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Shoulder disorders are common in the general popu-
lation : they occur in about 25 of every 1000 patients 
per year. A rather large majority are caused by cuff 
disorders. Differentiating between impingement and 
cuff rupture is essential to adequate treatment. Clini-
cal tests have been developed, but their accuracy is 
limited. This study was performed to improve clinical 
accuracy by combining single tests and adding a sub-
acromial injection. We postulated that the empty can 
and drop arm tests would result in higher sensitivity 
and specificity after subacromial injection.
Method : We prospectively assessed 49 patients with 
the empty can and drop arm tests and used ultra-
sound to compare the individual and combined re-
sults.
Results : The ultrasound found six cuff ruptures. 
Specificity improved and sensitivity decreased after 
subacromial injection.
Conclusions : Only specificity improved after sub-
acromial injection. Combining the test results led to 
an increase in both sensitivity and specificity without 
injection.

Keywords : subacromial impingement ; diagnostic 
accuracy study design ; rotator cuff ; empty can test ; 
drop arm test ; sensitivity ; specificity.

INTRODUCTION

Shoulder disorders are frequently encountered in 
general practice : the reported incidence rates of 

new episodes of shoulder disorders in general prac-
tice range from 12 to 25 per 1000 patients per 
year (42). The cumulative incidence of shoulder dis-
orders in the general population in the Netherlands 
has been estimated at 11.2 per 1000 patients per 
year (95% CI 10.1-12.3) (43). Shoulder disorders in-
volve pain in the upper arm and deltoid region ac-
companied by stiffness. Pain and stiffness limit a 
person’s ability to perform normal daily activi-
ties (41).

The majority of patients have a painful arc : pain 
within a specific range (usually between 90 and 
140 degrees) of shoulder abduction. This painful 
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arc originates from cuff impingement, which is 
 supposedly caused by an inflammatory reaction. A 
sustained inflammatory reaction can lead to effu-
sion and occasionally calcification in the subacro-
mial space (35). Long-lasting impingement causes 
cuff degeneration and cuff rupture, for which surgi-
cal treatment is needed (12).

Subacromial impingement is a common cause of 
shoulder disorders, but differentiating between im-
pingement and cuff rupture is essential to adequate 
treatment. Without differentiation, the number of 
missed or misdiagnosed cuff ruptures will increase. 
This may lead to more extensive cuff ruptures, mak-
ing complex surgical interventions necessary (23). 
With large and degenerative cuff ruptures, the 
chance of complete recovery after surgery is 
small (7,13,22).

Traditional physical examination is insufficient 
for making a valid and reproducible differentiation 
of the causes and sources of shoulder disorders (11). 
Recent reviews of physical tests for shoulder im-
pingement advocate the use of multiple tests for di-
agnosing pathological shoulder disorders (2,14).

A number of clinical tests have been developed 
to prove and exclude rotator cuff tears. However, 
the evidence for their diagnostic accuracy is very 
limited. Estimates of sensitivity and specificity are 
based on research in specialised care settings and 
have large confidence intervals. The tests are gener-
ally compared to arthrography, findings during sur-
gery or subacromial infiltration (8,24,29). Available 
clinical tests for assessing rotator cuff ruptures are 
based on an assessment of muscular strength and an 
assessment of pain. The accompanying pain might 
influence muscular strength and mask a cuff rup-
ture. 

The current interpretation of tests is not adjusted 
for the influence of pain. We conducted this study to 
examine the effect of pain on individual shoulder 
tests. In accordance with the STARD (STandards 
for Reporting of Diagnostic Accuracy) initiative, 
the clinical tests under study will be referred to as 
index tests and ultrasound will be referred to as the 
reference test (4,6,5,31,36,37).

The majority of patients suffering from shoulder 
disorders are seen and treated by their general prac-
titioners or orthopaedic surgeons. Given the limited 

value of the currently used individual shoulder tests, 
there is a need for tests that can differentiate be-
tween impingement and cuff rupture and that are 
suitable for use in both primary and secondary 
health care.

The available clinical tests designed to detect 
cuff ruptures have limited accuracy. This study will 
assess the accuracy of the empty can and drop arm 
tests before and after subacromial injection to dif-
ferentiate between the presence and absence of cuff 
ruptures in patients with shoulder disorders. The ef-
fect of the subacromial injection and the results of 
the clinical tests will be compared, individually and 
together, with ultrasound (i.e. the reference test). 
We postulate that the empty can and drop arm tests 
for cuff rupture will be more sensitive and specific 
after the administration of an anaesthetic than be-
fore injection.

PATIENTS AND METHODS

This study was approved by the Medical Ethics Re-
view Committee of our hospital and was performed at the 
outpatient clinic of our orthopaedic surgery department. 
Data were prospectively collected from consecutive pa-
tients diagnosed with subacromial impingement, referred 
by their general practitioners. Based on histories and 
regular physical examinations, the diagnosis was con-
firmed and patients were treated according to standard 
conservative treatment : administration of a subacromial 
corticosteroid injection.

Patients were eligible for this study if they were 
18 years of age or older, had consulted an orthopaedic 
surgeon for pain in their shoulder and had a painful arc 
(painful movement between 90 and 140 degrees of 
 abduction). Patients were excluded if they exhibited 
 clinical signs of instability, or if a frozen shoulder or a 
cervical radicular syndrome were the suspected or 
 definite cause of their shoulder disorders.

This was a cohort diagnostic accuracy study. All 
 clinical tests, including the subacromial injection, were 
performed during intake at the outpatient clinic. The 
 reference test (i.e. ultrasound) was performed within two 
weeks after intake.

Reference Test

Ultrasound was used as the reference test for detection 
of cuff ruptures because it can detect both full and partial 
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thickness ruptures. Sensitivity and specificity for the 
 assessment of partial thickness ruptures were 0.84 and 
0.89, respectively. For detection of full thickness rotator 
cuff tears, sensitivity was 0.96 and specificity was 
0.93 (3,9,15-17,20,21,25-27,30,33,38-40,44).

All the ultrasound diagnostics for this study were per-
formed by two radiologists who are specialised in mus-
culoskeletal radiology. They are highly trained and expe-
rienced in using ultrasound to diagnose shoulder 
disorders.

The result of the ultrasound was noted as either posi-
tive or negative for cuff rupture. If it was positive, the 
type of rupture was described as either full or partial 
thickness with the size given in centimetres.

Empty Can Test (Jobe Test)

This test is used to determine the presence of weak-
ness in the supraspinatus muscle due to cuff rupture or 
pain (in the case of tendonitis). During this test, the pa-
tient is either standing or sitting in an upright position. 
The shoulder is fully internally rotated to 90 degrees of 
abduction and 30 degrees of ante flexion. The patient is 
instructed to resist the downward pressure exerted by the 
examiner. 

The results of this test are positive if there is limited 
function (i.e. the patient is unable to withstand the ap-
plied resistance) or negative if there is good function (19). 
For this test, a mean pooled sensitivity of 69% and a 
mean pooled specificity of 62% have been reported (1).

Drop Arm Test (Codman’s Sign)

After maximal passive abduction, the patient is asked 
to actively lower the arm in the frontal plane. Based on 
muscle weakness, pain or cuff rupture, the arm will drop. 
The test results are positive if the arm drops while it is 
being lowered and negative if there is good function (10). 
For this test, a mean pooled sensitivity of 21% and a 
mean pooled specificity of 92% have been reported (1). 

Neer Test

The Neer test is performed with the patient in an up-
right sitting position and both arms hanging down. The 
arm is passively elevated in ante flexion while the ipsilat-
eral scapula is fixed to prevent movement. The occur-
rence of pain during this ante flexion movement is a pain-
ful arc. The test is performed again approximately a 
quarter of an hour after 10 ml of lidocaine 1% has been 

injected in the subacromial bursa. When there is no more 
pain during the passive elevation, the Neer test results are 
positive (28).

During the injection, the patient is seated in an upright 
position with zero degrees of abduction. Just medio cau-
dal of the dorsal lateral acromial edge, a soft spot can be 
palpated (i.e. the posterior of the greater tubercle) : this is 
the injection site. It is marked with the back of a cotton 
bud and disinfected with iodine in alcohol or, in case of a 
known iodine allergy, with a chlorhexidine 0.5% solu-
tion. The injection is then made at the marked spot (34). 
The injections used in this study consisted of 2 ml Triam-
cinolone acetonidum 10 mg/ml (2 ml) and lidocaine 1% 
(8 ml) and were used both diagnostically and therapeuti-
cally.

Combination of Tests

The empty can and drop arm tests are part of the regu-
lar physical examination to detect cuff ruptures in cases 
of subacromial impingement. Since the drop arm test 
generally causes more pain, the empty can test was per-
formed first. They were performed individually before 
and after subacromial injection. The results were then 
analysed for the individual tests and the combined tests. 
The test results were documented as either positive or 
negative.

During the consultation for shoulder disorders, an or-
thopaedic surgeon (first author) took the regular history 
and performed the physical examination. The orthopae-
dic surgeon was well trained and experienced in taking 
histories and performing physical examinations related 
to shoulder disorders. All the patients were examined and 
injected by the same orthopaedic surgeon.

The results of the tests under study were compared 
with the reference test (ultrasound). Based on these com-
parisons, we constructed 2 × 2 tables and calculated the 
sensitivity and specificity of testing and the 95% confi-
dence intervals. We also calculated the derived positive 
predictive value, the negative predictive value, overall 
accuracy, pre-test probability, pre-test odds, likelihood 
ratio, post-test odds and post-test probability.

For the analysis of the combined test results before 
and after injection, we used a rule for parallel testing. 
This means that in order to obtain a positive test result for 
the combination of tests, either the drop arm test or the 
empty can test had to have a positive result. In serial test-
ing, the result would be positive when both tests had 
positive results. After applying this rule of parallel test-
ing, we constructed new 2 × 2 tables to calculate sensitiv-
ity and specificity.
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excluded. The final study group consisted of 49 pa-
tients, 20 male and 29 female, with a mean age of 
56.6 years (range 26-80 years). Most patients were 
affected on the right-hand side (n = 29) Eleven pa-
tients had suffered a shoulder trauma that was con-
sidered to be the cause of their complaints (Table I).

Ultrasound performed on the patients found six 
rotator cuff ruptures : five full thickness ruptures 
and one partial thickness rupture (Figs. 1 and 2). All 
the ruptures were located in the supraspinatus ten-
don. The size of the full thickness ruptures ranged 
from 1.0-2.5 cm. The partial thickness rupture was 
0.8 cm in size.

RESULTS

We originally enrolled 50 patients in this study. 
One patient was not assessed by ultrasound and thus 

Table I. — Demographic Data
Participants (n = 49)
    Sex 41% male / 59% female
    Age mean = 56.5 years ; range = 26-80 years
    Affected side 41% left / 59% right
    Dominant side 10% left / 90% right
    Trauma 22% yes / 78% no

Fig. 1. - STARD Flowchart for the Empty Can Test
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Drop Arm Test

Patients also performed better on the drop arm 
test after injection. Before injection, the test results 
were positive for 12% of the patients (n = 6) and 
negative for 88% (n = 43). The test showed a sensi-
tivity of 17% (95% CI 0.03-0.56) and a specificity 
of 88% (95% CI 0.75-0.94 ; LR+ = 1.4 ; LR- = 0.94). 
After injection, the test results were positive for 6% 
of the patients (n = 3) and negative for 94% (n = 46). 
The sensitivity remained 17% (95% CI 0.03-0.56) 
with a specificity of 95% (95% CI 0.84-0.98 ; 
LR+ = 3.58 ; LR- = 0.87).

Empty Can Test

The results were dramatically different before 
and after injection. Before injection, the test results 
were positive for 65% of the patients (n = 32) and 
negative for 35% (n = 17). The test showed a sensi-
tivity of 67% (95% CI 0.3-0.90) and a specificity of 
35% (95% CI 0.22-0.49 ; LR+ = 1 ; LR- = .95). Af-
ter injection, the results of the empty can test 
switched : it was positive for 35% of the patients 
(n = 17) and negative for 65% (n = 32). It showed a 
sensitivity of 33% (95% CI 0.09-0.70) and a speci-
ficity of 67% (95% CI 0.52-0.79 ; LR+ = 1 ; 
LR- = 1) after injection.

Fig. 2. - STARD Flowchart for the Drop Arm Test
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DISCUSSION

The empty can test had an intermediate sensitiv-
ity of 67% and a low specificity of 35% compared to 
the reference test without anaesthesia. In contrast, 
for cuff ruptures, the drop arm test had a low sensi-
tivity of 17% and a high specificity of 88% 
(LR+ = 1.4 ; LR- = +0.94) compared to the refer-
ence test without anaesthesia. When the tests were 
performed after administering anaesthesia, the 
specificity of testing improved for both tests. In 
contrast to our hypothesis, only specificity improved 
after injection. 

Some of our results and techniques were different 
than those of other studies. Several other studies 
have used different techniques for detecting rotator 
cuff tears : arthrography, findings during surgery or 
magnetic resonance imaging (25-27,32,33,40). Com-
pared to results in the literature, we found that the 
empty can test resulted in rather low sensitivity and 
specificity (1,18). This might be due to the small 
number of cuff ruptures in our population. When we 
compared specificity, we found that the numbers 
were equal to those in the literature for the drop arm 
test (8). The combination of the empty can and drop 

Neer Test

After injection, 69% (n = 34) of patients tested 
positive.

Combined Results

Combining the results of the empty can and drop 
arm tests, we found a sensitivity of 72% before 
 injection and 44% after injection. We found a 
 specificity of 92% before injection and 98% after 
injection (Table III).

Table II. — Results
Test Positive Negative
Neer test 34 15

Empty can test
     before injection
     after injection

32
16

17
33

Drop arm test
     before injection
     after injection

6
3

43
46

Cuff rupture on ultrasound 6 43

Table III. — Overall Calculated Results
Empty Can Test Drop Arm Test Combined Tests

Before injection After injection Before injection After injection Before injection After injection

Sensitivity 
(95% CI)

67% 
(.23 - .94)

33% 
(.05 - .80)

17%
(.03 - .63)

17%
(.03 - .63)

67%
(.23 - .95)

33%
(.05 - .77)

Specificity 
(95% CI)

34% 
(.21 - .50)

67%
(.51 - .81)

88%
(.75 - .97)

95%
(.80 - .99)

33%
(.19 - .49)

65%
(.49 - .79)

Predictive value
   Positive
   Negative

13%
12%

13%
12%

17%
12%

33%
11%

12%
88%

12%
88%

Overall accuracy 8% 63% 80% 86% 8% 4%
Probability
   Pre-test
   Post-test

12%
13%

12%
13%

12%
17%

12%
33%

12%
12%

12%
12%

Odds
   Pre-test
   Post-test

.14

.14
.14
.14

.14

.20
.14
.50

.14

.14
.14
.13

Likelihood ratio 1 1 1.4 3.5 .98 .95
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Accuracy (STARD)]. Ned Tijdschr Geneeskd 2003 ; 147 : 
336-340.

5. Bossuyt PM, Reitsma JB, Bruns DE et al. Towards 
complete and accurate reporting of studies of diagnostic 
accuracy : the STARD initiative. Fam Pract 2004 ; 21 : 
4-10.

6. Bossuyt PM, Reitsma JB, Bruns DE et al. Towards 
complete and accurate reporting of studies of diagnostic 
accuracy : the STARD initiative. Clin Radiol 2003 ; 58 : 
575-580.

7. Burkhart SS, Danaceau SM, Pearce CE, Jr. Arthroscopic 
rotator cuff repair : analysis of results by tear size and by 
repair technique-margin convergence versus direct tendon-
to-bone repair. Arthroscopy 2001 ; 17 : 905-912.

8. Calis M, Akgun K, Birtane M et al. Diagnostic values of 
clinical diagnostic tests in subacromial impingement 
syndrome. Ann Rheum Dis 2000 ; 59 : 44-47.

9. Chang CY, Wang SF, Chiou HJ et al. Comparison of 
shoulder ultrasound and MR imaging in diagnosing full-
thickness rotator cuff tears. Clin Imaging 2002 ; 26 : 50-54.

10. Codman EA. The Shoulder : rupture of the supraspinatus 
tendon and other lesions in or about the subacromial bursa. 
Privately printed, 1934. Reprint, Malabar, Florida : Krieger, 
1965.) ed. Boston 1934.

11. Dinnes J, Loveman E, McIntyre L et al. The effectiveness 
of diagnostic tests for the assessment of shoulder pain due 
to soft tissue disorders : a systematic review. Health 
Technol Assess 2003 ; 7 : iii, 1-166.

12. Fukuda H, Hamada K, Nakajima T et al. Pathology and 
pathogenesis of the intratendinous tearing of the rotator 
cuff viewed from en bloc histologic sections. Clin Orthop 
Relat Res 1994 ; 304 : 60-67.

13. Galatz LM, Rothermich SY, Zaegel M et al. Delayed 
repair of tendon to bone injuries leads to decreased 
biomechanical properties and bone loss. J Orthop Res 
2005 ; 23 : 1441-1447.

14. Hanchard NC, Lenza M, Handoll HH et al. Physical tests 
for shoulder impingements and local lesions of bursa, 
tendon or labrum that may accompany impingement. 
Cochrane Database Syst Rev 2013 ; 4 : CD007427.

15. Hedtmann A, Fett H. [Ultrasound diagnosis of the rotator 
cuff]. Orthopade 2002 ; 31 : 236-246.

16. Heininger-Biner K, Muller M, Hertel R. [Diagnosis of 
rotator cuff rupture : correlation of clinical findings and 
magnetic resonance tomography with intraoperative 
findings]. Z Orthop Ihre Grenzgeb 2000 ; 138 : 478-480.

17. Iannotti JP, Ciccone J, Buss DD et al. Accuracy of office-
based ultrasonography of the shoulder for the diagnosis of 
rotator cuff tears. J Bone Joint Surg Am 2005 ; 87 : 1305-
1311.

18. Itoi E, Kido T, Sano A et al. Which is more useful, the 
“full can test” or the “empty can test,” in detecting the torn 
supraspinatus tendon ? Am J Sports Med 1999 ; 27 : 65-68.

19. Jobe FW, Moynes DR. Delineation of diagnostic criteria 
and a rehabilitation program for rotator cuff injuries. Am J 
Sports Med 1982 ; 10 : 336-339.

arm tests showed that, in contrast to the individual 
test results, sensitivity and specificity increased be-
fore injection. After injection, the specificity im-
proved even more, although there was a decrease in 
sensitivity. These results stress the importance of 
combining different tests when making physical ex-
aminations of shoulder disorders, as other research-
ers also concluded (2,14).

CONCLUSIONS

We found relatively low to intermediate sensitiv-
ity and specificity levels for the empty can and drop 
arm tests. Administration of an anaesthetic and re-
peated performance of the tests improved the speci-
ficity of testing, but decreased the sensitivity. When 
the tests were combined, we found higher sensitivi-
ty and specificity levels before injection and higher 
specificity after injection.
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