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Abstract – The glenohumeral joint is the most dislocated articulation, accounting for more than 50% of all joint dislocations. The reason behind shoulder instability should be investigated in detail for successful management, and the
treatment plan should be individualized for all patients. Several classiﬁcation systems have been proposed for glenohumeral instability. A physical exam is mandatory no matter what classiﬁcation system is used. When treating patients
with anterior shoulder instability, surgeons need to be aware of the critical size of the bone loss, which is commonly
seen. The glenoid track concept was clinically adopted, and the measurement of the glenoid track for surgical decisionmaking is recommended. Detailed assessment of existing soft tissue injury to the labrum, capsule, glenohumeral ligaments, and rotator cuff is also mandatory as their presence inﬂuences the surgical outcome. Rehabilitation, arthroscopic
repair techniques, open Bankart procedure, capsular plication, remplissage, Latarjet technique, iliac crest, and other
bone grafts offer the surgeon different treatment options according to the type of patient and the lesions to be treated.
Three-dimensional (3D) technologies can help to evaluate glenoid and humeral defects. Patient-speciﬁc guides are lowcost surgical instruments and can be used in shoulder instability surgery. 3D printing will undoubtedly become an
essential tool to achieve the best results in glenohumeral instability surgery.
Key words: Shoulder, Instability, Glenohumeral, Latarjet, Bankart.

Introduction
The shoulder is the most dislocated joint, which accounts
for more than 50% of all joint dislocations [1]. Its capability
of reaching a wide range of motion makes it susceptible to
instability. The shoulder’s stability is provided by some static
and dynamic factors, including the labrum, ligaments, and surrounding muscles. Instability can develop due to a pathology
that comprises one or more of these stabilizing factors. Trauma
is the most common reason leading to shoulder instability [2].
The traumatic shoulder dislocations are generally classiﬁed
according to the direction of the instability as anterior, posterior,
inferior. Anterior dislocation constitutes most of the shoulder
dislocations with a rate of more than 95%. The rate of posterior
*Corresponding author: drdanielmoya@yahoo.com.ar

dislocation is reported around 2–4%, while inferior dislocation
is reported as low as 0.5% of all shoulder dislocations [3].
Although shoulder trauma is the most common triggering factor, shoulder instability can exist without signiﬁcant trauma
due to soft tissue abnormalities or impaired muscular function.
Atraumatic instabilities are generally multidirectional, and their
management differs from traumatic instabilities.
A comprehensive history-taking and examination are crucial to understanding the mechanism behind the failure. Overlooking of a contributing factor can result in unsuccessful
management of the instability. Besides addressing the instability, the accompanying pathologies should also be considered
for deﬁnitive management of the problem. Besides a thorough
examination, the imaging modalities also have an important
place to reveal the pathology behind the instability and quantify
the problem to offer the appropriate solution. Radiology and
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computed tomography provide important insight into the bony
structure and the amount of bone loss. Magnetic resonance
imaging gives a chance for a detailed evaluation of the soft tissue structures to determine the possible problems, which should
also be addressed during the treatment plan.
A shoulder instability treatment options include a wide
range of interventions from rehabilitative measures to surgical
repair or reconstruction of the disrupted mechanisms. Nonoperative treatment is a good option in multidirectional instability
and the ﬁrst episode of instability without associated risk factors
[4]. When there are high-risk factors for recurrence in the ﬁrst
episode (such as young age, male, athletic activity, and presence of bone deﬁciency) or in case of recurrent instability,
the pathology might be amenable to repair if no signiﬁcant bone
loss exists. However, in case of a signiﬁcant disruption in bony
architecture and young collision or contact athletes, more
detailed and complex procedures might be required to reconstruct the shoulder girdle [5, 6]. Since the chance of bony disruption can increase with subsequent dislocations [7], the
timing of the intervention is also important for successful management as the success of the treatment diminishes when more
complex interventions are required [4]. Shoulder rehabilitation
is also important to regain the sensorimotor function of the
shoulder and the strength of the dynamic stabilizers [8]. Recurrence of the instability after conservative or surgical treatment
might be inevitable without proper rehabilitation [8].
The reason behind shoulder instability should be investigated in detail for successful management, and the treatment
plan should be individualized for all patients. The possible risk
factors should also be determined to develop successful prevention and treatment algorithms [4–7, 9, 10].

Biomechanics of shoulder instability
When treating patients with anterior shoulder instability,
surgeons need to be aware of the critical size of the bone loss
(glenoid defect and Hill-Sachs lesion), which are commonly
seen. It is widely accepted that Bankart repair is a gold standard
procedure, and there have been many reports describing the
excellent clinical outcomes [11, 12]. However, a large bone loss
has been demonstrated to cause postoperative shoulder instability. Several biomechanical studies have demonstrated which
size of bone loss affects stability. Bone grafting is required if
the glenoid bone loss is more than 25% of the glenoid width
[13–15]. When we consider the critical size of the Hill-Sachs
lesion, we must consider the glenoid bone loss simultaneously
because engagement always occurs between a Hill-Sachs lesion
and the glenoid rim. A new concept of the glenoid track was
proposed in 2007 [16]. Using this concept, we can evaluate
whether a large Hill-Sachs lesion is an “on-track” or “off-track”
lesion and consider both bone loss at the same time. This concept has been widely used. The mean glenoid track width is
demonstrated to be 83% of the glenoid width [17]. However,
this width seems to be affected by the range of shoulder
motion because the glenoid track is deﬁned as the contact of
the glenoid on the humeral head. An MRI study including
healthy volunteers was performed to clarify the relationship
between the range of motion and the glenoid track [18]. Results

demonstrated that the greater the horizontal extension angle in
abduction and external rotation, the smaller the glenoid track
width. Individualized glenoid track width can be obtained by
measuring the active horizontal extension angle in the sitting
position.
Di Giacomo et al. [5] stated that engaging and nonengaging lesions are consistent with the concept of glenoid
track described by Yamamoto et al. [16]. They are complementary concepts in that they evaluate the interaction of bipolar
bone loss during shoulder function [5].
The glenoid track concept was clinically adopted, and the
measurement of the glenoid track for surgical decision-making
is recommended [6]. Ninety-four patients were assessed to clarify the clinical outcomes of patients surgically treated based on
this concept [6]. The overall recurrence rate in patients treated
based on the glenoid track concept was 4.3% at a 2-year follow-up. These results indicate the validity of the glenoid track
concept in surgical decision-making to prevent recurrent instability after surgery.
In a case with an “on-track” lesion and less than 25% glenoid defect, arthroscopic Bankart repair alone is enough. In a
case with an “off-track” lesion and less than 25% glenoid
defect, we should treat such a Hill-Sachs lesion by remplissage
procedure. In a case with an “on-track” lesion and more than
25% glenoid defect, we should treat a large glenoid bone loss
by bone grafting such as the Latarjet procedure [5, 6, 19]. Even
in the case of an “off-track” lesion and a more than 25% glenoid defect, bone grafting can be chosen because bone grafting
converts an “off-track” lesion to an “on-track” lesion. We do
not need to treat the Hill-Sachs lesion in this case. The bone
graft will widen the glenoid track to such an extent that the
Hill-Sachs lesion cannot go off track [5].
In addition to bone injuries, other factors such as the
patient’s age, presence of laxity, type of sport, degree of sport
participation must be considered.

Classification and clinical examination
Several classiﬁcation systems have been proposed for
glenohumeral instability. [20–23] The patient’s signs and symptoms are gathered so that a pattern can be established to classify
their condition. Once classiﬁed, the treatment strategy should
follow accordingly in a systematic way or with an algorithmic
approach. Because there are so many variables to consider
before treating a patient with instability (etiology, instability
direction, laxity, patient age, activity, expectations, bone loss),
there is no perfect classiﬁcation that will ﬁt every case [24].
A critical assessment of the patient’s history, physical exam,
and imaging studies must be done so the surgeon can provide
optimal treatment.
Thomas and Matsen [20] noted that most patients with
recurrent instability could be classiﬁed into two groups. The
ﬁrst group of patients was characterized by trauma, unidirectional instability, Bankart lesion, and required surgery (TUBS
acronym). The second group was atraumatic, prone to have
multidirectional instability and rehabilitation as the ﬁrst line
of treatment. If surgery was needed, a capsular shift would
address inferior capsular laxity (AMBRI). This system classiﬁes
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patients very well at the two opposite ends of the instability
spectrum but leaves no room for cases in between or patients
that may shift from one condition to the other.
Gerber and Nyffeler [21] proposed a classiﬁcation system
that distinguishes instability from hyperlaxity and recognizes
that both can be present independently. Patients are grouped
in one of three classes: class A (static instability), class B (dynamic instability), and class C (voluntary dislocations). Patients
in class B typically involve the young and active population
that we see every day in the clinic where a certain degree of
trauma has been involved. This classiﬁcation assumes that
hyperlaxity is not the same as instability, but treatment may
vary if combined with instability. A conscious physical exam
is crucial to understand if the patient has unidirectional or multidirectional instability with or without hyperlaxity.
The Stanmore classiﬁcation [22] is a triangular model with
three polar types. It was developed to include all varieties of
instability in a single framework. Type I is traumatic and
structural (resembling TUBS), type II is atraumatic structural
(resembling AMBRI), and type III is muscle patterning nonstructural instability. The highlight of this classiﬁcation is that
it bears in mind that glenohumeral instability can shift, the
patient can be positioned between poles, there is a gradation
between traumatic and atraumatic instability, and it incorporates
muscle patterning as a distinguished problem.
A physical exam is mandatory no matter what classiﬁcation
system is used. Most importantly, we must determine if there is
laxity or instability and the direction of instability. Laxity is a
normal ﬁnding of glenohumeral translation in asymptomatic
individuals, whereas instability is a pathologic excess of translation resulting in symptoms [24]. The most common tests used
to determine glenohumeral laxity are the sulcus sign [25], load
and shift test [26], anterior and posterior drawer test [27], and
the hyperabduction test [28]. They all test for glenohumeral
translation in different directions. These tests must be performed bilaterally in all patients. Instability tests are provocative
maneuvers. The goal is to reproduce the patient’s instability
symptoms and therefore interpret the underlying pathology.
The apprehension test [27], and relocation test [29] are
described for anterior instability. For posterior instability, the
Jerk test may be performed as well as the Kim test for posteroinferior labral lesions [30].

Principle of management of anterior shoulder
instability
After a traumatic anterior shoulder dislocation, the recurrence rate was reported at 14.3–33% in a professional athlete
[31]. Several risk factors have been deﬁned for recurrent instability, such as young age, male, athletic activity, and glenoid
deﬁciency [9]. The risk of recurrent instability is signiﬁcantly
higher following non-surgical treatment for these high-risk
patients [32–34]. For this reason, the choice of treatment for
ﬁrst episode dislocation has been shifted to primary shoulder
stabilization for elite athletes and those with high risks [34].
The decision of surgical treatment should involve the timing
of the surgery apart from the careful patient selection. Moreover,
detailed information regarding glenoid or humeral bone loss
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should be sought. Accordingly, a few methods were proposed
to quantify the glenoid bone defect, i.e., the face view of reconstructed glenoid CT scan and arthroscopic measurement [35].
The current treatment algorithm is as below (Figure 1).
In the case when risk factors are presented, surgical management is always recommended. The best strategy for surgical
management will depend on the presence of a critical glenoid
bone defect. Patients with glenoid bone defect < 25% will
not require additional procedure when Hill-Sachs lesion does
not present.
Currently, there are two options to deal with the ﬁrst dislocation based on the patient’s risk factors for recurrence instability. Some surgeons recommend early stabilization, but others
propose careful rehabilitation followed by immobilization and
only proceed with surgery in the case of recurrence. Special
attention was given to in-season athletes who sustain a dislocation often offered non-surgical treatment as surgical stabilization does not allow immediate return to play [36].
When performing stabilization surgery, detailed assessment
of existing soft tissue injury to the labrum, capsule, glenohumeral ligament, and rotator cuff are mandatory as their presence inﬂuences the surgical outcome. Arthroscopic shoulder
stabilization is considered the preferred method by most surgeons because of the privilege of allowing detailed inspection
on various intraarticular pathologies directly associated with
recurrence [37]. For successful arthroscopic Bankart repair
[38], it is essential to maintain an optimal glenoid visualization
to allow detailed assessment and repair of the capsulo-labral tissue. This could be managed by having an accurate portal establishment and appropriate lateral traction of the proximal arm. A
meticulous capsulo-labral release medially from the glenoid
neck is crucial to accommodate optimum tissue mobilization
and tension. The glenoid bone bed should be prepared with
burr/rasp to enhance optimum bone to soft tissue healing. It
is recommended to have at least three suture-anchors [9] positioned as low as at the position of 5:30 without excessive medialization to achieve an appropriate labral height [39, 40]. Most
importantly, proper tension of the inferior glenohumeral ligament should be restored, which can be achieved by penetrating
the suture passer to the more caudal portion of the ligament.
Rotator interval closure is still a controversial topic as it is
not universally performed for external rotation loss.
The failure rate of a Bankart repair ranges between 5% and
15% at the 6–14 years follow-up with modern suture anchor
technique [41]. When dealing with failed arthroscopic Bankart,
new signiﬁcant trauma, surgical errors such as suture anchor
malposition, insufﬁcient suture anchor number, failure to
re-tension inferior glenohumeral ligament, and failure to
address associated pathologies should be investigated. In addition, the surgeon should consider whether the patient had
enough rehabilitation time following the index surgery.
Despite the technical evolution of arthroscopic Bankart
repair, the open Bankart repair, an anatomic capsulolabral
reconstruction described almost 80 years ago, plays an important role, especially for contact athletes. The recurrence rate
of arthroscopic Bankart repair was reported up to 26.6% [42]
and higher [43] compared to open Bankart repair in contact athletes. The time to recurrence was also observed longer in the
open Bankart group compared to the arthroscopic group. As

4

D. Moya et al.: SICOT-J 2021, 7, 48

Figure 1. Algorithm for the management of patients with anterior glenohumeral instability.

open Bankart surgery can (1) restore capsulolabral complex, (2)
retensioning of pathologic capsule by plication, and (3) manage
rotator interval lesion, it can resist high stress in collision sports
athletes and heavy manual labor [44]. Thus, this can be considered a valuable option between arthroscopic Bankart repair and
bone block procedure [11].

Surgical management of glenoid defects
1. Latarjet procedure
Latarjet-Patte’s open technique, described in 1958 [45], is
now widely used to treat signiﬁcant bone losses in glenohumeral anteroinferior instability. From 1990 to 2000, because
of the development of Bankart arthroscopic stabilization, it was
not a frequent indication, but it was resumed when the failures
related to non-consideration of glenoid and humeral bone losses
of the arthroscopic technique were described [46].
The triple effect by which the Latarjet technique works are
[47]: the “bone block effect” restoring glenoid bone loss; the
“sling effect”, in which the conjoined tendon limits anterior

translation in a position of abduction and external rotation;
and the “ligament effect” by using the coracoacromial ligament
stump to reattach the medial capsule.
The current speciﬁc indications for using both the open and
arthroscopic Latarjet technique are:
1. Glenoid bone loss from 15% or greater than 25% (subcritical and critical respectively) [48].
2. Patients classiﬁed in groups III and IV of Di Giacomo’s
algorithm [5].
3. Patients with an Instability Severity Index Score (ISIS) or
Glenoid Track. Instability Management Score (GTIMS)
greater than 4 points [49].
We can summarize the Latarjet open technique in seven
steps: 1. Beach chair position, with a back cushion, 2. Classic
deltopectoral approach, 3. Osteotomy of the coracoid, with a
minimum of 2 cm in length and subsequent preparation, 4. Horizontal split of the subscapular and vertical capsulotomy, 5.
Preparation: creaking the lower anteroinferior surface of the glenoid, 6. Fixing the coracoid with two cortical screws, 7. Closure
of the capsule and coracohumeral ligament.
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Variants of the technique have been described, such as the
Congruent Arc Latarjet [50], in which the coracoid is rotated
90°, placing its inferior surface parallel to the surface of the glenoid. Bhatia and Kandhari [51], a cadaveric and tomographic
study, showed that the classic Latarjet corrects glenoid defects
from 10 to 25%, having the possibility of increasing the indication with the congruent arch technique up to 40% of glenoid
bone loss, therefore it could be considered in major glenoid
defects.
The most frequent risk factors for poor results of the
Latarjet procedure were clearly identiﬁed by Di Giacomo [10]:
1. Atraumatic mechanism of dislocation, which multiplies
the possibility of failure of the technique by ﬁve.
2. Bilateral dislocation, which multiplies the chance of
recurrence by four.
3. Female patients that multiply the chance of failure by
three. This is probably related to anatomical factors, such
as a smaller glenoid size.
Lafosse and Boyle [52] described the arthroscopic Latarjet
procedure, with results like the open technique, with a reported
recurrence rate between 2–4.9% and a 98% satisfaction index,
although greater residual apprehension is described with the
arthroscopic technique, with less reabsorption of the graft.
Leuzinger [53] highlighted the long learning curve of the
arthroscopic technique, requiring a surgeon to have performed
between 20 and 25 procedures to minimize the risk of complications. The graft must be at least 25 mm long by 14 mm wide
to perform the technique correctly. A previous fracture or
malformation of the coracoid is considered a contraindication.
2. Iliac crest bone graft
The use of a tricortical iliac crest bone graft for managing
anterior glenoid bone loss was described over 100 years ago,
and this procedure is now synonymous with its authors, Eden
[54] and Hybinette [55]. Various iterations have been described,
but an open procedure through a subscapularis split securing the
bone block with two screws and, more recently, an open and
arthroscopic procedure, through the rotator interval, securing
the bone block with suture-buttons are the current standard.
Previously, the indications for using an Eden-Hybinette
procedure were generally considered to be for patients with a
failed coracoid transfer, abnormal coracoid morphology, or particularly large glenoid loss [56]. For more “routine” levels of
glenoid bone loss, with or without an engaging Hill-Sachs
lesion, considered to require a bone block procedure, a coracoid
transfer procedure (Latarjet) has generally been the procedure
of choice. Proponents of the Latarjet consider that the additional
dynamic sling effect of the conjoint tendon and the requirement
of not having to use an iliac crest autograft are favorable aspects
over an Eden-Hybinette procedure. However, a coracoid transfer does alter the anatomy and carries a higher risk of potential
nerve injury.
The recent development of a suture-button ﬁxation technique using a posterior drill guide system that allows for

Figure 2. Suture-button Eden-Hybinette.

accurate drill tunnel placement and can be used both open
and arthroscopically has revived interest in the Eden-Hybinette
procedure [57]. The arthroscopic procedure has the advantage
over both an open and arthroscopic Latarjet procedure as, due
to the ﬂexibility of sutures, it can be undertaken as a purely
intra-articular procedure through the rotator interval without
compromising subscapularis (Figure 2).
A study in 2018 described the results of 26 patients with
recurrent anterior instability with bone loss that underwent an
arthroscopic Eden-Hybinette procedure using suture-button ﬁxation [58]. At an average follow-up of 29.6 months (range
24–30) none of the patients had had a re-dislocation with an
average Rowe score of 96.4 (SD 6.5) and Walch-Duplay of
93.2 (SD 7.8). The average loss of external rotation, compared
to the non-operated side, was 4.40 (SD 8.70), and 92.3% of the
grafts had healed on CT scan. Similar techniques using suturetape cerclage to secure the bone block, avoiding the use of any
metalwork, have also been described [59]. Additionally, human
allograft and equine xenograft bone blocks have also been used
to avoid donor site morbidity [60].
In the revision setting, when using the Eden-Hybinette procedure for a failed coracoid transfer, the guided suture-button
ﬁxation system has some advantages over the more traditional
screw ﬁxation. By undertaking an arthroscopic procedure
through the rotator interval only, no dissection of the anterior
surface of the subscapularis, where the anatomy will be
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The graft provides an articular surface that is congruent with
the glenoid, and it has a large surface area for ﬁxation and bony
union [62].
Distal clavicle has a broader radius of reconstruction than
that of a coracoid graft [66] but, on the other hand, had greater
variability and lower density than coracoid grafts [67].

Surgical management of cephalic defects
Figure 3. Revision Eden-Hybinette.

distorted, or a further split of the subscapularis, which may
compromise its function, are required. Additionally, if there is
any retained hardware in the glenoid, a “safe trajectory” for
the drill-guide and drill holes, which are of a smaller diameter
than screws, can be pre-planned to avoid the hardware [61]
(Figure 3).
With the evolutions to the Eden-Hybinette procedure that
has been described above, there is an increase in its use to treat
primary anterior glenoid bone loss. While suture-button ﬁxation
can be used for both a Latarjet and an Eden-Hybinette procedure, the ability to undertake the Eden-Hybinette procedure
arthroscopically through the rotator interval, without compromising subscapularis or distorting the anatomy, are a signiﬁcant
advantage.
3. Other procedures
Other bone supply alternatives include autologous distal
clavicle grafts [62], allographic proximal and distal tibia [63,
64], proximal and distal femur bone grafts [65], according to
the surgeon’s choice. They are a good indication of glenoid
bone deﬁcits in which the coracoid is insufﬁcient in epileptic
patients and as an option to review a failed Latarjet operation
[64].
Distal tibia allograft

This technique has become popular in recent years. The lateral aspect of the distal tibia is used because its curvature is like
the curvature of the native glenoid. Provencher et al. [63]
reported promising early results in a small case series report
in patients with greater than 30% glenoid bone loss. The main
advantages of the technique are improved graft availability, the
ability to have a cartilaginous interface between the humerus
and glenoid graft, and excellent glenoid arc articular conformity
[63].
A matched cohort analysis comparing the clinical outcomes
between patients undergoing distal tibia allograft procedure
with Latarjet technique showed similar outcomes [64].
Distal clavicle autograft

The anatomy of a distal clavicular graft has several favorable characteristics as a replacement for glenoid bone [62].

Several surgical procedures have been described to treat
engaging Hill-Sachs bone defects, including bone graft, retrograde desimpaction, arthroplasty, partial humeral head resurfacing, humeral rotation osteotomy, and remplissage.
Remplissage is a widespread procedure that consists of an
arthroscopic posterior capsulodesis and infraspinatus tenodesis
to ﬁll the Hill-Sachs lesion in addition to an arthroscopic Bankart repair.
A meta-analysis by Camus et al. [68] suggested that in case
of anterior shoulder instability with engaging Hill-Sachs lesion
and with up to 20–25% glenoid bone loss, arthroscopic Bankart
repair + remplissage reduces recurrent instability by 4-fold
comparing with an isolated Bankart repair, with better functional outcomes.
Although the authors of the original description mentioned
not having found limitation of postoperative mobility [69],
recent studies reported risk of external rotation stiffness in
abduction compared with Bankart repair without reﬁll at
short-term follow-up [70].

3D printing in the treatment of glenohumeral
instability
Surgeons are used to working with X-rays, 2D CT scans,
and magnetic resonance images to evaluate patients’ anatomy.
Spatial 3D rendering was done only in our minds. With emerging 3D renderings, the third dimension could be reproduced and
improve the diagnostic of some pathologies and deformities but
lack the tactile feeling. 3D printing can add this feeling. This
technology is revolutionizing manufacturing processes in industry and medicine.
There are many ways to built anatomical models and surgical guides that may aid surgical execution. Preparing the anatomy for 3D printing can be a demanding task. In some cases,
multiple software must be used to prepare and convert ﬁles.
Some models, due to the particularity of the anatomy, demand
special supports making the process a time-consuming task.
Three-dimensional technologies can help to evaluate glenoid and humeral defects (Figure 4).
Patient-speciﬁc guides (Figure 5) are low-cost surgical
instruments and can be used in shoulder instability surgery.
They allow the surgeon to deﬁne the optimal implant location
better and accurately execute the surgical plan decreasing errors
related to implant malposition (Figure 6).
Three-dimensional printing will undoubtedly become an
essential tool to achieve the best results in glenohumeral instability surgery.
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Figure 4. 3D Printed model of a humeral head defect.
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Figure 5. 3D Printed model of a glenoid with the location for
screws and a 3D printed model of a patient-speciﬁc guide to position
the screw.

Figure 6. 3D digital planning of a Latarjet and Congruent Arc procedure.

Conflict of interest
The authors declare that there is no conﬂict of interest.

Authors contributions
Daniel Moya: Coordinated the publication, submitted it,
wrote sections: “Surgical management of cephalic defects”
and “Other procedures” for surgical management of glenoid
defects.
Nuri Aydin: Wrote section “Introduction”.

Nobuyuki Yamamoto: Wrote section “Biomechanics of
shoulder instability”.
Juan Pablo Simone: Wrote section “Classiﬁcation and clinical examination”.
Paul Patiño Robles: Wrote Section “Latarjet procedure”.
Graham Tytherleigh-Strong: Wrote section “Iliac crest bone
graft”.
Bruno Gobbato: Wrote section “3D printing in the treatment of glenohumeral Instability”.
Erica Kholinne: Wrote section “Principle of management of
anterior shoulder Instability”.

D. Moya et al.: SICOT-J 2021, 7, 48

8

In-Ho Jeon: Wrote section “Principle of management of
anterior shoulder Instability”.

Funding
This research did not receive any speciﬁc funding.

Ethical approval
Ethical approval was not required.

Informed consent
This article does not contain any studies involving human
subjects.

References
1. Dodson CC, Cordasco FA (2008) Anterior glenohumeral joint
dislocations. Orthop Clin North Am 39, 507–518.
2. Hovelius L, Augustini BG, Fredin H, Johansson O, Norlin R,
Thorling J (1996) Primary anterior dislocation of the shoulder in
young patients: A ten-year prospective study. J Bone Joint Surg
78(11), 1677–1684.
3. Zacchilli MA, Owens BD (2010) Epidemiology of shoulder
dislocations presenting to emergency departments in the United
States. J Bone Joint Surg 92(3), 542–549.
4. Kirkley A, Werstine R, Ratjek A, Grifﬁn S (2005) Prospective
randomized clinical trial comparing the effectiveness of immediate arthroscopic stabilization versus immobilization and
rehabilitation in ﬁrst traumatic anterior dislocations of the
shoulder: Long-term evaluation. Arthroscopy 21(1), 55–63.
5. Di Giacomo G, Itoi E, Burkhart SS (2014) Evolving concept of
bipolar bone loss and the Hill-Sachs lesion: From “engaging/
non-engaging” lesion to “on-track/off-track” lesion. Arthroscopy 30(1), 90–98.
6. Hatta T, Yamamoto N, Shinagawa K, Kawakami J, Itoi E
(2019) Surgical decision making based on the on-track/off-track
concept for anterior shoulder instability: a case-control study.
JSES Open Access 3(1), 25–28.
7. Milano G, Grasso A, Russo A, Magarelli N, Santagada DA,
Deriu L, Baudi P, Bonomo L, Fabbriciani C (2011) Analysis of
risk factors for glenoid bone defect in anterior shoulder
instability. Am J Sports Med 39(9), 1870–1876. Epub 2011
Jun 27. PMID: 21709024.
8. Ma R, Brimmo OA, Li X, Colbert L (2017) Current concepts in
rehabilitation for traumatic anterior shoulder instability. Curr
Rev Musculoskelet Med 10(4), 499–506. PMID: 29038953;
PMCID: PMC5685970.
9. Boileau P, Villalba M, Héry JY, et al. (2006) Risk factors for
recurrence of shoulder instability after arthroscopic Bankart
repair. J Bone Joint Surg Am 88(8), 1755–1763.
10. Di Giacomo G, Peebles L, Midtdgaard K, Gasperis N, Scarso P,
Provencher M (2020) Risk factors for recurrent previous
glenohumeral instability and clinical failure following primary
Latarjet procedures an analysis of 344 patients. J Bone Joint
Surg Am 102, 1665–1671.

11. Sanborn L, Arciero R, Yang J (2017) Don’t forget the open
Bankart – Look at the evidence. Ann Joint 2(11), 1–7.
12. Castagna A, Garofalo R, Conti M, Flanagin B (2016) Arthroscopic Bankart repair: Have we ﬁnally reached a gold standard?
Knee Surg Sports Traumatol Arthrosc 24(2), 398–405. Epub
2015 Dec 29. PMID: 26714819.
13. Itoi E, Lee SB, Berglund LJ, Berge LL, An KN (2000) The
effect of a glenoid defect on anteroinferior stability of the
shoulder after Bankart repair: A cadaveric study. J Bone Joint
Surg Am 82, 35–46.
14. Yamamoto N, Itoi E, Abe H, Kikuchi K, Seki N, Minagawa H,
Tuoheti Y (2009) Effect of an anterior glenoid defect on anterior
shoulder stability: A cadaveric study. Am J Sports Med 37(5),
949–954.
15. Yamamoto N, Muraki T, Sperling JW, Steinmann SP, Coﬁeld
RH, Itoi E, An KN (2010) Stabilizing mechanism in bonegrafting of a large glenoid defect. J Bone Joint Surg Am 92,
2059–2066.
16. Yamamoto N, Itoi E, Abe H, Minagawa H, Seki N, Shimada Y,
Okada K (2007) Contact between the glenoid and the humeral
head in abduction, external rotation, and horizontal extension: A
new concept of glenoid track. J Shoulder Elbow Surg 16,
649–656.
17. Omori Y, Yamamoto N, Koishi H, Futai K, Goto A, Sugamoto
K, Itoi E (2014) Measurement of the glenoid track in vivo as
investigated by 3-dimensional motion analysis using open MRI.
Am J Sports Med 42(6), 1290–1295.
18. Kawakami J, Yamamoto N, Etoh T, Hatta T, Mineta M, Itoi E,
Isawa R (2019) In vivo glenoid track width can be better
predicted with the use of shoulder horizontal extension angle.
Am J Sports Med 47(4), 922–927.
19. Yamamoto N, Muraki T, An KN, Sperling JW, Coﬁeld RH,
Itoi E, Walch G, Steinmann SP (2013) The stabilizing
mechanism of the Latarjet procedure: A cadaveric study.
J Bone Joint Surg Am 95(15), 1390–1397.
20. Thomas SC, Matsen FA (1989) An approach to the repair of
avulsion of the glenohumeral ligaments in the management of
traumatic anterior glenohumeral instability. J Bone Joint Surg
71(4), 506–513.
21. Gerber C, Nyffeler RW (2002) Classiﬁcation of glenohumeral
joint instability. Clin Orthop Relat Res 400, 65–76.
22. Lewis A, Kitamura T, Bayley JIL (2004) The classiﬁcation of
shoulder instability: New light through old windows! Current
Orthop 18, 97–108.
23. Kuhn JE (2010) A new classiﬁcation system for shoulder
instability. Br J Sports Med 44(5), 341–346.
24. Owens BD, Burns TC, De Berardino TM (2012) Examination and
classiﬁcation of instability. In: Shoulder instability a compre
hensive approach. Philadelphia, Provencher and Romeo Elsevier.
25. Neer CS 2nd, Foster CR (1980) Inferior capsular shift for
involuntary inferior and multidirectional instability of the shoulder.
A preliminary report. J Bone Joint Surg Am 62(6), 897–908.
26. Silliman JF, Hawkins RJ (1991) Current concepts and recent
advances in the athlete’s shoulder. Clin Sports Med 10(4),
693–705.
27. Gerber C, Ganz R (1984) Clinical assessment of instability of
the shoulder. With special reference to anterior and posterior
drawer tests. J Bone Joint Surg Br 66(4), 551–556.
28. Gagey OJ, Gagey N (2001) The hyperabduction test. J Bone
Joint Surg Br 83(1), 69–74.

D. Moya et al.: SICOT-J 2021, 7, 48
29. Jobe CM (1996) Superior glenoid impingement. Current
concepts. Clin Orthop Relat Res 330, 98–107.
30. Kim Seung-Ho (2005) The Kim test: a novel test for
posteroinferior labral lesion of the shoulder – a comparison to
the jerk test. Am J Sports Med 33(8), 1188–1192.
31. Swindell HW, McCormick KL, Tedesco LJ, et al. (2020)
Shoulder instability, performance, and return to play in National
Hockey League players. JSES Int 4(4), 786–791.
32. Bottoni CR, Wilckens JH, DeBerardino TM, et al. (2020) A
prospective, randomized evaluation of arthroscopic stabilization
versus nonoperative treatment in patients with acute, traumatic,
ﬁrst-time shoulder dislocations. Am J Sports Med 30(4), 576–580.
33. Handoll HH, Almaiyah MA, Rangan A (2004) Surgical versus
non-surgical treatment for acute anterior shoulder dislocation.
Cochrane Database Syst Rev (1), CD004325. PMID: 14974064.
34. Jakobsen BW, Johannsen HV, Suder P, Sojbjerg JO (2007)
Primary repair versus conservative treatment of ﬁrst-time
traumatic anterior dislocation of the shoulder: A randomized
study with 10-year follow-up. Arthroscopy 23(2), 118–123.
35. Kho J, Kholinne E, Lim S, et al. (2019) Arthroscopic bare spot
method underestimates true bone defect in bony Bankart lesion.
Arch Orthop Trauma Surg 139(9), 1269–1275.
36. Buss DD, Lynch GP, Meyer CP, Huber SM, Freehill MQ (2004)
Nonoperative management for in-season athletes with anterior
shoulder instability. Am J Sports Med 32(6), 1430–1433.
37. Brophy RH, Marx RG (2009) The treatment of traumatic
anterior instability of the shoulder: Nonoperative and surgical
treatment. Arthroscopy 25(3), 298–304.
38. Streubel PN, Krych AJ, Simone JP, et al. (2014) Anterior
glenohumeral instability: a pathology-based surgical treatment
strategy. J Am Acad Orthop Surg 22(5), 283–294.
39. Lacheta L, Dekker TJ, Anderson N, Goldenberg B, Millett PJ
(2019) Arthroscopic knotless, tensionable all-suture anchor
Bankart repair. Arthrosc Tech 8(6), e647–e653. PMID:
31334024; PMCID: PMC6624186.
40. Slabaugh MA, Friel NA, Wang VM, Cole BJ (2010) Restoring
labral height for treatment of Bankart lesions: A comparison of
suture anchor constructs. Arthroscopy 26, 587–591.
41. Leroux TS, Saltzman BM, Meyer M, et al. (2017) The inﬂuence
of evidence-based surgical indications and techniques on failure
rates after arthroscopic shoulder stabilization in the contact or
collision athlete with anterior shoulder instability. Am J Sports
Med 45(5), 1218–1225.
42. Uchiyama Y, Handa A, Shimpuku E, Omi H, Hashimoto H,
Imai T, Watanabe M (2017) Open Bankart repair plus inferior
capsular shift versus arthroscopic Bankart repair without
augmentations for traumatic anterior shoulder instability: A
prospective study. J Orthop Surg (Hong Kong) 25(3),
2309499017727947.
43. Yamamoto N, Kijima H, Nagamoto H, Kurokawa D, Takahashi H,
Sano H, Itoi E (2015) Outcome of Bankart repair in contact versus
non-contact athletes. Orthop Traumatol Surg Res: OTSR 101(4),
415–419.
44. Virk MS, Manzo RL, Cote M, Ware JK, Mazzocca AD, Nissen
CW, Shea KP, Arciero RA (2016) Comparison of time to
recurrence of instability after open and arthroscopic Bankart repair
techniques. Orthop J Sports Med 4(6), 2325967116654114.
45. Latarjet M (1958) Technic of coracoid preglenoid arthroereisis
in the treatment of recurrent dislocation of the shoulder. Lyon
Chir 54(4), 604–607.
46. Burkhart SS, De Beer JF (2000) Traumatic glenohumeral bone
defects and their relationship to failure of arthroscopic Bankart

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

9

repairs: Signiﬁcance of the inverted-pear glenoid and the humeral
engaging Hill-Sachs lesion. Arthroscopy 16(7), 677–694.
Patte D, Bernageau J, Bancel P (1985) The anteroinferior
vulnerable point of the glenoid rim. In: Surgery of the shoulder,
Bateman Welsch, Editor. New York, Marcel Dekker, pp. 94–99.
Shaha JS, Cook JB, Song DJ, et al. (2015) Redeﬁning
“critical” bone loss in shoulder instability: functional outcomes
worsen with “subcritical” bone loss. Am J Sports Med 43(7),
1719–1725.
Di Giacomo G, Peebles LA, Pugliese M, Dekker TJ,
Golijanin P, Sanchez A, Provencher MT (2020) Glenoid track
instability management score: Radiographic modiﬁcation of the
instability severity index score. Arthroscopy 36(1), 56–67.
PMID: 31864596.
DeBeer JF, Roberts C (2010) Glenoid bone defects open
Latarjet with congruent arc modiﬁcation. Orthop Clin North Am
41(3), 407–415.
Bathia D, Kandhari V (2019) Bone defect–induced alteration in
glenoid articular surface geometry and restoration with coracoid
transfer procedures: A cadaveric study. J Shoulder Elbow Surg
28(12), 2418–2426.
Lafosse L, Arthroscopic Boyle S (2010) Arthroscopic Latarjet
procedure. J Shoulder Elbow Surg, 19(2 Suppl), 2–12. PMID:
20188263.
Leuzinger J, Brzoska R, Métais P, Clavert P, Nourissat G,
Walch G, Smolen D, Lafosse L (2019) Learning curves in the
arthroscopic Latarjet procedure: A multicenter analysis of the
ﬁrst 25 cases of 5 International Surgeons. Arthroscopy 35(8),
2304–2311. Epub 2019 Jul 23. PMID: 31350087.
Eden R (1918) Zur operation der habituellen Schulterluxation
under Mitteilung eines neuen verfahrens bei Abrib am inneren
Pfannenranden. Dtsch Z Fur Chirmn 144, 269–280.
Hybinette S (1932) De la transplantation d’un fragment osseux
pour remedier aux luxations recidivantes de l’epaule; constatations et resultats operatoires. Acta Chir Scand 71, 411–415.
Lunn JV, Castellano-Rosa J, Walch G (2008) Recurrent anterior
dislocation after the Latarjet procedure: Outcome after revision
using a modiﬁed Eden-Hybinette operation. J Shoulder Elbow
Surg 17(5), 744–750.
Taverna E, D’Ambrosi R, Perfetti C, Garavaglia G (2014)
Arthroscopic bone graft procedure for anterior inferior glenohumeral instability. Arthrosc Tech 3(6), e653–e660.
Taverna E, Garavaglia G, Perfetti C, Ufenast H, Sconﬁenza LM,
Guarrella V (2018) An arthroscopic bone block procedure is
effective in restoring stability, allowing return to sports in cases
of glenohumeral instability with glenoid bone deﬁciency. Knee
Surg Sports Traumatol Arthrosc 26(12), 3780–3787.
Hachem AI, Del Carmen M, Verdalet I, Rius J (2019)
Arthroscopic bone block cerclage: A ﬁxation method for
glenoid bone loss reconstruction without metal implants.
Arthrosc Tech 8(12), 1591–1597.
Russo R, Maiotti M, Taverna E, Rao C (2018) Arthroscopic
bone graft procedure combined with arthroscopic subscapularis
augmentation for recurrent anterior instability with glenoid bone
defect. Arthrosc Tech 7(6), 623–632.
Tytherleigh-Strong G, Aresti N, Begum R (2020) Revision
guided suture-button bone block stabilization of the shoulder in
the presence of signiﬁcant retained glenoid metalwork. JSES Int
4(4), 803–813.
Tokish JM, Fitzpatrick K, Cook JB, Mallon WJ (2014) Arthroscopic distal clavicular autograft for treating shoulder instability
with glenoid bone loss. Arthrosc Tech 3(4), e475–e481.

10

D. Moya et al.: SICOT-J 2021, 7, 48

63. Provencher MT, Ghodadra N, LeClere L, Solomon DJ, Romeo
AA (2009) Anatomic osteochondral glenoid reconstruction for
recurrent glenohumeral instability with glenoid deﬁciency using
a distal tibia allograft. Arthroscopy 25(4), 446–452. Epub 2008
Dec 18. PMID: 19341934.
64. Frank RM, Romeo AA, Richardson C, Sumner S, Verma NN,
Cole BJ, Nicholson GP, Provencher MT (2018) Outcomes of
Latarjet versus distal tibia allograft for anterior shoulder
instability repair: A matched cohort analysis. Am J Sports
Med 46(5), 1030–1038. Epub 2018 Feb 1. PMID: 29389219.
65. Smucny M, Miniaci A (2017) A new option for glenoid
reconstruction in recurrent anterior shoulder instability. Am J
Orthop (Belle Mead NJ) 46(4), 199–202. PMID: 28856347.
66. Kwapisz A, Fitzpatrick K, Cook JB, Athwal GS, Tokish JM
(2018) Distal clavicular osteochondral autograft augmentation
for glenoid bone loss: A comparison of radius of restoration
versus Latarjet graft. Am J Sports Med 46(5), 1046–1052.

67. Hudson PW, Pinto MC, Brabston EW, et al. (2020) Distal clavicle
autograft for anterior-inferior glenoid augmentation: A comparative cadaveric anatomic study. Should Elb 12(6), 404–413.
68. Camus D, Domos P, Berard E, Toulemonde J, Mansat P,
Bonnevialle N (2018) Isolated arthroscopic Bankart repair vs.
Bankart repair with “remplissage” for anterior shoulder instability with engaging Hill-Sachs lesion: A meta-analysis. Orthop
Traumatol: Surg Res 104(6), 803–809. ISSN 1877-0568.
69. Purchase RJ, Wolf EM, Hobgood ER, Pollock ME, Smalley CC
(2008) Hill-sachs “remplissage”: An arthroscopic solution for
the engaging hill-sachs lesion. Arthroscopy 24(6), 723–726.
PMID: 18514117.
70. Frantz TL, Everhart JS, Cvetanovich GL, et al. (2020) What are
the effects of remplissage on 6-month strength and range of
motion after arthroscopic Bankart repair? A multicenter cohort
study. Orthop J Sports Med 8(2), 2325967120903283. PMID:
33283013; PMCID: PMC7686606.

Cite this article as: Moya D, Aydin N, Yamamoto N, Simone JP, Robles PP, Tytherleigh-Strong G, Gobbato B, Kholinne E & Jeon I-H
(2021) Current concepts in anterior glenohumeral instability: diagnosis and treatment. SICOT-J 7, 48

