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Reconsidering “Critical” Bone Loss in Shoulder Instability:
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Background. Glenoid bone loss is a risk factor leading to the failure of arthroscopic Bankart repair. While 20-25% glenoid bone
loss has long been considered the level to necessitate bony augmentation, recent studies indicate that 13.5% has a “subcritical”
glenoid bone loss level, which is associated with decreased short- and medium-term functional scores. Few researchers worked on
the long-term effect of “subcritical” or even less severe degrees of glenoid bone loss on redislocation rates and functional outcomes
after arthroscopic Bankart repair. This study aimed to evaluate the effect of subcritical or less severe glenoid bone loss on
redislocation rates and function after arthroscopic Bankart repair. Methods. A patient cohort who had undergone computed
tomography (CT) of glenoid bone loss and arthroscopic Bankart repair over 15 years ago was reviewed. Western Ontario Shoulder
Instability (WOSI) score, Single Assessment Numeric Evaluation (SANE) score, redislocation after operation, mechanism of
recurrence, and revision details were reviewed. Results. Seventy-five patients were reassessed 17.6 + 1.9 years following initial
surgery. The age at enrolment was 26.8 + 8.3 years. Twenty-two (29%) patients of the 75 patients had a redislocation on long-term
follow-up, though this was not related to glenoid bone loss severity. The impaired functional score was found in patients with
initial glenoid bone loss of 7% or more on long-term follow-up: WOSI (physical symptoms): 0.98 +2.00 vs 2.25+4.01, p = 0.04
and WOSI (total): 0.79 + 1.43 vs 1.88 + 3.56, p = 0.04. Conclusions. At a mean of 17.5 years following arthroscopic Bankart repair,
redislocation occurs in over a quarter of 75 patients, and they are not related to initial glenoid bone loss severity. Impaired
functional outcome is apparent in patients with initial glenoid bone loss of >7%, though this impairment does not seem
sufficiently severe to warrant an alternative treatment approach.

likelihood of redislocation following arthroscopic Bankart
repair [2, 4, 5]. More recently, it was shown that “subcritical”

Anterior glenoid bone loss is commonly associated with
shoulder dislocation [1, 2]. Glenoid bone loss is a significant
risk factor in the failure of arthroscopic Bankart repair [1, 3].
The degree of “critical” bone loss that warrants conversion to
a bone augmentation procedure to address the bone defect
has long been considered as greater than 20% to 25%, as
more severe degree of glenoid bone loss increases the

(13.5% to 20%) glenoid bone loss was associated with
a deterioration in the quality of life consistent with an
unacceptable outcome [6]. Applying mathematical model-
ing, it has also been recently shown that anterior glenoid rim
bone loss contributes most to the loss of shoulder stability
[7]. It is, therefore, logical to think that, following arthro-
scopic Bankart repair in patients with subcritical, or ever
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lesser degree of bone loss, the repaired capsular tissue may
have to withstand a higher pressure than the original cap-
sulolabral tissue as some of the support provided by the bony
glenoid rim has been lost [7]. Potentially, this repaired
capsular tissue may attenuate over time leading to lower
functional outcomes due to microinstability.

The concept of subcritical bone loss poses a treatment
dilemma while arthroscopic Bankart repair is a more
straightforward and safer operation, and it does carry
a potentially higher risk of redislocation while bone aug-
mentation procedures are more complex procedures al-
though they may have a lower likelihood of recurrent
dislocation [8]. In 2008, our group also highlighted the
significance of subcritical bone loss in 218 patients with
shoulder dislocation showing that “beyond a critical level of
13.4% glenoid bone loss, the number of dislocations expe-
rienced rose steeply from six to 10 dislocations” [9]. This
study cohort also helped to formulate the Griffith Index,
which was the first imaging-based study to explore the
quantification of bone loss in anterior shoulder dislocation
[9, 10]. Some of these study patients underwent arthroscopic
Bankart repair subsequently. This allowed us to investigate
the long-term redislocation risk and functional outcome
following arthroscopic Bankart repair in patients with
subcritical or lesser degrees of glenoid bone loss. We hy-
pothesized that long-term functional outcomes would be
negatively affected at glenoid bone loss levels below those
previously reported as significant, irrespective of subsequent
failure.

2. Materials and Methods

The study received ethics approval from our Institutional
Ethics Review Committee (ethics approval number:
2022.019). The study design was referenced to the study
conducted by Shaha and colleagues and was in accordance
with the Declaration of Helsinki [6]. We followed up on the
original cohort with anterior shoulder dislocation, and
computed tomography (CT) scans performed between 2000
and 2006 [9, 10]. Among them, some have fulfilled the
indication for arthroscopic Bankart repair with persistent
symptoms of instability and/or apprehension sufficient to
limit activity following initial conservative management and
have undergone the surgery. All patients had preoperative
magnetic resonance imaging (MRI) to confirm an anterior
labral tear with or without bone loss (cohere to clinical
examinations). Inclusion criteria included glenoid bone loss
of less than 25% and nonengaging Hill-Sachs lesions. Ex-
clusion criteria included (1) any patient with a concomitant
procedure or diagnosis other than anterior shoulder in-
stability, (2) extension of labral tear beyond the traditional
Bankart lesion, (3) glenoid bone loss more than or equal to
25% bone loss, (4) engaging Hill-Sachs lesions, (5) multi-
directional instability, (6) hyperlaxity with Beighton
score >4/9, or (7) any patient who had undergone prior
operative intervention to address glenohumeral instability of
the affected shoulder. Preoperative CT examinations were
performed to quantify the amount of glenoid bone loss as
previously described [9, 10]. Multidetector CT examination
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of both shoulders was undertaken with the scan plane
extending from the acromion to just below the glenoid, and
the patient’s arms were positioned by the chest wall. Double
oblique reconstructions of each glenoid provided oblique
sagittal images en-face to the glenoid articular surface
(Advantage Windows, version 4.2, GE Healthcare) [9-11].
Glenoid bone loss was measured on CT using the Griffith
Index (Figure 1) [9-11]. The maximum width at the mid-
portion of the inferior glenoid was measured at right angles
to the long axis of the glenoid. This was compared with the
contralateral unaffected side to provide the degree of glenoid
bone loss in mm (%). Investigator (J.G.) with 35years of
experience in analyzing CT examinations performed all CT
reconstructions and measurements, with intraobserver
agreement of 0.958 for glenoid width and 0.790 for glenoid
length measurements reported in our series [9].

For patients who subsequently underwent isolated ar-
throscopic Bankart repair in our tertiary hospital between
2000 and 2006, case records were accessed through the
hospital’s electronic medical record system. Arthroscopic
Bankart repair was operated by three sports surgeons using
standard procedures. Surgeries were performed with the
patients under general anesthesia in the lateral position with
examination under anesthesia performed before starting the
operation. In each case, a diagnostic shoulder arthroscopy
from the posterior portal was performed first to confirm the
diagnosis of isolated anterior instability leading to the
Bankart lesion. Another two standard portals (anterior and
anterosuperior) were then established. Labrum was released
and mobilized with a glenoid rim prepared to obtain
a bleeding surface. Arthroscopic Bankart repair was then
performed with three or more suture anchors (2.9 mm;
JuggerKnot®, Biomet Inc., Warsaw, IN, USA) inserting over
3-6 o’clock position fixing the labrum to the glenoid with
emphasis on the capsular shift to retension the inferior and
middle glenohumeral ligaments. All patients followed
a standardized rehabilitation protocol comprising four
weeks of immobilization with a shoulder immobilizer and
abduction pillow together with supervised physical therapy.
Therapy began with an active range of motion and activities
of daily living on the operated arm. Strengthening was
delayed until three months after surgery, and clearance to
return to full activity was granted no sooner than six months
after surgery.

In 2022, all eligible patients were contacted, and ques-
tionnaires were administered at interviews. Patients com-
pleted the Western Ontario Shoulder Instability Index
(WOSI) questionnaire and Single Assessment Numeric
Evaluation (SANE) with the aid of a trained assessor (R.N.)
who was blinded to the study hypothesis. WOSI is a vali-
dated disease-specific assessment tool designed for shoulder
instability, which is more responsive to change than other
commonly used questionnaires [12]. SANE is a global rating
scale of overall outcome from 0 to 100 points with a score of
100 representing the best possible outcome [13]. A number
of redislocations or subluxations after the operation,
mechanism of recurrence, and surgical revision details were
reviewed through the electronic hospital record system with
further validation from patients during an interview.
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FIGURE 1: Measurement of glenoid bone loss in the dislocated shoulder in comparison to the contralateral unaffected side (Griffith Index).
On the affected side (a), the maximum width at right angles to the long axis is 24.2 mm. On the unaffected side (b), the maximum width of
the glenoid is 28.0 mm. The difference (28 mm —24.2 mm) is 3.8 mm. As 3.8 mm/28.0 mm x 100 =13.6%, this patient has 13.6% glenoid

bone loss.

2.1. Statistical Analysis. Descriptive characteristics of
baseline characteristics and glenoid bone loss were de-
scribed using mean, standard deviation, and range
(minimum and maximum). Sensitivity testings were
carried out to compare different glenoid bone loss cut-off
percentages with (i) redislocation after first operation, (ii)
frequency of redislocation after first operation, and (iii)
further operation after first operation. Initial glenoid bone
loss cut-off values of >13.5%, <13.5%, 12%, 8%, 7%, and
6% were evaluated. Redislocation frequency, WOSI, and
SANE scores were evaluated for these glenoid bone loss
levels. Receiver operating curve (ROC) analyses on WOSI
and SANE for glenoid bone loss cut-oft values of 8%, 7%,
and 6% were performed, and area under curve (AUC)
values were summarized. Sensitivity and specificity on the
optimum WOSI and SANE cut-off value were compared
to decide the best possible prediction. All statistical an-
alyses were carried out using IBM SPSS version 28 (IBM
Corp. Released 2021. IBM SPSS Statistics for Windows,
Version 28.0. Armonk, NY: IBM Corp).

3. Results

Among the 236 shoulders comprising the original cohort,
163 (69%) patients underwent arthroscopic Bankart repair,
17 (7.2%) underwent other types of operation, and 56 (24%)
were treated conservatively (Table 1). Among the 163 pa-
tients who had arthroscopic Bankart repair, 75 patients were
contactable, interviewed, and finished all clinical assess-
ments. Age at enrolment (patients who underwent arthro-
scopic Bankart repair between 2000 and 2006) was
26.8+8.3years with current age (invited in 2022)
44.8+8.5years (Table 2). Among the 75 patients, 88%
(N=66) were male. Results from logistic regression mod-
eling showed that neither younger age and sex nor com-
bining age and sex was a risk factor for any incidence of
redislocation after the first surgery (Table 3). The average
follow-up was 17.6 + 1.9 years.

3.1. Bone Loss Related to Redislocation. The average number
of dislocations in these 75 patients before operation was
5.8+£6.5. Average glenoid bone loss was 9.0% +6.9%.
Twenty-one (28%) patients of the 75 patients had glenoid
bone loss >13.5%. No surgical complications occurred. Fifty-
three (71%) patients of the 75 patients did not have further
dislocation. In the remaining 22 (29%) patients with
redislocation, this was due to trauma (fall from height, direct
contusion, or fall on an outstretched hand) in all cases with
the number of redislocations being 1.6+ 0.7. Most redis-
locations required no further treatment (Table 4). Only 3
(13%) of the 22 patients with redislocation required a second
operation (revision Bankart repair N=2 and Latarjet pro-
cedure N=1). No statistically significant glenoid bone loss
threshold was identified to predict redislocation (Table 5).

3.2. Bone Loss Related to Functional Outcome. There was
a trend of lower SANE with increasing severity of glenoid
bone loss, but statistical significance had not been reached.
No significant difference in WOSI at the subcritical bone loss
of 13.5% (p =0.68) was found. However, a statistically
significant difference did exist at glenoid bone loss cut-off of
7% for WOSI (physical symptoms): (0.98+2.00 vs
225+4.01, p=0.04) and WOSI (total): (0.79+1.43 vs
1.88+3.56, p = 0.040) (Table 6).

Based on impaired WOSI (physical symptoms) and
WOSI (total) at 7% glenoid bone loss, further ROC analyses
using cut-off values at 8%, 7%, and 6% (i.e., plus or minus 1%
at 7%) were tested. The best AUC was still found to be at
a cut-off value of 7% for WOSI (physical symptoms)
(AUC=0.568) and WOSI (total) (AUC=0.565). Further
regression analysis was performed with adjustment for age
and gender yielded similar findings.

3.3. Intraobserver Reliability. Intraobserver agreement was
performed in our previous study, which was 0.958 for glenoid
width and 0.790 for glenoid length measurements [9].
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TaBLE 1: Study flowchart.

Primary cohort
236 shoulders,
198 patients

Arthroscopic Conservative Arthroscopic
P P Bristow MUA Capsular plication|
Bankart repair treatment rotator cuff repair
n=38 n= n==6
n=163 n=>56 n=2

Long term follow

up
n=75

MUA: manipulation under anesthesia.

TaBLE 2: Baseline demographics and glenoid bone loss (%) for 75 patients in this study and patients lost to follow-up.

Included patients (n="75) Not included (n=161) p value
Age (current) 44,8 +8.5 453+8.4 0.65
Sex
Male 66 (88%) 137 (85%) 0.69
Female 9 (12%) 24 (15%)
Glenoid bone loss (%) 7.7+8.3 7.8+6.9 0.95
TaBLE 3: Logistic regression analysis of the effects of age and sex on any incidence of redislocation after the first surgery.
Age Sex (ref: male) r? Wald OR (95% CI) p value
(ref: >40)
Model 1 v 0.02 0.77 1.85 (0.47-7.35) 0.38
Model 2 v 0.12 0.00 0.00 (0.00-0.00) 1.00
Model 3 0.14 0.10
v 0.75 1.86 (0.46-7.61) 0.39
v 0.00 0.00 (0.00-0.00) 1.00

Dependent variable: any redislocation after the first surgery. OR: Odds ratio. CI: Confidence interval.

TaBLE 4: Incidences of further dislocations after the first OT lower WOSI (physical symptoms) and WOSI (total) scores

(N=75). with statistical significance. Although we notice the re-
Dislocation after first OT 22 (301) lationship between lower SANE scores and increasing se-
Number of dislocations after first OT verity of glenoid bone loss, statistical significance has not
0 51 (69.9) been reached. The statistical insignificance shows that the
1 11 (15.1) functional outcome in patients with “minimal critical”
2 8 (11.0) glenoid bone loss is generally promising.
3 3 (41) The good long-term clinical outcomes after arthroscopic
Unknown 2 Bankart repair in our cohort are comparable to other studies.
Di;l]ocation after the second OT s In a recent systematic review, 69% of patients did not suffer
0

further dislocation after arthroscopic Bankart repair on
a mean follow-up period of 12.5 years [14]. Our satisfactory
long-term outcome following arthroscopic Bankart repair
can be explained by two reasons. First, our patient cohort
This study demonstrated that arthroscopic Bankart repair, =~ may be relatively sedentary (low physical activity level) in
with or without subcritical bone loss, produces satisfactory ~ their teenage and adulthood [15, 16]. Second, the compo-
long-term clinical outcomes. Over two-thirds of patients did ~sition of our cohort includes patients with different physical
not have further dislocation in an average of 17.5years after ~ activity levels, namely, nonathletes (civilians), recreational
surgery. In the operated cohort of which the patientsarenow  athletes, and elite athletes. Despite their different physical
40 to 50years old, their functional outcomes in terms of  activity levels at younger ages, their intensity and duration
SANE and WOSI scores are satisfactory. Glenoid bone loss ~ inevitably reduce with advancing age. The chance of joint
of 7% or more, here we described as “minimal critical” bone  dislocation is, therefore, reduced as a result of reduced sports
loss, relates to a lower functional outcome referenced by  participation in this long period of 17 years. The underlying

4. Discussion
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reason for the reduced chance of dislocation with advancing
age is reported as a result of the reduction in elasticity of the
shoulder capsule and surrounding tissues [17, 18].

“Critical” glenoid bone loss of 25% or more was reported
to be associated with a high rate of arthroscopic Bankart
repair failure. “Subcritical” glenoid bone loss of 13.5% or
greater was also reported to be associated with a lower
functional short-term outcome in high-demand individuals
[4-6]. This study shows that glenoid bone loss of 7% or more
(“minimal critical”) represents another level that is associ-
ated with mild appreciable long-term symptoms. This can be
explained by a recently published finding by Moroder et al.
in which nonlinear loss in stability with progressive glenoid
bone loss was observed [7]. Due to the concave shape of the
glenoid, the decrease in height of glenoid rim and the re-
duction in glenoid width exhibit an inverse exponential
relationship as shown in Figure 2 [7, 19]. These observations
try to explain that the most outer located glenoid rim
contributes more to stability than the relatively more cen-
trally located part [7]. Consequently, in arthroscopic
Bankart repair, the repaired capsulolabral tissue in con-
junction with glenoid bone loss is likely to be under higher
pressure than the capsulolabral tissue in its original position
without any bone loss, as now it is replacing the most outer
located glenoid rim (Figure 2(a)). This increased pressure
may lead to greater capsulolabral attenuation over time
giving rise to microinstability symptoms without frank
dislocation (Figure 2(b)). Importantly, this concept is in line
with the recent publications suggesting that the increased
concavity provided by thicker cartilage at the glenoid rim
contributes decisively and significantly to the stability of the
shoulder [19, 20]. In other words, the repaired capsulolabral
tissue is not only replacing the glenoid bony rim that is
shown on CT but also replacing the thicker cartilage at the
glenoid rim. Therefore, the repaired capsulolabral tissue is
under higher pressure than in its native position with the
presence of a glenoid osteochondral rim.

This study also shows that in patients with glenoid
bone loss of less than 7%, surgical strategies aiming to
restore glenoid bone loss are not likely to provide added
benefit over arthroscopic Bankart repair as there is no
demonstrable difference in long-term functional outcome
in patients who have <7% glenoid bone loss at the time of
initial surgery. This is relevant as more, new, minimally
invasive surgical procedures such as an arthroscopic iliac
crest or scapular spine bone graft procedure are proposed
to treat a lesser degree of glenoid bone loss [21-25]. This
study shows that a simple arthroscopic Bankart repair
alone suffices for this group of patients. In other words,
while “critical” and “subcritical” bone loss are thresholds
to perform bone augmentation procedures, “minimal
critical” bone loss signifies a level that bone augmentation
procedure is not necessary based on long-term clinical
evidence.

The impairment in WOSI (physical symptoms and
total) scores at a minimal critical bone loss level of 7% or
more as shown in this study most likely reflects micro-
instability symptoms. This microinstability symptom has
also been described in shoulders with Bankart lesions

having clinically recurrent and painful micromotion
without a history of dislocation [26]. This group of pa-
tients is similar to our cohort with minimal critical bone
loss in presentation as both of them have mild symptoms
without frank dislocation [26]. The differences in WOSI
scores (physical symptoms and total domains) reported in
our study are approximately close to the reported minimal
clinically important difference (MCID). As a result, we
term the glenoid bone loss of 7% or more as “minimal
critical” based on our results [27]. Although being
mentioned above that the repaired capsulolabral tissue
has likely been attenuated over time due to higher
pressure, additional age-related factors, such as loss of
elastic fibers, would also have taken part due to aging and
mitigate the microinstability effect (Figure 2(c)) [17].
Further advanced imaging analysis study on exploring
elastic fiber content and structure integrity of Bankart
repair at the same time is needed to evaluate this
observation.

There are some limitations in this study. First, loss to
follow-up is inevitable due to the study nature and long
follow-up period. Our patients are keen on continuing their
follow-up at our tertiary hospital because of our semifree
healthcare policy which favors patients to do all clinical
checkups, surgery, and postsurgery follow-up in public
(government-funded) hospitals (as of our tertiary hospital).
Therefore, we can notice the changes in their conditions, e.g.,
redislocation and pain, quickly and take prompt necessary
actions [28]. Therefore, reasons for loss to follow-up are
commonly due to (1) relocation or emigration and (2)
symptom-free leading to nonresponsiveness to invitation.
Checking the baseline characteristics and percentage of
glenoid bone loss between patients who completed the study
and patients who lost to follow-up, both showed similar
results (Table 1). That implies no effect on data skewness
after excluding those lost to follow-up. Second, the study
cohort had the assessments and surgeries performed be-
tween 2000 and 2006, and the data helped to formulate the
Griffith Index, which was the earliest imaging-based glenoid
bone loss measurement method [9-11]. The formulation of
the Griffith Index was earlier than the development of a well-
validated imaging-based Hill-Sachs lesion size measurement
method [29], before the glenoid track concept proposed in
2007 [30], and before the arthroscopic Bankart repair with
remplissage described in 2008 [31]. We, however, excluded
cases with engaging Hill-Sachs lesions because we did
recognize the risk of engaging Hill-Sachs lesions described
by Burkhart and De Beer in 2000 [4]. Although we did not
perform the remplissage technique in this cohort, the results
were satisfactory and comparable to other cohorts [14]. It is
possible that avoiding engaging Hill-Sachs lesion has con-
tributed significantly to the long-term successful rate [4].
Our study design is the same as the landmark “subcritical”
bone loss study by Shaha et al. in 2018, in which this study
also did not report on Hill-Sachs lesion in their cohort [6].
The relationship between “subcritical” bone losses with
Hill-Sachs lesions was recently investigated by Yamamoto
et al. who further developed the “glenoid track” concept into
“central-track” and “peripheral-track” [32]. Due to the
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FIGURE 2: Graphical representation of minimal critical, subcritical, and critical bone loss concepts. (a) Hemisphere represents humeral head
and concavity represents glenoid cavity which is drawn with gridlines of one hundred squares (100%). Minimal critical bone loss, subcritical
bone loss, and critical bone loss are represented by green, yellow, and red lines, respectively. A nonlinear relationship between glenoid cavity
depth and glenoid width loss is observed. (b) In arthroscopic Bankart repair in patients with minimal critical bone loss, the repaired
capsulolabral tissue (represented by a blue-white-blue oval curve) replaces the glenoid bony rim (as shown by the grey arrow). This
reparative tissue is likely to be under higher pressure than capsulolabral tissue in a normal position which has the additional support of
anormal glenoid bony rim. (c) With aging, the likelihood of recurrent shoulder dislocations reduces due, in part, to a decrease in elasticity of

the capsular and extracapsular soft tissues (orange curve) [17, 18].

recency of this concept, they could not be investigated in our
historical cohort but the interaction between “minimal
critical” bone loss and “peripheral-track” may represent
a future research direction.

In conclusion, arthroscopic Bankart repair is a safe
surgical procedure with a satisfactory long-term outcome in
shoulder dislocation patients with or without “subcritical”
glenoid bone loss. A “minimal critical” glenoid bone loss of
7% or greater at the time of surgery is defined and that
“minimal critical” glenoid bone loss is associated with mild
long-term symptoms, reflected by lower WOSI (physical
symptoms) and WOSI (total) scores. The degree of func-
tional impairment does seem to be clinically acceptable as
reflected by satisfactory long-term SANE scores.

Data Availability

The dataset used to support the findings of this study is
available from the corresponding author upon request.
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