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Johannes E. Plath,*" MD, Mohamed Aboalata,* MD, Gernot Seppel,* MD, Julia Juretzko,* MD,
Simone Waldt,* MD, Stephan Vogt,*$ MD, and Andreas B. Imhoff,* MD
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Background: Glenohumeral osteoarthritis is a well-documented, long-term complication of open stabilization procedures. How-
ever, there is a lack of knowledge about long-term radiographic outcome after arthroscopic Bankart procedures.

Hypothesis: Glenohumeral osteoarthritis will develop less frequently in arthroscopic Bankart repair compared with open repairs
reported in the literature.

Study Design: Case series; Level of evidence, 4.

Methods: The inclusion criteria for this study were (1) all-arthroscopic Bankart repair for a (2) symptomatic anteroinferior shoulder
instability and (3) a minimum follow-up of 10 years. True anteroposterior and lateral radiographs were obtained to evaluate the
prevalence and grade of osteoarthritis according to the Samilson classification. Patients were assessed by the Constant score
and examined for passive external rotation deficits.

Results: Of 165 shoulders that fulfilled the inclusion criteria, 100 were available for evaluation. The median Constant score at an
average *= SD 156.2 = 18.5 months after Bankart repair was 94 (range, 46-100). Twenty-one shoulders (21%) sustained a recur-
rent dislocation. Overall, 31% of shoulders showed no evidence of glenohumeral osteoarthritis; 41% showed mild, 16% moder-
ate, and 12% severe degenerative changes. Osteoarthritis did not correlate with Constant score results (P = .427). The grade of
osteoarthritis was significantly associated with the number of preoperative dislocations (P = .016), age at initial dislocation
(P = .005) and at surgery (P = .002), and the number of anchors used (P = .001), whereas time from initial dislocation to surgery
(P = .854) and external rotation deficit at 0° and 90° of abduction (P = .104 and .348, respectively) showed no significant corre-
lation. Recurrent dislocation did not affect the presence or grade of osteoarthritis (P = .796 and .665, respectively).

Conclusion: At an average 13 years after arthroscopic Bankart repair, osteoarthritic changes are a common finding and, overall,
are comparable with reports in the literature regarding open procedures as well as nonoperative treatment. The extent of trauma
sustained during preoperative dislocations and the age of the patient seem to be more relevant for long-term dislocation arthrop-
athy than the kind of treatment. Accordingly, the study hypothesis must be rejected. Avoiding preoperative dislocations is more
important for the prevention of osteoarthritis than short-term treatment. The number of anchors used was found to be a predictor
for long-term development of osteoarthritis.
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Recurrent anteroinferior shoulder dislocation is common in shoulder instability and has proven to be a successful pro-

young and active patients.2® Given the high risk of redislo- cedure, with results comparable with those of open Bank-

cation after nonsurgical treatment, surgical stabilization is art repair.”

recommended, particularly for athletes in sports that place The purpose of the stabilization procedure is to restore

high demands on the shoulder.?17:31:37 shoulder stability and function in the short term and to
Arthroscopic suture anchor repair is now considered the avoid long-term complications like osteoarthritis develop-

standard procedure for the treatment of symptomatic ment. However, besides a reported high rate of glenohum-

eral osteoarthritis after nonoperative treatment, the
development of degenerative changes is also a well-
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documented issue after open stabilization proce-
dures.>11142532 Varying between techniques, long-term
osteoarthritis rates (>10 years of follow-up) up to 89%
have been published.®11:25:2832 Regarding open Bankart
procedures, degenerative changes have been reported in
as many as 58% of patients.?11:2532

Until recently, no long-term data were available regard-
ing osteoarthritis after arthroscopic Bankart repair. In
2010, Castagna et al” reported mild to moderate degenera-
tive changes in 12 of 30 patients (39%) after arthroscopic
suture anchor Bankart repair at an average follow-up of
10.9 years. More recently, Privitera et al?’ and Kavaja
et al'® provided long-term radiographic data on arthro-
scopic Bankart repair using bioabsorbable tacks.

What still remains unknown is whether dislocation
arthropathy develops due to the trauma of dislocation or
the duration of instability or whether it may even be
affected by the surgical procedure itself.>510:14

Therefore, the purpose of this study was (1) to add data
to the current knowledge on long-term radiologic outcome
of arthroscopic Bankart repair, by examining a large num-
ber of patients, and (2) to define risk factors for the devel-
opment of dislocation arthropathy. We hypothesized that
because of the minimal invasiveness of the Bankart proce-
dure, glenohumeral osteoarthritis would develop less fre-
quently in arthroscopic Bankart repair compared with
prior reports on open Bankart repair in the literature.

MATERIALS AND METHODS

The inclusion criteria for the current study were (1) all-
arthroscopic Bankart repair for a (2) symptomatic anteroinfe-
rior shoulder instability (dislocation or subluxation) and (3)
a minimum follow-up of 10 years postoperatively. Exclusion
criteria were posterior or multidirectional instability, rotator
cuff tears, bony Bankart defects, voluntary shoulder instabil-
ity, and neurologic disorders involving the shoulder girdle. A
failed previous Bankart stabilization procedure (arthroscopic
or open) as well as a concomitant superior labrum anterior
and posterior (SLAP) repair were not exclusion criteria.

All patients were assessed by the Constant score and clin-
ically examined for passive external rotation deficits (0° and
90° of abduction) to correlate osteoarthritic changes and clin-
ical outcome.” True anteroposterior view and lateral radio-
graphs were obtained to evaluate the prevalence and grade
of osteoarthritis according to the Samilson classification (Fig-
ure 1).33 All radiographs were analyzed by an orthopaedic
surgeon who specialized in shoulder surgery and by an expe-
rienced musculoskeletal radiologist in consensus.
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The study protocol was approved by the local ethics
committee, and all patients provided written informed con-
sent to participate in this investigation.

Risk Factors of Dislocation Arthropathy

The following potential risk factors for the development of
secondary glenohumeral osteoarthritis after arthroscopic
anteroinferior Bankart repair were assessed in this study:
age at primary dislocation and at surgery, number of pre-
operative dislocations, time from initial dislocation to sur-
gery, number and type of fixation devices used during
surgery, recurrence of instability, and external rotation
deficit at time of follow-up.

To reduce potential biases of retrospective data collec-
tion due to the 13-year follow-up, values for preoperative
number of dislocations and time from initial dislocation
to surgery were obtained from a database that was estab-
lished at an average of 37 months postoperatively.

Arthroscopic Procedure and Rehabilitation

All surgeries were either conducted or directly supervised
by the senior author (A.B.I.). The patient was placed in
the beach-chair position, and diagnostic arthroscopy was
performed through the standard posterior portal. An eleva-
tor was introduced through an anterosuperior portal to
mobilize the anteroinferior labral lesion and to partially
decorticate the glenoid neck. The capsulolabral repair
was performed through a deep anteroinferior portal
(5:30-0’clock position) in all patients as described previ-
ously.'8? Different fixation devices were used: FASTak/
Bio-FASTak (Arthrex; n = 71/5), Suretac (Smith & Nephew
Endoscopy; n = 14), and Panalok (DePuy Mitek; n = 10).
The number of devices used varied between patients,
depending on the extent of the capsulolabral lesion.

In case of a reconstructable SLAP lesion, suture anchor
repair was performed through a transtendinous lateral portal.
Small bucket-handle tears or a frayed labrum were resected.

Postoperatively, patients used a sling for comfort, and
progressive active and assisted range of motion exercise
was initiated on the following day, limiting external rota-
tion to —30° and abduction as well as flexion to 45°. At 4
weeks postoperatively, abduction and flexion to 90° were
allowed and external rotation was limited to 0°. Free active
range of motion was allowed after 6 weeks postoperatively.
Patients were permitted to return to overhead activities
after 6 months postoperatively. In case of concomitant
SLAP repair, active biceps training was prohibited for
the first 6 weeks.
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Figure 1. (A) Follow-up radiograph of a 37-year-old patient without any osteoarthritic changes at 153 months (12.8 years) after
the index procedure. (B) Follow-up radiograph of a 39-year-old patient with moderate osteoarthritic changes at 140 months (11.7

years) after the index procedure.

Statistics

Statistical analyses were performed by use of SPSS soft-
ware v 21 for Macintosh (SPSS Inc). All data were tested
for normal distribution by use of the Kolmogorov-Smirnov
test. For normally distributed data, the ¢ test was used.
Nonnormally distributed data were analyzed by the
Mann-Whitney U test and Kruskal-Wallis test. Spearman
correlation coefficients were calculated to assess correla-
tions between osteoarthritis and possible risk factors.
Dichotomous data were computed by the chi-square test.
The level of significance was set at P < .05.

RESULTS

Between December 1996 and December 2000, 165 shoulders
that fulfilled the inclusion criteria underwent arthroscopic
Bankart repair at our department. When the study began,
34 patients (34 shoulders) refused radiographic imaging or
participation in the study at all, 26 patients (26 shoulders)
could not been reached, and 5 patients (5 shoulders) were
deceased, leaving 100 shoulders available for evaluation.

A concomitant SLAP repair was performed in 19% of
shoulders, and 15% of shoulders were revision cases.

The median Constant score at an average = SD 156.2 +
18.5 months after arthroscopic Bankart repair was 94 (range,
46-100) (Table 1). Twenty-one shoulders (21%) sustained
a recurrent dislocation, and 14 shoulders (14%) underwent
revision surgery for recurrent anterior instability.

Overall, 69% of shoulders showed some evidence of gle-
nohumeral osteoarthritis. The grade of osteoarthritis
according to the Samilson classification was mild in the
majority of these cases and did not correlate with the

Constant score result (P = .427) (Figure 2). Furthermore,
shoulders that revealed osteoarthritic changes did not
have inferior Constant scores compared with radiographi-
cally healthy shoulders (P = .777).

When compared with the healthy contralateral shoulder
joint, the operated shoulder showed a mean passive exter-
nal rotation deficit of 5° (range, —30° to 80°) at 0° and of 5°
(range, —25° to 40°) at 90° of abduction, respectively
(Table 1).

There were no neurovascular complications, postopera-
tive infections, or postoperative shoulder stiffness that
needed surgical intervention within our patient population.
Detailed patient characteristics are provided in Table 1.

Risk Factors of Dislocation Arthropathy

Patients with osteoarthritic changes were overall older at
initial dislocation (P = .014) and at surgery (P = .009).
There was a positive correlation between the patients’
age at the time of initial dislocation (P = .005) as well as
at surgery (P = .002) and the grade of glenohumeral degen-
eration (Table 2).

A positive correlation with the grade of osteoarthritic
changes was also found for the number of dislocations before
surgical stabilization (P = .016), while no such relationship
was detected for the duration of shoulder instability
(P = .854) (Table 2). Furthermore, a higher number of fixa-
tion devices used during surgery appeared to be a risk factor
for the severity (P = .001) and presence (P = .013) of osteo-
arthritic changes, while the type of anchor did not affect gle-
nohumeral joint degeneration (severity of osteoarthritis,
P = .327; presence of osteoarthritis, P = .432) (Table 2).

Patients who sustained a recurrent shoulder dislocation
did not show osteoarthritic changes more frequently
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TABLE 1
Patient Demographics

Follow-up period, mo, average = SD (range)
Constant score, median (range)
No. of shoulders (No. of patients)
Patient sex, male:female, n
Affected side, right:left, n
Dominance on affected side, dominant:nondominant, n
Previous stabilization procedure, % of shoulders
Arthroscopic
Open
Age at initial dislocation, y, average = SD (range)
Age at surgery, y, average = SD (range)
Time from initial dislocation to surgery, mo, median (range)
No. of preoperative dislocations, median (range)
No. of fixation devices used, median (range)
Type of fixation device, n
FASTak
Bio-FASTak
Suretac
Panalok
Median external rotation deficit (range), deg
0° of abduction
90° of abduction
Concomitant SLAP repair, % of shoulders

156.2 = 18.5 (121-206)
94 (46-100)
100 (96)
77:23
54:46
88:12

10
5
23.1 = 6.7 (10-43)
27.7 = 7.7 (16-57)
23.3 (0.6-338.5)
5 (0-100)
3 (2-7)

71
5
14
10

5 (-30 to 80)
5 (—25 to 40)
19

Figure 2. Prevalence and grade of osteoarthritis in study
patients according to the Samilson classification.®®

(P = .796) or at a higher grade (P = .665) compared with
patients who did not have a recurrence; neither did a con-
comitant SLAP repair or a prior stabilization procedure
influence the presence (P = .298 and .832, respectively)
or severity (P =.365 and .895, respectively) of long-term
osteoarthritic changes.

DISCUSSION

At an average of 13 years after arthroscopic Bankart
repair, radiologic glenohumeral osteoarthritis was found
in 69% of the patients in this study. However, most of

the degenerative changes were mild, and considering the
excellent Constant score outcome with no correlation
between osteoarthritis and score results, these degenera-
tive changes were well tolerated by our patients.

Our osteoarthritis rate is comparable with previous
reports on long-term dislocation arthropathy after arthro-
scopic Bankart repair in the literature. Kavaja et al'® pub-
lished the largest long-term case series to date, presenting
the results of 74 shoulders (72 patients) that underwent
Bankart repair using Suretac fixation tacks. At an average
13 years of follow-up, the investigators found an osteoar-
thritis rate of 68%, with 80% of these cases rated as mild
according to the Samilson classification.?3

Even higher osteoarthritis rates were reported by
Privitera et al.2” At an average 13.5 years after the index
procedure, the authors found degenerative changes in 16
of 20 patients (80%), and osteoarthritis was rated as mild
in 50% of patients according to the classification of Rosen-
berg et al.?2 While both studies provided outcomes of Bank-
art repair using Suretac anchors, Castagna et al’
published the only long-term (>10 years of follow-up)
radiographic outcome study to date after arthroscopic
suture anchor repair, reporting mild to moderate osteoar-
thritic changes in 12 of 30 patients (39%) at 10.9 years of
follow-up.

Overall, when compared with reports on open Bankart
repair in the literature, the rate and extent of osteoar-
thritic changes within our patient population were compa-
rable or even slightly higher.®11:2532 Accordingly, the
hypothesis that dislocation arthropathy will develop less
frequently in arthroscopic Bankart repair because of the
minimal invasiveness of the procedure must be rejected.

Considering the natural course of dislocation arthropa-
thy as published by Hovelius and Saeboe,'* with an osteo-
arthritis rate of 60% after nonoperative treatment,
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TABLE 2
Risk Factors for the Development of Glenohumeral Osteoarthritis in Shoulder Instability®

Presence of Osteoarthritis

Correlation With Grade of
Glenohumeral Degeneration

Radiographic No Radiographic
Signs (n = 69) Signs (n = 31) P P Spearman p
Age at initial dislocation, y, average = SD (range) 24.2 + 7.3 (10-43) 20.7 + 4.3 (12-29) .014 .005 0.279
Age at surgery, y, average = SD (range) 29.1 * 8.2 (15-57) 24.7 + 5.8 (17-40)  .009 .002 0.312
No. of preoperative dislocations, median (range) 6 (0-99) 2 (0-100) .084 .016 0.241
Time from initial dislocation to 13.3 (0.6-339) 30.1 (1-244) 734 .854 0.019
surgery, mo, median (range)
External rotation deficit, deg, median (range)
0° of abduction 5 (=30 to 80) 0 (=30 to 25) .190 .104 0.163
90° of abduction 5 (—25 to 40) 5 (—20 to 20) 344 .348 0.095
No. of fixation devices used, median (range) 4 (2-7) 3 (2-4) .013 .001 0.341

“Bolded text indicates statistical significance.

Bankart repair seems neither to considerably expose
patients to an increased risk of osteoarthritis nor to protect
against long-term joint degeneration.

The number of dislocations before Bankart repair corre-
lated with the grade of dislocation arthropathy, which is
consistent with previous reports in the literature.®!2 This
implies that regardless of the surgical procedure, the
extent of preoperative trauma may decide the fate of
long-term joint degeneration. This fact has been stressed
by other authors.>%22

In contrast, the time interval from primary dislocation
to surgery was not a risk factor for long-term joint degen-
eration in this study. Thus, avoiding a recurrent disloca-
tion seems to be more important for osteoarthritis
prevention than early surgery per se.

Older age at initial dislocation and at surgery appeared
to be a predictor of shoulder osteoarthritis development. In
fact, age at time of surgery is the most consistent risk fac-
tor in the literature to date.?%1%121419 Thig finding may be
related to the normal aging process, because older patients
have a higher incidence of arthritis than younger patients.
However, primary glenohumeral osteoarthritis is a rare
condition, and given the strong correlation of osteoarthritis
and age within this study, it is evident that an older joint is
more susceptible to secondary dislocation arthropathy.

Summarizing, our data suggest that long-term disloca-
tion arthropathy is affected by preoperative risk factors
like sustained trauma and patient’s age rather than by
the surgical procedure itself. However, this may only be
true if the selected surgical procedure is done correctly
and aims to restore the native anatomy of the shoulder. In
previous studies, protruding hardware into the joint, exces-
sive anterior soft tissue tightening, an overhanging bone
block, and extra-anatomic stabilization procedures were
identified as major arthrogenic factors.-512:28.29:32,36,39

In the current study, we found a significant positive cor-
relation between number of anchors used and the grade of
osteoarthritis. This finding is in accordance with a report
by Franceschi et al,'®> and Hovelius and Saeboe'* referred

to this as anchor arthritis. However, in the current study
we did not detect any obvious anchor interference with joint
motion as far as could be seen on conventional radiography.

The degree of labral lesion was previously reported to be
a risk factor for long-term joint degeneration.'? The higher
number of anchors may also indicate a more severe trauma
to the anteroinferior capsulolabral complex. This would be
consistent with our findings on the effect of preoperative
trauma on long-term degeneration. A concomitant SLAP
repair, however, as a possible indicator for a more severely
damaged labrum, did not influence shoulder osteoarthritis
in the current study.

Because the intraoperative status of the anteroinferior
labrum was not documented in detail during surgery, the
association between number of anchors and long-term joint
degeneration cannot not be clarified conclusively based on
our data. Nonetheless, while performing stabilization pro-
cedures, surgeons should keep in mind that a higher num-
ber of fixation devices used during arthroscopy results in
a higher amount of potentially conflicting foreign material
(sutures and anchors). In particular, a recent publication
showed that a successful repair can be achieved with fewer
than 3 anchors and that a single anchor is sufficient for
most patients.?®

Excessive anterior soft tissue tightening was previously
associated with glenohumeral osteoarthritis.>'%2%%2 In our
population, a deficit of external rotation at follow-up exam-
ination was not found to be a risk factor for secondary joint
degeneration. However, severe movement restrictions after
arthroscopic Bankart repair are rare, which can be
explained by the anatomic repair obtained with the arthro-
scopic procedure.”1%1® With a median deficit of only 5°, the
effect of a restricted external rotation may not be judged
conclusively based on our data. Furthermore, a major limi-
tation of range of motion assessment at follow-up examina-
tion is that it is impossible to retrospectively differentiate
between a primary and a secondary phenomenon.

The reported recurrence rate in long-term studies (>10
years of follow-up) after arthroscopic Bankart repair is
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high, ranging from 14.3% to 25%."1%2*27 In our series, 21
of the 100 shoulders sustained a recurrent dislocation, giv-
ing a comparable recurrence rate of 21%. Recurrence did
not affect osteoarthritis development, which is in accor-
dance with previous reports in the literature.'®27 At first,
this seems to be conflicting considering the effect of preop-
erative trauma on long-term joint degeneration. However,
the interval between recurrence and follow-up examina-
tion may be too short to have a significant effect on the
radiographic outcome.

There are several limitations of the present study that
need to be considered. First, 34 patients refused to partic-
ipate in the study, 26 patients could not be reached, and 5
patients were deceased, raising the possibility of a selection
bias. Second, values for preoperative number of disloca-
tions and time from initial dislocation to surgery were
obtained from a database that was established at an aver-
age of 37 months postoperatively. Retrospective data
acquisition may have biased our results. Third, different
fixation devices were used in this study, making the study
cohort heterogeneous in this respect. Fourth, preoperative
radiographs were no longer available because of storing
policies and had been destroyed. Hence we were unable
to compare glenohumeral osteoarthritis between pre- and
postoperative imaging. However, we present data on dislo-
cation arthropathy of 100 shoulders at 13 years after
arthroscopic Bankart repair. To our knowledge, this study
is the largest series to date focusing on radiographic long-
term outcome after arthroscopic Bankart repair.

CONCLUSION

At an average of 13 years after arthroscopic Bankart
repair, osteoarthritic changes are a common finding and
are comparable with reports in the literature regarding
open procedures as well as nonoperative treatment. The
extent of trauma sustained during preoperative disloca-
tions and the age of the patient seem to be more relevant
for long-term dislocation arthropathy than the kind of
treatment. Accordingly, our hypothesis must be rejected.

Avoiding preoperative dislocations is more important
for the prevention of osteoarthritis than short-term treat-
ment. The number of anchors used was found to be a pre-
dictor for long-term development of osteoarthritis.
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