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Abstract

Anterior shoulder dislocation is a common condition that most orthopaedic surgeons
will have to deal with in their practice.

Nonoperative management of the initial traumatic anterior shoulder dislocation is
likely to lead to a recurrent shoulder dislocation in more than 90% of cases in the
younger active population. Recurrent anterior shoulder dislocation can persist even
after instability surgery in certain cases. A detailed, accurate assessment of the
patient is of paramount importance for successful treatment.

This review aims to provide insight into key concepts to consider in the assessment
of an anterior shoulder dislocation. Predisposing factors, clinical examination and
the role of imaging in the assessment of an anterior shoulder dislocation will be
reviewed.

Level of evidence: Level 5
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Introduction

Anterior shoulder dislocation is the most common joint dislocation.
Following nonoperative management of the initial episode, the
recurrence rate varies from 70% to more than 90% in the adolescent
population group.™® Recurrent instability has been reported in up
to 30% of surgically treated adolescent traumatic anterior shoulder
dislocation.*® Two-thirds of patients with recurrent dislocation
will develop instability arthropathy within 25 years of the initial
dislocation episode.®

There is, therefore, a need to identify patients who are likely to
recur and who may need surgical stabilisation. An understanding of
factors that predispose to recurrent anterior instability, a thorough
clinical examination to define the instability characteristics
and an analysis of bone loss pattern through imaging are the
steppingstones to an appropriate treatment algorithm.

Assessment of the unstable shoulder

Risk factors for recurrence after nonoperative
management of the index traumatic anterior
dislocation

Well-defined factors have been recognised as independent risk
factors for recurrent anterior shoulder dislocation. These factors
include:
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* young age at the initial dislocation®’

* humeral or glenoid critical bone loss at initial dislocation® "
« return to competitive contact sport activities'?1°

* ligamentous laxity'6-18

Recurrent dislocation after initial nonoperative management is
closely related to age younger than 20 years at the time of the first
dislocation.'® Roberts et al. prospectively observed a group of 133
adolescents who were treated nonoperatively for anterior shoulder
dislocation and reported a 76% recurrence rate at two years.”

The presence and magnitude of humeral or glenoid bone loss
is another consistent predisposing factor to recurrent shoulder
dislocation.

An off-track Hill-Sachs lesion has been noted to predispose to
recurrent dislocation in 100% of the cases. This recurrence rate
drops to 58% and 27% respectively when dealing with an on-track
Hill-Sachs lesion or no lesion at all in young first-time dislocators.%°

Dickens et al. found that initial traumatic anterior shoulder
dislocation could lead to minor glenoid bone loss (6.8% of the
glenoid width), but this glenoid bone loss increased up to 22.8% in
recurring dislocations.°

In the setting of glenoid bone loss, recurrence rates of 72% in the
under 23-year-olds and 27% in the over 30-year-olds have been
reported." Burkhart and De Beer reported that the inverted pear-
shaped glenoid due to anteroinferior bone loss was associated
with recurrence of instability after arthroscopic Bankart repair.2°
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For athletes who have been treated nonoperatively, it is accepted
that return to play should be allowed after the injured shoulder
has recovered more or less to equal strength and range of motion
as the uninjured shoulder. This is often within two to three weeks
of the dislocation.’? The rate of recurrence of anterior instability
(dislocation and subluxation episodes) has been reported to
vary between 30 and 90% when all professional sports are
considered.'>" Return to competitive sport is therefore considered
an independent risk factor for recurrent dislocation. This risk is not
only seen in nonoperative treatment but also following surgery
as reported by Torrance et al., where they documented a 93%
recurrence rate in rugby players younger than 16 years who
had undergone an arthroscopic Bankart repair. The recurrence
occurred following another traumatic event after return to play. The
type of sport and the level of participation play important roles in
the recurrence rate.'s

The role of generalised ligamentous laxity as an independent
predisposing factor for unidirectional anterior shoulder dislocation
has been investigated. Some studies have suggested that
generalised ligamentous laxity and increased external rotation of
the shoulder to more than 85° predispose to acute and chronic
shoulder injuries.'®'” Akhtar and Robinson found a 43% incidence
of generalised ligamentous laxity in patients presenting with
anterior shoulder dislocation suggesting that this condition could
be a predisposing factor to both primary and recurrent anterior
dislocation.”® Balg and Boileau?' have shown that patients with
two or more of these risk factors were likely to fail an arthroscopic
Bankart repair as a stabilising surgical procedure.

Clinical evaluation

The clinical examination of the unstable shoulder primarily aims to
determine whether the shoulder instability is unidirectional (ante-
rior, posterior or inferior), bidirectional (unstable in two directions)
or multidirectional (unstable in more than two directions). An
assessment of ligament laxity needs to be performed. Associated
soft tissues injuries (capsulolabral injuries, cuff tears) and
neurovascular injuries must also be assessed.

Information obtained from the clinical evaluation is as important
as the information obtained from imaging in the formulation of the
treatment strategy for the unstable shoulder.

Directed clinical history

Clinical history should focus on the age at the index dislocation, the
mechanism of injury and ease of relocation of the index dislocation.
If the index relocation did not require sedation and was relatively
easy, ligamentous laxity should be suspected.

The number and frequency of recurrences as well as inciting
events should be investigated. Pre-existing medical conditions
such as epilepsy should be assessed for and strictly controlled
before instability surgery is undertaken. Patients with more than
two dislocations and limited bone loss on imaging should be
assessed for a voluntary component to their instability since this
may affect the management decision-making process.

Gerber and Nyffeler classified voluntary dislocators into three
groups: i) dislocators without apprehension; ii) symptomatic vol-
untary dislocators or subluxators; and iii) psychiatric patients.??
This classification should be considered when assessing voluntary
dislocators due to the failure of surgical treatment in this group.

General physical examination

The examination of the unstable shoulder begins with a com-
parative inspection of both shoulders (appropriately exposed) for
asymmetry in shoulder contour, muscle bulk, and the presence
or absence of signs of acute injury such as bruising. Inspection
for scapula position is done in static and dynamic mode during
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range of motion to exclude subtle scapula dyskinesia. Palpation of
bony prominences is done to exclude occult or missed fractures,
especially of the coracoid process.

Comparative range of motion assessment is done in the most
relevant planes including forward elevation, external and internal
rotation with the arm to the side and the shoulder in 90° of
abduction. Rotator cuff strength testing is done by isolating one
muscle at a time according to standard clinical examination tests.
Neurovascular assessment concludes the general examination
and focuses on axillary nerve, brachial plexus assessment and
pulse status.

Instability-specific examination

The specific shoulder instability evaluation starts with the
assessment for generalised ligamentous hyperlaxity using the
Beighton criteria.?® Specific shoulder hyperlaxity signs include a
positive Walch test (shoulder external rotation of more than 90°),
indicative of laxity of the anterior shoulder capsuloligamentous
tissues, and positive Gagey’s hyperabduction sign (more than 105°
of passive abduction), indicative of inferior ligamentous laxity of the
shoulder.2#?% At this step, the patient is asked to try and dislocate
or subluxate their shoulder. This would help identify the habitual or
voluntary dislocator.

Provocative testing is conducted to determine the direction
of instability and confirm whether the patient presents with uni-
directional, bidirectional or multidirectional instability.

The sulcus sign test assesses for the presence or absence
of rotator interval laxity and inferior laxity. To elucidate the sulcus
sign, the patient is first positioned upright with their arms resting at
their side. The examiner then stabilises the shoulder and applies
an inferiorly directed force on the elbow. Excessive downward
displacement of the humeral head that does not improve with
external rotation denotes a deficiency of the rotator interval and
inferior instability.

The sulcus sign is graded by the amount of inferior translation:
grade | is less than 1 cm translation, grade Il is 1-2 cm translation,
and grade Il is greater than 2 cm translation.?® The higher the
grade, the higher the degree of laxity of the rotator interval and
inferior instability.

The apprehension test aims to ascertain the presence of
anterior instability. As originally described by Rowe and colleagues,
the test is performed either in standing or supine position, with
the arm abducted 90°; the shoulder is externally rotated until the
patient is apprehensive of a dislocation.?”?® Rowe et al. stated that
all their patients tested positive when examined in this fashion;
however, the test could be positive in other conditions with pain
and weakness in the shoulder.?® The apprehension test has a
specificity of 95.7-100% and a sensitivity of 50-55.6%.2%% |t has
many variations, but all of them essentially aim to provoke the
humeral head to go over the anterior edge of the glenoid.

The bony apprehension test is a variant of the traditional
apprehension test and is used to detect bone loss, specifically, as
a contributing cause of anterior glenohumeral instability.3' The test
is performed with the shoulder positioned at 45° of abduction or
less and at 45° of external rotation or less. A positive finding is
a sensation of apprehension or symptoms of instability. The bony
apprehension test has been shown to be more sensitive than
preoperative plain radiographs for detecting bony lesions at time
of surgery.®!

The relocation test is performed for confirmation of the
apprehension test. In Frank Jobe’s original description of this
test, the patient is supine with the shoulder over the edge of
the examination table.® The apprehension test is performed as
described above; once positive apprehension or guarding (feeling
of subluxation and not pain) is expressed, the examiner places a

Page 101



posteriorly directed force over the anterior aspect of the shoulder.
The test is positive when the apprehension feeling is relieved.3233
While the patient’s shoulder is maintained in the apprehension test
and a positive relocation test has been obtained, sudden removal of
the examiner’s relocating hand will cause a sudden apprehension
feeling. This manoeuvre was described as the surprise test by
Silliman and Hawkins.?* This test is a concern as the patient may
dislocate and we seldom perform it.

The load and shift test evaluates the degree of shoulder laxity
in the anterior to posterior plane.?® The test can be performed
with the patient sitting with the arm at the side or with patient
supine and the arm in 20° and 90° of abduction. The examiner
grasps the patient wrist with one hand and with the other hand
the examiner loads the humeral head into the glenoid fossa and
pushes the humeral head forward. Translation is graded from
0 to 3. Grade 0 denotes no translation; grade 1 is translation to the
glenoid rim; grade 2 is translation over the rim but humeral head
reduces spontaneously; and grade 3 is translation over the rim but
no spontaneous relocation.® Tzannes and Paxinos reported that
the load and shift was more positive with the arm abducted to 20
and 90° than with arm at 0° abduction with the patient sitting.*”
Other variants of this test include the anterior drawer and the
anterior jerk tests.383°

Posterior instability testing must be done to exclude posterior
instability before settling on the diagnosis of a unidirectional anterior
instability. The jerk test, Kim test and posterior drawer tests are all
common practice in the assessment of posterior instability.3840:41

This specific shoulder assessment is concluded by assessing for
associated biceps and labral pathologies. The ‘3-pack’ examination,
which includes the O’Brien sign, throwing test and bicipital tunnel
palpation, has an excellent sensitivity, negative predictive value,
and inter-rater reliability for comprehensive evaluation of the
biceps/labral complex pathology, making it an ideal screening tool
for this purpose.*?

Imaging for anterior shoulder instability

It is recognised that common soft tissue injuries such as an-
teroinferior capsulolabral injuries (Bankart lesion) are an integral
part of the pathology of anterior shoulder dislocation. The role of
imaging is to detect uncommon soft tissue injuries such as humeral
avulsion of the glenohumeral ligament (HAGL), superior labral
anteroposterior (SLAP) lesions as well as bony lesions.

Plain radiographs (X-rays)

Plain radiography has shown a suboptimal sensitivity and reliability
in the detection of glenoid and humeral bone loss, making this
imaging modality a poor screening tool for bone loss in shoulder
instability.*®

Figure 1. Loss of cortical line at the anteroinferior edge of the glenoid
indicative of glenoid bone loss (blue arrow)
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Four standard views including a true anteroposterior view,
axillary view, internally rotated and externally rotated views are
initially obtained for the purpose of detecting bone loss. The
diagnosis of a Hill-Sachs lesion on plain radiographs can be
significantly increased if there is awareness that the internal
rotation view may fail to show the injury, and if all four views are
scrutinised.** Rozing et al. demonstrated the role of a Stryker notch
view in detecting Hill-Sachs lesion in their series of 27 cases.*
A loss of cortical line contour of anteroinferior glenoid on an
anteroposterior view is suggestive of anteroinferior glenoid bone
loss (Figure 1). Specialised views such as the West Point and
Bernageau views have shown high correlation with computed
tomography in detecting glenoid bone loss.*647

Although bone loss can be detected on plain radiographs it
cannot, however, be precisely measured on plain radiographs.484°
When precise measurement of bone loss is desired, a CT scan of
the affected shoulder is warranted.

Computed tomography scan (CT scan)

Athree-dimensional (3D) CT scan is the gold standard for shoulder
instability bone loss assessment. The humeral head subtraction
technique and free body rotation of the entire scapula facilitate a
precise en face sagittal oblique view of the glenoid surface. This
allows accurate measurements of the magnitude of glenoid bone
loss and allows for a distinction between a chronic attritional bone
loss and an acute fracture. In addition, the humeral head can be
rotated in different planes to visualise a Hill-Sachs lesion.%°

Figure 2. 3D CT scan en face view and best fit perfect circle method for
glenoid bone loss measurement; a) true glenoid width (23.5 mm),
b) glenoid bone loss (4.9 mm)
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Indications for obtaining a CT scan with 3D reconstruction on
patients with shoulder instability include a history of multiple
dislocations, a prior failed stabilisation procedure, relative ease of
dislocation through low energy mechanisms or activities of daily
living, mid-range instability, or concern for glenoid bone loss on
radiographs or MRI.5°

There are various methods described to assist in measuring or
estimating glenoid bone loss. The first step in all methods is to
establish an en face view of the glenoid on a 3D CT scan with
humeral head subtraction (Figure 2). The two most common
methods include the surface area loss measurements and the
width loss measurements. In surface area loss measurements,
a best-fit circle surface area (BCSA) is superimposed onto
the affected glenoid based either on the contralateral side or
based on the intact posteroinferior borders of the affected glenoid
(Figure 2). In the BCSA methods, the surface area loss can be
calculated using a software program or using a mathematical
formula.>'%2

In essence, the percentage of glenoid bone loss using surface
area techniques is performed by measuring the area of the true
circle not occupied by the glenoid surface and dividing this area by
the area of the best-fit circle. The Pico method is one example of
the BCSA method commonly used. Originally described by Baudi
et al., the Pico method has demonstrated good interobserver (ICC
0.90) and intraobserver (ICC0.94, 0.96-1.0) reliability as well as a
low coefficient of variation (2.2-2.5 %).5'5% According to the Pico
method, a perfect circle is first drawn on the inferior part of the
healthy glenoid and then transferred to the injured glenoid. The
surface of the missing glenoid part of the circle is measured; the
size of the glenoid bone defect is expressed as a percentage of
the entire circle. Width loss measurement methods measure width
loss from a circle approximated to the inferior glenoid (based on
either contralateral or ipsilateral glenoid) and have been found to
have good reliability and accuracy (Figure 2).53% This is a simple
calculation and advanced software calculations are not required.

Figure 3. On-track/off-track measurements

Milano et al. have shown a strong correlation and agreement
in detecting the presence, size and type of bone loss between
referencing to the CT of the uninjured side and referencing from
the posteroinferior margins of the injured glenoid.> Parada et al.
have cautioned against the use of measurement referencing from
the uninjured side since their cadaveric anthropometric study
showed side-to-side glenoid widths, heights and surface area were
statistically different in some cadavers.%

A systematic review by Gottschalk et al. reported that several
studies that had shown the limit of glenoid bone loss beyond which
a Bankart repair was likely to fail varied between 20 and 25% of
the glenoid width.5¢ Shin et al. disputed these values and showed
that in their cohort, the critical glenoid bone loss value was 17.3%.
Glenoid bone defect of larger surfaces than 17.3% suffered failure
of arthroscopic Bankart repair.5” These glenoid bone loss critical
values become irrelevant when an associated Hill-Sachs lesion
is present.®®

Assessment of Hill-Sachs lesions

The aim of Hill-Sachs lesion assessment is to determine whether
it is an engaging lesion or not, depending on its width, length
and depth. Various methods have been described and each with
a different critical size above which the lesion may be deemed
engaging.5%-61

In the assessment of bifocal lesions (coexisting glenoid and
humeral bone loss), the two lesions need to be assessed individually
and then correlated to each other to determine whether recurrent
instability or dislocation can be expected after arthroscopic soft
tissue stabilising procedures. Di Giacomo et al. in 2014 introduced
the on-track off-track method using CT with 3D reconstructions
where lesions were considered engaging, or off track if the Hill-
Sachs interval exceeded the glenoid track.®’ The glenoid track
consists of the contact area between the humeral head and glenoid
during shoulder abduction and external rotation and it represents
approximately 83% of the glenoid width. The Hill-Sachs interval

a) R: line of medial margin of rotator cuff attachments; G2: line of medial margin of glenoid track of affected shoulder; G1: line of medial margin of glenoid
track of intact shoulder; HSI: Hill-Sachs interval; BB: bone bridge; d: width of anterior glenoid bone defect; GTaf: width of glenoid track of affected shoulder;

GTint: width of glenoid track of intact shoulder
b) D: width of intact glenoid; d: width of glenoid bone defect

(Reproduced with permission from EFORT Open Rev. 2020;5:815-27. https://doi.org/10.1302/2058 5241.5.200049.)
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represents the width of the Hill-Sachs lesion in millimetres plus the
width of the intact bone bridge in millimetres between the rotator
cuff attachment and the lateral margin of the Hill-Sachs lesion.

Di Giacomo et al.’s method consists of four evaluation steps:
the first measures the diameter (D) of the inferior glenoid using
the perfect circle method; the second measures the amount of
glenoid anterior bone loss (d); the third calculates the width of
the glenoid track (GT) = 0.83 x D-d; and the last measures the
width of the Hill-Sachs interval (HSI), which is the width of the Hill-
Sachs lesion plus the width of the bone bridge between the lesion
and the rotator cuff insertion. If HSI > GT, the lesion is off track; if
HSI < GT, it is on track (Figure 3).5162

Magnetic resonance imaging (MRI)

The routine use of MRI as a diagnostic tool in the diagnosis of
anterior shoulder instability remains controversial. Despite cost and
availability, the use of MRI in anterior shoulder dislocation is rising.
Leland et al. reported an increased trend in the diagnosis of bony
Bankart and/or Hill-Sachs on MRI, documenting an incidence of
96% in patients undergoing MRI in 2015-2018 compared to 52.9%
in 1994-1999.8 The authors postulated that it may be associated
with improved MRI modalities, increased focus on identifying bony
Bankart and/or Hill-Sachs lesions, and increasing concern about
glenoid bone loss.%

The main advantages of using an MRI scan in the setting of
shoulder instability are twofold. First, it helps to exclude other soft
tissue injuries, such as SLAP lesions, HAGL lesions, anterior labral
periosteal sleeve avulsion (ALPSA), glenoid articular cartilage
defect (GLAD), rotator cuff tendon tears and more extensive
cartilaginous injuries. Secondly, it helps to confirm the diagnosis of
dislocation. In patients who have had a dislocation which reduces
spontaneously, there may be some uncertainty in the diagnosis.
This can be confirmed on MRI scan by the presence of bony
oedema in the posterior aspect of the humeral head (in the region
of a Hill-Sachs lesion).

Burke et al. demonstrated glenoid bone loss measurements
performed on 3D MRI reconstructions have close correlation with
that of 3D CT, which is considered the gold standard.®* Leland et
al. noted that MRI can estimate glenoid bone loss as accurately
as CT scan.5®

MR arthrography (MRA) has little or no role in the acute
setting and the use of MRA has decreased over time due to the
availability and quality of the modern 3T (3 tesla) MRI.%* Although
not frequently used, it may still be an invaluable diagnostic tool in
the young active patient with recurrent anterior shoulder instability
with a subtle capsulolabral abnormality.®

Conclusion

This review outlines the role of a thorough clinical assessment
and adequate imaging in identifying patients at higher risk of
developing recurrent anterior shoulder instability and dislocation.
Patients younger than 20 years of age, those with ligament
hyperlaxity and those with considerable bone loss are at higher
risk of recurrence. While the debate is still ongoing with regard to
the best method to measure glenoid and humeral bone loss, a 3D
CT scan remains the gold standard imaging modality to assess
bone loss. The on-track vs off-track concept is the most accepted
method of assessing bone loss when there is bipolar bone loss.

Awareness and identification of these risk factors during the
assessment of a patient with a traumatic anterior shoulder dis-
location will inform the management decision-making process
and hopefully prevent recurrent dislocations and subsequent
arthropathy.
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