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Abstract

Purpose of Review Recurrent shoulder instability after stabilization is common in pediatric and adolescent athletes. The purpose
of this review is to understand the risk factors that lead to failure of primary surgery and management principles in the setting of
recurrent instability following surgical stabilization.

Recent Findings Rates of recurrence after primary and revision surgical stabilization remain higher than desirable. Risk factors
for failure in include glenoid and humeral bone loss, capsular or ligamentous laxity, and young age though few studies have
focused specifically on the adolescent population. Arthroscopic, open, and bone block techniques have been described in this
population similar to adults.

Summary Failure after a primary shoulder stabilization remains a common problem in adolescents in no small part because a high
proportion of these athletes return to high levels of activity. A thorough understanding of the index procedure and patient-specific
risk factors for failure are key to successful planning of revision surgery. The current literature does not allow for firm treatment
recommendations in individual pediatric or adolescent athletes, but the guiding principles are similar to those in adults.
Specifically, all bony and soft tissue pathology should be identified and assessed, with an understanding that simply repeating
the steps of the index procedure typically results in poor outcomes, and often an “escalation” of surgical complexity is required at
the time of revision. When appropriately indicated, arthroscopic or open soft tissue procedures and Latarjet coracoid transfer can
be safely and successfully implemented for revision shoulder stabilization in young athletes.

Keywords Shoulder instability - Recurrent shoulder instability - Pediatric shoulder instability - Shoulder stabilization - Revision
shoulder stabilization

Introduction recurrence in the older adolescents (14—18 years) with conser-

vative management are as high as 92% [5].

Shoulder instability in the pediatric population covers a spec-
trum of pathology including anterior, posterior, and multidirec-
tional instability [1, 2]. Anterior instability represents the vast
majority of shoulder instability in this population, and 19% of
all anterior shoulder dislocations occur in patients between the
ages of 15 and 19 years [3]. In patients age 18 and younger,
males and patients greater than 14 years of age have the greatest
risk of recurrent shoulder instability, while patients with open
physes are less likely to see a recurrence [4]. Estimates of
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As a result, surgical intervention is often recommended in
this population. Surgical shoulder stabilization has been shown
to reduce the risk of recurrence with some authors
recommending intervention even after a single dislocation,
though this remains controversial [6—10]. Despite lower report-
ed recurrent anterior instability with operative treatment, recur-
rence after primary stabilization surgery remains high in ado-
lescents. Studies looking specifically at adolescent patients
have shown recurrence after primary stabilization surgery to
range from 17 to 51%, and rates for specific subpopulations,
such as contact athletes or those with glenoid or bipolar bone
loss, may be even higher [11-16]. Thus, identifying risk factors
for failure of primary stabilization surgery is of vital importance
to choose the appropriate primary procedure or, when needed,
address sources of possible failure in revision surgery.

Though some studies have looked specifically at adoles-
cent populations, the vast majority of studies evaluating
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outcomes after primary anterior shoulder stabilization surgery
have looked at mixed populations from which we can also
infer important considerations for management. This review
will look at existing evidence as well as provide pearls for
evaluation and management of the pediatric and adolescent
patient who has failed a primary anterior stabilization.

Risk Factors for Failure of Primary Surgery
Patient Factors

Several patient factors are known risks factors for failure of
primary shoulder stabilization surgery, many of them sim-
ilar to the risk factors for failure of nonoperative manage-
ment (Table 1). Adolescents have roughly doubled the risk
of failure after primary shoulder stabilization as individuals
over the age of 20 [17, 18]. Male gender as well as involve-
ment in contact or collision sports may also predispose to
failure of primary stabilization [11, 15+, 17]. Finally, liga-
mentous laxity on preoperative exam results in higher risk
of recurrence postoperatively [19, 20¢]. Other factors such
as the number of preoperative dislocations and the time
from initial dislocation to surgery have shown mixed evi-
dence in different populations and have not been shown to
independently increase risk in adolescent populations [11,
15,17, 18, 21].

Bone loss, on the glenoid or the humeral head, as well as
glenoid articular disruption are well-known risk factors for
failure of primary stabilization surgery [12, 15+, 19, 22-24].
What constitutes “critical” glenoid bone loss remains an active
area of research and may be less than the typically quoted 20—
25% [25, 26]. In particular, there have been no studies
assessing cutoffs for glenoid or humeral bone loss specifically
in the adolescent population. Glenoid bone loss was found in
one study to be the most common reason for failure of primary
stabilization in adolescents [12]. Adolescents and individuals
with multiple dislocations are also at a higher risk of having an
“off-track” humeral head lesion which can further exacerbate
the effect of glenoid bone loss on the stability of the shoulder
[27]. In combined lesions, glenoid loss of as little as 8% can
affect the biomechanical stability of a soft tissue Bankart re-
pair [28]. Thus, careful attention to the presence of any bone
loss must be evaluated as a possible reason for failure of a
primary procedure.

Table 1. Risk factors for failure of primary shoulder stabilization
Male Capsular or ligamentous laxity
Young age (<20) Glenoid or humeral bone loss

Contact or collision sports Inadequate primary surgery

Surgical Factors

Surgical factors that predict an increased risk of failure after
primary stabilization surgery remain an area of active research
and can be divided into patient/surgical selection and technical
factors. Few studies have specifically looked at these risk fac-
tors in children or adolescents, and most findings are infer-
ences from mixed or adult populations [6, 11, 14, 15¢, 29e,
30¢]. If not the primary surgeon, details of the primary proce-
dure and preoperative pathology should be obtained either
through medical and surgical records and/or in direct discus-
sion with the primary surgeon if necessary to allow and ade-
quate review.

Similar to the adult patient, choosing the right surgery for
the right patient is essential in ensuring a successful outcome
in pediatric athletes. Arthroscopic soft tissue, open soft tissue,
and bone block procedures have all been described in the
adolescent population and have shown success in the treat-
ment of instability [6, 11, 14, 29+, 31]. Thus, principles regard-
ing selection of the appropriate procedure for an individual
patient are no different than those which apply to the adult
instability patient. Failure to adequately address all pathology
is a common cause of surgical failure. For example, bony
defects and capsular laxity are common findings after failed
shoulder instability and can be the result of further injury
postoperatively or a failure to address the pathology during
the initial surgery (Table 1) [32, 33]. Open surgery should be
carefully considered inadequate primary surgery may be the
result of inappropriate use of arthroscopy.

Technical factors regarding the position and method of fix-
ation should also be evaluated when critically reviewing a pri-
mary surgery as well as planning for a revision. Suture failure
and suture cut-through were two of the most common reasons
for failure in adolescents undergoing primary stabilization and
may be a result of technique [12]. The specific effect of fixation
on risk in the pediatric and adolescent patient has not been well
elucidated. The type and number of fixation points as indepen-
dent risk factors have shown mixed results in adult and adoles-
cent populations and may not be as much of a factor as once
thought [15¢, 19, 21]. Nonetheless, careful attention should be
paid to preoperative pathology and surgical description to en-
sure that fixation was utilized in a manner that would be ex-
pected to address the underlying pathology including restora-
tion of labral position and anatomy and appropriate tensioning
of capsular or capsulolabral tissue. As noted above, addressing
bony deficiency is also of utmost importance, though how best
to do this remains an area of research. Numerous methods to
address glenoid bone loss in the primary setting have been
described, and, in the case of humeral bone loss, remplissage
used in addition to Bankart repair may provide a lower risk of
recurrence in appropriate adolescent patients [14].

Careful attention should also be paid to the patient’s ability
to follow appropriate postoperative protocols. Postoperative
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restrictions and graduated rehabilitation are a crucial part of
successful instability surgery. Premature engagement in re-
stricted activities or return to sport can compromise surgical
treatment, and every effort should be made to limit confusion
and optimize compliance with postoperative instructions.

Outcomes of Revision Surgery

Few studies have looked specifically at the results of revision
stabilization surgery in the adolescent patient. Blackman et al.
[12] found a 33% rate of recurrent dislocation and repeat re-
vision surgery in 15 adolescent patients undergoing revision
stabilization surgery. Though limited numbers may have af-
fected the findings, the study did not find any consistent risk
factors for failure despite looking at commonly believed fac-
tors such as age, interval between instability and initial sur-
gery, open or arthroscopic surgery, number of anchors, or
bone loss (glenoid or humeral head) [12].

A recent systematic review of studies analyzing revision
arthroscopic Bankart repair found a mean failure rate of
12.7% with 62% of patients failing their primary surgery sec-
ondary to a traumatic injury [34]. Though other studies have
found much higher rates of failure in certain populations, even
revision after failure of bony augmentation procedures has
shown the ability to successfully restore shoulder stability in
adults [20e, 35].

Failure of revision surgery has many of the same risk fac-
tors as those of primary surgery. Young age (<22), ligamen-
tous laxity, and bone loss have all been found to increase the
risk of failures after revision stabilization [20e, 36]. Increased
number of prior surgeries has also been found to be a risk
factor and has been associated with worse overall outcomes
including lower return to sport [33, 36-38].

As with primary surgery, the type of procedure done in a
revision setting remains a significant area of research. Though
some evidence has supported the often held belief that open
procedures result in better outcomes in revision shoulder sta-
bilization, inconsistent reporting of patient’s factors, specifi-
cally bone loss, can make conclusions difficult to interpret in
the context of any specific patient [39]. Similar to primary
procedures, success has been shown with arthroscopic and
open approaches in the revision setting as well. Similarly,
the Latarjet for glenoid bone loss and remplissage procedure
for humeral head bone loss have been reported with success in
the adolescent population [14, 30+]. Additionally, the use of
Iliac crest and distal tibia allograft have been described in
adult populations for the treatment of glenoid bone loss, but
never in children [35, 40]. Distal clavicle autograft has also
been utilized in adults for glenoid bone loss; however, the
open distal clavicular physes would likely make this undesir-
able in adolescent patients [41].

@ Springer

Patient Evaluation
History

A detailed history is the critical starting point in the evaluation
of a patient with a failed shoulder stabilization. The mecha-
nism of recurrence may provide important clues as to the
cause of failure. Trauma is a common cause of recurrent
shoulder instability and may result in acute failure of a repair,
even in the absence of any technical error [32, 34]. A more
insidious onset of instability may indicate that the underlying
pathology was not adequately addressed in the initial surgery
and should result in further investigation. As mentioned
above, preoperative clinical notes as well as operative notes
should be obtained to allow a complete review of the patient’s
history as well as surgical findings and technique to evaluate
risk factors that may have contributed to failure.

Physical Exam

Physical examination of a patient with failed primary shoulder
stabilization should incorporate the basic tenets of any physi-
cal exam with some specific additions. First, the shoulder
should be inspected for scars from previous incisions to pro-
vide further information on previous injuries and surgeries.
Standard range of motion and strength examinations should
be performed, including evaluation of the rotator cuff though
injuries are uncommon in this population. A standard
neurovascular exam should also be completed with specific
focus on the function of the axillary nerve.

Laxity and apprehension on the physical exam can provide
important information on present pathology. The standard ap-
prehension and relocation test shoulder be performed as well
as repeated at low and midpoints of abduction. Apprehension
in lower abduction may indicate bone loss that will need to be
addressed at the time of revision. Generalized laxity should be
evaluated via the Beighton score which has shown validity for
hypermobility in the pediatric population. However, this does
not always correlate with laxity in overall range of motion or
findings of a sulcus sign which should also be documented
[42, 43].

Imaging

X-rays are usually the initial image obtained in the patient
with recurrent shoulder instability after surgery and can pro-
vide important clues. AP and Scapular Y x-rays should be
performed, and special views such as the Bernageau view
(for glenoid bone loss) and a Stryker notch view (Hill-Sachs
lesion) can help in the initial evaluation of bone loss. CT scans
with 3-dimensional reconstruction are the most effective
method of measuring bone loss particularly on the glenoid
but may be less effective in evaluating the humeral head [44,
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45]. Finally, an MRI can provide details on cartilage, labral,
capsular, and ligament pathology and should include an
arthrogram if there is no acute injury that would result in an
effusion. A humeral avulsion of the glenohumeral ligament, or
HAGL lesion, must be carefully evaluated for as inability to
address a HAGL could lead to treatment failure. Intraoperative
evaluation is the only way to truly evaluate the capsular and
labral quality for operative decision-making.

Critical evaluation should not only include anatomic fac-
tors such as bone loss, chondral changes, and capsular laxity,
but careful attention should be paid to the size and location of
previous fixation, including cysts that may be present from
previous biocomposite anchors. Planning for revision surgery
must consider where further fixation might be placed and
whether or not adequate fixation can be placed to address
the present pathology. Minimal room for further fixation
may necessitate use of a bone block procedure even if other
indications are not present.

Our Approach

Though attitudes, behaviors, and risk profiles may be different
in the pediatric and adolescent population, physes are not typ-
ically thought to be important for surgical risk. Thus, as men-
tioned above, our surgical approach to the failed stabilization
surgery remains largely the same in this population as in
adults. That being said, we will often be a little less tolerant
of surgical risk in younger individuals and will try to exhaust
minimally invasive surgical options when at all possible.
Based on the aforementioned evidence, our approach divides
patients into one of three categories: patients with inadequate
primary surgery without critical bone loss, patients with ade-
quate primary surgery without critical bone loss, and patients
with critical bone loss (Fig. 1).

Fig. 1 Our algorithm for
treatment of failed primary

surgical stabilization Arthroscopic

Surgery?

Yes

Arthroscopic
Revision

Inadequate Primary

Inadequate Primary Surgery with Subcritical
Bone Loss and/or an On-Track Hill Sachs

In some patients, there is evidence that either the procedure
itself or the execution of the procedure, such as the fixa-
tion, may not have adequately addressed the patient’s pre-
operative pathology. Common errors include anchors that
are placed above the equator of the glenoid, not addressing
the antero-inferior pathology, as well as failure to address
inferior instability with fixation on the inferior glenoid
(Fig. 2).

In these cases, and in a patient with no significant risk
factors for failure of an arthroscopic repair such as critical
bone loss or significant capsular laxity, we will perform
revision arthroscopic surgery for failed primary surgery.
We use small anchors (<2 mm) to optimize the number of
points of fixation we can use and begin our fixation at the
7 o’clock position on the postero-inferior glenoid (Fig. 3).
Fixation here ensures appropriate tightening of the poste-
rior band of the inferior glenohumeral ligament. We in-
clude fixation at the 6 o’clock position as well, which also
helps to address the inferior component of the instability,
before moving to the antero-inferior glenoid (Fig. 4).

As noted above, capsular and labral quality may only be
fully evaluated arthroscopically, and their poor quality
may compromise the ability for an arthroscopic procedure
to adequately address instability arthroscopically.
Evaluation intraoperatively should involve tactile evalua-
tion of the quality of the tissue with a grasper and
attempted reduction of the tissue to its anatomic position.
Thin, flimsy tissue that cannot hold a stitch or tissue that
cannot be reduced anatomically may limit the options for
arthroscopic treatment. Therefore, in planning revision ar-
throscopic Bankart repair, we are prepared to convert to an
open procedure if intraoperative findings dictate.

Yes
>

No Glenoid bone loss >
—»  15% or off-track
humeral lesion?

Bone Augmentation
Procedure

Yes
Other Risk Factors

- Contact athlete?
- Soft tissue disorder?
No

Open Revision with
Capsular Shift
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Fig. 2 CT scan of 20-year-old patient who underwent previous
arthroscopic labral repair at age 17 with only one anchor below the
equator of the glenoid. Given the minimal fixation in the antero-inferior
glenoid, we revised this patient with revision arthroscopic surgery

Adequate Primary Surgery with Subcritical
Bone Loss and/or an On-Track Hill Sachs

In the event that an initial primary arthroscopic or open
Bankart repair fails, the most important factor in deciding
the most appropriate revision procedure is bone loss. As de-
scribed above, bone loss on the glenoid or humerus can be a
risk factor for failure of primary or revision stabilization sur-
gery. Thus, we obtain a 3D CT on all revision patients to
evaluate for bone loss before proceeding with surgical inter-
vention. Glenoid bone loss is measured using a best fit circle,
or the PICO method, which has been shown to most accurate-
ly estimate antero-inferior bone loss [44]. As noted above,
what constitutes critical glenoid bone loss remains a source
of debate and research particularly in the revision setting. In

Fig. 3 Placement of postero-inferior anchor at approximately the 7
o’clock position on the glenoid in a left shoulder during arthroscopic
revision stabilization

@ Springer

isolation of other risk factors, we define critical glenoid bone
loss necessitating a bone block procedure as 15%.

We also assess humeral head bone loss to determine if a
present lesion or on-track or off-track as initially described by
Yamamoto et al. [46]. As with defining critical glenoid bone
loss, management of humeral bone loss remains an area of
active research. Though one study has shown decreased insta-
bility recurrence with the addition of remplissage to arthro-
scopic Bankart repair in adolescent patients, other studies have
suggested that remplissage provides no added benefit or may
actually be less effective than other procedures particularly in
a revision setting [14, 47]. In the setting of either critical
glenoid bone loss or an off-track humeral head lesion, it is
the author’s preference to perform a Latarjet procedure with-
out additional remplissage.

In the setting of subcritical glenoid bone loss or an on-track
humeral head lesion, we evaluate the other risk factors that a
patient may have that may put them at high risk to fail a
second soft tissue procedure, specifically any contact athlete
or individuals with a soft tissue disorder that would make
further soft tissues procedures unlikely to provide adequate
stability. In the presence of other risk factors, the author’s
preference is to still proceed with a Latarjet procedure though
each case is considered individually. In the setting of an ade-
quate primary surgery with none of the above risk factors or
bone loss, we proceed with an open Bankart repair with cap-
sular shift as previously described by Neer (Fig. 5) [48].

Any Failed Primary Procedure with Critical
Bone Loss or an Off-Track Hill Sachs

Given the effect of bone loss on the biomechanical stability of
the shoulder, treating bone loss is of utmost importance in
providing a successful outcome for the patient with recurrent
shoulder instability after failed primary stabilization. As noted
above, our preference for the treatment of a patient with crit-
ical glenoid bone loss or an off-track Hill-Sachs lesion is to
perform an open Latarjet procedure through a subscapularis
split with two screws (Fig. 6).

Rehabilitation and Return to Sport

If there is any consensus on return-to-play criteria after surgi-
cal shoulder stabilization, it is that there is no agreement about
what these criteria should be [49, 50]. Indeed, 75% of studies
included in a recent systematic review used time alone as their
criteria for return to play, with 6 months being the most com-
monly recommended time-frame [49]. After primary surgical
stabilization, rates of return-to-play at pre-injury level are be-
tween 65 and 75% [51]. In a recent systematic review by the
senior author on revision instability surgery, these rates were
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Fig. 4 Intraoperative findings of
patient from Fig. 2 (Left).
Revision fixation shown
including additional fixation
postero-inferiorly at 7 o’clock
position to tension posterior
inferior glenohumeral ligament
(Right)

similarly between 60 and 70% (unpublished data). As such,
the literature would support that with adequate patient selec-
tion, the ability to return to sport is not affected by revision
status. With this in mind, we follow nearly identical rehabili-
tation protocols with adolescents undergoing revision should
stabilization as for those undergoing primary stabilization.
We favor an evidence-based, three-phase postoperative
protocol with criterion rather than time-based metrics for pro-
gression, as previously described [52]. A few notable excep-
tions are as follows: (1) the patient who undergoes arthroscop-
ic revision with a significant capsular imbrication component;
this patient should progress slowly with passive range of mo-
tion in the first 6-8 weeks after surgery, with the therapist only
“taking what the shoulder will give them” in terms of motion,
to avoid stretching out the capsular imbrication, and (2) the
patient who undergoes an open revision that requires
subscapularis tenotomy; this patient should follow
subscapularis precautions including no external rotation past

Fig.5 3D CT reconstruction of the right shoulder of a 19-year-old patient
who had undergone initial arthroscopic stabilization at age 17. The image
shows multiple anchors in the antero-inferior portion of the glenoid. We
felt this was adequate fixation to address the present pathology despite the
subsequent failure clinically. Therefore, we proceeded with an open
Bankart repair with capsular shift for the revision procedure

neutral for 6 weeks, and no resisted internal rotation for
12 weeks.

Conclusion

Failure after a primary shoulder stabilization remains a com-
mon problem in adolescents in no small part because a high
proportion of these athletes return to high levels of activity. A
thorough understanding of the index procedure and patient-
specific risk factors for failure are key to successful planning
of revision surgery. The current literature does not allow for
firm treatment recommendations in individual pediatric or ad-
olescent athletes, but the guiding principles are similar to those
in adults. Specifically, all bony and soft tissue pathology
should be identified and assessed, with an understanding that
simply repeating the steps of the index procedure typically
results in poor outcomes, and often an “escalation” of surgical
complexity is required at the time of revision. When appropri-
ately indicated, arthroscopic or open soft tissue procedures

Fig. 6 Imaging of a 17-year-old football player who presented with
recurrent instability after primary arthroscopic stabilization. 3D CT
reconstruction (left image) showed critical bone loss on the antero-
inferior portion of the glenoid. Given the bone loss, we revised the
patient with a Latarjet procedure (right image)
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and Latarjet coracoid transfer can be safely and successfully
implemented for revision shoulder stabilization in young
athletes.
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