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Background: Isotonic exercise is commonly adopted for shoulder rehabilitation, but the efficacy of isokinetic exercise for reha-
bilitation has not been evaluated.

Purpose: To evaluate the efficacy of isotonic and isokinetic external shoulder rotation exercises.
Study Design: Controlled laboratory study.

Methods: Using surface electromyography (EMG) and the Biodex system, we investigated the EMG amplitude of the infraspinatus
(1S), total work (tWK), and EMG(IS)/tWK ratio and examined the relative IS and posterior deltoid (PD) contributions to all exercises. A
total of 24 healthy participants without musculoskeletal injuries were included. Participants performed isotonic external shoulder
rotation at 10%, 20%, 30%, 40%, and 50% of the maximum voluntary isometric contraction (MVIC) as well as isokinetic external
shoulder rotation at angular velocities of 60, 120, 180, 240, and 300 deg/s. Levels of intensity were classified from 1 to 5: level 1
corresponded to 10% of the MVIC and a 300-deg/s angular velocity; level 2 corresponded to 20% MVIC and 240 deg/s; level 3
corresponded to 30% MVIC and 180 deg/s; level 4 corresponded to 40% MVIC and 120 deg/s; and level 5 corresponded to 50%
MVIC and 60 deg/s. Normalized IS and tWK amplitudes were calculated for each exercise.

Results: During isotonic exercise, the EMG(IS)/tWK ratio significantly decreased from level 5 to 3, 2, and 1; from level 4 to 2 and 1;
and from level 3 to 1. During isokinetic exercise, the EMG(IS)/tWK ratio at level 3 was greater than that at all other levels except level
1. Statistical differences were found between isotonic and isokinetic modes at levels 1, 2, and 3. The IS/PD activation ratios were
not significantly different between exercise modes at any level.

Conclusion: Isokinetic resistance may provide more effective stimulation of the IS muscle compared with isotonic resistance.
Clinical Relevance: Isokinetic exercise needs to be considered as a method of rehabilitation that effectively increases infra-
spinatus muscle activity.
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The rotator cuff is known to contribute to dynamic stabili-
zation of the glenohumeral joint.2® The subscapularis,
infraspinatus (IS), and teres minor conjointly generate a
force that acts as a counterforce to the pulling force of the
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deltoid and supraspinatus muscles during arm elevation.?®
A fine balance between the IS, teres minor, and subscap-
ularis is important to control anteroposterior translation of
the humeral head and hence to provide a stable fulcrum.
Therefore, dysfunction of the rotator cuff results in shoul-
der disabilities, such as subacromial impingement or rota-
tor cuff tears on progression.?? Early-stage shoulder
rehabilitation should focus on the improvement of rotator
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cuffbalance and stabilizing ability.® External rotation exer-
cise is commonly performed to restore function of the IS, a
major external rotator, which is activated first during
external rotation and plays an important role in maintain-
ing shoulder stability.!

Isotonic exercise involves movement under a constant
load throughout the active range of motion, which is
applied to all body parts, including the shoulder.* However,
isokinetic contraction is performed with accommodating
resistance throughout the active range of motion at a con-
stant speed and is usually adopted for muscle testing in the
shoulder joint.? There is a lack of evidence demonstrating
the effectiveness of isokinetic exercise on rotator cuff reha-
bilitation. Malliou et al'*® were the only group to report that
isokinetic strengthening is a more effective method of alter-
ing rotator cuff muscle strength ratios compared with other
kinds of exercise, including isotonic exercise. Therefore,
isokinetic exercise has a potential value in rotator cuff
rehabilitation.

Surface electromyography (EMG) has been used to eval-
uate muscle action potentials through surface electrodes
located directly over an activated muscle.'> EMG amplitude
is measured during muscle contraction and provides a quan-
tification of muscle activation.?®> Muscle activation, rather
than muscle force production, may be more useful in reflect-
ing training-induced adaptations of the nervous system in
the early rehabilitation phase.>?° Schmitz and Westwood?°
proposed the EMG amplitude-to-work (EMG/WK) ratio to
examine the efficacy of isokinetic and isotonic exercises dur-
ing leg extension. By normalizing the EMG amplitude to the
amount of work, those authors intended to determine the
optimal type of resistance that results in the recruitment of
more motor units or an increase in frequency. Purkayastha
et al'” extended the study of Schmitz and Westwood by
investigating EMG/WK ratios for concentric isokinetic mus-
cle actions at 60, 120, 180, 240, and 300 deg/s as well as
concentric isotonic muscle actions at 10%, 20%, 30%, 40%,
and 50% of the maximum voluntary isometric contraction
(MVIC) during leg extension exercises. An investigation of
isotonic and isokinetic external shoulder rotation exercises
using the methods of Purkayastha et al may help to find the
ideal resistance to increase IS activation.

The primary purpose of this study was to evaluate the IS
EMG/WK ratio for concentric isokinetic muscle actions at
60, 120, 180, 240, and 300 deg/s as well as concentric iso-
tonic muscle actions at 10%, 20%, 30%, 40%, and 50% of the
MVIC during external shoulder rotation exercises. The
extraction of pure IS work from total work (tWK) during
external rotation exercises was not feasible. Therefore,
tWK was used as a denominator in calculating the
EMGIS)/tWK ratio. Second, to validate the use of tWK as
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a denominator, the IS-to—posterior deltoid (PD) activation
ratios were also calculated. The IS/PD activation ratio has
been used to examine the relative IS and PD contributions
to external shoulder rotation exercises.'!® Using the IS/PD
activation ratio, we assessed whether the IS contributes to
tWK at a similar rate for each exercise.

METHODS
Participants

This study was approved by our institutional review board,
and informed consent was obtained from all participants. All
participants were recruited from the Sports Medical Center
of our institute between June 2017 and January 2018. A
total of 24 right-handed healthy male participants (mean
age, 25.3 years; mean height, 175.4 cm; mean weight,
67.3 kg) were included in this study. Participants were
excluded if they (1) had previous musculoskeletal injuries or
underwent rehabilitation treatments for any injuries (n = 2) or
(2) had difficulty in following the exercise protocols (n = 3).

EMG and Work Data

Surface EMG signals were recorded from the IS and PD
using a TeleMyo DTS Desk Receiver (Noraxon USA), and
all data processing was performed with MR3 software (ver-
sion 3; Noraxon USA). The signals were amplified with a
gain of 400, noise <1 uV, and common mode rejection ratio
of 100 dB. They were sampled at 1500 Hz and filtered with
a bandwidth of 10 to 500 Hz. To construct a linear envelope,
full-wave rectification was performed. A Lancosh finite
impulse response digital filter (Noraxon USA) was used to
filter the raw signal. The bandpass filter frequency was
between 10 and 350 Hz.

We processed the EMG data into the root mean square
(RMS) value in 200-millisecond windows. For normaliza-
tion, RMS values of the MVIC were measured 3 times for
each IS and PD. The EMG amplitude of the IS recorded
during each exercise was normalized as a percentage of the
maximum EMG amplitude of the IS during the MVIC (%
RMS). To minimize skin impedance, we prepared the skin
surface by cleaning the area with an alcohol swab before
placing the electrodes. Bipolar surface EMG electrodes
with a distance of 2 cm between active recording sites were
used. The IS electrode was placed 3 cm below the spine of
the scapula laterally but not over the PD muscle.® For the
PD, the electrode was placed 2 cm below the posterolateral
corner of the acromion over the PD muscle (Figure 1). The
highest tWK value during each exercise was selected for
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Figure 1. Electrode placements for the infraspinatus and pos-
terior deltoid muscles.

Figure 2. External rotation exercises were carried out with the
shoulder at 20° of abduction and forward flexion. The partic-
ipant sat on the dynamometer with the trunk fixed by a cross
seat belt.

analysis, which was derived from Biodex System 4 (Biodex).
For the EMG(IS)/tWK ratio (% RMS/J), the % RMS values
of the IS EMG amplitude were divided by the respective
isotonic or isokinetic tWK values. The IS activation values
were divided by the PD activation values (IS/PD activation
ratios) to investigate the recruitment of the PD muscle dur-
ing each external rotation exercise.

Procedures

The participants underwent IS MVIC testing with the
shoulder at 20° of abduction and forward flexion with neu-
tral rotation while sitting on a dynamometer (Figure 2).
MVIC testing was conducted in 3 sets of 5 seconds accord-
ing to the guidelines of Kendall et al.’® Participants were
provided with verbal encouragement and visual feedback of
signal amplitudes to generate the maximum IS force. At
least 2 minutes of rest between MVIC tests was given to
minimize muscle fatigue. The maximum amplitude after 3
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sets of contractions was used for normalization, and the
highest peak torque during the MVIC was selected as a
representative score.

During the external rotation exercises, each participant
rotated the arm under investigation externally 40° from
neutral rotation with the shoulder at 20° of abduction. The
isotonic or isokinetic exercise protocols were selected ran-
domly, and concentric external rotation exercises in each
protocol were performed 3 times in random order with
2 minutes of rest between the exercises. Each protocol con-
sisted of a series of 5 exercises. The isotonic protocol com-
prised concentric external rotation exercises at the
following 5 loads: 10%, 20%, 30%, 40%, and 50% of the
previously determined MVIC. For the isokinetic protocol,
the angular velocity was set sequentially at 60, 120, 180,
240, and 300 deg/s. According to the study of Purkayastha
et al,1” the levels of intensity were categorized from 1 to 5:
level 1 corresponded to an isotonic intensity of 10% of the
MVIC and an isokinetic velocity of 300 deg/s; level 2 corre-
sponded to 20% MVIC and 240 deg/s; level 3 corresponded
to 30% MVIC and 180 deg/s; level 4 corresponded to 40%
MVIC and 120 deg/s; and level 5 corresponded to 50% MVIC
and 60 deg/s.

Statistical Analysis

The normality of variables was assessed using the Shapiro-
Wilk test. Also, 1-way repeated-measures analysis of vari-
ance (ANOVA) (parametric) or the Kruskal-Wallis test
(nonparametric) was performed to detect differences in the
normalized IS, tWK, EMG(IS)/tWK ratio, and IS/PD acti-
vation ratio amplitudes for both exercise modes. A post hoc
test was conducted using the Bonferroni method. A compar-
ison between isotonic and isokinetic modes at the same
level of intensity was performed using the independent Stu-
dent ¢ test (parametric) or Mann-Whitney U test (nonpara-
metric). P < .05 was considered as statistically significant.
SPSS (version 17.0; IBM) was used for all data analyses.

RESULTS
Normalized EMG Amplitude of the IS Muscle

During isotonic exercise, l-way repeated-measures
ANOVA indicated that the normalized EMG amplitude of
the IS at level 5 was greater than that at level 1 (P < .001)
or 2 (P = .008). During isokinetic exercise, IS muscle activ-
ity at levels 2 and 3 was higher than that at level 4 or 5
(levels 2 vs 4: P = .020; levels 2 vs 5: P = .006; levels 3 vs 4
and 3 vs 5: P < .001 for both). Statistical differences were
found between the isotonic and isokinetic modes at levels 1,
2, 3, and 4 (levels 1-3: P < .001; level 4: P = .003) (Figure 3).

Total Work

During isotonic exercise, tWK at level 5 was significantly
greater than that at level 1 (P =.001), 2 (P < .001), or 3 (P =
.008), and the tWK at level 4 was also greater than that at
level 1, 2, or 3 (P < .001). The tWK at level 3 was greater
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Figure 3. Normalized electromyographic amplitudes of the
infraspinatus muscle versus loads (isotonic exercise) or veloc-
ities (isokinetic exercise). TStatistically significant difference
between the exercises. EMG, electromyography.
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Figure 4. Work versus loads (isotonic exercise) or velocities
(isokinetic exercise). No statistical difference was detected
between the exercises at any level.

than that at lower levels (P < .001). During isokinetic exer-
cise, tWK decreased significantly from level 5 to 3 (P = .02),
from level 5 to 2 or 1 (P < .001), from level 4 to 3 (P = .027),
and from level 4 to 2 or 1 (P < .001). No statistical differ-
ences in tWK were detected between the isotonic and iso-
kinetic modes at any level investigated (Figure 4).

EMG(IS)/tWK Ratio

During isotonic exercise, the EMG(IS)/tWK ratio decreased
significantly from level 5 to 3 (P = .003), 2 (P < .001), and 1
(P < .001); from level 4 to 2 (P < .001) and 1 (P < .001); and
from level 3 to 1 (P < .001). During isokinetic exercise, the
EMGIS)tWK ratio at level 3 was greater than that at any
other level except level 1 (level 2: P = .044; level 4: P = .019;
level 5: P =.008). The EMG(IS)/tWK ratio at level 5 was lower
than that at any other level (level 1: P =.017; level 2: P = .012;
level 3: P =.020; level 4: P = .029). Statistical differences were
found between the isotonic and isokinetic modes at levels 1, 2,
and 3 (level 1: P = .005; level 2: P = .006; level 3: P = .023)
(Figure 5).

IS/PD Activation Ratio

One-way repeated-measures ANOVA did not indicate any
significant differences between the levels for both isotonic
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Figure 5. Amplitude-to-work ratios versus loads (isotonic
exercise) or velocities (isokinetic exercise) of the infraspinatus
muscle. TStatistically significant difference between the exer-
cises. EMG, electromyography; RMS, root mean square.
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Figure 6. Activation ratios of the infraspinatus and posterior
deltoid muscles versus loads (isotonic exercise) or velocities
(isokinetic exercise). No significant difference was detected
between the exercises at any level. EMG, electromyography.

and isokinetic exercises. Similarly, no differences between
the isotonic and isokinetic modes were detected at any level
investigated (Figure 6).

DISCUSSION

The primary purpose of this study was to evaluate the effi-
cacy of external rotation exercises using surface EMG and a
dynamometer. Our study showed that the highest IS ampli-
tude was recorded at 180 and 240 deg/s during isokinetic
exercise. On the other hand, isotonic exercise led to an
increase in IS amplitude under higher intensity loads.
Theoretically, isokinetic concentric exercise induces
constant EMG amplitudes across velocities, as all available
motor units are recruited and firing at their optimal
frequencies.! However, there are conflicting results about
velocity-related EMG responses during concentric isoki-
netic muscle actions.'”1821:27 In a study evaluating EMG
activity of the quadriceps femoris muscle at 4 isokinetic
speeds (30, 60, 90, and 120 deg/s), no significant differences
in muscle activities across speeds were detected, and the
authors concluded that the participants made equivalent
efforts at all speeds.’® The induction of higher muscle activ-
ities at middle to high angular velocities compared with low
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angular velocities was noted in the current study as well as
the study by Purkayastha et al,” in which an increase of
knee extensor activities from 60 to 180 and 240 deg/s was
observed. An increase in EMG values to velocities between
45 and 180 deg/s has been reported during knee exten-
sion.?! A possible explanation of why low angular velocity
induces lower muscle activation is that neural drive reduc-
tion may protect the musculoskeletal system from injuries
under high-tension loading conditions.2” Based on our clin-
ical experience, external shoulder rotation at low angular
velocity becomes burdensome even in healthy participants;
therefore, an unconscious neural response to protect the
rotator cuff seems plausible.

Work is defined as the product of force x distance.” In
theory, if the distance is constant (40° external rotation in
this study), work is purely dependent on force. There was a
trend toward a tWK increase during both isotonic and iso-
kinetic exercises as the intensity level increased from 1 to
5. However, no significant differences were detected in
tWK between levels 1 and 2 or levels 4 and 5 in either
isotonic or isokinetic exercises. This implies that force pro-
duction at low or high levels fails to elaborately respond to
the given external intensities. One possibility is that par-
ticipants failed to complete the given distance at level 5.
Although we did not measure the range of motion achieved
during the exercises, a decrease in the range of motion and
an increase in intensities have been reported in previous
studies.'®!” Purkayastha et al'” demonstrated an 18%
decrease in the range of motion during isotonic knee
extension exercise with increased intensity, which was
more prominent at the highest intensity. Sustained tWK
during external rotation exercises was used in this study,
as the isolation of work performed by the IS was not fea-
sible. To investigate possible problems in adopting tWK,
we examined the IS/PD activation ratio at each level,
which reflects the IS and PD contributions to tWK.
Throughout all levels, regardless of the exercise mode,
no significant differences were observed in the IS/PD acti-
vation ratios. Constant IS and PD contributions to tWK at
all levels would justify the adoption of tWK in evaluating
the efficacy of exercises on IS activation.

Currently, there is a lack of evidence to support the
effectiveness of isokinetic exercise for shoulder joint reha-
bilitation.>!®2* A systematic review demonstrated the
effect of isokinetic training; however, most of the studies
could not identify the isolated effect of isokinetic train-
ing.?® In isokinetic exercise training, there is no estab-
lished protocol for angular velocity. When considering
the EMG(IS)/tWK ratio, isokinetic exercise at 180 deg/s
seemed to be most effective in inducing higher IS muscle
activation per unit of work. However, incorporating isoki-
netic training at 180 deg/s into the rehabilitation program
is complicated. Although the early adoption of 180 deg/s
may be relatively safe for patients with rotator cuff tendi-
nopathy, this may not be the case for patients who undergo
rotator cuff repair. Boissonnault et al® recommended the
postoperative incorporation of isokinetic exercise at 8
weeks in patients undergoing rotator cuff repair. Never-
theless, current evidence suggests that early motion
increases the risk of rotator cuff retears.!! A careful
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investigation on the optimal timing for the adoption of
isokinetic strengthening exercise is needed. In the early
phase of rehabilitation, static exercises, such as inferior
glide or low row, are safer for protecting repaired or
inflamed rotator cuffs because of the limited range of
motion during these exercises.

Various shoulder postures have been studied to identify
the most beneficial for enhancing IS activation. External
rotation with the shoulder at 0° of abduction has been
reported to lead to the most effective IS isolation, maxi-
mizing IS activation and minimizing PD activation.'®
Another study also demonstrated that the IS showed
greatest activation during external rotation at 0° of abduc-
tion.!* In this study, we adopted 20° of abduction and for-
ward flexion, as participants comfortably positioned their
arms and performed external rotation while sitting in a
Biodex dynamometer. Although experimental studies
have reported 0° of abduction as the most effective angle
to increase the IS/PD activation ratio, slight changes in
posture should also be considered so the patient is com-
fortable during external shoulder rotation exercise using a
dynamometer.

Limitations

There are several limitations that warrant further review.
First, pure work generated by the IS was not used as a
denominator in calculating EMG/WK ratios. Because the
extraction of IS pure work from tWK was not feasible, tWK
was used as a denominator. In this study, a consistency in
the IS/PD activation ratio at all intensities was noted,;
therefore, the percentage of tWK contributed by the IS may
be consistent. Second, this study adopted the classification
of intensity levels from knee extension exercises,'” which
has not been validated for the shoulder. For a comparison of
isotonic and isokinetic exercises, standardization to equal-
ize angular velocity and tWK is necessary.® As tWK at each
level was not significantly different between the exercises,
the classification of intensity levels may be applicable to the
shoulder. However, further research is needed to validate
the method adopted in this study.

A third limitation was that the distribution of muscle
activations was relatively uneven through our study,
despite the fact that only male participants were included.
Other factors besides sex may also affect muscle activa-
tions. Physical characteristics such as body fat percentage
and muscle mass should be relatively uniform to minimize
the standard deviation of muscle activations. We did not
consider these factors in this study; hence, we could not
provide the minimal clinically important difference for
stimulating muscle adaptation to resistance using the
distribution-based method. In addition, our methodological
approach for shoulder rehabilitation was experimental, as
little has been known for isokinetic exercise of the shoulder.
Therefore, with limited data, we could not provide clinical
relevance regarding the resistance levels adopted in this
study or safe loads without damaging the rotator cuff.
Future studies will be needed to justify the usefulness of
isokinetic shoulder exercise in various aspects.
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CONCLUSION

This study demonstrated statistical differences in the nor-
malized IS amplitude between exercise modes at all inves-
tigated intensity levels except for level 5. Therefore,
isokinetic resistance may provide more effective stimula-
tion of the IS muscle compared with isotonic resistance.
The normalized IS amplitude increased under higher
intensity loads during isotonic exercise, while angular
velocities of 180 and 240 deg/s induced higher IS activa-
tion than lower angular velocities during isokinetic exer-
cise. Regarding exercise efficacy, as measured by the
EMG/WK ratio, our data indicate that isokinetic exercise
at an angular velocity of 180 deg/s induced higher IS acti-
vation per unit of work.
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