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Abstract

history taking and focussed clinical examination helps in establishing the clinical diagnosis. A number of tests are mentioned in the literature to

test the integrity of rotator cuff. This narrative review will focus upon methodology of each test, and their diagnostic accuracy.
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Diagnostic Clinical Tests in Rotator Cuff Tear: Which and Why?
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Rotator cuff tear is a leading cause of shoulder pain resulting in varying degree of disability to perform activities of daily living. A methodical

Introduction

Shoulder pain is the third most common musculoskeletal condition
requiring medical attention [1]. Among various painful conditions of
the shoulder, rotator cuff tear remains one of the most significant
problems resulting in pain, difficulty in moving the shoulder, and loss of
strength affecting the activities of daily living [2]. Four muscles viz;
Subscapularis (SSC), Supraspinatus (SS), Infraspinatus (IS), and Teres
Minor (TM) form rotator cuff and are inserted over the tuberosity of
the Humerus. The Subscapularis is an internal rotator and adductor;
Supraspinatus is an abductor while Infraspinatus and Teres Minor are
external rotators. Apart from individual movements performed by each
muscle, another vital function of the rotator cuffis to keep the head of
the Humerus depressed and centered into the glenoid fossa permitting
asingle center of rotation while allowing efficient abduction or forward
elevation of the arm by the Deltoid [3, 4]. Any tear in the rotator cuff
(single tendon or more) may results in minor or major dysfunction of
the shoulder. Despite having recent advances in imaging that can quite
accurately diagnose the pathology in the rotator cuff, the importance of
clinical examination cannot be undermined. Although, clinical
diagnosis of rotator cuff tear often matches with the findings of imaging,
the assessment of local tenderness, range of motion (both active and
passive), crepitus, and strength cannot be determined by any imaging
modalities. A limited range of motion could suggest underlying frozen
shoulder or glenohumeral arthritis. A full-thickness tear on an MRI or
ultrasound could be well compensated clinically with a full range of
motion and good strength, which may not require any surgical
intervention. Therefore, a thorough history and clinical examination
with a variety of tests have been quite useful in establishing the
diagnosis of the rotator cuff tear. These tests can help in differentiating
pain and dysfunction due to rotator cuff tear from other causes of the
painful shoulder, such as glenohumeral arthritis, frozen shoulder, and
acromioclavicular arthritis. This narrative review will present and
discuss various tests utilized in the diagnosis of rotator cuff tear and
their utility in clinical practice.
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Clinical Presentation

The common clinical presentation of rotator cuff tear is a gradual onset
of pain and or weakness in the affected shoulder. The pain often radiates
to the tip of the deltoid and increases with attempted elevation, trying to
grab objects from the shelf or reaching back. Further, the pain usually
increases at night while lying on the affected side, disturbing the sleep.
Sometimes, the patient may give a history of activity related mild jerk to
the shoulder or fall over the tip of the shoulder or on the outstretched
hand, and that may resultin pain and or pseudoparalysis.

Examination of the shoulder reveals wasting of Supraspinatus and
Infraspinatus in suprascapular and infrascapular fossae, respectively.
There may be tenderness over the long head of the Biceps tendon in the
bicipital groove depending upon the health of biceps tendon. In
patients with full-thickness rotator cuff tear, passive range of motion
(ROM) is usually well preserved unless there is concomitant stiffness.
However, the active range of motion mightbeless due toloss of power.
While testing individual four rotator cuff muscles, there are three types
of tests: ‘Pain provocative or impingement tests, ‘specific tendon
strength tests, and ‘composite tests for pain and weakness. The latter
two categories are tendon specific tests, whereas the former category is
anon-specific test. There are over twenty-five special tests described for
the examination of the rotator cuff [5, 6]. However, all of them are not
required to be tested in routine clinical practice. In this review, we are
going to discuss only selected tests for detection of the cuff pathology
and their diagnostic accuracy using sensitivity, specificity, and
likelihood ratios (positive and negative), enabling us to understand the
utility of each test and its clinical importance. Before we embark upon
the journey of description and diagnostic accuracy of clinical tests, it is
essential to understand the meaning of various statistical terms such as
sensitivity, specificity, and likelihood ratios, which will be frequently
used in this review. The higher the sensitivity of a test, the better is its
capability to rule out a condition if the test is negative. If a test carries
high specificity, it implies that a positive test helps in confirming the
presence of the disease. The likelihood ratios (LR) give estimate
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whether the condition is present or absent if the test is positive or
negative. The test with positive LR (+LR) greater than 10 is quite
conclusive about the presence of the condition, while +LR between S-
10 suggests a moderate increase in the likelihood of the condition. The
test with negative LR (-LR) less than 0.1 is quite conclusive about the
absence of the condition while -LR between 0.1-0.2 suggests a
moderate decrease in thelikelihood of the condition.

A. Pain provocative or impingement tests There are two frequently
performed pain provocative or impingement tests during the
assessment of the rotator cuff tear; Neer’s impingement sign and
Hawkins-Kennedy test.

1. Neer’s Impingement sign [7]: With the patient sitting or standing,
the examiner stabilizes the scapula with one hand while the other hand
of the examiner passively raises the arm of the patientin gradual forward
flexion. A positive test is if the maneuver produces pain which is usually
feltafter 140°-150" of flexion.

2. Hawkin’s Kennedy test [8]: The examiner forward flexes the
patient’s shoulder to 90°, elbow is flexed to 90° and then shoulder is
forcibly internally rotated by holding the forearm. This maneuver
drives the greater tuberosity and subacromial bursa under the acromion
and coracoacromial arch. Pain with this maneuver is considered
positive forimpingement, and more so forinflamed subacromial bursa.

B. Test for Supraspinatus

In a typical clinical setting, two commonly performed test for
Supraspinatus tendon integrity are the Empty can test (Jobe) and the
Full can test. Both are composite tests designed to assess strength and
pain, and both are done similarly with only difference in shoulder
rotation. The empty can is done in full internal rotation (thumb
pointing downwards) while the full can is performed in 45" external
rotation with the thumb pointing upwards.

1. Empty can (Jobe’s test) [9, 10]: This test is done with the patient
sitting or standing. Both the arms are abducted by 90’ in the scapular
plane, elbow extended, forearm pronated, and shoulders are completely
internally rotated so that the thumb points downwards as if the patient
is attempting to empty a can full of liquid. Now, the clinician applies a
downward pressure over both the wrist or elbow and the patientisasked
to resist this maneuver without shrugging his shoulders (Figure 1A).
The test is considered positive if the patient experiences any pain or
weakness, and that should be compared with other ‘normal’ side.

2. Full can test [11]: This test is done with the patient sitting or

standing. Both the arms are abducted by 90’ in the scapular plane;
elbow extended, forearm mid-pronated, and shoulders are 45°
externally rotated so that the thumb points upwards as if the patient is
holding a can full of liquid. This maneuver is said to isolate
supraspinatus in the best possible manner [11]. Now, the clinician
applies a downward pressure over both the wrist or elbow and the
patientis asked to resist this maneuver without shrugging his shoulders
(Figure 1B). The test is considered positive if the patient experiences
any pain or weakness, and that should be compared with other ‘normal’
side.

Although there is no statistical difference between the two tests
considering four diagnostic parameters (sensitivity, specificity, +LR,
and -LR), the full can test is more accurate (75%) than the empty can
(70%) as the former considers muscle strength as the main parameter
[12, 13]. Further, an empty can is a more painful test (50%) than a full
can (43%) though the difference is not significant [12]. A recent
recommendation is to consider muscle strength as the gold standard
while diagnosing a full-thickness supraspinatus tear, and so full can test
ismore appropriate than the empty can testin establishing the diagnosis
of supraspinatus tear as the latter is more pain provocative than the
former[14].

3. Drop arm test [15]: In this test, the patient’s shoulder is passively
abducted to 90°, and then he/she is asked to lower it gradually. In case of
apositive test, he/she is unable to lower the shoulder progressively and
instead drops the arm suddenly because of pain.

While testing Infraspinatus and Teres Minor, most of the tests (External
rotation lag test, resisted external rotation test (RERT), Patte’s,
Hornblower, and drop sign) performed are similar in principles as both
muscles are external rotator of the shoulder. Hence, it is important to
isolate these muscles while testing them individually. In experimental
studies, it is proven that Infraspinatus works best as an external rotator
when the arm is in 0" while Teres Minor works best when the shoulderis
in 90" abduction [16]. Nevertheless, complete separation between the
two is not possible, and some overlap does exists. Furthermore, TM’s
contribution is only 20% of external rotation strength in any degree of
abduction [17].

C. Test for Infraspinatus

Many tests are described for Infraspinatus, such as the Resisted External
rotation test, External rotation lag test at 20" and 90° (drop sign), and
Patte’s test.

1. Resisted external rotation test (RERT) [11]: With the patient

Figure 1:
(A) Empty can test;
(B) Full can test
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sitting or standing, the clinician keeps the arm in 0" abduction and
neutral rotation at the shoulder while the elbow is held at 90" flexion.
The patient is asked to externally rotate his arm against resistance
applied at the wrist and forearm (Figure 2A). The clinician must assess
both strength and pain in RERT as former carries more weightage in the
diagnosis of the Infraspinatus tear [18].

2. External rotation lag test at 20" [19]: With the patient standing or
seated, the elbow is passively flexed to 90" and held with one hand of the
clinician, and the affected shoulder is moved in 20" abduction in
scapular plane and near maximum external rotation (maximum
external rotation minus 5’ to avoid elastic recoil of the shoulder) by
holding near the wrist with another hand (Figure 2B). The patient is
then asked to maintain the position of external rotation for a minimum
of 10 seconds as the clinician releases the wrist. The sign s positive if the
arm falls back by more than 10" into internal rotation.

3. External rotation lag test at 90’ (drop sign) [19]: This test was
designed to test the integrity of the Infraspinatus [ 19]. With the patient
standing or seated, the elbowis passively flexed to 90’ and supported by
one hand of the clinician. At the same time, the shoulder is moved in 90°
abduction in scapular plane and near maximum external rotation
(maximum external minus 3" to avoid elastic recoil of the shoulder) by
holding near the wrist with another hand (Figure 2C). The patient is
then asked to maintain the position of external rotation for a minimum
of 10 seconds as the clinician releases the wrist. The sign s positive if the
arm fellback by more than 10" into internal rotation.

Inastudy of 54 patients, Walch etal. concluded that drop sign had 100%
sensitivity and 100% specificity of a degenerated or torn Infraspinatus
[20].

4. Patte’s test [21]: This test was originally designed to test Teres
Minor. However, some authors use it to test Infraspinatus too, as the
sensitivity of this test for Infraspinatus tear is high (93%), and if

negative, it rules out Infraspinatus tear. With the patient standing or

Figure 2: (A) Resisted
external rotation test in 0°
abduction; (B) External

| rotation lag test in 20"
I abduction; (C) External
| rotation lag test in 90’
abduction or Drop sign

seated, the elbow is passively flexed to 90" and supported by one hand of
the clinician. At the same time, the shoulder is moved in 90° abduction
in scapular plane and maximum external rotation. Now, the patient is
asked to externally rotate the arm against the resistance offered by the
clinician against the wrist (Figure 3).

D. Test for Teres Minor

The tests for Teres Minor are almost similar to Infraspinatus except for
Hornblower’s test. However, an increasing amount of lag or weakness
while performing the test pushes the interpretation of the test more in
favor of the tear of Teres Minor.

1. External rotation lag test at 20° [19]: It is performed similarly as
described above for Infraspinatus. The sign is positive if the arm fell
back by more than 10’ into internal rotation. However, in a study of 10’
patients, Collin et al. confirmed that the external rotation lag test at 20
is the most sensitive (100%) and specific (92%) test for Teres Minor,
especiallyifthe lagis more than40° [22].

2. External rotation lag test at 90° (drop sign) [19]: It is performed
similarly as described above for Infraspinatus. The sign is positive if the
arm fellback by more than 10" into internal rotation.

3. Patte’s sign [21]: This test was designed to detect tear of the Teres
Minor in the presence of an Infraspinatus tear. It is performed similarly
asdescribed above for Infraspinatus.

4. Hornblower’s sign [23]: It was first reported by Arthuis et al. in
brachial plexus palsy, and indicates the difficulty in reaching to the
mouth in case of deficient external rotators of the shoulder [23]. With
the patient sitting or standing, the patient is asked to bring both the
hands to the mouth. He can do it, but only with the elbow in a high
position and the wrist in extension on the affected (index) side as if
trying to blow a horn. On the intact side, the patient can reach the
mouth without bringing the elbow high (Figure 4).
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Figure 6: (A) Belly press test; (B) Belly off test; (C) Bear Hug test

E. Testfor Subscapularis tear

1. Gerber’s Lift off test [24]: With the patient seated or standing, the
clinician asks the patient to bring his/her hand behind the back at the
level of the mid-lumbar spine with shoulder extended and internally
rotated, and keep it away from the back as much as possible. The test is
concluded positive if the patient is unable to keep it away from the back
and is unable to resist the clinician’s push towards the back applied over
the palm of the patient (Figure SA).

2. Passive Lift off (Internal rotation Lag sign) [25]: With the patient
seated or standing, the clinician holds the wrist-hand of patient by one
hand and passively brings the hand of the patient behind the back at the
level of the mid-lumbar spine with shoulder extended and maximally
internally rotated with the elbow supported by one hand, keeping the
hand away from the back as much as possible. The patient is asked to
hold the hand in the same position while the clinician releases the hand
while the elbow is kept supported. The test is concluded positive if the
patient is unable to hold it in the same position and hand drops over the
mid-lumbar spine (Figure SB).

3. Belly press (Napoleon) test [25]: The patient is asked to keep
his/her hand over the belly with the shoulder in maximal internal
rotation so that the elbow comes in the line of the wrist-hand plane or
ahead of the trunk. The test is considered positive if the elbow falls
behind the wrist-hand plane or trunk. In the modified belly press test
described by Burkhart et al. and Scheibel et al., the patient is asked to
keep his wrist-hand over the belly, bring the elbow in front of the trunk,
and wrist palmar flexion angle (angle between palm and forearm) is
measured (Figure 6A). 0" wrist flexion angle is suggestive of a Negative
Napoleon test with normal Subscapularis, 30-60" wrist flexion angle is
suggestive of an Intermediate napoleon test suggestive of a partial tear of
SSC, while the angle of 90 is suggestive of a positive Napoleon test
indicating non-functional Subscapularis [26,27].

4. Belly off test [28]: This test is performed by placing the arm into the
same position as the belly press test, but then the elbow of the patient is
supported by one hand of the examiner while the other hand brings the
arm into maximum internal rotation with the palm of the patient on the
abdomen. If the patient cannot keep the wrist straight and actively
maintain the position of internal rotation when the examiner releases
the wrist as noticed by the wrist flexing or the hand lifting off the
abdomen, thisisa positive test (Figure 6B).

S. Bear hug test [29]: The clinician asks the patient to keep his hand
over the opposite shoulder with extended fingers and elbow anterior to
the body. The clinician then asks the patient to hold it in the same
position as the clinician tries to pull the patient’s hand away from the
shoulder with external rotation force applied (Figure 6C).

Discussion

Various test described for the assessment of the cuff tear have different
diagnostic precision (Tablel). A single or combination of tests often
providesaprecise idea of identity of the torn tendon.

Two pain provoking impingement tests, namely the Neer’s and
Hawkins Kennedy test, were used to diagnose the presence of full-
thickness tears. Both these tests have high sensitivity (SN) and low
specificity (SP) (Table 1) [13,30]. Nevertheless, evenifthe SP and SP
ofthese two tests are combined, it marginally improves to 78% and 50%,
respectively [31]. Further, LR (both positive and negative) of these two
tests is not significant enough to give any superior diagnostic
predictability about the presence or absence of the cuff tear [32, 33].
The area under the curve (ROC; receiver operative curve) is 0.74 and
0.76 for Neer’s and Hawkins test, respectively, confirming limited
usefulness even in the diagnosis of impingement [34]. They, therefore,
individually have little value in establishing the diagnosis of
posterosuperior rotator cuff tears. Furthermore, they can also be
positive in almost all other painful conditions of the shoulder, such as
frozen shoulder, glenohumeral arthritis, and calcific tendinitis,
therefore undermining the utility of these testin the diagnosis of rotator
cuff tear. Hence, they must be used in combination with other clinical
examinations.

Regarding supraspinatus tear, namely, two composite tests assessing
pain and strength are performed, i.e., Empty can (Jobe’s) and Full can
test. Although the SN and SP and LR ratios (positive and negative) of
each test are similar with no statistical difference, the Full can test is
slightly more accurate (75%) than the empty can test (70%). Further, it
is concluded that strength assessment in full can test has more
weightage in establishing the diagnosis of the supraspinatus tear than
pain [14]. Besides, it has been shown that while performing Jobe’s test,
the internal rotation attitude of the shoulder would typically aggravate
any inflamed structure between the greater tuberosity and
coracoacromial arch such as subacromial bursitis, partial cuff tear,
calcific tendinitis, acromial osteophytes causing pain induced weakness
which makes aJobe’s test more of a pain provocation test than a strength
test. Nevetheless, Jobe’s utility is better with large tear of supraspinatus
[34, 35]. Therefore, a Full can test is more reliable than the Empty can
testin making a diagnosis of full-thickness supraspinatus tear. The drop
arm test has a very high specificity (98%) and LR+ of 5 (moderate
strength), suggesting that the presence of this testis quite diagnostic ofa
posterosuperior tear, if present [36]. A commonly observed painful arc
sign in patients with rotator cuff tear has low SN (67-98%), SP (10-
62%),andlow LR+ ratio (1.2-1.9), undermining the diagnostic value of
thistestin the diagnosis of rotator cuff tear [ 37].
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Table 1: Summary of Sensitivity, Specificity, Likelihood ratios (LR) of various tests for Rotator Cuff Integrity

Cl, Confidence Interval

Test
Impingement tests [15, 32-34]
Neer’s Sign
Hawkins-Kennedy sign
Combined Neer’s and Hawkins
Test for supraspinatus [16, 34, 35, 36]
Empty can test (Jobe's)
Full can test
Drop arm test

Test for Infraspinatus [20, 38]
External rotation resistance test

External rotation lag sign at 20°

> 10 recoil

External rotation lag sign at 90°- Drop sign

Patte test

Test for Teres Minor [22, 24, 33]

External rotation lag sign at 20°
> 10 recoil

External rotation lag sign at 20°
> 40 recoil

External rotation lag sign at 90°- Drop sign
Patte test

Hornblower sign

Test for Subscapularis [33]
Gerber’s Lift off
Passive lift off (Internal rotation lag) test
Belly press (Napoleon) test
Belly off test
Bear hug test

% (95% Cl)
Sensitivity  Specificity
64-68 30-61
76 (56-89) 48 (23-74)
78 (66-90) 50 (22-78)
71(49-86) 49 (42-56)
75 (64-85) 68 (54-83)
24 (13-34) 93 (85-100)
63 (49-77) 75 (69-82)
47 (21-71) 94 (85-100)
73 (51-95) 77 (62-92)
58 (36-80) 60 (30-90)

100 (80-100)

100 (80-100)

87 (62-96)

93 (70-99)

100 (16-53)

34-68
20-32
28-50
86
19-60

51 (41-60)

92 (84-86)

88 (80-93)

72 (61-80)

LR (95% Cl)

Positive LR

0.98-1.6
1.5 (1.1-2.0)

1.6 (0.87-2.8)

1.3 (0.97-1.6)

2.4 (1.5-3.8)
3.3(1.0-11)

2.6 (1.8-3.6)
7.2 (1.7-31)

3.2 (1.6-6.5)

1.4 (0.62-3.4)

7.2 (1.7-31)

Negative LR
0.6-1.1
0.51 (0.39-0.66)
0.43 (0.2-0.96)
0.64 (0.33-1.3)

0.37 (0.23-0.6)
0.82 (0.7-0.97)

0.49 (0.33-0.72)
0.57 (0.35-0.92)

0.35 (0.15-0.83)

0.70 (0.34-1.5)

0.57 (0.35-0.92)

98 (91-100) 22.15 (2.9-166) 0.66 (0.5-0.88)

50-77
93-97
96-99
91
81-92

1.4-1.5
NA
12.2-20
9.67
7.5

0.63-.85
NA
0.61
0.14
0.32
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Regarding the assessment of Infraspinatus and Teres Minor integrity,
the tests performed are similar except the Hornblower test, which is
chiefly performed to assess the strength of the Teres minor. The
external rotation lag test is most specific (94%) and has a high positive
likelihood ratio (7.2), suggesting that presence of this sign would be
highly likely of infraspinatus tear [38, 18]. If the lag exceeds more than
40’ it would indicate the presence of Teres Minor tear [20, 22]. The
resisted external rotation test (RERT) is more sensitive than lag test for
the Infraspinatus suggesting that it is a better screening test [18]. Of
note, assessment of strength during RERT carries more weightage with
higher sensitivity (82%) than assessment of pain (36%) [18].
However, no single test for Infraspinatus can differentiate between
partial and full-thickness tear, and combination of two testsimprove the
diagnostic precision [18]. Drop sign and Patte test also has a high
specificity in the diagnosis of Infraspinatus but lower than ERLS.

The presence of the Hornblower sign indicates severe degeneration of
Teres Minor or complete tear [20, 34]. In a study of 54 patients, Walch
et al. found that Hornblower’s sign is 100% sensitive and 93% specific
for irreparable degeneration of Teres Minor [20]. Therefore, a positive
Hornblower sign and ERLS sign > 40’ must guard a surgeon about the
possibility of severe degeneration or an irreparable TM along with
damage to the IS. IFERLS is less than 40°, once can proceed to check the
Patte testand drop sign. However, the Patte testand drop sign and offers
less accuracy over ERLS [22]. The Patte test and drop sign have
acceptable accuracy and likelihood ratio in the diagnosis of TM tear,
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