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ABSTRACT
Objective: To evaluate the evolution of bone defect size in pa-
tients with glenohumeral instability in which first surgery has 
failed.
Material and methods: The study involved 9 patients subject-
ed to arthroscopic Bankart repair due to anterior instability and 
who suffered recurrence after the operation. Magnetic reso-
nance imaging was used to analyse the size of the bone defects 
and glenohumeral tracking before surgery and after surgical fail-
ure. The size and depth of the Hill-Sachs lesion and the glenoid 
defect percentage were determined.
Results: Following surgical failure, both the Hill-Sachs lesion 
and the glenoid defect increased in size. The diameter of the 
Hill-Sachs lesion increased from a mean of 1.37 cm to 1.54 cm 
(p = 0.004), and the depth of the humeral defect increased from 
0.38 cm to 0.48 cm (p = 0.1). The glenoid bone defect increased 
from 9.62% to 18.7% (p = 0.006). No correlation was found be-
tween the size of the glenoid defect and the size of the Hill-
Sachs lesion. The number of off-track lesions increased from 1 to 
7 after surgical failure.
Conclusions: Bone defects in patients with shoulder instability 
increase in size after failed arthroscopic Bankart repair surgery, 
with an increased incidence of off-track lesions secondary to 
treatment failure.
Level of evidence: level of evidence IV (case series).
Clinical relevance: the present study evaluates the increase in bone 
defect size in patients with anterior shoulder instability when re-
lapse occurs following surgical failure. Failed arthroscopic Bankart 
repair results in greater secondary glenoid cavity involvement 
compared with humeral head lesions, drastically modifying gleno-
humeral tracking with respect to the situation prior to surgery.

RESUMEN
Evolución de los defectos óseos glenohumerales tras el fracaso 
de la reparación de Bankart artroscópica. Estudio de una serie 
de casos

Objetivo: estudiar la evolución del tamaño de los defectos 
óseos en pacientes con inestabilidad glenohumeral en los que 
la primera cirugía ha fracasado.
Material y métodos: se estudiaron 9 pacientes intervenidos por 
inestabilidad anterior mediante reparación artroscópica de le-
sión de Bankart que recurrieron tras la operación. Mediante re-
sonancia magnética se analizó el tamaño de los defectos óseos 
y el tracking glenohumeral antes de la cirugía y después de que 
esta fracasase. Se determinó el tamaño y la profundidad de la 
lesión de Hill-Sachs y el porcentaje del defecto glenoideo.
Resultados: tras fracasar la cirugía, tanto la lesión de Hill-Sachs 
como el defecto glenoideo aumentaron de tamaño. El diámetro 
del Hill-Sachs pasó de 1,37 cm de media a 1,54 cm (p = 0,004); 
la profundidad del defecto humeral pasó de 0,38 a 0,48 cm 
(p = 0,1). El defecto óseo glenoideo aumentó del 9,62% al 18,7% 
(p = 0,006). No se encontró correlación entre el tamaño del de-
fecto glenoideo y el tamaño de la lesión de Hill-Sachs. El número 
de lesiones off track aumentó de 1 a 7 al fracasar la cirugía.
Conclusiones: los defectos óseos presentes en pacientes con 
inestabilidad de hombro aumentan de tamaño al fracasar la ci-
rugía de reparación de Bankart artroscópica y se produce una 
mayor incidencia de lesiones off track al fracasar el tratamiento.
Nivel de evidencia: nivel de evidencia IV (serie de casos).
Relevancia clínica: el presente estudio evalúa cómo aumentan de 
tamaño los defectos óseos presentes en casos de inestabilidad an-
terior de hombro cuando se producen recidivas tras el fracaso de la 
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Introduction

The prevalence of bone lesions associated to anterior gle-
nohumeral instability has been widely described in the 
literature. Bone lesions associated to anterior instabili-
ty comprise Hill-Sachs lesion, or posterolateral humer-
al head compression fracture, and bony Bankart lesion, 
characterised by fracture or substance loss at the antero-
inferior glenoid margin(1). The presence of these bone de-
fects is a cause for concern among surgeons when treat-
ing patients with anterior shoulder instability.

In order to explain the role of these bone defects, in re-
cent years the concept of the "engaging" Hill-Sachs lesion, 
in which the bone defect extends beyond the glenoid cavity 
protective margin, has evolved into the concept of glenoid 
tracking – based on the contact area between the glenoid 
cavity and the humeral head, and the interaction between 
them(2,3). Specifically, those defects which despite their size 
maintain good contact between bone surfaces are consid-
ered to be on-track lesions, while those characterised by 
contact loss favouring dislocation are regarded as off-track 
lesions(4,5). Application of the glenohumeral tracking model 
has been shown to be a reliable predictor of the recurrence 
of instability(6), and there is a direct relationship between 
off-track lesions and arthroscopic surgery failure(7).

Although the success rate of the arthroscopic manage-
ment of instability is high, failure can occur, with the need for 
revision surgery. The reported relapse rate ranges between 
6-35%(8). The approach may vary from new arthroscopic revi-
sion surgery of the soft tissue lesions to open or arthroscop-
ic surgical techniques to manage the bone defects.

Little is known about the evolution of bone defects in 
cases where new dislocations appear following a first ar-
throscopic operation. Some authors have compared patients 
subjected to primary surgery versus patients subjected to re-
vision surgery, with the observation of a greater prevalence 
of defects in the latter(9). Nevertheless, it is not fully clear how 
these defects progress following dislocation recurrence or 
whether there is a possible relationship between increased 
glenoid bone damage and the humeral head defects.

The present study evaluates the changes in the pres-
ence and size of shoulder bone lesions in a series of pa-
tients subjected to arthroscopic Bankart repair due to 
shoulder instability and who subsequently suffered re-

currence of instability, performing a quantitative analysis 
based on magnetic resonance imaging data.

Material and methods

A retrospective review was made of those patients operated 
upon at our centre due to traumatic anterior shoulder in-
stability between 2014 and 2020. The study inclusion criteria 
were patients with shoulder instability and clinical manifes-
tations of relapsing luxation of traumatic origin, subjected 
to arthroscopic Bankart repair surgery, and who suffered re-
currence of instability at some point during postoperative 
follow-up. Patients over 55 years of age, as well as individuals 
with atraumatic instability, with previous revision surgeries, 
or with missing radiological data were excluded.

Descriptive parameters

The study data comprised the patient age at the time of 
the first operation, whether the dominant or the non-dom-
inant arm was involved, the presence of shoulder laxity at 
physical examination, the number of dislocations expe-
rienced before first surgery, and the total number of dis-
locations at the end of follow-up. We also recorded the 
number of times the patients required assisted reduc-
tion in the operating room. Retrospective application was 
made of the Instability Severity Index Score (ISIS)(10) before 
Bankart repair. The intraoperative findings and the asso-
ciated lesions were recorded from the surgical records 
of the patients. The moment during follow-up in which 
surgical failure occurred was documented, along with the 
number of luxation episodes and reductions under an-
aesthesia after failure of the first operation.

Measurement of bone defects and glenohumeral 
tracking

The magnitude of the bone defects and glenohumeral track-
ing of the shoulders was determined both before primary 
stabilisation surgery and after the recurrence of instability. 
The measurements were made by adapting the magnetic res-

Key words: Shoulder. Instability. Bankart. Hill-Sachs. Review. De-
fect.

operación. El fracaso de la intervención artroscópica de Bankart lle-
va a una mayor afectación secundaria de la glena en comparación 
con las lesiones de la cabeza humeral, modificando drásticamente 
el tracking glenohumeral respecto al previo a la intervención.

Palabras clave: Hombro. Inestabilidad. Bankart. Hill-Sachs. Re-
visión. Defecto.
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onance imaging-based glenoid tracking measurements de-
scribed by Gyftopoulos et al.(11,12). The magnitude of the glenoid 
cavity bone defect was determined from the coronal acquisi-
tions based on the best-fit circle technique(13). The critical bony 
Bankart threshold was defined as a defect of over 25% of the 
diameter of the glenoid cavity. However, since the most re-
cent literature lowers this threshold(14), we define a subcritical 
threshold with a detect of 15-25% of the glenoid cavity. Exam-
ination of the axial acquisitions determined the anteropos-
terior diameter of the defect of the humeral head, defining 
it as the Hill-Sachs interval (HSI), together with the depth of 
the lesion. The relationship between the HSI and the glenoid 
defect measurements determined whether the lesion was on-
track or off-track(15). We reviewed the preoperative magnetic 
resonance images as well as the surgical records of the first 
operation in search of other associated lesions.

The statistical analysis was performed using the PSPP 
1.4.1 package. All quantitative variables were assessed for 
normal data distribution using the Kolmogorov-Smirnov 
test. Paired sample comparisons were made, seeking cor-
relations between independent quantitative variables.  
Statistical significance was considered for p < 0.05.

Results

Out of 70 patients with anterior shoulder instability, we 
identified 11 cases of failed first surgery (15.7%). Two of 
these subjects were excluded due to a lack of test data be-
fore the first operation, thus leaving a total of 9 patients for 
evaluation in the study (Table 1).

The mean patient age at the time of first surgery was 
23.7 years (range 18-37). All of the patients were routinely in-

volved in some sports activity, with one military profession-
al who performed frequent high-demand exercise, and 7 
federated athletes. The mean ISIS score was 5 points (range 
2-8) before the operation.

The mean time from first surgery to the recurrence of 
instability was 12.4 months (range 3-36), and in three of the 
9 patients instability occurred while practicing their usual 
sports. Of the 9 patients, 7 suffered new shoulder disloca-
tions, while two subjects experienced repeated subluxation 
episodes. Five patients suffered dislocation during activi-
ties other than sports. One patient experienced relapse as 
a consequence of an epileptic crisis. The mean number of 
dislocation episodes after surgical failure was 1.3 (range 
0-5). Revision surgery was performed in 7 of the 9 cases. 
In four cases arthroscopic revision of the Bankart lesion 
was made, and in three of them ligamentoplasty was per-
formed according to the technique described by Cimiano 
and Sánchez(16), while in the fourth patient an open Latarjet 
procedure was carried out with arthroscopic remplissage of 
the humeral head. An open Latarjet procedure was decid-
ed in the remaining three cases. Three patients subjected 
to arthroscopic surgery resumed their sports activity at the 
same level as before relapse. One of the patients had to 
abandon the sport entirely, while the rest were able to re-
sume their sports activities albeit at a lower level.

Evolution of the bone defects and glenohumeral 
tracking

A comparative analysis was made of the dimensions of 
the shoulder bone defects before and after primary sur-
gery failure. An increase in lesion size was recorded for 

Table 1. Description of the patient sample

Patient (N) 1 2 3 4 5 6 7 8 9

Age 20 33 23 24 19 19 18 21 37

Sport Handball Cycling Football Football Handball Football Football Basketball Military

Dominant arm No No Yes No No No Yes No No

Presurgical

No. of luxations 3 1 4 1 2 4 3 4 2

No. of RUA 1 0 3 1 0 1 0 0 0

ISIS 8 2 5 3 6 6 8 3 4

Postsurgical

Months to relapse 3 4 6 8 6 36 9 28 12

Mechanism Luxation Instability Luxation Luxation Luxation Luxation Luxation Instability Luxation

Total luxations 4 1 5 2 3 6 8 4 3

ISIS: Instability Severity Index Score; RUA: reduction under anaesthesia
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both the humeral head and the glenoid cavity following 
failure of the previous operation (Figure 1). 

The mean HSI prior to surgery was 1.4 cm (range 0.8-
1.8). The mean HSI after surgical failure was 1.8 cm (range 
0.9-2.6 ); the difference proved statistically significant 
(p = 0.004). The mean depth of the Hill-Sachs lesion was 
0.4 cm (range 0.2-0.8) before the operation, versus 0.5 cm 
(range 0.25-0.8) after relapse. The differences were not 
significant (p=0.1).

The bony Bankart lesion showed the greatest increase 
in size between primary surgery, with a mean preopera-

tive defect of 9.6% (range 0-29%), and surgical failure, with 
a mean defect of 18.7% (range 8-36%). The differences 
were statistically significant (p=0.006). Only two of the 9 
patients had a preoperative glenoid defect of over 15%, 
while after surgical failure 6 patients had bone defects of 
over 15% and two subjects presented substance losses in 
excess of 25% (Figure 2).

Before primary Bankart surgery, only one of the 9 
shoulders presented an off-track lesion according to the 
head-glenoid cavity index. However, following the failure 
of Bankart repair, 7 of the 9 lesions were considered to be 
off-track.

On comparing the humeral bone defect with respect to 
the glenoid bone defect after surgical failure, no correla-
tion was found between the size or depth of the Hill-Sachs 
lesion and the size of the bony Bankart lesion. The corre-
lation coefficients between HSI and the bony Bankart de-
fect, between HSI and the depth of the Hill-Sachs lesion, 
and between the depth of the Hill-Sachs lesion and the 
bony Bankart defect were -0.19, 0.15 and 0.05, respectively, 
i.e., all very low and with p > 0.05. The number of episodes 
experienced or the number of reductions performed under 
anaesthesia likewise showed no correlation to the size of 
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Figure 1. Evolution of the bone defects before surgery and follow-
ing surgical failure. A: depth of the Hill-Sachs lesion; B: Hill-Sachs 
interval (HSI); C: Bony Bankart lesion as percentage.
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Figure 2. Magnetic resonance imaging view of a 19-year-old pa-
tient with glenohumeral instability and associated inferior gle-
nohumeral ligament damage (asterisk). A and B: preoperative 
axial and sagittal views. Note the integrity of the glenoid cavity 
and the Hill-Sachs lesion (arrow). The ligament lesion went un-
noticed and only arthroscopic Bankart repair was carried out. 
The patient suffered a new dislocation episode 6 months after 
the operation. D and E: axial and sagittal magnetic resonance 
imaging views after Bankart surgery failure. Note the increase 
in size of the Hill-Sachs lesion and important anterior glenoid 
cavity defect with respect to the presurgical magnetic resonance 
imaging study.
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the observed bone defects. In contrast, a moderate positive 
correlation was found between the number of luxation epi-
sodes and the preoperative ISIS (r = 0.77; p = 0.02).

Soft tissue lesions

Three of the 9 patients presented inferior glenohumeral 
ligament (IGHL) damage: in two cases this correspond-
ed to humeral avulsion of the glenohumeral ligaments 
(HAGL) and in the third case to tearing of the glenoid in-
sertion. Two patients presented type V superior labrum 
anterior and posterior (SLAP) tear, while one patient pre-
sented type IV SLAP tear. The remaining three patients had 
no additional lesions. In two of the cases with damage to 
the IGHL, the lesion was not initially detected or taken into 
account in the preoperative images, while in the third case 
the lesion was obviated in the arthroscopic treatment and 
only repair of the anteroinferior labrum was carried out. 
The SLAP lesions were detected during the surgical proce-
dure and treated by re-anchoring with implants. The pa-
tients with IGHL lesions presented the greatest degree of 
damage to the anterior glenoid cavity after surgical failure 
in the entire sample, with an increase from 5.4% on aver-
age (range 3.1-30) to 28.9% (range 20-36).

Discussion

The present study describes 9 cases of recurrent anteri-
or shoulder instability following first surgery, in which the 
bone lesions increased in size at both humeral level (Hill-
Sachs lesion) and in the anterior glenoid cavity region 
(bony Bankart lesion). Each lesion evolved independently 
(no correlation being observed between the increase in 
size of the Hill-Sachs lesion and the increase in size of the 
bony Bankart lesion), and the increase in size was more 
significant in the case of the anterior glenoid cavity lesion, 
which almost doubled its initial size.

The incidence of bone lesions in anterior shoulder 
instability is very high. Edwards et al., in a radiographic 
study of 160 patients, found the incidence of bone lesions 
to be up to 95%(17). Although studies have been made of 
the mechanism underlying the bone lesions, the concrete 
moment in which these defects are produced is not fully 
clear. While some authors consider that the defects oc-
cur at the time of luxation, others are of the opinion that 
they can appear during reduction or some time after the 
luxation episode. It seems that the size of the humeral 
head lesions in instability is greater in patients with a 
chronic course, several luxation episodes, and in cases 
with a longer interval between luxation and reduction(18). 
Other studies have found adolescence and a history of 
multiple luxations to be factors associated to the appear-
ance of off-track lesions and thus to a greater size of the 

pre-existing bone defects(19). Duchman et al.(9) found the 
bone defects to be more frequent and of greater size in 
patients subjected to instability revision surgery than in 
subjects with primary instability. However, to our knowl-
edge, no studies have focused on the natural evolution of 
these defects in a series of patients in which arthroscopic 
Bankart surgery has failed.

In our series, instability relapse after the operation 
resulted in an increased size of the bone lesions com-
pared with the size at the time of primary surgery. This 
increase in bone defects occurred with a low number of 
repeat luxation episodes (1.3 on average), and in two cas-
es was recorded simply in subluxation episodes, with no 
clear luxation as such.

The HSI was seen to increase significantly in all pa-
tients, suggesting that the diameter of the Hill-Sachs le-
sion increases as a result of the recurrence of instability. 
However, the depth of the lesion did not vary significantly 
with respect to the previous situation. We consider that 
this may be consistent with the mechanism causing the 
lesion through compression of the head against the gle-
noid cavity at shoulder dislocation(4).

With regard to the glenoid cavity, a very significant in-
crease in the size of the glenoid lesion was recorded with 
the appearance of new instability episodes. This increase 
in size was more notorious than that seen in the Hill-Sachs 
lesion. While the presurgical HSI ranged between 0.5-2 cm, 
and its increase was relatively uniform in all the patients, 
the size of the glenoid defect varied greatly from one pa-
tient to another, with some subjects presenting defects of < 
10% and others of 10-20%. Although the size of the glenoid 
defect increased with the presence of relapses in the same 
way as was seen with the HSI, in the glenoid cavity the in-
crease in lesion size almost doubled the initial size, result-
ing in defects of up to 15% in two-thirds of the patients. 
Damage of the glenoid cavity is important within the lesion 
mechanism, since a sufficiently large glenoid defect can 
produce instability over moderate motion ranges, particu-
larly in the presence of a sufficiently extensive Hill-Sachs 
lesion(4), while the Hill-Sachs lesion appears to be more 
associated to the abduction and external rotation mech-
anism, producing instability at the end of the arc of mo-
tion(20). Traditionally, a glenoid defect threshold of 25% was 
accepted as an indication for bone stop surgery instead of 
isolated Bankart repair. However, the evidence produced by 
the literature in recent years supports the advisability of 
lowering this threshold. Dickens et al. carried out a study 
in university American football players subjected to ar-
throscopic surgery for shoulder instability, and recorded a 
greater risk of relapse in those patients with a bony Bankart 
lesion of over 13.5%(21). Arciero et al.(14), in a meta-analysis, 
reported that glenoid defects of over 15% should be con-
sidered for open repair instead of laparoscopic repair. Ac-
cordingly, in our study the critical threshold of the glenoid 
defect was taken to be the traditional percentage of > 25%, 



Evolution of glenohumeral bone defects […]

Rev Esp Artrosc Cir Articul En. 2022;29(3):179-85184

and we defined a "subcritical" interval of 15-25% where an 
increased risk of recurrence could be estimated, according 
to these authors. Before undergoing surgery for the first 
time, only two of the patients in our series presented a gle-
noid defect of over 15%. However, following the recurrence 
of instability, 6 of the 9 patients exceeded the subcritical 
threshold. This progression clearly affects the relationship 
of the joint surfaces, altering glenoid tracking. Compared 
with a single patient with an off-track lesion at the time 
of primary arthroscopy, a total of 7 patients presented off-
track lesions following the recurrence of instability, due to 
the increase in the extent of the bone lesions.

The different evolution of each of the lesions confirms 
the findings of other authors. Ciais et al.(22) analysed the bone 
lesions of the radiographs of 30 patients with shoulder in-
stability and found no correlation between the size of the 
Hill-Sachs lesion and the loss of substance of the glenoid 
cavity. Our findings suggest that the Hill-Sachs lesion pro-
gresses to a lesser degree in cases of instability failure, while 
the glenoid cavity is affected to a much greater extent.

In our series, the three patients with glenoid defects of 
20% or more corresponded to individuals with associated 
humeral avulsion of the glenohumeral ligaments (HAGL) 
or inferior glenohumeral ligament (IGHL) damage.  The re-
lapses of these three patients with IGHL damage occurred 
earlier than in the rest of the patients: in all cases failure 
manifested within 6 months after the first operation (3, 
6 and 6 months). Humeral avulsion of the glenohumer-
al ligaments has been described as a cause of instabil-
ity recurrence even after successful Bankart surgery(23,24). 
Significant differences cannot be established in view of 
the limited sample size. However, we consider that this 
type of lesion should be taken into account, due to the 
early relapses and large glenoid defect sizes observed. 
Itoi et al. suggested that in the presence of a significant 
bone defect of the glenoid cavity, beyond a certain de-
gree of abduction, the head ceases to be contained by it, 
and the anteroinferior capsule becomes the only struc-
ture that can counter instability(4). We believe that loss of 
the retaining capacity of the capsule might generate much 
greater impact of the humeral head on the anteroinferior 
margin of the glenoid cavity, which could lead to greater 
substance loss in the event of relapse.

The main limitation of the present study is the fact 
that it is a retrospective case series review, with a very 
small sample size. This implies that although we may offer 
a detailed description of the evolution of the bone de-
fects in the event of failed arthroscopic Bankart surgery, 
no solid conclusions can be drawn, as this would require 
a larger sample size. This is particularly true in the case of 
the associated lesions, where IGHL damage is seen to po-
tentially have more serious consequences for the anterior 
glenoid cavity lesion, but no significant differences can be 
established due to the very small sample size (n = 3) that 
precludes comparative statistical testing.

Magnetic resonance imaging was used in our study 
to evaluate the bone lesions. This may come into conflict 
with the current recommendations, since computed to-
mography (CT) is considered to be the gold standard for 
the evaluation of bone defects and glenohumeral track-
ing(4). However, Gyftopoulos et al.(11,12,25) have shown that 
magnetic resonance imaging offers good diagnostic preci-
sion and can be used to predict glenoid tracking on plan-
ning management of the instability.

The present study confirms that glenohumeral luxa-
tion relapse after surgery due to anteroinferior shoulder 
instability produces an increase in size of the bone lesions 
already present at the time of first surgery, affecting espe-
cially the glenoid cavity and producing substance losses 
of sufficient relevance to alter glenoid tracking. Likewise, 
although the sample size is very small, the findings of our 
series suggest that the presence of IGHL damage can lead 
to increased glenoid bone loss and to early relapse. It is 
therefore very important to detect such damage and to 
take it into account when planning first surgical treatment.

Conclusions

The bone defects found in patients with anterior shoulder 
instability present at the time of arthroscopic Bankart re-
pair surgery increase in size upon failure of surgery, with 
new luxation episodes. A significant increase in the diam-
eter of the Hill-Sachs lesion and of the size of the bony 
Bankart defect occurs. The increase in size of these bone 
defects results in an increased incidence of off-track le-
sions secondary to treatment failure.
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