduction strength averages increased—
but not statistically significantly—from 6.1-7.8 points (p=
0.221).

Evaluation of the range of motion showed a significant
increase in active flexion from 114° (range 20-170°) to
140° (range 40-180° ; p=0.023) and in abduction from 88°
(range 20-170°) to 125° (range 40-170°; p<0.0001). A
significant gain in active external rotation (p<0.0001) was
seen from 31° (range —10° to 75°) to 44° (range 10-80°;
p=0.016).

There were no differences in outcome between patients
that were treated conservatively and those that were
stabilised before prosthetic replacement (p>0.05).

Analysis of the postoperative radiographs in 35 cases
showed concentric glenoid wear in 17 and eccentric glenoid
wear in 18 cases.

A statistical comparison of the groups with and without
complications showed better results for the group without
complications in respect of the Constant score (71.4 vs 84.7; p
=0.059), postop range of motion (23.8 points vs 29.4 points;
p=0.062) and postop external rotation (33.9° vs 47.3°; p=
0.048).

Discussion

Several factors have been described as related to inferior
functional outcome after shoulder arthroplasty [21]. Scar-
ring of the normally mobile soft tissue limits motion and
can lead to nerve injuries, muscle dehiscence and wound

infection. Hardware complications, such as those from
metal anchor systems, can badly damage the cartilage
surface of the humeral head [13].

Non anatomical surgical procedures that cause internal
rotation contracture have a poor effect on humeral
biomechanics [14, 15]. Therefore, Lusardi et al. consider
an anterior release in patients who have a major loss of
external rotation following anterior capsulorhaphy [16].

Young et al. described the complications of the Bristow
procedure including recurrent painful anterior instability,
injury to the articular cartilage, failure of the coracoid bone-
block to unite with the glenoid, loosening of the screw,
neurovascular injury, and posterior instability [22].

This mechanically-changed biomechanics can further-
more affect the outcome of shoulder arthroplasty. Probably
the effects of previous operations were the major factors in
this regard.

Shoulder arthroplasty in cases of instability-induced
arthritis shows significantly more complications such as
instability, loosening, and decreased range of motion than
in cases of idiopathic osteoarthritis [21, 23-26]. According
to Neer et al. [6, 27], approximately 7% of all shoulder
arthroplasties are based on arthritis after instability repair.
Norris has shown similar figures with an additional 5% of
patients displaying previous anterior instability. This study
reveals the largest number of cases to date and similar
clinical results to other studies. For example, Matsoukis et
al. found an increase of the CS from 30.8 to 65.8 points in
follow-up examinations after 45 months [24]. Our exami-
nation also revealed an improvement in the unweighted CS
[18] from the albeit higher initial level of 40.9 to a similar
level of 65.7 points postoperatively.

Osteoarthritis of the shoulder resulting from instability is
relatively rare and not frequently published, nevertheless one
has to approach this problem carefully due to the young age of
affected patients. While the average age in this study was
56 years, Sperling et al. [23] reported an average of 46 years,
Green and Norris [21] an average of 45 years, and Bigliani et
al. [25]] an average age of 43 years. As a comparison, in a
large, French, multicentre study of 689 shoulder arthroplas-
ties, Edwards et al. [28] reported an average age of 67 years.
Consequently, if one considers the Kaplan Meyer curves in
shoulder arthroplasties, it becomes evident that these special
problems require other procedures and solutions [28-30].

One such example is soft tissue balancing in cases of
internal rotation contractures, and another is the necessity
for bone restoration in the common case of glenoid defects
resulting from the posterior subluxation of the humeral
head. However, anterior defects resulting from chronic
dislocations—especially in elderly patients—have also been
described [31]. We believe that an improvement in external
rotation is of critical importance in order to avoid a
postoperative posterior subluxation with eccentric abrasion.
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Generally this requires an elongation of the subscapularis using
either Matsen’s 360° method, a Z-plasty, or Habermeyer's
bifocal capsule splitting (Fig. 3). Although the first method can
cause a postoperative weakness in internal rotation, we share
the opinion of Green and Norris that regaining active external
rotation and active abduction is more important, especially,
long term [21].

Subscapularis tendon plication or incision techniques
may impair subscapularis recovery and can negatively
influence the final clinical outcome [32], Z-plasty or
intraarticular lengthening can weaken the tendon and lead
to subsequent postoperative subscapularis tear.

The bone defects in the glenoid generally require glenoid
replacement. A survey of available literature has shown a
ratio of 1 to 3 for hemi and total arthroplasty, which is
comparable to the ratio in this study (1 to 3.5).

This is commonly accompanied by a posterior bone graft
(Fig. 4) or anterior shaping of the edge of the glenoid. The
altered glenoid anatomy can potentially lead to a lateralisa-
tion, resulting in further reduction of external rotation.
Although technically difficult and laborious, bone grafting
has shown positive long-term results. For example, using a
follow-up period of 70 months, Hill and Norris were able to
demonstrate a reliable correction of the glenoid version of
an average of 33° in 17 cases [33]. As a result, we consider
a CT scan imperative for preoperative planning.

The importance of the glenoid becomes evident when
one examines the subset of patients with idiopathic
osteoarthritis and a concentric glenoid, which displayed
better clinical outcomes [17, 34].

Significantly higher complication rates were shown than
in the cases of idiopathic osteoarthritis. The revision rate
found in available literature ranged from 20-33%. This
study had an overall rate of complication of 40%, with a
revision rate of 20%.

Advanced glenohumeral osteoarthritis can be a result of
shoulder instability. The probability of clinical manifestation
increases following stabilising operations, with extra anatom-
ical methods posing an additional risk [4, 14, 15, 22].
However, even this aetiology can lead to excellent clinical
results, especially in terms of pain reduction [21, 24].

Conflict of interest statement The authors have no conflicts of
interest.
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