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ABSTRACT

Background: Poor activation of the serratus anterior (SA) muscle may result in abnormal shoulder rhythm, and
secondarily contribute to impingement and rotator cuff tears. Sequential activation of the trunk, pelvis, and lower
extremity (LE) muscles is required to facilitate the transfer of appropriate forces from these body segments to the
upper extremity. Myofascial connections that exist in the body, and LE and trunk muscles (TM) activity may influ-
ence scapular and upper limb activity. The purpose of this study was to investigate the effect of simultaneous recruit-
ment of the LE muscles and TM on the SA muscle activation when performing a forward punch plus (FPP) and six
variations of the FPP exercise.

Study Design: Experimental, within-subject repeated measures.

Methods: Surface electromyographic (EMG) activity of the SA, latissimus dorsi, and external oblique muscles on the
dominant side, bilateral gluteus maximus muscles, and contra-lateral femoral adductor muscles were analyzed in
forward punch plus (FPP) movement and six variations in twenty one healthy male adults. The percentage of maxi-
mum voluntary isometric contraction (%MVIC) for each muscle was compared across various exercises using a 1-way
repeated -measures analysis of variance with Sidak pair wise comparison as post-hoc test (p < 0.05).

Results: Pairwise comparisons found that the EMG activity of the serratus anterior (SA) during the FPP with contralat-
eral closed chain leg extension (CCLE), FPP with ipsilateral closed chain leg extension (ICLE), FPP with closed chain
serape effect (CS), and FPP with open chain serape effect (OS) showed significantly higher EMG activity than the FPP.

Conclusions: Simultaneous recruitment of the lower extremity and trunk muscles increases the activation of the SA
muscle during the FPP exercise.

Clinical Relevance: Rehabilitation clinicians should have understanding of the kinetic chain relationships between
the LE, the trunk, and the upper extremity while prescribing exercises. The results of this study may improve clini-
cians’ ability to integrate the kinetic chain model in a shoulder rehabilitation program.

Level of Evidence: 2b
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INTRODUCTION

Shoulder pain is the most common complaint in over-
head throwing athletes.!* Overhead throwing motions
place incredibly high demand on the shoulder com-
plex requiring high muscular activation around the
joint.** Researchers have reported that abnormal bio-
mechanics of the shoulder girdle and repeated over-
head movements could lead to injuries in overhead
throwing athletes.® Muscular imbalances around the
shoulder complex could lead to diminished scapu-
lar control and dyskinesis resulting in glenohumeral
joint injuries like instability and impingement.®”

Upper extremity (UE) injuries occurring in sports are
also due to alterations in the function of the muscles
that control the scapula.®” The scapula provides a link
between the arm and trunk. It acts as a stable base for
the humeral head during overhead movements of the
arm by providing a congruent socket.®? The serratus
anterior (SA) is a prime mover of the scapula, contrib-
uting to the maintenance of normal scapulohumeral
rhythm and motion.® Due to its insertion into the infe-
rior medial border and inferior angle of the scapula,
the SA has large moment arms to produce upward
rotation and posterior tipping.? It contributes to the
three-dimensional movement of scapula by produc-
ing upward rotation, posterior tilting, and external
rotation of the scapula during arm elevation.”” Poor
activation of the SA muscle may result in reduced
scapular rotation and protraction, resulting in ante-
rior-superior translation of the humeral head, causing
secondary impingement and rotator cuff tears."

The ultimate ability to produce forces necessary for
performance of overhead sports is not solely due to the
UE contributions. *'? Efficient distal segment motions
occurring in such functional motions as overhead
throwing and striking involve proximal core muscle
activation patterns. More than half of the force produc-
tion required by a tennis player in an overhead tennis
serve is produced from trunk muscles (TM) and lower
extremity (LE) muscles.* '* Weakness or limited trunk
and hip mobility can alter the normal activation pat-
tern required in overhead throwing athletes, producing
distal joint dysfunction.' The core musculature acts as
a connecting link between the upper and the lower
extremity limbs in overhead athletic endeavors.'

The shoulder complex does not function in isola-
tion. Synchronized sequential rotation from the LE

through the trunk needs to occur in order for the
shoulder joint to act efficiently in overhead sports.'
The shoulder is a part of the kinetic chain and the
body is considered as a linked system of articu-
lated segments.'” Each segment (LE, trunk, pelvis
and UE) in the kinetic chain has a specific role in
ensuring that the UE performs efficiently in ath-
letic endeavors.>'? This coordinated sequencing of
the segments is known as the kinetic chain. Sequen-
tial activation of the LE, pelvis and trunk muscles
is required to facilitate the transfer of appropriate
forces from these body segments to the UE.'® Such
forces result in a harmonized movement at the UE
needed in throwing activities in various sports.
Momentum generated by the larger segments in the
kinetic chain is transferred to the adjacent distal seg-
ments.'* 7 This mechanism results in summation of
individual speeds and forces at each segment. Put-
nam'? demonstrated that the forces acting at a joint
are influenced by the motions at the adjacent seg-
ments in the chain. The ultimate speed and forces
achieved by the distal segment are the product of all
the individual segments in the kinetic link."? Thus
the timely flow of the energy from the lower to the
upper part of the body is vital for effective sporting
motions to occur at the shoulder joint.!82°

Current shoulder rehabilitation programs integrate
the kinetic chain model in order to mimic normal UE
motor patterns that are utilized during sporting move-
ments and daily activities.?** Kinetic chain reha-
bilitation programs are considered functional and
address the shoulder function in a proximal to distal
manner.'”?* Proximal TM and the LE are used to initi-
ate scapular and arm activations. Such force-depen-
dent integrated muscle activation patterns are used
to coordinate the motions of connecting segments,
resulting in better gains during strength training pro-
grams.”*** Inclusion of multiple body segments in a
diagonal manner during exercises can facilitate acti-
vation of the involved muscles in order to develop
functionally appropriate use of the shoulder com-
plex.?>? Therefore, clinicians incorporate the TM
and LE muscles in shoulder rehabilitation to mimic
the normal upper extremity motor patterns during
sporting movements and daily activities.!”?222728

Several authors have illustrated myofascial con-
nections by which the LE and the TM activity may
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influence the scapular and the upper limb activ-
ity.?*3! Clinically such connections become evident
when dysfunction in one area of the body can be
related to a body region away from the primary site.*
Alteration of the knee flexion angle in tennis players
decreased the contribution by the hip and trunk, lead-
ing to increased loads and injuries at the shoulder and
elbow.’® Posterior-superior glenoid labral tears were
arthroscopically proven in athletes with weakness or
tightness at the hip joint.*® The following myofascial
linkages resulting in overlapping among the muscles
of the shoulder complex and the trunk have been
reported:***

> Latissimus dorsi (LatD) and ipsilateral SA.

> SA, ipsilateral rhomboid and external oblique
(ExOb) muscle, and contralateral internal oblique,
and femoral adductor muscle (FAd). The SA
courses anteriorly around the rib cage to attach
to the ribs and interdigitates with the ExOb. The
fiber line of ExOb then becomes continuous with
the internal oblique and FAd on the contralateral
side. The orientation of these muscles, anatomi-
cally linking the UE, trunk, and the LE across the
front of the body is referred as the “serape effect”.

> LatD and contralateral gluteus maximus (cGMax)
via thoracolumbar fascia.

Such crossing relationships among the neighboring
muscles have been reported to influence each other
and could increase stability and strength in that
specific region.?*%3:3435 Maenhout et al* recruited
individuals to determine the influence of the kinetic
chain on the scapular muscle activity in knee push
up plus exercises. They concluded that ipsilateral
leg extension increased the SA activity whereas con-
tralateral leg extension decreased the SA activity.
Similar results were reported by Kim et al* as they
compared the shoulder and the TM activation dur-
ing the ipsilateral leg extension with the knee push
up plus exercises.

Several authors have explored the SA muscle EMG acti-
vation in closed-chain exercises.”*** Closed kinetic
chain exercises are safe, enhance co-contractions in
early stages of rehabilitation, and provide a foundation
for more functional open kinetic chain exercises.!”* No
studies have been published to investigate the impor-

tance of the mysofascial connections between the LE,
TM, and the UE muscles in closed kinetic chain exer-
cises using diagonal pattern muscle recruitment. The
purpose of this study was to investigate the effect of
simultaneous recruitment of the LE muscles and TM
on the SA muscle activation when performing a for-
ward punch plus (FPP) and six variations of the FPP
exercise. The research hypothesis was that the SA acti-
vation would be significantly higher when LE muscles
and TMs are recruited simultaneously during the SA
muscle training than when LE muscles and TMs are
not actively recruited.

METHODS

Subjects
Twenty one healthy males with fair to very lean
body composition (% body fat), as reported in
ACSM'’s Guidelines for Exercise Testing and Prescrip-
tion® completed the study. The mean anthropomet-
ric characteristics + standard deviation (SD) of the
males were age, 22.36 + 3.26 years; height, 176.02
7.42cm; weight, 77.78 + 8.58 kg, %body fat, 9.64

+
+ 3.84%.

The Institutional Review Board of Rocky Mountain
University of Health Professions (RMUoHP), Provo,
Utah, and Saginaw Valley State University (SVSU),
approved the study. Sample size of 17 subjects was
needed using conventional values for a medium
effect size (f= 0.25); degrees of freedom = 6, power
= 0.80; alpha = 0.05.* Twenty one subjects actually
completed the study.

Procedures

The subjects were given the informed consent and
then were screened for inclusion and exclusion cri-
teria (Table 1). Skin fold measurements were taken
using the guidelines provided in ACSM’s Guidelines
for Exercise 'Testing and Prescription.®® Lange” skin fold
calipers (model # 68902, Fitness Mart®, division of
Country Technology, Inc.) and three site formula
regression equations for men (chest, abdomen, and
thigh) were used to assess body composition.*® Leg
length was measured by the PI (N.K.) to in order to
standardize the step length during exercises to allow
for accurate comparisons of performance among
participants.* The leg length was measured from
the anterior superior iliac spine (ASIS) to the end of
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Table 1. 1.Describes inclusion/exclusion criteria of the study

Inclusion Criteria

Exclusion Criteria

e Males
Age 18-40 years,

fat) between fair to very lean, as
reported in ACSM’s Guidelines for
Exercise Testing and Prescription

Age-related body composition (% body

e Any current musculoskeletal pain,
neuromuscular disorder, joint or bone
disease.

e Upper extremity motion limitation
(visual inspection).

e Upper extremity or LE injury within
last 6 months.

e History of any orthopedic surgery of
neck, back, UE, or LE within the last 6
months.

e Participated in overhead sports at the
collegiate level or performed upper
limb strength training for more than 5
hours/week

e Currently experiencing pain anywhere
in the body.

the medial malleolus with the subject lying supine
while not wearing shoes.

The Biopac MP 36 System (Biopac Systems Inc,
Santa Barbara, CA) was used to collect all EMG data.
Skin impedance of less than 20 KQ was accepted. *
The skin was prepared before the electrode place-
ment using vigorous cleaning of the area with
SKIN-PREP protective wipes (Smith & Nephew plc,
London, UK). The subject shaved the area if body
hair was present. EMG electrodes were applied to
the muscle fibers of the SA, LatD, and ExOb muscles
on the dominant side, GMax bilaterally, and FAd of
the contralateral side of the subjects according to the
procedure described by Cram et al.* Surface EMG
data was collected using 10-mm-contact-area Ag-
AgCl disposable electrodes (Trace Rite® Bio-Detek
Inc, Pawtucket, RI). As a warm up, the subjects then
performed jumping jacks for 30 seconds.

For normalization of the EMG data, of maximum
voluntary isometric contraction (MVICs) were estab-
lished for each muscle. Test positions were consis-
tent with those described by Kendall ** for SA, LatD,
GMax and Fad muscles and with previous research
for ExOb muscle.** The MVICs were performed over
a five second period using a metronome involving
a gradual build up to maximum muscle activity.
Each muscle test was repeated three times, with a
five-second rest between contractions.? The MVIC
value for each muscle was calculated as the average
of the three trials. Between MVIC measurements of

different muscles, a two minute of rest period was
provided. Verbal feedback was provided for each
subject for the MVIC procedures.

Exercises

The exercises under investigation are either based
on the previous recommendations*** or myofascial
connections reported in the literature.**3° Exercises
were performed without any footwear. The exercises
were performed in a random order using a comput-
erized random sequence generator as follows.

Forward punch plus (FPP) (Figure 1) was performed
while the subject stood with feet shoulder-width apart
in a parallel stance. The exercise was started with sub-
ject’s dominant arm at the side of the body with elbow
flexed to 90° and neutral position. The subject flexed
the shoulder to 90° and fully extended the elbow, the
humerus internally rotated 45°, and the scapula was
protracted. The subject then returned to the initial
position by extending the shoulder, flexing the elbow
in neutral position, and standing in parallel stance.

For FPP with contralateral closed chain leg extension
(CCLE) (Figure 2) the subject performed a FPP with
dominant arm and lunged straight back with the
contralateral leg in closed chain. The subject then
returned to the initial position by extending the
shoulder and flexing the elbow in neutral position
and standing in parallel stance.

For FPP with contralateral open chain leg extension
(COLE) (Figure 3), the subject performed FPP with
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Figure 1. Forward Punch Plus (FPP). The subject has engaged
serratus anterior during the punching action.

dominant arm and swung their contralateral leg back
in extension. The subject was instructed to keep the
trunk straight and not to bend the contralateral knee
or lean forward while swinging the leg backwards in
open chain. The subject then returned to the initial
position by extending the shoulder, flexing the elbow
in neutral position and standing in parallel stance.

For FPP with ipsilateral closed chain leg extension
(ICLE) (Figure 4), the subject performed FPP with
dominant arm and lunged straight back with the ipsi-
lateral leg in closed chain. The subject then returned
to the initial position by extending the shoulder and
flexing the elbow in neutral position and standing in
parallel stance.

For FPP with ipsilateral open chain leg extension (IOLE)
(Figure 5) the subject performed FPP with domi-
nant arm and swung their ipsilateral leg back in
extension. Subject was instructed to keep the trunk
straight and not to bend the ipsilateral knee or lean
forward while swinging the leg backwards in open

Figure 2. Forward Punch Plus with Contralateral Closed
Chain Leg Extension (FPP - CCLE). The subject has engaged
all the muscles contributing to the kinetic chain. Serratus ante-
rior was engaged during the punching action, gluteus maximus
of the ipsilateral side using eccentric hip flexion, gluteus maxi-
mus of the contralateral side using leg extension.

chain. The subject then returned to the initial posi-
tion by extending the shoulder, flexing the elbow in
neutral position and standing in parallel stance.

For FPP with closed chain serape effect (CS) (Figure 6)
the subject performed FPP with dominant arm as he
rotated and flexed the trunk to the contralateral hip
and performed contralateral leg flexion and adduc-
tion in closed chain. The subject stepped forward
and stopped at the midline of the trunk as marked
by the white tape on the ground. The subject then
returned to the initial position by extending the
shoulder, flexing the elbow in neutral position and
standing in parallel stance.

For FPP with open chain serape effect (OS) (Figure
7) the subject performed FPP with dominant arm
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Figure 3. Forward Punch Plus with Contralateral Open
Chain Leg Extension (FPP - COLE). The subject has engaged
all the muscles contributing to the kinetic chain. Serratus ante-
rior was engaged during punching action, gluteus maximus of
the ipsilateral side using single leg stance, gluteus maximus of
the contralateral side using leg extension.

as the trunk was rotated and flexed to the contra-
lateral hip and performed contralateral leg flexion
and in an open chain. The subject swung the con-
tralateral leg in front and stopped at the midline of
the trunk as he maintained his balance. The subject
then returned to the initial position by extending the
shoulder, flexing the elbow in neutral position and
standing in parallel stance.

For closed chain exercises, the step length for leg flex-
ion and extension was standardized for each subject
by measuring the floor distance from the mid-foot to
75% of their leg length. Each subject was required
to step with their toes between the two pieces of
tape placed 3 cm on either side of the 75% of their
leg length measurements. To ensure adequate pro-
traction of scapula with FPP, a stand with a visual

Figure 4. Forward Punch Plus with Ipsilateral Closed Chain
Leg Extension (FPP - ICLE). The subject has engaged all the
muscles contributing to the kinetic chain. Serratus anterior
was engaged during punching action, gluteus maximus of the
ipsilateral side using leg extension, gluteus maximus of the
contralateral side using eccentric hip flexion.

marker was placed at the maximum reach distance.
The subject was verbally instructed to punch as hard
as possible with maximum force to reach the stand
with a visual marker placed at the maximum reach
distance and the subject was required to bring their
fist close to the marker with each exercise trial.

Practice trials were provided to the subjects and five
trials of the exercises were performed with five sec-
onds rest between repetitions. The speed of the trials
were regulated by a metronome set to 50 beats per
minute, where each phase (starting position, maxi-
mum reach, and ending position) was performed
during one beat.?" ** The subjects were given ver-
bal commands to begin and end each exercise trial
for proper technique during the training and data
collection. A minimum of two minutes of rest was
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Figure 5. Forward Punch Plus with Ipsilateral Open Chain
Leg Extension (FPP - IOLE). The subject has engaged all the
muscles contributing to the kinetic chain. Serratus anterior
was engaged during punching action, gluteus maximus of the
ipsilateral side using leg extension, gluteus maximus of the
contralateral side using single leg stance.

provided between different exercises to prevent the
influence of fatigue on muscle activation.*

Data Processing

All collected signals were subsequently band pass
filtered (between 10 and 500 Hz), then rectified
and finally smoothed by using a root-mean-square
(RMS) calculation with a 50-millisecond sliding
window. The electrocardiac contributions to the
SA, LatD and ExOb muscles (being close to heart)
were removed using high pass digital filtering (finite
impulse response (FIR) using a Hamming window,
and fourth-order Butterworth (BW) filter) at 30 Hz
cutoff frequency. This method has been reported
to provide optimal balance between levels for the
EMG.* For all subjects, MVIC was averaged across

Figure 6. Forward Punch Plus with Closed Chain Serape
Effect (FPP - CS). The subject has engaged all the muscles
contributing to the serape effect. Serratus anterior was engaged
during punching action, external oblique and internal oblique
were engaged during trunk rotation, and hip flexors and hip
adductors were engaged with contralateral leg flexion and
adduction.

the three intermediate seconds for each muscle to
calculate the mean of the peak RMS value of the
three trials. The mean RMS EMG activity of each
muscle was calculated across the best three trials of
every exercise, for all subjects. The mean RMS value
of the three trials for each muscle was normalized
to its respective MVIC value and represented as a
percentage of MVIC (%MVIC) using the following
equation:*

%MVIC = (Average RMS value of the three repeti-
tions/average peak RMS value) X 100

Data Analysis

The Statistical Package for the Social Sciences (SPSS
Inc, v18.0, Chicago, IL, USA) was used for analysis. A
separate one-way repeated measures analysis of vari-
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Figure 7. Forward Punch Plus with Open Chain Serape
Effect (FPP - OS). The subject has engaged all the muscles
contributing to the serape effect. Servatus anterior was engaged
during punching action, external oblique and internal oblique
were engaged during trunk rotation, and hip flexors and hip
adductors were engaged with contralateral leg flexion and
adduction.

ance (ANOVA) was performed on %MVIC EMG activ-
ity for each of the six muscles (SA, LatD, ExOb, GMax,
FAd) across the seven exercises (within-subject factor)
with Sidak pair wise comparison was used for post-
hoc comparisons. A separate analysis of each muscle
helped to determine if the change in the SA activa-
tion was due to the recruitment of TM and LE mus-
cles, and any significant difference among the seven
exercises. The level of significance was set at 0.05 for
all analysis and 95% confidence intervals (CIs) were
reported around the %MVIC for each exercise.

RESULTS

Statistically significant main effects existed among all
the exercises for the SA (p < .001), ExOb (p < .001),
FAd (p < .001), cGMax (p = .001), and ipsilateral glu-

teus maximus (iGMax) (p < .001). Results of pairwise
comparisons found that the EMG activity (% MVIC)
of the SA during CCLE (p = .001), (ICLE (p = .002),
CS (p = .001), and OS (p = .001) was significantly
higher than the EMG activity of the FPP (Table 2).
The ExOb was significantly more active during the
performance of IOLE (p = .002), CS (p = .003), and
OS (p = .024) when compared to FPP, and CS pro-
duced significantly higher ExOb activation than IOLE
(p = .048) (Table 4). The FAd activity was significantly
higher in CCLE (p = .005), ICLE (p <.001), IOLE (p=
.040), CS (p < .001), and OS (p < .001) as compared
to FPP exercise (Table 5). In addition, FAd activity was
also significantly higher in OS compared to ICLE (p
= .002) and in CS and OS in comparison to IOLE (p
= .001). The cGMax was also found to be significantly
higher during the performance of COLE (p = .018),
ICLE (p = .002), IOLE (p = .037), CS (p = .036), and
OS (p = .012) when compared to FPP (Table 6). No
other pair wise comparisons for cGMax were signifi-
cantly different from each other. The iGMax was sig-
nificantly more active in CCLE (p < .001), COLE (p =
.002), ICLE (p = .001), IOLE (p < .001), CS (p = .002),
and OS (p < .001) when compared to FPP (Table 7).
Pair wise comparisons revealed that IOLE produced
significantly higher iGMax activity as compared to all
the other exercises. There was no statistically signifi-
cant effect for the activation of LatD (p = .09) among
the seven exercises (Table 3).

DISCUSSION

The SA activation significantly increased during
CCLE, ICLE, CS, and OS but did not during COLE
and IOLE even though all these exercises simulta-
neously recruited LE and TMs. The results support
the present theoretical rationale that the myofas-
cial connections between the LE and the TM activ-
ity may influence the scapular and the upper limb
activity. Such interconnections between the UE and
LE through trunk muscles form the basis for the
kinetic chain theory and have been documented to
play a vital role in various core related activities.>

Forward Punch Plus (FPP) Versus
Contralateral Closed Chain Leg Extension
(CCLE)

When comparing FPP (Figure 1) and CCLE (Figure
2), there was a significant difference in the activa-
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Table 2. Mean EMG activation of serratus anterior (SA) muscle expressed as a percentage of

maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% Cls
Lower bound Upper bound
FPP 44.56 18.46 36.16 52.97
CCLE 63.86* 26.29 51.90 75.83
COLE 46.09 20.88 36.59 55.60
ICLE 59.77*% 19.63 50.84 68.71
IOLE 54.95 22.31 4480 65.11
CS 71.30% 26.71 59.14 8345
(0N 70.82* 29.88 57.22 84.42
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p<0.05; SD= standard deviation; FPP=forward punch plus; CCLE= FPP with contralateral closed
chain leg extension; COLE= FPP with contralateral open chain leg extension; ICLE=FPP with
ipislateral closed chain leg extension; IOLE=FPP with ipsilateral open chain leg extension; CS=
FPP with closed chain serape effect; OS= FPP with open chain serape effect.

Table 3. Mean EMG activation of latissimus dorsi (LatD) muscle expressed as a percentage of

maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% CIs
Lower bound- Upper bound
FPP 9.61 1.169 7.17 12.04
CCLE 13.97 2.793 8.15 19.80
COLE 12.63 1.640 9.21 16.05
ICLE 11.89 1.805 8.11 15.64
IOLE 13.92 2.105 9.53 18.31
CS 12.93 1.699 9.39 16.48
(6N 13.74 2.44 8.65 18.83
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p=<0.05; SD= standard deviation; FPP= forward punch plus; CCLE= FPP with contralateral
closed chain leg extension; COLE= FPP with contralateral open chain leg extension; ICLE= FPP
with ipislateral closed chain leg extension; IOLE= FPP with ipsilateral open chain leg extension;
CS= FPP with closed chain serape effect; OS= FPP with open chain serape effect.

Table 4. Mean EMG activation of external oblique (ExOb) muscle expressed as a percentage of

maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% Cls
Lower bound Upper bound
FPP 27.92 2.80 22.07 33.76
CCLE 39.36 6.54 25.71 53.01
COLE 39.66 7.90 23.17 56.15
ICLE 32.01 3.72 24.24 39.78
IOLE 44.08%* 4.26 35.19 52.98
CS 75.40% 11.64 51.12 99.67
(ON) 109.55% 22.94 61.71 157.40
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p=<0.05; SD= standard deviation. FPP= forward punch plus; CCLE= FPP with contralateral
closed chain leg extension; COLE= FPP with contralateral open chain leg extension; ICLE= FPP
with ipislateral closed chain leg extension; IOLE= FPP with ipsilateral open chain leg extension;
CS= FPP with closed chain serape effect; OS= FPP with open chain serape effect.
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Table 5. Mean EMG activation of femoral adductors (FAd) muscle expressed as a percentage

of maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% CIs
Lower bound Upper bound
FPP 11.10 3.30 4.24 1797
CCLE 38.01* 7.51 22.35 53.67
COLE 25.96 6.15 13.13 38.79
ICLE 34.74* 3.85 26.72 42.76
IOLE 27.19* 6.21 14.24 40.136
CS 56.99* 9.00 38.21 75.77
(ON) 61.95* 6.32 48.77 75.12
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p<0.05; SD= standard deviation; FPP= forward punch plus; CCLE= FPP with contralateral
closed chain leg extension; COLE= FPP with contralateral open chain leg extension; ICLE= FPP
with ipislateral closed chain leg extension; IOLE= FPP with ipsilateral open chain leg extension;
CS= FPP with closed chain serape effect; OS= FPP with open chain serape effect.

Table 6. Mean EMG activation of contralateral gluteus maximus (cGMax) muscle expressed as

a percentage of maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% ClIs
Lower bound Upper bound
FPP 13.35 4.115 476 2193
CCLE 22.86 4.396 13.69 32.03
COLE 54.94* 10.656 32.71 77.16
ICLE 39.32% 6.787 25.16 53.47
IOLE 27.63* 3.853 19.59 35.67
CS 28.10* 7.173 13.13 43.06
(ON) 27.60* 5.101 16.96 38.24
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p=<0.05; SD= standard deviation. FPP= forward punch plus, CCLE= FPP with contralateral
closed chain leg extension, COLE= FPP with contralateral open chain leg extension, ICLE= FPP
with ipislateral closed chain leg extension, IOLE= FPP with ipsilateral open chain leg extension,
CS= FPP with closed chain serape effect, OS= FPP with open chain serape effect.

Table 7. Mean EMG activation of ipsilateral gluteus maximus (iGMax) muscle expressed as a

percentage of maximum voluntary isometric contraction (MVIC) for 7 different exercises.

Exercise Mean (%MVIC) SD 95% CIs
Lower bound Upper bound
FPP 9.92 2.247 5.23 14.61
CCLE 45.41* 5.656 33.61 57.20
COLE 27.10% 4317 18.10 36.11
ICLE 36.95* 5.617 25.23 48.66
IOLE 83.60%* 9.331 64.13 103.06
CS 28.72% 4.617 19.09 38.35
(ON) 46.24* 6.254 33.20 59.29
*The 1-way repeated-measures ANOVA indicated a significant main effect across exercises;
p=<0.05; SD= standard deviation; FPP= forward punch plus; CCLE= FPP with contralateral
closed chain leg extension; COLE= FPP with contralateral open chain leg extension; ICLE= FPP
with ipsilateral closed chain leg extension; IOLE= FPP with ipsilateral open chain leg extension;
CS= FPP with closed chain serape effect; OS= FPP with open chain serape effect.
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tion of the iGMax between the two exercises. As the
subject steps back with the contralateral leg and
lowers the body down, the iGMax bears most of
the body weight and contracts eccentrically.*’ This
increased activation of the iGMax likely tightens the
thoracolumbar fascia, transferring the energy to the
LatD, facilitating the SA muscle activation.* There
was no significant increase in the activation of the
cGMax possibly due to the fact that most of the
subjects were right side dominant, stimulating the
iGMax more than the cGMax. Research has shown
that such dominancy affects the muscle activation
patterns.*® Maenhout et al* found decreased acti-
vation of the SA muscle as their subjects extended
the contralateral leg in the knee push up plus (KPP)
exercise. They argued that as the contralateral leg
was extended, the flexors on that side were inhib-
ited resulting in inhibition of the serape effect and
decreased the SA activation as compared to a stan-
dard KPP. This study included open chain exercises
for the UE and a closed chain activity for the contra-
lateral leg as the subject stepped back with that leg.
In contrast, the previous study* compared a closed
chain exercise for the UE and an open chain activity
for the contralateral leg as the subject swung the leg
back. Such differences between the exercises could
be the reason for differences in the SA activation
patterns between the studies.

Forward Punch Plus (FPP) Versus Ipsilateral
Closed Chain Leg Extension (ICCLE)

When comparing FPP (Figure 1) with ICLE (Figure
4), the iGMax and the cGMax activity was also signif-
icantly increased. Stepping back with ipsilateral leg
and lowering the body toward the ground results in
the cGMax bearing more body weight and contracting
eccentrically.® Also, as the subject stepped back with
the ipsilateral leg, there was a significant increase
in the activation of the iGMax. This increased acti-
vation of the GMax bilaterally may have increased
the SA activity by tightening the thoracolumbar fas-
cia, transferring the energy to the SA through the
LatD and myofascial connections between the GMax
and the contralateral LatD.* Maenhout et al* mea-
sured the EMG activity of the trapezius and the SA
muscles and concluded that, theoretically, the ipsi-
lateral leg extension during KPP exercise increased
the SA activity due to stimulation of serape effect,

but they did not measure the EMG activity of all the
muscles involved in the myofascial chain (serape).
Kim et al* also supported the increase in the SA acti-
vation with ipsilateral leg extension in KPP due to
the stimulation of the GMax, tightening the thoraco-
lumbar fascia, leading to increased ExOb activation,
resulting in the higher SA activity due to the myofas-
cial connections between the ExOb and the SA. The
subjects in both the studies* **> performed a closed
chain exercise for the UE as opposed to open chain
exercise in the present study, leading to involve-
ment of serape muscles with ipsilateral leg exten-
sion. Authors in the present study did not find any
significant change in the stimulation of all the mus-
cles involved in serape chain as the participant did
not engage those muscles during the performance of
ICLE. This study is in agreement with Maenhout at
al.? and Kim et al*® that the SA activation increases
with ipsilateral leg extension but there are different
myofascial connections that are being activated in
these studies due to difference in the nature of the
exercises performed.

Forward Punch Plus (FPP) Versus Closed
Chain Serape (CS) and Open Chain Serape
(0s)

Increased activation of the SA muscle during CS
(Figure 6) and OS (Figure 7) could be explained due
to various myofascial connections working together:
the serape effect and the connections between the
iGMax and cGMax with the thoracolumbar fascia
and the LatD, connecting to the SA.?*? Statistically
significant differences were found between the mus-
cles (ExOb, bilateral GMax, FAd) in these mysofacial
chains as authors compared FPP to CS and OS, in
agreement with the present hypothesis that simulta-
neous recruitment of LE and TMs increased the SA
activation during the SA muscle training.

Forward Punch Plus (FPP) Versus
Contralateral Open Chain Leg Extension
(COLE) and Ipsilateral Open Chain Leg
Extension (IOLE)

The lack of difference in the SA muscle activation
between FPP as compared to COLE (Figure 3) and
IOLE (Figure 5), even when there is a statistically sig-
nificant difference between the GMax muscles on both
sides, could be due to the difference in the nature of
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open versus closed chain exercises. During COLE and
IOLE, as the subject swung one leg back while standing
on the other leg, it reduced the base of support as com-
pared to stepping back in a closed chain exercise (CCLE
and ICLE). As the subject swung the leg back to activate
the GMax during COLE and IOLE, there was significant
increase in the activation of the GMax bilaterally. Thus,
as the subject stands on one leg to swing the opposite
leg back, the body stabilizes itself by increasing the
muscle activation of the bilateral GMax which acts as a
core muscle. Since most of the muscle activation from
the bilateral GMax could have been used to maintain
the pelvis and spine in neutral position and prevent
loss of balance, there might not be enough transfer
of energy to the thoracolumbar fascia, the LatD and
finally to the SA to increase its activation between these
exercises. This explanation has been supported by
other authors?* as they found that addition of unstable
surfaces during the performance of KPP exercise did
not increase the SA activation because introduction of
unstable surfaces may have influenced the recruitment
patterns differently. Kim et al* further explained that
addition of-unstable surfaces may have increased the
demands on the muscles responsible for balance and
proprioception. This resulted in increased activity from
core muscles (external and internal oblique) to provide
lumbar stabilization. Similar findings have been docu-
mented in the literature reporting that to maintain the
stability under unstable conditions, core muscles com-
pensate by increasing the level and altering the pattern
of activation.*” *

Latissimus Dorsi (LatD) Activation Pattern

The LatD muscle did not show any significant differ-
ences across the exercises. It has been reported*® that
muscle activity of less than 25%MVIC may indicate
that the muscle is functioning as a stabilizer. There
was some activation of the LatD with all the exercises
(<14%MVIC), which indicates that the LatD was
working to maintain the stability of the scapula for the
SA to act efficiently. It could be also due to the fact
that LatD was not stimulated separately for its primary
action during all the exercises and therefore it operated
as a connection in the myofascial chain to transfer the
energy from the core muscles below to the SA above.

Limitations and Future Scope
Despite the sound methodology used in this study,
surface EMG does have its limitations including elec-

trode positioning, variations in motor unit recruit-
ment by subjects, variations in electrode placement,
crosstalk between electrodes, and the possibility of
sub maximal effort being given by the subjects.*
Incorrect conclusions could also be drawn if results
of this study are generalized to a population with
any pathology. Subjects in this study were healthy
males between the ages of 18 to 40 and overhead
throwing athletes were excluded from the study. It
would be interesting to replicate this study in dif-
ferent populations such as additional age groups, in
subjects with varying baseline activity levels, and
people with musculoskeletal disorders.

Every attempt was made to standardize the exercises
across all subjects but there may have been some dif-
ferences in joint kinetics and kinematics during per-
formance of the exercises due to subject variability that
could influence muscle activation patterns. However,
the objective was to perform the exercises in a manner
similar to a clinical setting. Authors in this study could
not measure all the muscles in the kinetic chain due
to inability of surface EMG to collect data on deeper
muscles like the hip flexors and the internal obliques.
Future studies using fine wire EMG could provide more
insight into the concept of kinetic chain theory and to
be able to measure EMG activity in all the superficial
and deep muscles in the muscles involved in a particu-
lar kinetic chain. Future studies could be performed
to provide more information about the flow of mus-
cle activation patterns in a kinetic chain and to see if
there was a distal to proximal muscle activation. Since
the change in tension of the thoracolumbar fascia was
not measured in the current study, authors cannot be
certain if increased SA muscle activity occurred due
to increase in tension in the thoracolumbar fascia
because of the recruitment of the LE and TM. Future
studies could also monitor any changes in the tension
of the thoracolumbar fascia in UE exercises involving
LE and TM. This study introduced the variables of nor-
mal base of support and reduced base of support by
varying the point of contact on the ground. More stud-
ies could be performed to check the effects of various
surfaces on these exercises.

CONCLUSION

The results of the present study demonstrate that the
use of the muscles that are a part of a kinetic chain,
activation of the SA muscle can be increased. Based
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on the results of the mean normalized amplitudes
of EMG activation from lower to higher recruitment
of the SA, the following pattern of exercise develop-
ment emerges:

FPP ~ COLE ~ IOLE < ICLE ~ CCLE < OS ~ CS.

This could serve as a guideline for progression of
these exercises in a clinic as the patient progresses
from easier to more advanced levels of exercise train-
ing with normal movement patterns. These exercises
could also be used to strengthen the SA muscle in
healthy adults that could help prevent injury as they
perform UE activities that demand higher SA activa-
tion such as overhead lifting and throwing motions.
Choices regarding the use of the exercises in the above
suggested continuum depends upon the educated
choices made by the clinician as well as patients/cli-
ents needs and limitations. Muscle activity patterns
revealed in this study may help clinicians choose the
exercises that best fit their patients/clients objectives.
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