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Summary

Assessment of the glenohumeral joint relies upon a detailed, time-dependent history of the
presenting complaint and a thorough examination of its subtle signs. As such, the complex is
most appropriately approached as a unit, rather than as a discrete number of examinable com-
ponents. However, understanding the interactions between these components means that
a high level of skill is needed to adequately assess the joint, and learning these skills is com-
pounded by the large number of eponymous tests described for examining separate elements.

The stabilising mechanisms of the shoulder may crudely be classified as passive (non-con-
tractile) or active (contractile) in function; this artificial distinction neglects the role of con-
tractile tissue in maintaining stability whilst not contracting, but serves to facilitate
understanding, and indeed categorise modes and methods of physical examination. Indeed,
modes of failure are specific to these groupings. Determining the degree of instability caused
by the passive stabilising mechanisms is commonly fraught with both intra- and inter-rater dis-
crepancy, and as such, requires a great deal of experience to implement and interpret. How-
ever, an evidence-based approach to a clinical examination sequence can improve its
predictive value.

A critical review of the literature on examination of passive stabilising mechanisms is pre-
sented, followed by a distillation of current concepts resulting in the presentation of an evi-
dence-based approach to examination that is practical, and can be implemented
successfully by all involved in the rehabilitation process.
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Introduction

The skeletal system is composed, in its most fundamental
form, of bones or segments connected by joints. The bones
provide distance between joints in order to maximise
muscle efficiency whilst joints act as the interface of
relative motion between these bones.1 Joints can be classi-
fied according to the amount of movement available. For
example, whilst the glenohumeral joint has six ‘degrees
of freedom’, the acromioclavicular and sternoclavicular
joints are relatively constrained in one or more planes.

Shoulder motion

The movement of the upper limb can be described in many
ways. Clinically, the most appropriate are humerothoracic
motion, or movement of the upper arm relative to the
thorax, and scapulohumerothoracic rhythm, which recog-
nises the role played by the scapula. Typically, the term
glenohumeral motion has been confused with these de-
scriptions; movement of the individual joints of the
shoulder complex can be considered independently, and
as such, a distinction should be made between joint motion
descriptions, and those of the entire shoulder complex.

Humerothoracic motion

Traditionally, arm elevation is considered clinically in three
planes (Fig. 1); the frontal (abduction), sagittal (flexion)
and scapular (scaption, or 30� anterior to the frontal)
planes.2 Humerothoracic motion describes movements of
the shoulder as abduction, adduction, flexion, extension
and axial rotation. Elevation is defined as movement of
the humerus away from the side of the thorax in any plane;
forward flexion is shoulder elevation in the sagittal plane,
scaption as elevation in the scapular plane, whilst abduc-
tion is elevation in the frontal plane. Abduction in the plane
of the scapula, or scaption, has been discussed as the most
functional form of elevation,3,4 as it is considered that this
Figure 1 Diagrammatic representation of elevation in 3 planes.
sagittal (flexion) plane and scapular (scaption) plane.
plane does not deform the inferior glenohumeral joint
(GHJ) capsule, and the deltoid and supraspinatus muscles
are optimally aligned for elevation of the arm.

Scapulohumerothoracic (SHT) rhythm

The SHT rhythm, since initially described by Codman,5 has
evoked much interest. It has been described as both an
open-chain6,7 and closed-chain mechanism8; that is, a me-
chanical linkage constrained at one end, and a mechanical
linkage constrained at both ends, respectively. Each mecha-
nism has 3 true independent articulationsdglenohumeral,
acromioclavicular and sternoclaviculardand one false artic-
ulation (the scapulothoracic gliding plane). Each joint, whilst
capable of independent motion, contributes to the normal
function of the upper extremity, participating in a simulta-
neous, rather than successive, manner.9 Inman and others9

described a planar scapulohumeral rhythm as the ratio of
humeral rotation to the movement of the scapular spine
(Fig. 2). The published magnitude of this ratio ranges from
2.310 to 3.29, although Saha11 calculated a ratio of 3.7 when
measuring scapula rotation from the medial ridge (Table 1).

Glenohumeral joint kinematics

Movement about the GHJ, described as a ‘beach ball
balancing on a seal’s nose’12 can be uniquely described to
consist of both 3 rotations and 3 translations. Rotations about
the joint are in the abduction and flexion planes as well as
about the long humeral axis, termed axial rotation. Although
rotations at the articulation are widely accepted, the degree
of translation is often neglected within the non-pathological
population. This is due to the limited magnitude of transla-
tions in a stable joint. Translations of up to 3 mm in the supe-
rior direction have been reported in the first 60� of abduction
in the scapular plane,13e17 and up to 1 mm after this
point.13,14,16,18,19 Supine abduction has been reported to in-
cur inferior translation,18 whereas anterior translations of up
to 5 mm have been documented during passive glenohumeral
From left to right: elevation in the frontal (abduction) plane,



Figure 2 Diagrammatic representation of the scapulohumeral rhythm: (a) illustrates 120� of humerothoracic abduction, but ap-
proximately 90� of scapulohumeral abduction, whilst (b) demonstrates a similar mismatch in humerothoracic and scapulohumeral
angles at lower degrees of abduction.
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flexion.20,21 However, similar movements at a GHJ with
a lesser degree of stability, either traumatic or atraumatic
in aetiology, are frequently significantly larger in magnitude;
translations up to 19 mm anteriorly, 18 mm posteriorly and
20 mm inferiorly have been recorded in the most extreme
atraumatic multidirectional instabilities.22e24

Scapulothoracic joint motion

Although the pattern of scapular motion is constrained by
geometry, muscular activity and the articulating rigid
clavicle, a constrained spatial motion has been described
including 3 rotations and 2 translations.25,26 Due to the
functional anatomy of the scapula, scapula distractione
compression along the axis perpendicular to the plane of
the scapula e is negligible unless the whole segment acts
outside of its gliding plane. Scapula motion can be altered
by surrounding soft tissue constraints; for example, abnor-
mal muscle coordination may result in scapula ‘dyskinesis’
Table 1 Tabulation of estimates of the scapulohumeral rhythm

Study Movement plane Ratio (GH:

Inman et al.9 Frontal 2:1 (betwe
Saha11 Scapula 2.3:1
Freedman and Munro (1966) Scapula 1.5:1 (betw
Poppen and Walker13 Scapula 1.3:1 (Afte
Bagg and Forest10 Scapula 4.3:1 (betw

(above 139
Michiels and Gravenstein (1995) Scapula 2:1
Sugamoto et al. (2002) Scapula 2.4:1 (at 6

low-speed
humerotho
humerotho

Some authors describe a mean value for the entire range of motion
velocity. (GH:ST is the glenohumeral to scapulothoracic ratio.)
(abnormal scapular motion). In this condition, it maybe
advantageous to record spatial, or three-dimensional
motion.

The scapula has been investigated in a number of
different fashions; early studies used two-dimensional
methods,9,13 whilst more recent work has appreciated the
spatial nature of motion.8,27e31 Van der Helm and Pronk8

initially described 3 rotations of the scapula: upward rota-
tion about an anteroposterior axis, external rotation about
a superoinferior axis and posterior tilt about a mediolateral
axis. During scapular plane elevation in healthy individuals,
the scapula upward rotation increases and tilt occurs from
anterior to posterior consistently,32e34 whereas externale
internal rotation occurs less. Upward rotation is described
as the predominant motion during both scapulohumeral ab-
duction in the scapula plane and forward flexion: McClure
and colleagues25 directly measured 50� of scapular rota-
tion, 30� of posterior tilting, and 24� of external rotation
during 120� of abduction (Fig. 3).
from available literature

ST)

en 30� and 170�) Variable (between 0� and 30�)

een 0� and 135�)
r 30�) 4.3:1 (between 0� and 30�)
een 20.8� and 81.8�) 1.7:1 (between 81.8� and 139.1�) 4.49:1
.1�)

0� of low-speed humerothoracic abduction) 2.3:1 (at 150� of
humerothoracic abduction) 2.9:1 (at 60� of high-speed
racic abduction) 1.70:1 (at 150� of high-speed
racic abduction)

, whilst others recognise the effects of angular dependency and



Figure 3 Rotations of the scapula. From top to bottom, posterior tilt occurs about a mediolateral axis, upward rotation about an
anteroposterior axis and external rotation about a superoinferior axis.
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Translations of the scapula have been less well consid-
ered, possibly due to its intimate relationship with the
rigid-bodied clavicle, tethered by the acromioclavicular
joint,30 which has 3 degrees of freedom, and the relatively
well constrained gliding plane of the thorax. Scapula posi-
tions have previously been considered as sternoclavicular
rotations in orthogonal planes: elevationedepression of
the clavicle representing superoinferior translation of the
scapula, and clavicular protractioneretraction intimating
anteroposterior translation of the scapula26 (Fig. 4).
Figure 4 Diagrammatic representation of clavicula eleva-
tionedepression (a), clavicula protractioneretraction (b) and
clavicula axial rotation (c). The range of motion of the sternocla-
vicular joint is approximately 30e35� in upward elevation, 35� in
the anteroposterior direction and 44e50� in axial rotation.
Acromioclavicular and sternoclavicular motion

Both acromioclavicular and sternoclavicular joint motion
have had limited consideration, probably due to the limited
motion seen relative to both the glenohumeral and scap-
ulothoracic joints of the shoulder complex.

The acromioclavicular joint is enveloped by capsule,
thickened superiorly, anteriorly and posteriorly, restricting
rotation during elevation to about 20�. The paired sterno-
clavicular ligaments are primary restraints to rotation
during depression of the clavicle,35,36 whilst lateral and
medial displacement of the clavicle is resisted by anterior
and posterior costoclavicular ligaments.37 The range of mo-
tion of the sternoclavicular joint is approximately 30e35� in
upward elevation, approximately 35� in the anteroposterior
direction and between 44� and 50� in axial rotation.9 Thus,
commonly, the motions of the clavicle are described
as elevationedepression, protractioneretraction and axial
rotation (Fig. 4). Translations can occur, especially post-
trauma, although to a lesser degree than those of the GHJ.
Clinical instabilities

Stability of the shoulder complex relies upon both active
and passive stabilisation mechanisms. Clinically, glenohum-
eral instability can be defined as a ‘condition in which



212 A.M. Hill et al.
unwanted translation of the humeral head on the glenoid
compromises the comfort and function of the shoulder’.38

Each year, 30e40% of adults experience shoulder discom-
fort causing 1e5% of them to access primary medical
care.39,40 Shoulder instability is a common, debilitating
condition; the shoulder is the most commonly dislocated
joint in the body.41 The mean age range of primary presen-
tation is 15e40 years old, with bimodal incidence peaks in
the 2nd and 6th decades.42 These coincide with the main
peaks in lifetime relative wealth.43 Therefore, this condi-
tion is of significant socio-economic consequence. Although
the majority of ‘unstable’ events occur anteriorly, posterior
instability has all too often been unrecognised due to the
subtlety of diagnosis; one recognised aetiology in this con-
dition that is less subtle in its presentation is the sudden,
strong internal rotation forces generated by the latissimus
dorsi, pectoralis major, and subscapularis muscles during
abnormal electrical stimulation as occurs in seizures or
electrocution, overpowering the relatively weaker external
rotator muscles.44

Maintenance of stability

GHJ stability is maintained through an intricate interplay
between a number of static, or non-contractile, and
dynamic, or contractile, structures and physiological mech-
anisms. At this juncture, it must be acknowledged that
a potentially contractile anatomical structure can also
provide stability when momentarily non-contractile; the
terminology used refers to those structures that have the
potential to dynamise, and those that do not, are termed
static. Indeed, these terms also provide distinction be-
tween the modes of eventual stability failure. The joint
relies upon both the anatomy and function of local soft
tissues to prevent excessive translations. Dynamic stability
a

d

b

Angular Range of
Stability

Figure 5 Mechanisms of glenohumeral stability: (a) demonstrate
range of stability resulting from glenohumeral balance, (c) demons
pressure, whilst (d) the role of articular compression due to soft t
of the joint may be coordinated by higher cortical control
of local musculotendinous units, providing direct stability
by generating a joint reaction force and maintenance of
optimal scapulohumeral balance45 through proprioceptive
feedback. The end effectors of such control are the rotator
cuff musculotendinous unit and associated periscapular and
shoulder girdle musculature. Passive stability is mainly con-
ferred by the glenoid labrum and capsuloligamentous com-
ponents, although the elastic properties of the shoulder
musculature may confer a significant degree of passive sta-
bility, in particular at the extremes of the range of motion.
Negative intra-articular pressure46e48 generated by an in-
teraction between capsule and synovial fluid is a further
physiological mechanism of stability (Fig. 5), the relative
significance of which is debatable.

Classification of instability

Due to temporal drift of concepts in joint instability,
a number of different classification systems have been
proposed over time. Invariably, these classifications en-
compass both contractile and non-contractile components
of stability. Rockwood49 initially described a simple system
focusing on traumatic aetiology with or without previous
dislocation (Types I and II) or atraumatic voluntary (Type
IIIa with psychiatric problems and Type IIIb without psychi-
atric problems) and involuntary (Type IV) subluxation. How-
ever, the system lacks the subtlety to determine modes of
trauma which may have a bearing on management and out-
come as well as distinguishing between mixed or time-de-
pendent pathologies. Further simplifying the spectrum of
instability, Thomas and Matsen50 neglected volition and
proposed a management algorithm based upon the acro-
nyms of traumatic unidirectional Bankart lesion treated
with surgery (TUBS), and atraumatic multidirectional
c

s the effect of the concavity depth on stability, (b) the angular
trates the effect of limited volume and negative intra-articular
issue tensioning during rotation.
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bilateral treated with rehabilitation and possibly inferior
capsular shift (AMBRI). This classification may misplace 2
patient groups; those with a muscle patterning component,
and those non-hyperlax individuals with acquired overuse,
commonly as a result of sporting activity.

Schneeberger and Gerber51 developed a classification
system in which the degree of joint laxity, trauma and in-
stability were defined, but this system again marginalises
volition. More recently, Gerber and Nyffeler52 refined the
definition of instability by describing 3 classes of instability;
static, defined by the absence of classic symptoms yet char-
acterised by humeral head displacement, dynamic, in
which a subjective loss of normal glenohumeral stability
and momentary, but restorable loss of articular congruency
is described, and voluntary, reserved for those who may
dislocate at will. However, a conclusive model was never
presented.

The development of the Stanmore classification has
been influenced by the limitations of all pre-existing
systems. Patient presentations are grouped into 3 polar
classes: Type I (true TUBS), Type II (true AMBRI), or Type III
(muscle patterning or habitual non-structural disorders). In
recognition of the continuity between groups, a triangular
model was proposed in which a degree of polarity may be
tailored to each presentation53 (Fig. 6). As such, the Stan-
more classification provides a system to group all presenta-
tions of shoulder instability irrespective of time
dependency. However, its commonest limitation is the dif-
ficulty in defining axial groups. Although polar groups are
more straightforward, inherent within axial group descrip-
tion is a significant degree of both inter- and intra-rater
error.

Clinical examination

Specific evaluation of both anatomical and functional
components of the disrupted shoulder has been described
through the use of a number of eponymous tests. Sub-
sequent review of the sensitivity (the proportion of patients
with an anatomical or functional deficit who test positive
with a test aimed at eliciting such a deficit), and specificity
(the proportion of patients without an anatomical or
Polar Type I:
Traumatic Structural

Polar Type III:
Muscle Patterning,

Non-structural

Polar Type II:
Atraumatic
Structural

Figure 6 Stanmore triangle (developed by Bayley et al.,
1986e2004; adapted from Lewis et al.53). The triangular polar-
ities represent extreme types of instability. In practice, insta-
bilities fall within the triangle.
functional deficit who test negative with the same test),
have often conflicted with the validity described by the
presenting authors. Similarly, positive predictive value
(PPV, the probability that a patient has an anatomical or
functional deficit with a test positive), and negative pre-
dictive value (NPV, the probability that a patient has no
anatomical or functional defect with a negative test re-
sult), is commonly incongruent between test description
and later peer review. However, clinical assessment of the
shoulder relies significantly upon a generic history of the
injury, and musculoskeletal examination.

Before conducting a physical examination, both a general
and specific shoulder history should be taken, including an
evaluation of the presenting complaint, be it pain, a sensa-
tion of instability, stiffness, deformity, locking, catching or
swelling. An understanding of the patient’s functional loss
(i.e. an inability to compete at a chosen level, possibly due
to a lack of confidence in the stability of their shoulder, or
a ‘dead arm’ sensation) as well as previous treatment,
surgery and injury is also of vital importance in both
diagnosing and managing any shoulder instability. In addi-
tion, a family history of atraumatic instability may be
important in these patients, as is an assessment of general
flexibility compared to their peers.

Physical examination of the unstable shoulder requires
an understanding of its limitations; instability may be
obvious or subtle and difficult to demonstrate. Two impor-
tant caveats exist to elucidating positive instability tests;
firstly, a normal shoulder has a degree of physiological
laxity,20 and secondly, it is difficult to determine whether
a translation under manual guidance is subluxation to an
abnormal position or relocation to a normal position.54

However, it must be recognised that this is of theoretical
relevance clinically, as both can represent a pathological
condition. As such, not only is bilateral assessment of vital
importance, but also testing for generalised hyperlaxity, as
evidenced by elbow, finger and thumb hyperextension, to-
gether with knee recurvatum and increased ankle dorsiflex-
ion.54 Although there is a known relationship between
shoulder instability and gross connective tissue disorders
such as Marfans and Ehlers-Danlos Syndrome,41 there is
far less understanding about the relationship between gen-
eralised joint laxity and shoulder laxity.

Of fundamental importance in evaluating passive re-
straints to glenohumeral motion is relaxation of the active
muscular restraints. A tendency to guard the injured joint
and prevent examination may be overcome by conducting
laxity examination on the contralateral side before the
involved limb. Following this, provocation testing can often
be conducted with a little more ease.
Laxity tests

By definition, laxity tests should not precipitate symptoms,
but demonstrate the degree of translation at the joint. The
amount of translation on laxity testing is determined by the
length of the capsuloligamentous complex at the beginning
of the assessment, and thus the originating position of the
humerus; for example, a greater degree of anterior laxity
may be elucidated if the arm is in internal rotation
compared to an externally rotated position. Three tests
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of laxity are commonly performed: the load-and-shift test,
the drawer test and the Sulcus sign. These tests are not
specific for particular pathologies, but are intended to
provide evidence of excessive laxity.

Load-and-shift

The load-and-shift test was first described by Hawkins and
colleagues,55 although modified in recent years. The princi-
ple of this test is to determine the amount of translation of
the head of the humerus on the glenoid. Whether the pa-
tient is positioned supine or seated, the examiner uses their
first hand to grasp the humeral head of the affected shoul-
der, and position their second hand over the shoulder girdle
in order to stabilise the scapula. Simultaneously, the poste-
rior joint line is palpated with the thumb, whilst the ante-
rior joint line is palpated with the index and middle fingers,
positioned over the corocoid and the humeral head, respec-
tively. The first hand then loads the joint to ensure concen-
tric reduction before applying an anterior or posterior
shearing force, the magnitude of which may be appreciated
as the index finger approaches the middle finger (Fig. 7).
Similar tests to the method described have been presented
in the literature.56

The reliability of this test was found to be optimal when
tested in 0� abduction for the posterior and inferior
directions57 (intraclass correlation coefficient (ICC), for in-
ter-rater reliability and testeretest reliability was 0.68 and
0.79, respectively). By abducting to 90�, the anterior direc-
tion reliability is also good (ICC: 0.72).

Drawer tests

Akin to the load-and-shift principle, drawer tests, first
described in the shoulder by Gerber and Ganz,58 are com-
monly used to assess anteroposterior laxity. These tests
share a common grading system with the anterior drawer
Humeral Head

Coracoid+ +

Figure 7 Load-and-shift test. The first hand of the examiner
is used to manipulate the humeral head, whilst the second
hand is used to stabilise the scapula.
test of the knee.59 However, unlike the load-and-shift
test, anterior and posterior drawers must be conducted
with the patient supine, as the reproducibility is fundamen-
tally reliant upon relaxation of the musculature.60

The anterior drawer test is performed with the extended
arm of the affected side cradled at 80e120� of abduction,
0e20� of forward flexion and 0e30� of external rotation by
the examiner’s hand in their axilla whilst manipulating the
neck of the humerus. The examiner’s other hand grips the
scapula from coracoid to scapula spine in order to control
anterior and posterior translations (Fig. 8). The posterior
drawer is performed with the examiner standing to the
test side of the supine patient, grasping the forearm and
flexing the elbow to about 120�, whilst positioning the
shoulder in 80e120� of abduction, and 20e30� of forward
flexion. The other hand grasps the girdle with the thumb
positioning on the lateral edge of the coracoid. In order
to exacerbate a posterior translation, the humerus must
be internally rotated slightly and flexed 60e80�; during
this manoeuvre, the thumb subluxates the head of the hu-
merus posteriorly.58 Although the reliability of this test is
unknown, Levy et al.61 noted that the interobserver reli-
ability of the sulcus sign and laxity tests using Altchek’s
grading system59 was 47% with a kappa value of less than
0.5.

Sulcus sign

The first reference to the sulcus sign was by Neer and
Foster62 in assessing multidirectional instability (MDI;
Fig. 9). If a depression is observed between the lateral
edge of the acromion and the humeral head on gentle
downward traction of the humerus, the sign is positive.
Quantification of the sign through grading was added by Sil-
liman and Hawkins.63 Although Neer and Foster62 suggested
that a positive sulcus may indicate inferior capsular redun-
dancy, more recent selective sectioning experiments have
demonstrated a considerable anterosuperior component
to inferior laxity,21,64e67 a result of either superior gleno-
humeral ligament, coracohumeral ligament or rotator inter-
val release.

All of these tests suffer from a difficulty in distinguishing
relative bone motion deformations from overlying soft
tissue deformations (Table 2).

Grading laxity tests

Determining a degree of joint laxity is fallible to both inter-
and intra-examiner error. This disagreement may be in part
due to both methodological and interpretation inconsis-
tencies. Not only might a lack of objective measurement
and human error play a part, but elements such as the
amount of force used to assess the laxity, and interpreta-
tion of ‘stiff’ or ‘soft’ endpoints, or the point at which to
interpret sufficient stability provided to joint laxity, may
play a significant role. Elements of error may be reduced
with experience, as well as adopting grading systems to
present findings and add weight to management algorithms.

Grossly, both continuous and discrete subjective systems
have been used to grade the degree of laxity present at the
GHJ. Harryman and colleagues21 suggested 2 methods;
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Figure 8 Anterior and posterior drawer test: (a) demon-
strates the anterior drawer test, whilst (b) demonstrates the
posterior drawer test; the cross body manoeuvre exacerbates
posterior subluxation about the examines thumb.
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measurement of the translation in millimetres, although
this requires a tool to be accurate, or estimation of the per-
centage of humeral head translated across the glenoid,
graded as I (25% head diameter), grade II (50% head diame-
ter) or grade III (greater than 50% head diameter). The lat-
ter method, although theoretically plausible, is practically
difficult as it relies upon an initial estimate of both humeral
head and glenoid size. A further method was described by
Hawkins and Bokor68 in order to evaluate the positional re-
lationship of the humeral head to the glenoid; type 0 is de-
monstrable by normal translation, type I by translation to
the glenoid rim (i.e. equivalent to Harryman’s grade II),
type II over the glenoid rim (equivalent to Harrymans’ grade
III), whilst type III describes a locked position. However, dif-
ficulty arises over differentiating between type 0 and I. Fur-
thermore, type III rarely occurs, and therefore, the grading
may not be very specific. Finally, a grading from 1þ to 3þ
for joint laxity was proposed by Altchek et al.59; a grade
of 1þ indicates excessive translation compared to the con-
tralateral side, but no subluxation, 2þ indicates subluxa-
tion of the humeral head over the glenoid rim, although
spontaneously reducing, and 3þ indicates frank dislocation
with no spontaneous reduction. Finally, it is important to
contextualise the findings of laxity grading scales by deter-
mining the generalised joint laxity within the patient.

Criteria for assessing generalised joint laxity were first
described by Carter and Wilkinson,69 modified by Beighton
and Horan70,71; the Beighton and Horan index is the most
commonly employed instrument to date.72 However, exces-
sive laxity can all too often be asymptomatic, and as such,
management of those who suffer symptoms requires assess-
ment of the functional impairment resulting from these.
Provocation tests

Provocation tests examine the ability of the shoulder to
resist challenges to stability in positions where ligaments
are normally under tension and, as such, exacerbate the
symptoms of clinical instability; that is, pain, apprehen-
sion, loss of function and physical signs such as joint
clicking or popping. A number of provocation examinations
have been described, but commonly, the core manoeuvre
performed is that of apprehension, relocation and release
(Table 3). Although the primary intention of these clinical
tests is to assess stability provided by the capsuloligamen-
tous structures by stressing this mechanism, other key sta-
bility mechanisms are also loaded, and as such the tests are
unable to distinguish between a static and dynamic aetiol-
ogy to the symptom or sign representative of a positive
test; that is, whether the pathology is of the capsulolabral
tissue, rotator cuff, or mixed in nature.
Apprehension/augmentation test

The first step in what has now become a sequential
manoeuvre is the apprehension test, initially alluded to
by Rowe and Zarins73 as a seated test in which an anteriorly
directed force is applied in abduction external rotation
(Fig. 10). Other authors have described similar tests such
as the fulcrum test,74 in which abduction external rotation
is conducted supine with the examiner’s hand between the
head of the humerus and examination couch, acting as a ful-
crum, the crank test75,76 in which a manual torque is ap-
plied at the wrist to a seated patient in an abducted
externally rotated position, or Feagin’s test.77 However,
the exam is better conducted without anterior force, as
this is not often necessary to elucidate apprehension or
pain, which may be relieved by the ensuing relocation
test in the sequential manoeuvre. In recognition of this con-
cept, Silliman and Hawkins78 referred to this manoeuvre as
the apprehension test if performed without the need to ap-
ply force to elicit a positive sign, and the augmentation test
if force was used. The test can be conducted in either a su-
pine or seated position. The examiner’s first hand manoeu-
vres the patient’s wrist on the affected side, and the
second hand holds the affected shoulder girdle. With the
arm in the adduction internal rotation position, the arm is
brought into abduction external rotation, whilst using the
second hand to palpate an anterior subluxation.79 Pain or
a feeling of apprehension without dislocation, have both
been described as positive results.80



Figure 9 Sulcus sign. The examiner’s hand stabilises the
scapula girdle whilst the other hand applies downward axial
traction to the humerus; a sulcus between the lateral acromion
and humeral head can be seen in global laxity.

Table 2 Laxity tests

Laxity Test Author Patient posi

Common
A-P Load and shift Hawkins et al.55;

Protzman56
Seated supin

A-P Drawer Gerber and Ganz58 Supine

MDI Sulcus sign Neer and Foster62;
Silliman and Hawkins63

Standing sea

Others
P Posterior

subluxation
Clarnette and Miniaci54 Supine

A Anterior jerk Leret et al. (1994) Seated

P Posterior jerk Matsen et al.92 Seated

P Flexione

rotation pivot
Norwood and Terry93;
Miniaci et al.94

Supine

Authors in italics are workers describing similar tests with the same ob
Caveat: these tests are not specific for particular pathologies, but ar
termined as directional due to the association of a singular pathologica
laxity might move appropriately considered as global in character, ra
results in or from modulation of the entire envelope of constraint. H
is documented in this table. A, anterior; P, posterior; I, inferior; S, su
duction; AxRot, axial rotation; ER, external rotation; IR, internal rota
lation coefficient (the extent to which a measure is repeatable repre
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Relocation test

Described by Jobe et al.,81 the relocation test involves ap-
plying a posteriorly directed force to relocate the humeral
head on the glenoid; a positive test is determined by the di-
minuation of apprehension during the applied force, recog-
nised as ‘Fowler’s Sign’.63 This test was validated by Speer
et al.,82 though not at the extreme of external rotation as
Jobe et al.81 first described, as in order to standardise
the position, they tested all patients in 90� abduction and
90� of external rotation.80 Their results when apprehension
was used as the diagnostic criterion demonstrated a sensi-
tivity of 68, a specificity of 100% for abnormal anterior
translation, a PPV of 100%, a NPV of 78% and an accuracy
of 85%, although this was reduced when apprehension was
substituted with pain.

Release test

Silliman and Hawkins63 described the release, or surprise
test after a positive Fowlers sign in relocation as a diagnos-
tic tool in its own right. The test is positive if a re-initiation
of symptoms is seen with sudden removal of a relocating
force. Gross and Distefano83 validated the test in a series
of 82 patients (sensitivity 92%, specificity 89%, PPV 87%
and NPV 93%). During the apprehensionerelocationere-
lease routine, mean positive and negative predictive values
of 93.6% and 71.9% were seen in subjects who had a feeling
of apprehension in all 3 provocation tests. The release, or
surprise test was the single most accurate test for abnormal
anterior laxity (sensitivity of 63.89% and specificity of
tion Humeral head load Humeral head rotation

e A-P Neutral

A or P 80e120� Abd
0e20� Flex
0e30� ER

ted I Neutral

P Add, IR, 70e90� Flex Then, Abd
and ER to relocate

S and then
Jt line A

Abd, IR

S Abd, IR and then Flex. Ext to
Relocate

P 90� Abd, 0� AxRot. Then, Flex
and Add

jective, or authors adding to the development of the assessment.
e intended to provide evidence of laxity. Laxity is commonly de-
l lesion. However, in dissociating laxity from specific pathologies,
ther than unidimensional, as an increased translation invariably
owever, as is convention, the primary axis or direction of laxity

perior; MDI, multidirectional instability; Abd, abduction; Add, ad-
tion; Flex, flexion; Ext, extension; Jt, joint; ICC, intraclass corre-
senting non-systematic error).



Table 3 Provocation tests

Positive symptomatic
provocation

Test Author Patient position Humeral head
load

Humeral hea
rotation

Sensitivity and
specificity

PPV:NPV

Mean for manoeuvre
94%:72%

Core provocation manœuvre
Jt pain, or apprehension

w/out dislocation
Apprehension/
augmentation

Rowe and Zarins73;
Boublik and
Silliman74;
Liu et al.75,76;
Rockwood77

Seated supine Augmentation, A,
apprehension,
none78

90� Abd, IR t ER

Fowler’s sign (diminuation
of
apprehension), Silliman
and Hawkins78

Relocation Jobe et al.81 Supine P to relocate
apprehension
manoeuvre

90� Abd, ER
apprehension
manoeuvre

68%:100% At 90�

Abd, 90� ER82
100%:78% At 90� Abd,
90� ER82

Re-initiation of
Apprehension
following þve Fowler’s
sign

Release Silliman and
Hawkins63

Supine None 90� Abd, ER
apprehension
manoeuvre

92%:89%83;
64%:99%80

87%:93%83

Others
Jt pain and apprehension Posterior

apprehension
O’Driscoll91 Seated 90� Flex, IR

Subacromial sulcus, or
apprehension

Inferior
apprehension
(ABIS)

Feagin, Itoi et al.96 Standing I Abd (rested
examiners
shoulder)

Unknown96

Increasing apprehension or
pain

Biceps load Kim et al.107 Supine Resisted elbow
Flex

90� Abd, ER 0�

Abd, ER
91%:97% for SLAP at
90� Abd, ER107

(nZ75);
90%:97% for SLAP at
120� Abd, ER108

(nZ38)

83%:98% at 90� Abd,
ER107 (nZ75);
92%:95% for SLAP at
120� Abd, ER108

(nZ38)

Authors in italics are workers describing similar tests with the same objective, or authors adding to the development of the assessm t. Caveat: these tests are not specific for particular
pathologies, but are intended to provide evidence of laxity. Laxity is commonly determined as directional due to the association of a ingular pathological lesion. However, in dissociating
laxity from specific pathologies, laxity might move appropriately considered as global in character, rather than unidimensional, as n increased translation invariably results in or from
modulation of the entire envelope of constraint. However, as is convention, the primary axis or direction of laxity is documented i this table. A, anterior; P, posterior; I, inferior; Abd,
abduction; Add, adduction; AxRot, axial rotation; ER, external rotation; IR, internal rotation; Flex, flexion; Ext, extension; Jt, joint ICC, intraclass correlation coefficient (the extent to
which a measure is repeatable representing non-systematic error); PPV, positive predictive value; NPV, negative predictive value.
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External
Rotation

Internal
Rotation

a

b

c

Figure 10 Apprehensionerelocationerelease manoeuvre:
(a) exacerbates anterior translation of the humeral head, (b)
relocates the humeral head diminishing any apprehension,
and (c) produces a rebound apprehension.
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98.91%), whilst an improvement in the feeling of apprehen-
sion or pain with relocation added little to the value of the
tests. Despite this, the use of the 3-exam routine is highly
specific and predictive of traumatic anterior glenohumeral
instability.80

Summary of provocation tests

The reliability of the common provocation manoeuvre
is relatively undetermined. Throughout the provocation
manoeuvre, although more commonly the relocation
and release routine, a number of authors have described
pain as a positive diagnostic result84e86 in addition to
apprehension. Further discrepancy arises in the interpre-
tation of apprehension or augmentation test findings.
One school of thought suggests diagnosis of instability
as a result of overuse injury if pain is caused during this
test.87e90
Clinical tests for posterior instability

Posterior instability, although less common in isolation than
anterior instability, often forms part of an MDI profile. A
number of clinical tests have been described. These include
a specific test for posterior laxity and a number of posterior
provocation manoeuvres.

Posterior subluxation

Clarnette and Miniaci54 developed the posterior subluxation
test in which the patient is supine with the test shoulder
over the edge of the couch. The test arm is adducted and
internally rotated at 70e90� of flexion. The examiner takes
the elbow and applies a posteriorly directed force causing
the humeral head to fill the subacromial hollow in posterior
instability. From this position, the humerus is abducted and
externally rotated slowly to the point of relocation, palpa-
ble with the examining hand.

Posterior apprehension test

In diagnosing subacromial impingement, O’Driscoll91 ob-
served that flexing the humerus to 90� and internally rotat-
ing elicited the symptoms of instability in patients with
posterior instability.

Jerk test

In order to assess the posterior capsular integrity, the
patient is seated with the arm in abduction internal
rotation. The examiner grasps the elbow and axially loads
the humerus in a proximal position. Whilst axial loading of
the humerus is maintained, the arm is moved horizontally
across the body. A positive test is indicated by a sudden jerk
as the humeral head slides off the back of the glenoid.
When the arm is returned to the original position of 90�

abduction, a second jerk may be observed, that of the
humeral head returning to the glenoid.92

Flexion rotation pivot test

Norwood and Terry93 described a further test for the pres-
ence of posterior instability. The patient’s arm is posi-
tioned in 90� of abduction and neutral rotation with the
elbow flexed 90� in a supine position, held with the exam-
iner’s first hand, whilst the other is placed on the anterior
axillary fold. The examiner then forward flexes and ad-
ducts the patient’s arm whilst exerting a posteriorly ap-
plied force on the humeral head, enabling a subtle
subluxation and relocation to be palpated (Fig. 11).



a

b

Figure 11 Flexionerotation pivot test: (a) the elbow is
flexed to 90� and the glenohumeral joint is abducted to 90�;
(b) demonstrates coupled forward flexion and adduction from
this position, whilst manually applying posteriorly directed
force on the humeral head.
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Miniaci et al.94 described a similar test in which the pal-
pating hand is placed on the anterior axillary fold stabilis-
ing acromion and clavicle to precipitate symptoms of
posterior instability.
Other unidirectional tests

Inferior laxity often occurs as a result of both failure of the
axillary pouch and the remaining capsule, and thus is a sign
of MDI.

Hyperabduction test

Described by Gagey and Gagey,95 the hyperabduction test
is performed by stabilising the scapula whilst passively ab-
ducting the humerus; a constant value is achieved be-
tween bilateral paired shoulders in 95% of non-
pathological shoulders examined (nZ100), whilst length-
ening and laxity of the inferior glenohumeral ligament is
associated with more than 105� of abduction compared
with 90� seen within the contralateral stable joint in 85%
of patients. Although this test has been supported by
the presenting authors through cadaveric measurement,
no review of the validity of this test has been presented
to date.
Inferior apprehension, or abduction inferior
stability (ABIS) test

Initially described by Feagin, and further refined by Itoi
and colleagues,96 this examination is performed with the
patient’s affected upper limb held in abduction, and the
patient’s forearm resting on the examiner’s shoulder.
The examiner exerts bimanual downward force over the
neck of the humerus. If the shoulder is unstable, the
head will be translated inferiorly, and a subacromial
groove will appear. A positive clinical sign may also be ap-
prehension. There is no validation of this manoeuvre to
date.
Clinical tests for labral lesions

In order to determine the extent of laxity resulting from
labral failure, a number of clinical tests have been de-
scribed (Table 4).

Active compression test

O’Brien97 used the active compression test to determine su-
perior labral tears with a sensitivity of 100%, specificity of
97%, PPV of 89% and NPV of 100%. The examiner performs
the test by standing behind the patient applying a down-
ward force on their 90� flexed arm in 10� of adduction
and full internal rotation with the elbow in full extension.
If pain is elicited ‘inside’ the shoulder, and eliminated if ex-
ternally rotated, a positive result is recorded. Stetson and
Templin98 found a sensitivity of 54% and a specificity of
31% using this test, with a PPV of 34% and NPV of 50%, sim-
ilar to the findings of McFarland et al.99

Crank test

Performed with the patient seated and the arm elevated
to about 160� in the scapula plane, the examiner applies a
joint load along the axis of the humerus whilst axially
rotating the humerus.75 A positive result is elicited by ei-
ther pain during the manoeuvre with or without a click,
or reproduction of the characteristic symptoms76 (sensitiv-
ity 91%, specificity 93%, PPV 94% and NPV 90%). Contrary to
these results, Stetson and Templin98 demonstrated a PPV
of 41%, specificity of 56%, sensitivity of 46% and an NPV
of 61%, concluding that the crank test was not sensitive
enough for detecting glenoid labral tears. The crank test
may be more sensitive in a select group of younger pa-
tients prone to labral lesions. A further study conducted
by Mimori et al.100 used both MR arthrography and arthros-
copy to verify the pain ratings from the crank test in 32 pa-
tients with throwing injuries of the shoulder. Detachment
of the labrum was detected by the crank test with a sensi-
tivity of 83%, a specificity of 100% and an accuracy of 87%.



Table 4 Labral lesion tests

Labral lesion Test Author Patient position Humeral head load Humeral ad
rotation

Sensitivity and
specificity

PPV:NPV

General labral lesion Active
compression

O’Brien et al97 Seated I 90� Flex, 0� Add,
full IR

100%:97%97;
54%:31%98; 47%
sensitivity for
SLAP99 (nZ426)

89%:100%97;
34%:50%98

General labral lesion Crank Liu et al75,76 Seated Ax Comp 160� Sca then
AxRot

91%:93%75,76;
46%:56%98;
83%:100%100.

94%:90% 75,76;
41%:61%98.

SLAP Biceps tension Snyder et al.101 Standing Resisted Flex Flex
SLAP Compressione

rotation
Snyder et al.101 Supine Ax Comp 90� Abd, en

circumdu and
rotate

General labral lesion Clunk Standing seated Ax Comp Ext to Fl
AS general labral lesion Anterior slide Kibler105 Seated Standing AS directed axial Hands on ips,

thumbs d ected P
78%:92%105; 84%
specificity99

(nZ426)
Biceps tendonitis Speed’s Standing Resisted Flex Flex
Biceps tendonitis Yergason’s Yergason106 Standing Resisted supination Neutral, � ER,

Elbow 90 lex

Caveat: these tests are not specific for particular pathologies, but are intended to provide evidence of laxity. Laxity is commonly termined as directional due to the association of
a singular pathological lesion. However, in dissociating laxity from specific pathologies, laxity might move appropriately considered global in character, rather than unidimensional,
as an increased translation invariably results in or from modulation of the entire envelope of constraint. However, as is convention, t primary axis or direction of laxity is documented
in this table. A, anterior; P, posterior; I, inferior; S, superior; MDI, multidirectional instability; Ax Comp, axial compression; Abd, bduction; Add, adduction; AxRot, axial rotation;
ER, external rotation; IR, internal rotation; Flex, flexion; Ext, extension; Scap, scaption; Jt, joint; ICC, intraclass correlation coeffi nt (the extent to which a measure is repeatable
representing non-systematic error).
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Biceps tension and compressione
rotation tests

The Biceps tension test and compressionerotation test
were first described by Snyder et al.101 as a means of elic-
iting positive signs of a SLAP lesion; that is, a superior labral
detachment extending from anterior to posterior, and thus
incorporating the biceps anchor. The biceps tension test
examines resisted shoulder flexion with the elbow extended
and the forearm supinated, akin to the active compression
test for labral lesions. Field and Savoie102 noted that this
test was positive in 20 consecutive patients with a diagnosis
of a SLAP.

The compressionerotation test is performed with the
patient supine, the shoulder abducted 90� and the elbow
flexed 90�. A compression force is applied to the humerus
axially which is then circumducted and rotated in an
attempt to trap the torn labrum. A catch and snap, akin
to McMurray’s test103 of lesions of the posterior meniscal
horn of the knee may be felt at the joint line. However,
no validation of this test has been conducted.

Speed’s and the clunk test

Similar tests to the biceps tension and compressione
rotation tests are the clunk test and Speed’s test: Speed’s
test is performed by flexing the shoulder against resistance
whilst maintaining the elbow in extension and the forearm
in supination. Pain is a positive indictor of biceps
tendonitis.

During the Clunk test, the arm is rotated and loaded
from a position of extension to one of forward flexion. A
clunk like sensation is felt if a free labral fragment is caught
in the joint, again similar to McMurray’s test103 of the me-
niscus in the knee. However, it has been reported that
a click is a common occurrence in patients with labral tears
in the absence of joint instability.104

Anterior slide test

The anterior slide test, first described by Kibler105 requires
the patient to be either seated or standing, with their
hands on their hips and their thumbs pointing posteriorly.
With one of the examiner’s hands across the shoulder girdle
from posterior to the anterior aspect of the acromion, and
the other hand applying an anterosuperior force at the el-
bow with the patient resisting this motion, pain elicited
at the front of the GHJ under the examiners index finger,
and/or a pop or click in the same area is considered posi-
tive. A positive result is also recorded if it recreates the
symptoms that occur during overhead activity105 (sensitiv-
ity of 78% and a specificity of 92% measured by the describ-
ing author).

Other examinations of passive stability

Other clinical exams determine the integrity of the biceps
tendon. Although not distinct from the bicipital anchor, and
thus the superior labrum, the exams were conceived to
establish bicipital wear or incompetence, and thus are
presented here.
Yergason’s test

Yergason’s test is performed with the elbow flexed to 90�

and the forearm pronated.106 At this point, the examiner
holds the wrist to resist active supination by the patient.
Pain in the bicipital groove is indicative of tendonitis or
wear of the biceps tendon.
Biceps load test

The biceps load test was first described by Kim et al.107 In
assessing recurrent anterior instability, an apprehension
test in the supine position with the forearm supinated
has been advocated. Once an apprehensive position is
reached, the patient should be asked to flex the elbow
against the force of the examiner; if apprehension is not
reduced, or indeed, if it gets worse, the test is thought
to be positive for a superior lesion from anterior to poste-
rior (SLAP; Fig. 12). In 75 patients, Kim et al.107 reported
a sensitivity of 91% and a specificity of 97%. The PPV was
83% and NPV 98%. However, if only one traumatic episode
has been documented, the test should be conducted in
120� of abduction. If pain, or more pain is noted during
the resisted elbow flexion, the test is positive. Kim
et al.108 evaluated 127 shoulders following a primary trau-
matic event arthroscopically, of which 38 were positive
tests (the sensitivity was 90%, specificity 97%, PPV 92%
and NPV 95%).
Reliability of clinical tests

McFarland et al.99 variably performed the active compres-
sion, anterior slide and compression rotation tests on 426
patients prior to arthroscopy. They demonstrated that the
incidence of positive results were not statistically different
between those with and without SLAP lesions, whilst no
patient with a SLAP was positive for all 3 tests, as might
be expected if infallible. The active compression test was
the most sensitive to SLAP lesions (47%), yet had lowest
overall accuracy (54%), whilst the most specific test and
the most accurate was the anterior slide test (specificity
of 84% and accuracy of 77%). Furthermore, McFarland and
colleagues99 noted that the accuracy of these tests may
be confounded by co-existing injury or pathology, as both
the presence of a click, or the location of pain are not
reliable diagnostic indicators.

Tzannes et al.57 demonstrated in a cohort of 13 patients
with a history suggestive of instability, that correlation
between 4 examiners is reliable in the load-and-shift, sul-
cus and provocation tests when care is taken with respect
to arm position, and apprehension is used as a positive
test, rather than pain. Levy et al.61 demonstrated similar
results for intraobserver and interobserver reproducibility
(46% and 47%, respectively) for the anterior and posterior
drawer tests in 43 asymptomatic collegiate athletes. The
degree of laxity was graded according to Altchek
et al.,59 and as such, a subjective degree of laxity was
determined rather than the reproduction of patient symp-
toms, possibly confounding the reproducibility of these
results.



a

b

Figure 12 Biceps load test and biceps load test II. In (a),
manual resistance is applied against elbow flexion at 90� of ab-
duction, whilst (b) depicts a similar active movement at 120� of
abduction.
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Summary of shoulder assessment and
testing algorithm

Assessment of the integrity of the passive stabilising system
of the GHJ has been described in a number of ways. This
inconsistency is compounded by the difficulty in eliciting
subtle signs in order to determine a positive test result. As
such, an evidence-based approach to examination that is
practical, and can be implemented successfully by all
involved in the rehabilitation process, might aid in the
assessment of instability; this might appropriately take the
form of an algorithm.

Intuitively, an algorithm that can appropriately be
applied clinically might reflect the simplest group of tests
to achieve the diagnosis, rather than all of the tests that one
may apply. Typically, a generic shoulder assessment might
form the foundation of such an assessment, in which range
of motion is assessed in a standing position, in an attempt to
elicit apprehension (and the degree of elevation at which it
occurs), pain, abnormal muscle coordination and scapula
dyskinesis. Following this, a gross assessment of compara-
tive rotator cuff strength is important, as is use of the
Beighton Score. Next, an assessment of the current position
of the humerus relative to the scapula is important; if the
joint is dislocated, is the humeral head reducible passively,
or does it require active manipulation. Guidance at this step
is critically dependent upon a detailed history taken prior to
examination, as if the joint is located, a history descriptive
of instability would assume the need to determine the
envelope of laxity. Assessment of anteroposterior stability is
best performed with the load-and-shift test, followed by the
core provocation manoeuvre (apprehension, relocation and
release sequence manoeuvre); load-and-shift might appro-
priately be performed at 0� of abduction for suspected
posterior instability, and 90� of abduction for anterior
instability. Provocation is a tested direction is positive on
eliciting pain or apprehension. Following this, assessment of
the superior laxity and the long head of biceps anchor is
most appropriately performed primarily by O’Brien’s active
compression test,97 followed by Speed’s and Yeragon’s
test.106 This might be supplemented by the biceps load
test if the clinical picture remains equivocal.107 Finally, in-
ferior instability is evident upon demonstration of a positive
Sulcus sign,62,63 and the hyperabduction test.95
Conclusion

The shoulder complex affords a large range of motion to the
upper limb in order to position the hand to perform its
function. This highly mobile state is maintained by a number
of physiological stability mechanisms. Due to loading
conditions upon the shoulder and alterations in the struc-
tural quality of the stability mechanisms, disruption to
stability may occur. This is examined and then classified to
derive a chosen course of management, aimed at optimis-
ing acute, recovery and functional phases of restoration. A
number of tests have been described in order to diagnose
excessive laxity or instability, albeit, many of the physical
examinations are reliant upon similar mechanisms to elicit
positive clinical signs. However, many of the tests have
little supporting anatomical study, nor has an extensive
independent analysis been conducted. From the statistics
available, it may be generalised that no one test is
diagnostic for any one traumatic or pathologic entity,
thus questioning the weight given to such tests in the
clinical diagnosis and subsequent management of traumatic
shoulder instabilities. However, it is important to recognise
the synergistic value of a thorough history to clinical
examination of the joint of interest in order to arrive at
a differential diagnosis; this may then be clarified by
imaging examination of the joint, within which the gold
standard is MR arthrography.
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