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ABSTRACT

Introduction: The approach and treatment of glenohumeral bone defects have evolved intending to provide more individualized
management for patients. However, to date, there are no articles that compile these historical advances. Objective: To describe
the most relevant literature on the diagnostic analysis and therapeutic options for glenohumeral bone defects reported in the last 20
years. Materials and Methods: A search was conducted in the PubMed database with the terms “Glenoid defect; “Humeral defect]
“Shoulder instability” and “Glenoid track; filtered by year from 2000 to 2021. Studies published in English and Spanish, involving adult
patients, were included. Results: We reviewed a total of 56 articles. A narrative chronological review of the approach to glenohu-
meral bone defects in anterior instability was performed. Conclusions: Technological advances have allowed the development of
evaluation and management algorithms aimed at achieving the best outcomes according to the characteristics of each patient. To
date, the current literature recommends surgical treatment of instability based on the objective measurement of glenohumeral bone
defects, for which arthroscopy and 3D reconstruction tomography offer the most accurate quantification.
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Level of Evidence: IV. Narrative review

Defectos 6seos glenohumerales: Un recorrido en los avances diagndsticos y terapéuticos durante los
ultimos 20 afos

RESUMEN

Introduccion: El abordaje y el tratamiento de los defectos 6seos glenohumerales han evolucionado en miras de brindar un manejo
mas individualizado para los pacientes. Sin embargo, hasta la fecha, no existen articulos que recopilen dichos avances histdricos.
Objetivo: Describir la bibliografia mas relevante sobre el analisis diagnéstico y las opciones terapéuticas de los defectos 6seos
glenohumerales en los Ultimos 20 afios. Materiales y Métodos: Se realiz6 una busqueda en la base de datos PubMed con los
términos “Glenoid defect; “Humeral defect; “Shoulder instability” y “Glenoid track] filtrada por afio desde 2000 hasta 2021. Se incluy-
eron estudios publicados en inglés y espafol, de pacientes adultos.

Resultados: En la busqueda, se revisaron 56 articulos segun los criterios planteados. Se llevé a cabo una revision narrativa cro-
noldgica sobre el abordaje de los defectos 6seos glenohumerales en inestabilidad anterior. Conclusiones: Los avances tecnoldgi-
cos han permitido desarrollar algoritmos de evaluacion y manejo dirigidos a lograr los mejores desenlaces segun las caracteristicas
de cada paciente. La bibliografia actual recomienda el tratamiento quirdrgico basado en la medicién objetiva de los defectos 6seos
glenohumerales, para lo cual la artroscopia y la tomografia con reconstruccién 3D ofrecen la cuantificacion mas acertada.
Palabras clave: Defectos dseos glenohumerales; inestabilidad del hombro; pista glenoidea; lesiones de Hill-Sachs.

Nivel de Evidencia: IV Revision narrativa

INTRODUCTION

The wide range of motion of the glenohumeral joint occurs at the expense of a demand on multiple mecha-
nisms to preserve joint stability. Different dynamic and static components are essential to preserve joint congru-
ence and, in this way, make movement effective in the different planes. The bony static components involve the
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humeral head that articulates with a glenoid fossa that is comparatively smaller, concave, and shallow. At rest,
the concavity-compression effect secondary to negative intra-articular pressure is the main stabilizing factor of
the joint. Other stabilizers, known as the dynamic stabilizers, including the capsule, the glenohumeral ligaments,
and the rotator cuff, are important in varying degrees of motion. From the bone point of view, the characteristics
of the glenoid fossa, specifically its depth, its width and its version, as well as the position of the scapula, can
alter joint stability.'

In the 16th century, Ambroise Paré, considered the father of modern surgery, described glenohumeral disloca-
tions and considered those associated with fractures to be complex.> Nowadays, it is known that, in episodes of
acute dislocation and its recurrences, bone injuries can be generated either by fractures, by loss due to attrition,
or by impaction both at the glenoid and humeral levels.’ These are known as glenohumeral bone defects, which
have an impact on therapeutic decision-making when approaching a patient with shoulder instability.

The analysis of glenohumeral bone defects has been the subject of study and debate in shoulder surgery for the
last 20 years, changing as arthroscopic techniques and imaging studies have evolved. This has enabled modifica-
tions in treatment and its postoperative outcomes. In this narrative review, we present the most relevant literature
in sections divided by five-year periods.

2000-2005 A NEW MILLENNIUM BEGINS

In 2000, Burkhart and De Beer published one of the most relevant articles on glenohumeral instability.* In
an analysis of cases of traumatic glenoid defects and their relationship with therapeutic failure using Bankart
surgery, they established that arthroscopic Bankart surgery obtains the same outcomes as open surgery if there
are no glenoid bone defects. These findings were initially described as “inverted pear” due to their arthroscopic
appearance. In addition, they described, for the first time, humeral defects as significant Hill-Sachs lesions if they
generate engagement with the anterior rim of the glenoid in a functional athletic position (abduction of 90° com-
bined with external rotation from 0 to 135°). They proposed treatment with capsular shift or humeral osteotomy
and considered that glenoid defects required bone grafts to recover stability, that the procedure of transferring the
coracoid to the anterior rim of the glenoid, better known as the Latarjet procedure, was preferred.’

Later, in 2002, the same authors suggested an arthroscopic method to establish a more precise quantification of
glenoid defects.® In the same year, when studying patients with Bankart lesions with a bone component, Porcel-
lini et al. found that arthroscopic fixation with anchors in defects of less than 25% allowed return to sport in 92%
of patients.” In 2004, using the arthroscopic method of quantification of Burkhart defects, Lo et al. noted that the
“inverted pear” shape requires a bone loss of at least 25-27% of the inferior glenoid, and for its treatment, they
recommended bone grafts in order to restore the anatomy.®

2006-2010 THE YEARS OF GREATEST FRENCH INFLUENCE

In 2007, in France, Boileau, after carrying out a study to identify risk factors for recurrence with Bankart
surgery,”'® published the ISIS score (Instability Severity Index Score), which takes into account factors such
as age, sports participation and the type of sport, as well as characteristics in conventional radiography of bone
defects and ligament hyperlaxity.'" Since then, the ISIS score has become one of the most used tools for making
therapeutic decisions between Bankart-type arthroscopic surgeries or open procedures, such as Latarjet surgery,
to prevent recurrence of instability.

Likewise, in 2007, Yamamoto introduced the concept of the “glenoid track”, analyzing the contact area be-
tween the humeral head and the glenoid in different abduction positions, in a cadaveric study. The glenoid track
corresponds to 84% of the glenoid surface, if there are no bone defects. This author concluded that defects in
the humeral head can engage with the anterior rim of the glenoid with movements of the shoulder in flexion and
abduction, when the humeral defect extends medially over the medial margin of the track. 2

After proposing the arthroscopic measurement technique in 2002, Chuang exposes, in 2007, a method for
the pre-surgical quantification of glenoid defects by means of computed tomography with three-dimensional
reconstruction (3D CT)."® One year later, using multiplanar reconstruction tomography and quantitative analysis,
d’Elia et al. reccommended bone grafting procedures for defects greater than 20%.!
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In 2009, in a cadaveric study to calculate the defects that cause instability, Yamamoto and Itoi found that defects
located in the anterior portion of the glenoid of 6 mm, equivalent to 20%, generate significant anterior instability.'
Bollier and Arciero published an algorithm and set a 20% limit to indicate Latarjet surgery.'®

During the same year, when making a synthesis of the evidence available up to that moment, Provencher pro-
posed an algorithm calculating the defects with preoperative 3D CT or arthroscopic evaluation (Figure). Defects
<15% in the glenoid are not significant, while those >30% are indicated for bone augmentation with grafting or
Latarjet surgery. For the gray zone located between 15% and 30%, which would later be defined as “subcritical
defects”, it is proposed to consider the clinical characteristics of the patient in terms of their functional demand
and sports practice.'

Conservative treatment
failure

Quantify bone loss.
Preoperative: inferior glenoid surface area %
Intraoperative: arthroscopic evaluation of loss
of the anterior width as described by Lo et al.

<15% of width loss
(<10% of segment area)

15-20% width loss
(10-25% of segment area)

>30% width loss
(>25% of segment area)

Bone restoration may be

gare sE el needed depending on patient

Bone loss must be

ignored o restored
Isolated soft tissue Consider patient-specific
stabilization shoulder demands Bone fragment Bone fragment
available not available
Avrthroscopic or open Glenoid
. stabilization with fixation Glenoid augmentation
Low demand High demand or reduction of the bone augmentation with iliac crest
fragment bone graft
Soft tissue stabilization Bone fragment Bone fragment gt?;iﬂi;
plus bone fragment avallable not available
incorporation
(if available)
Defect Defect
<20-25%: >20-25%:
Arthroscopic
stabilization with
incorporation of the Stabilization of soft Consider glenoid augmentation
bone fragment tissue only (Latarjet or iliac crest bone graft)

Figure. Algorithm for the surgical management of glenoid bone loss. Adapted from: Piasecki DP, Verma NN, Romeo AA,
Levine WN, Bach BR Jr., Provencher MT.Glenoid bone deficiency in recurrent anterior shoulder instability: Diagnosis and
management. J Am Acad Orthop Surg 2009;17(8):482-93.
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2011- 2015 THE IMPORTANCE OF ENGAGEMENT ON OR OFF THE TRACK

In 2011, Bhatia carried out a systematic review of level I evidence studies, and proposed 25% as the limiting
defect for recommending bone procedures. In this publication, he stressed the importance of quantifying the de-
fects and taking into account the age and sports participation of the patients when choosing the type of surgery,
especially with borderline defects.'” Focusing on the analysis of Hill-Sachs injuries, in a biomechanical study
in 2012, Guiles compared surgical alternatives for the treatment of humeral defects such as remplissage (filling
of the Hill-Sachs bone defect with capsule and infraspinatus tendon), resurfacing, and the use of allografts. He
showed that all procedures are effective in improving stability, with the exception that remplissage decreases ex-
ternal rotation.'® In an analysis of Hill-Sachs lesions, Provencher defined them as frequent lesions that require a
study of their size, orientation, and other concomitant glenoid or capsulolabral lesions. He indicated that humeral
defects >30% merit surgical management with combined procedures, such as arthroplasty, allografts, remplis-
sage, and resurfacing."

A few years later, in a study of 100 patients with instability, Kurokawa established the prevalence of Hill-Sachs
lesions was 94% and that 7% of them had medial extension with respect to the glenoid track.” In 2013, Metzger
published a clinical study to apply the concept of the glenoid track explained in cadaveric studies by Yamamoto et
al. As a result, he noted that 13% of patients with instability and Hill-Sachs injury are at risk of injury engagement
with bipolar injuries off the glenoid track. 85% of these patients show functional engagement on examination un-
der anesthesia. This engagement can be predicted before surgery with precise measurements on diagnostic images
and is related to the patient’s age and recurrence episodes. He stressed the importance of evaluating the lesions in
a bipolar way, considering that bone defects at the glenoid and humeral levels are enhanced, increasing the risk of
recurrence.’’ In the middle of this same year, in a comparative study between the different imaging options for the
study of glenohumeral bone defects, Bishop et al. stated that 3D CT is the most reliable study to quantify glenoid
defects.”

In 2014, Di Giacomo et al. synthesized previously established concepts, looking for an arthroscopic and radio-
logical way to analyze bipolar lesions and quantify humeral defects to predict their engagement at the glenoid lev-
el. With this method, the engaged lesion is called an off-track Hill-Sachs injury, according to its size and whether
its medial margin is more internal than the glenoid track, which generates a lack of bone support to the injury.
Based on this quantification, they created a treatment paradigm, categorizing the findings in four types of patients,
according to glenoid defects (< or >25%) and type of Hill-Sachs lesion (on-track vs. off-track) (Tables | and 2).
Based on this categorization, the therapeutic decision is proposed, ranging from arthroscopic Bankart surgery to
Latarjet surgery. The authors’ recommendation is to convert Hill-Sachs injuries from off-track to on-track, with
procedures such as bone grafting or remplissage to restore stability.”*

Later, in 2015, Shaha et al. conducted a study on a military population and found that <20% defects treated with
Bankart stabilization may have poor functional outcomes. Based on a quartile analysis of bone loss, they defined
defects >13.5% as “subcritical” in the active population with high functional demand.* This concept of subcritical
defects calls into question the previous limit of 20% for recommending bone stabilization procedures and high-
lights the need to assess the patient’s functional environment and sports demand. This would be reconsidered by
the group of Yamamoto et al. in 2019, who, when evaluating a civilian population of young athletes or patients with
high functional demand, defined a subcritical glenoid bone loss as that between 17% and 25%.%
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Table 1. Anterior instability categories

Glenoid defect Hill-Sachs lesion

1 <25% On-track
2 <25% Off-track
3 >25% On-track
4 225% Off-track

Adapted from: Di Giacomo G, Itoi E, Burkhart SS. Evolving concept of bipolar bone loss and the Hill-Sachs lesion: From “engaging/non-Engaging” lesion to
“on-track/oft-track” lesion. Arthroscopy 2014;30(1):90-8.

Table 2. Treatment paradigm

Recommended treatment

1 Arthroscopic Bankart repair

2 Arthroscopic Bankart repair plus remplissage

3 Latarjet surgery

4 Latarjet surgery with or without humeral procedures (humeral bone grafting or remplissage) depending on

the engagement of the Hill-Sachs lesion after the Latarjet procedure.

Adapted from: Di Giacomo G, Itoi E, Burkhart SS. Evolving concept of bipolar bone loss and the Hill-Sachs lesion: From “engaging/non-Engaging” lesion to
“on-track/off-track” lesion. Arthroscopy 2014;30(1):90-8.

2016-2021 THE NON-FRENCH INFLUENCE TIPS THE BALANCE

As of 2016, two studies focused on evaluating the association of bone defects measured on imaging with the
natural evolution of instability and its clinical-functional impact. McNeil et al. performed an analysis of glenoid
bone loss from attrition, and found that it increased along the duration of instability symptoms.*® For their part,
Wolke et al. found a relationship between imaging findings and bone loss quantified with functional scores for
specific scales of shoulder function and quality of life (WOSI, Rowe, SSV).”” Three years later, Dickens published
one of the first studies evaluating the impact of the natural evolution of shoulder instability on bone defects. In it,
he identified that, after the first episode of dislocation, a bone loss of 6.8% can be generated in the anterior rim of
the glenoid. Considering the impact of bone defects on instability, the study suggested considering early surgical
stabilization in a young, athletic population.”

As of 2017, several authors questioned the reliability of tomographic or arthroscopic measurement strategies for
bone defects. Moroder et al. stated that there was a lack of standardization of protocols for taking and measuring
tomographic images to quantify glenoid defects.” Later, in 2019, Funakoshi explained that there was a discrep-
ancy between calculations of bipolar defects in surgical planning with tomography and intraoperative findings
by arthroscopy.*® For their part, after a systematic literature review, Gowd et al. detected an inconsistency in the
analysis of Hill-Sachs lesions, observing that only 3.2% of the studies quantify humeral defects.’' In 2019, Yama-
moto introduced the new concept of on-track injuries. In his analysis, he divided the glenoid track into four zones.
According to the authors, peripheral Hill-Sachs lesions, which take up more than 75% of the glenoid track, have
worse functional outcomes.*
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At the end of 2020, a fundamental study on changing understanding and therapeutic decisions in shoulder insta-
bility was published. Complementing the Boileau current given by the ISIS scale with the concept of the glenoid
track, Di Giacomo et al. proposed the GTIMS (Glenoid Track Instability Management Score) (Table 3), a new
treatment algorithm that combines the concept of the glenoid track with the risk factors of the ISIS scale, using
advanced tomography images. With this new instrument, a more conservative treatment indication is obtained
than with the ISIS score, which recommends twice as many Latarjet surgeries, with equally satisfactory clinical
outcomes.*

Table 3. GTIMS (Glenoid Track Instability Management Score)

Age at the time of surgery (years)

<20 years 2

>20 years 0
Sport type

Contact or overhead 1

Other 0

Level of sports competition
Competitive 2
Recreational/none 0
Shoulder hypermobility
Confirmed anterior or inferior hypermobility 1
Normal mobility 0

Evaluation of bone loss in 3D tomography

On-track 0
Off-track 4
Total GTIMS 10

Adapted from: Di Giacomo G, Peebles LA, Pugliese M, Dekker TJ, Golijanin P, Sanchez A, et al. Glenoid track instability management score: Radiographic
modification of the Instability Severity Index Score. Arthroscopy 2020;36(1):56-67.

Also in 2020, Rossi et al. published an expert consensus using the Delphi technique on the management of
glenohumeral instability with associated bone loss. The consensus concluded that a history of recurrent instability
and failed soft tissue surgery makes it necessary to suspect bone defects. In addition, according to the experts, the
image of choice for their study is 3D CT using the “en face” view as the most accurate method for measuring the
glenoid. In contrast to this, they pointed out that Hill-Sachs lesions, even to this date, are poorly quantified and
classified. Finally, they recommended the bone stabilization procedure for glenoid defects >20%.%*

Finally, Yamamoto and Itoi enunciated the concept of the central track or peripheral track, subdividing the gle-
noid track into four zones that include the Hill-Sachs occupation of the track. For on-track injuries at the level of
its central configuration, they proposed treatment with Bankart arthroscopic surgery, given the low probability of
being engaged. Unlike what happens with on-track defects within the peripheral portion, if the patient is a contact
athlete, stabilization with Latarjet surgery or remplissage is recommended. On the other hand, if he or she performs

Rev Asoc Argent Ortop Traumatol 2022; 87 (4): 570-578 « ISSN 1852-7434 (online)

575



A. Mejia-Grueso et al.

any non-contact sports practice, arthroscopic stabilization with Bankart surgery is recommended. This recom-
mendation is based on the worse results on the WOSI scale without recurrent instability in patients with peripheral
lesions within the glenoid track (occupation >75% of the glenoid track).*

CONCLUSIONS

Shoulder dislocations can lead to glenohumeral bone defects that are associated with significant symptoms of
instability. During the last two decades, many authors have made significant contributions to these defects, which
have allowed them to modify both the approach to patients, as well as the therapeutic options and their postopera-
tive outcomes. Currently, we know that 3D CT and arthroscopy are essential tools for the evaluation of bone de-
fects, although there is still no perfect method to quantify them. Likewise, the introduction of the categorization of
Hill-Sachs lesions as on-track or off-track gives us a treatment paradigm to guide surgical therapeutic decisions. In
general, all the contributions point to a common idea, in which it is concluded that the treatment must be oriented
in a holistic and individual way for each patient, according to their age, functional environment, sports demand,
and glenohumeral bone defect.

Finally, the evolutionary path has not been entirely easy, it presented contrasts between important currents, such
as the case of the French school that defends Latarjet surgery, which has been attacked by the American influence.
The current literature leans toward treatment directed by objective measurement of glenoid defects, and there is a
trend toward specialized diagnosis and treatment.
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