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Outcomes After Revision Posterior Shoulder
Capsulolabral Repair in Adolescent Athletes

Emily A. Whicker,*" MD, Justin W. Arner," MD, Callee Edwards,’ BA, and James P. Bradley,” MD

Investigation performed at the University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania,
USA

Background: Few studies have evaluated the outcomes of posterior arthroscopic capsulolabral repair in adolescents, especially
with regard to outcomes after revision repair.

Hypothesis: Adolescent athletes who undergo revision arthroscopic posterior unidirectional capsulolabral repair will have similar
outcomes and return to play when compared with adolescent athletes who underwent primary arthroscopic posterior unidirec-
tional capsulolabral repair.

Study Design: Cohort study; Level of evidence, 3.

Methods: Data were reviewed from patients who underwent posterior shoulder stabilization between 2000 and 2019 and had a
minimum follow-up of 2 years. Patients <11 and >19 years of age and those with multidirectional instability were excluded.
Revision surgery was defined as repeat arthroscopic posterior capsular repair. The ability to return to sport (and level of sport),
clinical outcomes scores (American Shoulder and Elbow Surgeons [ASES] and visual analog scale for pain), and patient-reported
perception of range of motion, strength, and satisfaction were recorded. Comparisons between the primary and revision cohorts
were made using the chi-square or the Mann-Whitney U test.

Results: Included were 180 adolescent patients (182 shoulders) who underwent a primary unidirectional posterior stabilization,
with an average follow-up of 6.1 years. Of these patients, 17 patients required revision surgery (9.3% revision rate). At the final
follow-up, patients who underwent revision surgery returned to sport at similar rates to those who did not (70.6% vs 85.9%;
P = .095) and were similarly likely to return to their presurgery level of play (41.1% vs 23.7%; P = .10). The no-revision patients had
higher ASES scores (76.1 vs 87.1; P = .007) as well as less pain and improved subjective range of motion scores. However, both
groups had similar subjective strength scores, and both reported that surgical repair was satisfactory (no revision, 93.2% vs
revision, 88.2%; P = .45).

Conclusion: Adolescent athletes had a low risk of revision surgery and frequently returned to play after arthroscopic posterior
capsulolabral repair, often at a lower level of play. Those who required revision surgery had poorer outcome scores but still
reported a high rate of satisfaction.
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Posterior shoulder instability has become increasingly
recognized as an important shoulder pathology, especially
in contact and throwing athletes, with current studies sug-
gesting that its prevalence may be higher than anterior insta-
bility.1>142% Causes of posterior shoulder instability in the
athlete include repeated microtrauma to the posterior capsu-
lolabral complex, leading to capsule attenuation and
associated labral tears, as well as trauma.”1®2° Previous
meta-analyses have demonstrated that arthroscopic pos-
terior capsulolabral repair with suture anchors is an effec-
tive treatment for athletes, with the rate of recurrent
instability reported at 8.1% (range, 0%-25%). Further,
improved outcome scores have been reported and overall
rates of return to play (RTP) are high at 91.81%.1%22
Outcomes of posterior stabilization in the adolescent
population is of high interest due to a documented higher
failure rate than reported in previous studies that
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combined the adolescent and adult groups.®”!” This may
mirror the outcomes from the anterior shoulder instability
literature, where it is known that adolescent athletes
have a higher risk of recurrent instability after labral sta-
bilization. This is possibly due to their higher physical
demand and activity level when compared with the adult
cohorts.'®1%2! Currently, there is only one previous case
series of 48 adolescents that aimed to identify risk factors
for revision posterior shoulder stabilization in this younger
cohort. The authors found that female sex, younger age,
and traumatic presentation all led to increased risk of fail-
ure in this population.?

Bradley et al” reported that a cohort of both adult and
adolescent contact athletes who underwent revision poste-
rior shoulder stabilization returned to sport less frequently
than those who only underwent a primary posterior shoul-
der stabilization and that those who were able to return to
sport did so at a lower level. In the current study, we aimed
to further elucidate the outcomes of revision posterior
shoulder stabilization in the adolescent athlete. We hypoth-
esized that these patients will have outcomes similar to
adolescent patients who only required a primary stabiliza-
tion procedure.

METHODS
Patient Selection and Evaluation

Institutional review board approval and informed consent
were obtained before initiation of the study. Patient data
for patients undergoing arthroscopic posterior shoulder
stabilization between 2000 and 2019 were compiled into a
database. Any patients identified with multidirectional
instability via a positive sulcus test that does not correct
with external rotation were excluded from the database.
Patients who had scapular dyskinesis as defined by Kibler
and Sciascia'® were also excluded.

Inclusion criteria for this study were adolescent athletes
who underwent surgical intervention for unidirectional poste-
rior shoulder stabilization between 2000 and 2019 and had a
minimum of 2-year follow-up, timed from date of surgery.
Patients <11 and >19 years of age were excluded. All patients
included in this study had a failed course of preoperative
physical therapy for strengthening and motion. The timing
of surgery was based on patient preference, sport, level of
competition, and desire to return to competitive athletics.

Operative Procedure

Patients who had history, physical examination, and
advanced imaging consistent with isolated posterior shoul-
der instability and a failed course of nonoperative treat-
ment were selected for surgery. All procedures were
performed by the senior author (J.P.B.).

Before each operation, an examination under anesthesia
was performed. Patients underwent a dynamic stability
examination before the start of surgery and the sulcus test
was repeated. At the start of each operative procedure, a
diagnostic arthroscopy was performed to identify pathology
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within the posterior capsulolabral complex. This included
capsular laxity, capsular tears, labral fraying, labral tears,
as well as any bony injury. In addition, the size of the cap-
sulolabral pathology was normalized to clockface hours.
The procedure was then tailored to the specific injury pat-
tern, and 1 of 3 procedures was performed: (1) capsulolabral
plication without suture anchors, (2) capsulolabral plica-
tion with suture anchors, or (3) capsulolabral plication with
suture anchors and additional plication sutures.® In revi-
sion cases, the labrum was elevated and knotless fixation
was utilized, with upsized anchors after overdrilling the
anchors from their previous surgery.

Patients underwent physical therapy postoperatively,
with RTP typically at 6 months as described previously.1”

Outcome Evaluation

Patient data were reviewed retrospectively by blinded
authors (E.A'W., JJW.A.). Patient age, sex, sport, position,
type of sport, physical examination, level of competition,
length of follow-up, return to sport, and level of return were
recorded. Physical examination at the time of initial evalua-
tion included quantification of active and passive range of
motion (ROM), tenderness to palpating, strength testing, and
instability testing. Posterior instability testing included the
Kim test, the jerk test, the posterior load and shift test, and
the posterior stress test.!® Standard magnetic resonance
imaging (MRI) was performed on all patients to aid in the
evaluation and diagnosis of capsulolabral pathology. Intrao-
perative findings and surgical repair constructs were also
recorded for each patient. Finally, patient satisfaction with
the surgery, either the primary procedure or the secondary
procedure for revision cases, was recorded.

Outcome Scores. Patient outcome scores were collected
preoperatively and at the latest follow-up using REDCap,
hosted by the University of Pittsburgh Medical Center.
According to University of Pittsburgh Medical Center pro-
tocol, patients were contacted by letter, email and then a
telephone call. Equal weight is given to the cumulative
activity of daily living (ADL) score and the amount of pain
reported by the patient. In addition, subjective, patient-
described ROM (graded from 0 to 3: 0 = poor, 1 = limited,
2 = satisfactory, 3 = full) and strength (graded from 0 to 3:
0 = none, 1 = markedly decreased, 2 = slightly decreased, 3
= normal) were obtained at the latest follow-up.

MRI Measurements. MRI measurements of glenoid bone
width, labral width, cartilage version, labral version, and
glenoid version were performed at index assessment as
described previously by Mauro et al.'® Labral width and
labral version were calculated as described previously.”'%
These measurements were compared between the adoles-
cent athletes who only underwent a primary surgery and
those who underwent a revision surgery.

Statistical Analysis

Patients within this cohort who underwent revision and
those who only had a primary stabilization were compared.
Statistical analysis was completed using Student ¢ test for
scaled data, the chi-square test for nominal data, or the



The Orthopaedic Journal of Sports Medicine

TABLE 1
Patient Demographics and Intraoperative Findings®
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TABLE 2
Primary Sport at Time of Injury®

Revision No Revision Revision No Revision
n=17) (n = 164) P n=17) (n = 164)
Sex .002 Football 3 58
Male 7 125 Baseball 2 26
Female 10 40 Softball 1 16
Mean age, y 17.4 14 .07 Wrestling 2 15
Mean follow-up, mo 59.6 75.1 .95 Basketball 1 11
Level of sport .66 Swimming 4 12
Professional 0 1 Lacrosse 0 4
College 4 28 Cheerleading 3 4
High school 12 126 Track 1 2
Recreational 1 10 Other 0 16
Intraoperative findings .36
Labral injury 11 77 “Data are shown as number of patients.
Capsule injury 2 33
Capsulolabral injury 4 55
TABLE 3
“Data are shown as number of patients unless otherwise Intraoperative Repair Techniques
indicated. Boldface P value indicates statistically significant
difference between groups (P < .05). Revision = No Revision P
Repair technique .32
Mann-Whitney U test for ordinal and nonparametric data. Labral alone 11 76
Statistical significance was set at P < .05. All statistical Capsule alone 2 31
analysis was completed using IBM SPSS statiststical soft- Combined capsulolabral S 48
ware (Version 27.0, IBM Armock, NY). Mean n.umber of anchors used 4.4 3.5 .66
’ ? Mean size of capsulolabral 3.3 3.1 .65
pathology, clockface hours
RESULTS
Patient Characteristics TABLE 4
Patient Outcome Scores®
Of 718 initial patients who were reviewed, 180 patients (182 Revisi No Revisi S
shoulders) met the inclusion criteria. The additional 538 evision o ewision
patients were outside of our age parameters or had evidence Preop ASES 42.9 46.5 45
of multidirectional instability. Of the 182 included shoulders, Postop ASES 76.1 87.1 .007
17 subsequently underwent revision surgery, for an overall VAS pain 2.9 1.7 .01
revision rate of 9.3% at overall mean follow-up time of 74.2 ROM, % .03
months. The age of the patients was comparable in each Fuu 47.1 54.9
group, though there were significantly more females in the Sgt1§factory 29.4 39.6
L. . C e Limited 23.5 4.8
revision group (P = .002). Patient characteristics, intraopera- Poor 0 0.6
tive findings, and level of sport are listed in Table 1. The Strength, % ' 072
primary sport at the time of surgery is listed in Table 2. Normal 29.4 55.5
Repair techniques during the primary repair for the Slightly decreased 52.9 37.8
no-revision cohort and during the secondary repair for Markedly decreased 17.6 6.7
the revision cohort as well as number of anchors and size None 0 0

of the capsulolabral pathology are listed in Table 3.

Outcome Scores

Patients in both study groups saw significant improvement
in American Shoulder and Elbow Surgeons (ASES) scores
after surgical intervention. Although there was no differ-
ence in preoperative ASES scores between the groups, the
no-revision patients had a significantly higher ASES score
at most recent follow-up (P = .007). Patients who under-
went revision surgery had significantly higher visual ana-
log scale (VAS) pain scores (P = .01) as well as decreased

“Boldface P values indicate statistically significant difference
between groups (P < .05). Abbreviations: ASES, American Shoul-
der and Elbow Surgeons; Preop, preoperative; Postop, postopera-
tive; ROM, range of motion; VAS, visual analog scale.

ROM (P = .03). However, perceived strength was similar in
both groups (Table 4).

MRI Findings

MRI measurements of glenoid bone width, labral width,
cartilage version, labral version, and glenoid bone version
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TABLE 5
Glenohumeral MRI Measurements®
Revision No Revision P
Mean width, mm
Glenoid bone 25.8 27.5 .79
Labral 31.1 30.6 .07
Version, deg
Chondral 7.4 9.8 41
Labral 8.2 10.8 91
Bone 8 9.5 .78
Labral weight, %
Version 13.6 22.2 .84
Width 20.5 11.9 .90

“MRI, magnetic resonance imaging.

TABLE 6
Return-to-Play and Satisfaction Rates
Revision No Revision P
Return to sport, % 70.6 85.9 .095
Same level 41.1 23.7 .10
Unable to return 29.4 14.0
Satisfaction, % 88.2 93.2 .45

are compared in Table 5. None of the parameters measured
or calculated were found to be significantly different
between the revision and no-revision groups.

Return to Sport

Table 6 presents the rates of return to sport and the sub-
jective determination of satisfaction following either the
primary procedure or the secondary procedure in the
revision group. Both groups were able to RTP, and they
returned at the same level at a similar, though relatively
poor, rate.

DISCUSSION

In the current study, adolescent patients underwent revi-
sion arthroscopic posterior capsulolabral repair at a rate of
9.3%. The cohort of patients who underwent revision pos-
terior shoulder stabilization had significant improvements
in their postoperative outcomes scores as compared with
their index scores, though they were lower than those of
the primary cohort. The revision patients reported
increased pain scores and decreased ROM compared with
those who did not undergo revision; however, they were
able to RTP at a comparable level to those who had a pri-
mary posterior stabilization surgery and were similarly
satisfied with their outcomes.

Much of the current literature regarding posterior shoul-
der instability does not isolate the adolescent population
from the adult population.®®'2 Adolescents represent a
unique cohort due to their high frequency of sports partic-
ipation, with many athletes playing multiple sports year-
round. Currently, there are 3 studies that specifically
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analyzed the adolescent population, though each of these
focused on either outcomes of or risk factors for failure of a
primary repair.>17?® As determined in this study, both
Wooten et al®® and Asturias et al® found that female sex
is a risk factor for failure of primary arthroscopic capsulo-
labral repair in adolescence. While we did not report scores
of generalized laxity in our cohort, adolescent female ath-
letes are known to have higher rates of laxity than their
male counterparts and have been shown to have higher
rates of revision in another study.?* In addition, in our
cohort, there were sex differences with respect to participa-
tion in sports. Cheerleaders were female and had a 43%
revision rate, whereas football players were male and only
had a 4.9% revision rate. It is unclear if the difference in
revision rates was due to the sex differences in participa-
tion or the sport itself.

Currently, no studies have determined the outcomes of
adolescent patients that require revision posterior shoulder
stabilization. In this study, adolescent athletes who under-
went revision posterior shoulder had satisfactory outcome
scores. This is similar to the previously reported outcomes
of adolescents undergoing a primary posterior capsulolab-
ral repair, as well as being comparable to this study’s
primary revision cohort.!” In addition, these outcomes are
comparable to those reported in a recent study that
included a mix of both adolescents and adults. Bradley and
colleagues found that patients who underwent revision pos-
terior capsulolabral repair had postoperative ASES scores
that, while improved from their preoperative score, were
significantly lower than those of patients who did not have
failed primary repair.® This was also found in the current
study but may be confounded due to adolescent athletes
aging out of sports as they graduated high school. However,
high levels of return to sport, although at a lower level than
before surgery, and satisfaction with surgery was seen.

In this adolescent cohort, there was an overall revision
rate of 9.3%. This rate is similar to rates previously
reported for the adolescent population in the literature
(range, 8.5%-12.5%).>17 Adolescent athletes have been
shown to have a high risk of recurrent instability in the
anterior stabilization literature, likely due to their higher
activity level and physical demands.?>!! This higher risk is
possibly mirrored in the posterior instability literature, as a
2015 meta-analysis by Delong et al found a 6.18% recur-
rence rate in their review of 178 shoulders from 6 studies in
patients of all ages.'? Thus, adolescents may undergo revi-
sion posterior capsulolabral repair at slightly higher,
though comparable, rates to those of their adult
counterparts.

Both the revision and no-revision groups in the current
study were able to RTP at high rates. In a meta-analysis of
patients who underwent unidirectional posterior instabil-
ity, DeLong et al'? found that 89% of athletes were able to
RTP at any level and 72% were able to return at the same
level. However, a 2018 study by Bradley et al demonstrated
that only 15.4% of nonthrowing athletes that underwent
revision surgery were able to RTP at the same level, though
61.6% of the revision group were able to RTP at any level.”
The current study’s adolescent revision cohort followed the
same trend, in that while 71% were able to RTP, only 41% of
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patients were able to RTP at the same level. This finding
was not significantly different than the RTP rates of the
primary cohort in which only 1 in 4 patients returned to
play at the same level. This adolescent revision cohort came
from a multitude of different sports, including throwing
and overhead sports, and while the athletes all identified
a primary sport, many were multisport athletes. This cre-
ates a unique challenge for the operating surgeon, as the
intraoperative goals for a throwing athlete may be differ-
ent from those of a contact athlete regarding balancing
soft tissue stability and laxity. It is also important to note
that in the adolescent cohort, return to sport could also be
due to other factors, such as high school graduation or a
change in sport.

MRI measurements of a smaller glenoid bone width and
a higher labral width weight for bone have been identified
as risk factors for revision posterior capsulolabral surgery
in previous studies.®'® However, in this study, none of the
parameters measured were significantly different. Our
revision cohort did trend toward a smaller anterior to pos-
terior glenoid bone width, associated with increased per-
centage of bone loss, though this was not statistically
significant.* While this study’s revision group was larger
than that previous study (17 vs 8 shoulders), revision
surgery was still relatively rare.® Further evaluation with
a larger number of revisions would provide greater power.

In the current study, 88.2% of the revision group consid-
ered their surgery worthwhile, which was not significantly
lower than the no-revision group (93.2%). In a 2018 study in
which Bradley et al evaluated 297 nonthrowing athletes,
15.8% of their revision group were not satisfied with their
primary posterior capsulolabral repair whereas 100% of
their no-revision cohort were satisfied.” This is similar to
the lower rate of satisfaction with the primary surgery in
their revision group that Bradley et al® found in their 2020
study of contact athletes. In the current study, adolescent
athletes reported high rates of satisfaction with their revi-
sion surgery, suggesting that even if the primary surgery
fails, revision surgery is worthwhile and will produce favor-
able outcomes.

Limitations

Limitations of this study include subjective scoring sys-
tems, such as ASES and VAS, which may underestimate
the true outcomes of athletes. This may be particularly the
case in this young adolescent group. Other validated scor-
ing systems, such as the Disabilities of the Arm, Shoulder
and Hand and Single Assessment Numeric Evaluation
were not included as the data collection for this cohort
began in the 2000s, before these were validated. In addi-
tion, since the data do date back to the early 2000s, some
parameters, such as microtrauma to the shoulder, as well
as scores of generalized laxities, were unable to be collected.
Revision was also our main measure of failure and may not
capture those patients with recurrent instability who did
not undergo a revision surgery. In addition, there were no
formal clinical examinations at final evaluation, so
strength and ROM parameters were self-reported. Unfor-
tunately, a validated posterior shoulder specific scoring
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system for evaluation of athletes does not currently exist,
making optimal evaluation of these athletes difficult. In
addition, while a patient population of 182 is large for a
single surgeon, it only yielded 17 revisions for analysis,
making type II error possible, especially for RTP rates and
subjective strength. Thus, a larger, multicenter patient
population may improve the current study, especially
regarding the MRI measurements.

CONCLUSION

At a minimum follow-up of 2 years, adolescent athletes
underwent revision arthroscopic posterior capsulolabral
repair at an incidence of 9.3%. The cohort that did undergo
revision arthroscopic posterior capsulolabral repair,
despite having lower outcome scores at the final follow-
up, were able to RTP at a similar rate to patients who did
not have a secondary procedure, and all patients reported a
high rate of satisfaction with their surgery.
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