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The champagne toast position isolates the @CMk
supraspinatus better than the Jobe test:

an electromyographic study of shoulder

physical examination tests

Peter N. Chalmers, MD*, Gregory L. Cvetanovich, MD, Noam Kupfer, MA,
Markus A. Wimmer, MD, Nikhil N. Verma, MD, Brian J. Cole, MD,
Anthony A. Romeo, MD, Gregory P. Nicholson, MD

Department of Orthopaedic Surgery, Rush University Medical Center, Chicago, IL, USA

Background: While Jobe’s test is widely used, it does not isolate supraspinatus activity. Our purpose was
to examine the electromyographic (EMG) activity within the supraspinatus and deltoid with resisted abduc-
tion to determine the shoulder position that best isolates the activity of the supraspinatus.

Methods: We performed EMG analysis of the supraspinatus, anterior head of the deltoid, and middle head
of the deltoid in 10 normal volunteers. We measured EMG activity during resisted shoulder abduction in
the scapular plane to both manual resistance and a standardized load in varying degrees of abduction and
rotation. To determine which position best isolates supraspinatus activity, the ratio of supraspinatus to del-
toid activity (S:D) was calculated for each position. Results were analyzed with a repeated-measures anal-
ysis of variance with Bonferroni correction. The posterior deltoid was excluded as it serves mostly to
extend and externally rotate.

Results: Our study confirmed Jobe’s findings of maximal supraspinatus activity at 90° of abduction. How-
ever, decreasing abduction significantly increased S:D for both resisted manual testing and testing against a
standardized load (P =.002 and .001, respectively). The greatest S:D ratio (4.6 & 3.4 for standardized load
testing) was seen at the “‘champagne toast’ position, i.e., 30° of abduction, mild external rotation, 30° of
flexion, and 90° of elbow flexion. The smallest ratio (0.8 £ 0.6) was seen at Jobe’s position.
Conclusions: Testing of abduction strength in the champagne toast position, i.e., 30° of abduction, mild
external rotation, and 30° of flexion, better isolates the activity of the supraspinatus from the deltoid
than Jobe’s “empty can’ position.

Level of evidence: Basic Science Study, Kinesiology, Electromyography.

© 2016 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Rotator cuff; supraspinatus; shoulder physical examination; electromyography; deltoid

Institutional Review Board approval was obtained for this study under
protocol No. 12100801.

. . Rotator cuff disease is a common cause of shoulder
*Reprint requests: Peter N. Chalmers, MD, Department of Orthopedic

11,19

Surgery, Rush University Medical Center, 1611 W. Harrison, Suite 300, dlsablhty‘ Testing of rotator cuff Strength 18 amgng j[he
Chicago, IL 60612, USA. most commonly performed musculoskeletal examination
E-mail address: p.n.chalmers@gmail.com (P.N. Chalmers). maneuvers.”> The overlap in function between shoulder

1058-2746/$ - see front matter © 2016 Journal of Shoulder and Elbow Surgery Board of Trustees.
http://dx.doi.org/10.1016/j.jse.2015.07.031



EMG Jobe’s

323

muscles makes physical examination difficult to inter-
pret.”'%21-2%2% Strength within the supraspinatus tendon is
usually tested by the Jobe maneuver, in which abduction
strength is measured with the shoulder abducted 90°,
the shoulder forward flexed 30°, the shoulder maximally
internally rotated, the elbow fully extended, and the fore-
arm fully pronated.”” This maneuver, also described as the
“empty can’’ test, was originally described by Jobe and
Moynes in 1982.°° Based on unpublished electromyo-
graphic (EMG) data, this position was described to have a
high level of supraspinatus activity.”’ Over time, this po-
sition and test have also become the de facto way to best
isolate the supraspinatus from the remainder of the rotator
cuff.

However, numerous studies have demonstrated Jobe’s
test (also referred to in the literature and in common
communication as the empty can test) to be insensitive,
nonspecific, and inaccurate.>'%!7-21:252731 1 some studies,
the sensitivity is as low as 30%, the specificity is as low as
35%, and the accuracy is as low as 50%.”"* Variations
have been proposed, including the full can test and the drop
arm sign. These tests work on a similar concept and at a
similar shoulder position, and clinically these tests perform
no better.”'>*>*"* Jobe’s position can be painful to reach
for patients, leading to apparent weakness due to pain-
mediated reflex muscle inhibition. Patients with motion-
limiting pathologic changes also may not be able to reach
this position. Thus, patients with a wide variety of shoulder
disorders can have false-positive Jobe’s test results despite
full supraspinatus strength and tendinous continuity.”’

To test supraspinatus strength, the examiner must isolate
the supraspinatus from the abducting force of the deltoid.
In normal shoulders, until the shoulder reaches 45° to 60°
of elevation, almost all motion is provided by glenohumeral
rotation without a significant scapulothoracic contribu-
tion.”® During early elevation from adduction, the deltoid is
nearly parallel to the long axis of the humerus, and thus the
supraspinatus acts as the primary initiator of humeral
abduction or scaption. 115:28 Thus, in addition to its function
as a humeral head depressor, the supraspinatus has a pri-
mary action in initiation of glenohumeral elevation.''>*
Lower degrees of abduction may thus better allow the
examiner to isolate the supraspinatus from the deltoid.
Analogously, the belly press test and lift-off tests perform
well diagnostically because they position the humerus to
isolate the subscapularis from the internal rotating and
adducting power of the pectoralis major.’

The senior author’s (G.P.N.) clinical experience has been
that performing a resisted shoulder abduction test with the
arm held in lower degrees of abduction allows more
accurate and less painful assessment of supraspinatus
strength. The desire was to know more definitively the
activation patterns for those manual muscle testing posi-
tions commonly performed by the senior author for the
shoulder and rotator cuff. Our aim was to perform a
translational study to examine the EMG activity within the

supraspinatus and deltoid with resisted abduction to deter-
mine which shoulder position best isolates the abducting
activity of the supraspinatus from the abducting activity of
the deltoid. We hypothesized that resisted strength testing
in lower degrees of abduction would provide better isola-
tion of the supraspinatus from the deltoid.

Materials and methods

This is a controlled laboratory EMG study. We recruited 10
normal volunteers between 20 and 40 years old. Partici-
pants were not aware of the study hypothesis. We excluded
those with a history of a shoulder injury, a history of rotator
cuff disease, shoulder weakness, medical comorbidities,
or any shoulder pain whatsoever in the past 6 months.
Whereas all subjects were recreational athletes, none were
overhead athletes. All subjects signed informed consent
forms. We performed all testing in our human motion
analysis laboratory.

Experimental setup

A single examiner placed all electrodes using a written
protocol. We placed a fine-wire electrode into the supra-
spinatus using the previously described Basmajian tech-
nique.” This electrode was placed midway between the
posterolateral corner of the acromion and the medial border
of the scapula 1 cm proximal to the scapular spine. The
needle was inserted to the depth of the scapula and then
withdrawn slightly to ensure that the tip of the electrode lay
within the supraspinatus and not the trapezius. Published
studies have demonstrated that after placement of wires
using this technique, subjects are able to perform strenuous
sports requiring full range of motion of the shoulder
including baseball, golf, football, and track and field with
no pain, discomfort, or limitation.* #5122 We placed
surface self-adhesive dual Ag/AgCl electrodes over the
anterior head of the deltoid, the middle head of the deltoid,
the trapezius, and the infraspinatus over the palpated
muscle bellies (Fig. 1). Electrodes were placed in parallel
with their muscle fibers at the midportion of each muscle,
with the muscle held in midflexion for all subjects and
connected to a TeleMyo transmitter and receiver (model
2400T/2400R; Noraxon Inc., Scottsdale, AZ, USA). Sur-
face electrodes were placed by a senior orthopedic surgery
resident experienced in electrode placement after a thor-
ough review of the literature and the documentation pro-
vided by Noraxon.*” EMG signals were then preamplified
(500x) near the electrodes, bandpass filtered between 10
and 500 Hz, and sampled at a rate of 1200 Hz.” We did not
test various periscapular muscles including the posterior
deltoid because of constraints within our laboratory and the
findings of previous studies suggesting that the posterior
deltoid is largely an extensor and external rotator of the
shoulder and is only minimally important for abduction.®
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Figure 1

Electrode placement demonstrating the surface electrodes for the trapezius, infraspinatus, middle deltoid, and anterior deltoid.

The entrance location for the supraspinatus can be seen as a red dot between the trapezius and infraspinatus electrodes. (A) Posterior view.

(B) Oblique view. (C) Lateral view.

We normalized all EMG activities to maximal manual
testing (MMT).12 The MMT activity is defined as the
highest 1 second of activity during 3 consecutive 3- to 5-
second trials. Published studies have described MMT pro-
tocols for the deltoid and infraspinatus.” For the trapezius
MMT, the subject performs maximal scapuloclavicular
elevation against resistance. For the supraspinatus MMT,
the subject performs resisted abduction in Jobe’s position.””
Although the purpose of this study was to evaluate this
position of testing, this position was used as the a priori
MMT position because of Jobe’s prior findings.” EMG
signals were rectified and smoothed using a root-mean-
square algorithm with a window of 300 ms. We defined
the first 150 ms of activity as a baseline and subtracted it
from all activity recordings.

Data collection

A single examiner performed all testing, making all at-
tempts to replicate the same resistance and positions for
each subject and trial (Fig. 2). To attempt to keep the
protocol as translational as possible to the office setting, the
senior author (G.P.N.) went through all physical examina-
tion manual muscle testing positions as if this were an
office examination. This provided the single tester with
repetitive experience in the shoulder examination for all
testing positions before the study. We measured abduction
position for each test with a large goniometer. We first
performed manual testing with the examiner resisting
abduction at the elbow, attempting to replicate the clinical
situation of rotator cuff testing. To standardize resistance
and to avoid bias, we then repeated each position with the
subject isometrically resisting the downward gravitation
force of two 1-liter saline bags affixed to the elbow with an
ACE wrap (Medline, Chicago, IL, USA). The position of
the examiner’s hand in Figure 2, C to F mirrors the position
of the saline bags. The subject actively resisted for 5 sec-
onds in each setting and position. The middle 3 seconds of

activity was analyzed. Subjects rested for 20 seconds be-
tween tests. We tested both relative internal rotation (IR)
and relative external rotation (ER) positions at 90°, 60°,
45°, and 30° of abduction. Testing at 90° of abduction was
performed with both full elbow extension and 90° of elbow
flexion. Otherwise we performed all testing at 90° of elbow
flexion. We performed all testing at 30° of flexion, i.e., in
the plane of the scapula (Fig. 2). These positions roughly
replicate activities of daily living: 90° of abduction includes
the empty can and full can positions, and 30° of abduction
roughly replicates a polite ‘“‘champagne toast” and
“champagne pour” positions in ER and IR, respectively.

This methodology was developed to be translational.
Our purpose was (1) to replicate the physical examination
tests used for clinical testing and (2) to replicate familiar
upper extremity positions used in activities of daily living,
such as pouring into a glass or making a toast by raising a
glass (Fig. 3). Thus, in the course of the trials, subjects
were instructed to “make a toast” to position the shoulder
in relative ER. Subjects were instructed to “pour a glass
out onto the floor between their shoes” to position the
shoulder in relative IR. Again, this was to attempt to pro-
vide a familiar activity cue to the patient for position and
action.

Statistical methods

We combined the activity within the anterior deltoid
and middle deltoid to create a mean deltoid activity. We
calculated the ratio of supraspinatus to deltoid activity
(S:D) to quantify how well each position isolated supra-
spinatus activity from deltoid activity. We tested data
for normality using the Kolmogorov-Smirnov test. We
tested the effect of elbow flexion using paired Student
t tests within IR and ER positions. The effect of rotation
and abduction on supraspinatus activity, mean deltoid
activity, and S:D was calculated using a repeated-measures
analysis of variance. Mauchly’s test of sphericity was used.
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Figure 2

These clinical photographs demonstrate the testing positions. All testing was performed in 30° of flexion, i.e., within the plane

of the scapula, and in all cases resisted abduction was tested. Unless otherwise specified, all testing was performed in 90° of elbow flexion.
(A) At 90° abduction, full internal rotation, and full elbow extension, Jobe’s position or the “empty can” test. (B) At 90° abduction, full
external rotation, and full elbow extension, or the “full can” test. (C) At 90° abduction, internal rotation. (D) At 90° abduction, external
rotation. (E) At 60° abduction, internal rotation. (F) At 60° abduction, external rotation. (G) At 30° abduction, internal rotation, or the
“pour” position. (H) At 30° abduction, external rotation, or the ‘“‘champagne toast” position. (I) Infraspinatus testing: resisted external

rotation with the shoulder in full adduction and neutral rotation.

In those cases in which sphericity was violated, the
Greenhouse-Geisser correction of the P value was used.
Because 5 separate repeated-measures analysis of variance
tests were performed, Bonferroni correction was used, and
within these tests, P values of <.01 were considered sig-
nificant; in all other cases, P values of <.05 were consid-
ered significant.

Results
Resisted manual testing

Shoulder abduction and rotation did not significantly affect
supraspinatus activity (P = .023 and .019, respectively;
Supplementary Fig. 1 and Table I). Abduction and rotation
significantly affected deltoid activity (P < .001 and
P = .009, respectively). Deltoid activity increased in ER

over IR. Deltoid activity increased in higher degrees of
abduction (Supplementary Fig. 2 and Table I). Abduction
and rotation significantly affected S:D (P =.002 and .009,
respectively). The ratio increased in ER (toast) over IR
(pour). The ratio increased in lower degrees of abduction
(Fig. 4 and Table I). The arm position that provided the
most activation of the supraspinatus relative to the activa-
tion of the deltoid was 30° shoulder abduction and shoulder
ER, i.e., the champagne toast position. The position that
provided the least activation of the supraspinatus relative to
the activation of the deltoid was 90° shoulder abduction and
shoulder IR, i.e., Jobe’s position.

Elbow flexion did not significantly affect mean deltoid
activity or S:D in either ER or IR (P =.204 and .946 for the
deltoid, respectively, and P =.173 and .078 for S:D; Table I
and Supplementary Fig. 3). While elbow flexion did affect
supraspinatus activity in IR (P = .01), it did not affect
supraspinatus activity in ER (P =.448). Elbow flexion also
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Figure 3

These clinical photographs demonstrate the activities of daily living that replicate the proposed testing positions. (A) Testing at

30° of abduction, 30° of forward elevation, 90° of elbow flexion, and mild internal rotation replicates a ““pour” position. (B) Testing at 30°
of abduction, 30° of forward elevation, 90° of elbow flexion, and mild external rotation replicates a ‘““‘toast’”” position.

Table I  Electromyographic activity with manually resisted abduction in each degree of shoulder abduction, shoulder rotation, and
elbow flexion
Name Abduction  Rotation  Elbow  Supraspinatus  Deltoid S:D Infraspinatus  Trapezius
flexion (% MMT) (% MMT) (% MMT) (% MMT)
Jobe’s empty can  90° IR 0° 77 [65-90] 85 [71-99] 1.0 [0.7-1.3] 41 [29-52] 116 [89-143]
Full can 90° ER 0° 86 [70-102] 60 [51-70] 1.6 [1.1-2.0] 30 [23-37] 109 [85-133]
90° IR 90° 60 [48-72] 84 [72-97] 0.7 [0.6-0.8] 33 [24-43] 115 [82-148]
90° ER 90° 82 [64-99] 65 [55-76] 1.4 [1.0-1.7] 30 [23-38] 114 [72-156]
60° IR 90° 52 [39-65] 47 [32-63] 1.3 [0.9-1.7] 27 [21-33] 63 [38-87]
60° ER 90° 64 [50-99] 46 [34-58] 1.6 [1.1-2.1] 25 [17-33] 68 [37-99]
45° IR 90° 52 [39-65] 47 [34-61] 1.3 [0.8-1.7] 26 [18-34] 69 [37-100]
45° ER 90° 64 [50-78] 41[29-53] 1.9 [1.3-2.4] 23 [16-30] 58 [41-76]
Champagne pour  30° IR 90° 53 [36-71] 48 [29-66] 1.4 [0.9-2.0] 29 [19-38] 60 [31-88]
Champagne toast  30° ER 90° 65 [55-76] 38 [28-48] 2.1 [1.4-2.8] 26 [18-35] 56 [40-72]

Mean (95% confidence intervals) electromyographic activity within the supraspinatus, the anterior and middle heads of the deltoid, the ratio between the
supraspinatus and deltoid activities (S:D), the infraspinatus, and the trapezius. Activities are expressed as a percentage of the maximum manual test

(MMT). IR, internal rotation; ER, external rotation.

did not affect trapezius activity (P =.917 in IR and .713 in
ER). Trapezius activity was not significantly affected by
rotation (P = .702). Trapezius activity was significantly
affected by abduction (P <.001), with activity increasing in
higher degrees of abduction. In all cases, the infraspinatus
had the highest level of activity with resisted ER in full
adduction. During resisted ER, the supraspinatus was active
as well (mean, 59%; 95% confidence interval, 45%-73%),
confirming the role of the supraspinatus as a “‘centering”’
force for the humeral head.

Standardized weighted testing

Similar results were seen when testing was performed
against a standardized weight instead of against resisted
testing. Rotation significantly affected supraspinatus

activity (P = .008). Supraspinatus activity increased in ER
over IR (Table II). Abduction did not affect supraspinatus
activity (P =.162). Abduction significantly affected deltoid
activity (P < .001). Deltoid activity increased at higher
degrees of abduction (Table II). Rotation did not signifi-
cantly affect deltoid activity (P = .077; Table II). Abduc-
tion significantly affected S:D (P = .001; Table II).
Rotation did not significantly affect S:D (P =.413). Similar
to resisted manual testing, the highest S:D was seen at 30°
shoulder abduction and shoulder ER, i.e., the champagne
toast position. The lowest S:D was seen at 90° shoulder
abduction and shoulder IR, i.e. Jobe’s position (Fig. 4, B).

Elbow flexion did not significantly affect supraspinatus
activity in either IR or ER (P =.139 and .333, respectively;
Table II). Elbow flexion did significantly affect deltoid
activity in IR but not in ER (P < .001 and P = 475,
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Mean Supraspinatus:Deltoid EMG
Activity Ratio

90-IR 60-IR  45-IR  30-IR  90-ER 60-ER 45-ER 30-ER

Mean Supraspinatus to Deltoid
EMG Activity Ratio

90-IR  90-ER 60-IR  60-ER 45-IR  45-ER  30-IR  30-ER

Figure 4 Mean ratio of activity within the supraspinatus to
activity within the mean of the anterior and the middle heads of
the deltoid in varying degrees of shoulder abduction and rotation.
(A) Results with resisted manual testing. (B) Results with a
standardized isometric load. Error bars show 1 standard deviation.
Bars have been rank ordered from least to greatest. In all cases,
testing was performed in full elbow extension. ER, external
rotation; /R, internal rotation; EMG, electromyographic.

respectively; Table II). Elbow flexion did significantly
affect S:D in IR but not in ER (P = .002 and .359,
respectively; Table II).

Discussion

The purpose of this translational EMG study was to eval-
vate the activity within the periarticular glenohumeral
musculature during physical examination manual muscle
testing. Our results demonstrate that the position that best
isolates the abducting activity of the supraspinatus from the
abducting activity of the deltoid is 30° shoulder abduction
and mild shoulder ER, i.e. the champagne toast position.
Using supraspinatus to deltoid activity data from resisted
abduction to a standardized load, this position provides
5.75-fold better supraspinatus isolation than the empty
can of Jobe’s position. Clinical use of the champagne toast
position has the potential to improve the sensitivity and
specificity of physical examination testing of the supra-
spinatus. Anecdotally, the senior author (G.P.N.) has suc-
cessfully used this position clinically for many years
because it avoids potential reflex inhibition due to
impingement pain in Jobe’s position.

Several published studies confirm our findings. Colachis
and Strohm performed an examination of abduction force

after axillary nerve blocks and suprascapular nerve blocks.
After an axillary nerve block, abduction strength loss
increased linearly from 0° to 150°. In their study, at 90°,
almost all abduction strength was provided by the deltoid,
whereas at 30°, almost all abduction strength was provided
by the supraspinatus.'’ Ruckstuhl et al used magnetic
resonance imaging data from normal shoulders to create
computer simulations to measure the shoulder abduction
moment arms of the deltoid and supraspinatus. These
simulations determined that the supraspinatus moment arm
progressively decreased with increasing abduction. The
opposite was true for the deltoid. They additionally deter-
mined that IR further decreased the mechanical advantage
of the supraspinatus.”’ Gerber et al performed abduction
strength testing in various degrees of abduction after
blockade of the suprascapular nerve and found that the
decrease in abduction strength was not related to degree of
abduction, similar to our findings that supraspinatus activity
does not differ with degree of abduction.'” Boettcher et al
measured activity in a wide variety of shoulder muscles,
demonstrating significant activity in a variety of muscles
with resisted abduction at 90° of abduction.’ Overall, these
results confirm our findings that testing at 30° of abduction
and relative ER, i.e., the champagne toast position, better
isolates the supraspinatus than Jobe’s position.

Three published EMG studies have shown that Jobe’s
position provides more deltoid than supraspinatus activa-
tion."**?% Malanga et al performed EMG testing of the
deltoid and supraspinatus at both Jobe’s position and the
Blackburn position, i.e., 100° of abduction and full ER. In
their study, neither position isolated the supraspinatus from
the deltoid.”> Alpert et al examined EMG activity in the
deltoid and supraspinatus in varying shoulder positions.
Their study found deltoid activity to increase with abduc-
tion up to 90° and supraspinatus activity to be higher at
lower degrees of abduction.' Reddy et al examined supra-
spinatus and deltoid activity in both normal subjects and
subjects with subacromial impingement. Their study
demonstrated that the supraspinatus is more active in lower
degrees of abduction relative to the deltoid.”® These results
also suggest that testing at 30° of abduction in the cham-
pagne toast position better isolates the supraspinatus than
Jobe’s position does.

Determining the position for testing of the supra-
spinatus must account for the surrounding musculature.
Our results confirm Jobe’s findings that the supraspinatus
is more active at 90° of abduction (mean of 86% in ER)
than at 30° of abduction (65% in ER). However, active
shoulder abduction relies on both the supraspinatus and
the deltoid. With increasing degrees of abduction, the
deltoid becomes increasingly active relative to the supra-
spinatus. With resisted abduction in lower degrees of
abduction, the deltoid is deactivated and the abduction
power of the supraspinatus is relatively isolated. Analo-
gously, the belly press test and lift-off tests are sensitive
and specific for subscapularis tears because they
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Table IT  Electromyographic activity while isometrically resisting a standardized load in each degree of shoulder abduction, shoulder
rotation, and elbow flexion
Name Abduction  Rotation  Elbow Supraspinatus  Deltoid S:D Infraspinatus  Trapezius

flexion (% MMT) (% MMT) (% MMT) (% MMT)
Jobe’s empty can  90° IR 0° 22 [13-30] 29 [22-36] 0.8 [0.4-1.1] 10 [6-14] 29 [18-40]
Full can 90° ER 0° 30 [19-41] 14 [11-17] 2.1 [1.4-2.7] 9 [4-14] 27 [14-40]
90° IR 90° 20 [12-27] 16 [12-20] 1.2 [0.9-1.6] 7 [4-11] 25 [14-35]
90° ER 90° 27 [16-38] 15 [11-19] 1.8 [1.1-2.4] 10 [4-15] 24 [13-35]
60° IR 90° 19 [9-29] 7 [5-9] 2.7 [1.3-4.1] 6 [2-10] 18 [10-27]
60° ER 90° 27 [14-41] 9 [6-12] 2.9 [1.9-3.9] 8 [3-13] 18 [10-27]
45° IR 90° 18 [10-27] 7 [5-9] 2.7 [1.7-3.8] 5 [2-8] 15 [8-22]
45° ER 90° 23 [14-33] 8 [6-10] 3.2 [2.0-4.5] 6 [3-9] 16 [8-23]
Champagne pour  30° IR 90° 16 [9-22] 4 [3-5] 4.2 [2.5-5.8] 4 [1-7] 13 [7-19]
Champagne toast ~ 30° ER 90° 23 [13-33] 6 [4-7] 4.6 [2.5-6.7] 5 [3-8] 12 [7-18]

Mean (95% confidence intervals) electromyographic activity within the supraspinatus, the anterior and middle heads of the deltoid, the ratio between the
supraspinatus and deltoid activities (S:D), the infraspinatus, and the trapezius. Activities are expressed as a percentage of the maximum manual test

(MMT). IR, internal rotation; ER, external rotation.

maximally internally rotate the humerus to isolate the
subscapularis from the internal rotating power of the
pectoralis major.” Because of the anatomic complexity of
the shoulder, each muscle serves multiple functions and
they frequently overlap, and thus resisted strength phys-
ical examination maneuvers must consider the activity of
the surrounding musculature in addition to the activity
within the tested muscle.

Our study has several strengths. Electromyography has
been widely used and our laboratory has extensive experi-
ence with this technique.®” Our study design allows each
subject to serve as an internal control, and values are
normalized within each subject. In addition, we used both
resisted manual testing to mimic the clinical scenario used
for testing and resistance against a standardized weight to
provide a repeatable load. Results were concordant with
both methods of testing. Given that resisted manual testing
submaximally stimulated the supraspinatus (activity with
resisted manual testing at the MMT position was 77%),
standardizing load is critical.

Our study has several limitations. The small sample size
may limit generalizability. However, statistical significance
was achieved for the primary hypothesis of the study, and
thus the inclusion of more subjects is unnecessary. Surface
EMG has shortcomings, largely due to potential interfer-
ence from surrounding muscles. However, our results are
consistent with multiple prior studies that used fine-wire
electrodes.'>*?% In addition, we did not test various peri-
scapular muscles including the posterior deltoid because of
constraints within our laboratory and the findings of pre-
vious studies suggesting that the posterior deltoid is largely
an extensor and external rotator of the shoulder and is only
minimally important for abduction.® In addition, inclusion
of another head of the deltoid would likely only have
increased deltoid activity and thus would likely have
exacerbated the S:D findings from the study, although it

may have affected deltoid activity in IR vs. ER. We did not
test the subscapularis, which also provides abduction torque
in some shoulder positions. We also did not include full
adduction, which may have had even higher S:D ratios,
given the observed trend. We also did not perform ultra-
sound, magnetic resonance imaging, or standardized
strength measurements to quantify that these patients are
normal, although all were younger than 40 years, free of
known shoulder disease, painless, and healthy. Last, it re-
mains unclear whether the findings of this controlled lab-
oratory study in normal volunteers will translate to more
sensitive and specific clinical testing in patients with rotator
cuff tears. To attempt to maximize the clinical translation of
the study, we performed both resisted manual testing and
isometric testing against a standardized load with concor-
dant results. Future clinical testing of the sensitivity and
specificity of the champagne toast test is planned to address
this shortcoming.

Conclusions

Testing of abduction strength in the champagne toast
position, i.e., 30° of abduction, mild ER, and 30° of
flexion, better isolates the activity of the supraspinatus
from the deltoid than Jobe’s empty can position.

Disclaimer

The authors, their immediate families, and any research
foundation with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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Supplementary data

Supplementary data related to this article can be found
online at http://dx.doi.org/10.1016/j.jse.2015.07.031.
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