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This systematic review compared the effectiveness of push-up
plus (PUP) exercise variants based on the electromyographic

(EMG) activity of the Serratus anterior (SA) and the Upper
trapezius (UT).
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https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Serratus-Anterior-and-Upper-Trapezius-Electromyographic-Analysis-of-the-Push-Up-Plus-Exercise2019.pdf
https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Serratus-Anterior-and-Upper-Trapezius-Electromyographic-Analysis-of-the-Push-Up-Plus-Exercise2019.pdf


On a stable surface
In full elbow extension
Hands shoulder-width apart
110° to 120° of shoulder flexion
Ipsilateral lower extremity lifted.

Participants generated higher SA and lower UT electromyographic
activity when performing the Push-Up Plus exercise using the
following form:

Performing the PUP exercise on an unstable surface induced higher
levels of UT activation but not SA activation.

During the PUP exercise, serratus anterior activity did not differ
between the stable and unstable surfaces.

K E Y  F I N D I N G S
19 studies included; 356 participants

Weakness of the SA and over-activation of the UT are frequently present in
overhead athletes with shoulder dysfunction.

Push-Up Plus Variation Effects on SA & UT:
Distance between the hands [Highest SA @ shoulder width]
Shoulder-flexion angle [Highest SA @ 110-120 deg]
Elbow-flexion angle [Higher SA activation with more extension]
Different lower extremity position [Highest SA with same side leg lifted]

Push-Up Plus; Unstable vs. Stable Surface:
UT activity significantly increased [2.74%]
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This systematic review analyzed the individual effect
of different unstable support surfaces compared to a

stable support surface on scapular muscles EMG
activity during the execution of closed kinetic chain

exercises.
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https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-analysis-of-the-serratus-anterior-and-upper-trapezius-in-closed-kinetic-chain-exercises-performed-on-different-unstable-support-surfaces2022.pdfhttps:/physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-analysis-of-the-serratus-anterior-and-upper-trapezius-in-closed-kinetic-chain-exercises-performed-on-different-unstable-support-surfaces2022.pdf
https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-analysis-of-the-serratus-anterior-and-upper-trapezius-in-closed-kinetic-chain-exercises-performed-on-different-unstable-support-surfaces2022.pdfhttps:/physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-analysis-of-the-serratus-anterior-and-upper-trapezius-in-closed-kinetic-chain-exercises-performed-on-different-unstable-support-surfaces2022.pdf


Osteopathic techniques employed in this study were
not accurate in terms of direct treatment to specific
motion segments assessed to be pathologic. 

The influence on neural variables may not need
segmental specificity to create a clinical effect.

The average error was 1 spinal segment away, which
mimics the accuracy of chiropractic manipulations.

K E Y  F I N D I N G S
30 studies were included, 498 participants

Upper Trapezius EMG Activity Unstable vs. Stable Surface:
Push-up Variations on 
Suspension Equipment [2.92x higher vs. stable surface]
Therapeutic Exercise Ball [1.03x higher vs. stable surface]
Wobble board (30% higher vs. stable surface]
Bosu Ball [No Difference]

Serratus Anterior EMG Activity Unstable vs. Stable Surface:
No difference was observed for SA on any unstable device vs. a stable surface. 

The certainty of the evidence is low due to high imprecision, inconsistency, and
risk of publication bias.

M A I N  T A K E A W A Y S
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Higher EMG activity in the Upper Trapezius occurs
during push-up variations when using wobble boards,
therapeutic balls, and suspension equipment. 

No differences were observed in Serratus Anterior
during unstable surface exercises.

Unstable, closed chain exercises tend to increase Upper
Trapezius activation.

These findings can support selection of exercises for a
given stage of rehabilitation or training program.
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The study examined the association of standardized and
clinically applicable foot and ankle structural and 

functional characteristics with history of falling in older 
people. Falls affect ~1 in 3 older people, and foot problem

are amongst the modifiable potential risk factors. 

Click for Full Text
(Kinsella & Pizzari et al.

2017)
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This systematic review determined whether evidence exists
of differences in electromyography (EMG) characteristics

between subjects with and without Subacromial Pain
Syndrome.

JBI  10/11 [90%]

https://physicaltherapyresearch.net/wp-content/uploads/2022/07/Functional-assessments-of-foot-strength-a-comparative-and-repeatability-study2019.pdf
https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-activity-of-the-shoulder-muscles-during-rehabilitation-exercises-in-subjects-with-and-without-subacromial-pain-syndrome2017.pdf
https://physicaltherapyresearch.net/wp-content/uploads/2023/03/Electromyographic-activity-of-the-shoulder-muscles-during-rehabilitation-exercises-in-subjects-with-and-without-subacromial-pain-syndrome2017.pdf


Limited evidence of significant differences in EMG activity in
subjects with SPS compared to controls for the scapular,
rotator cuff and other synergistic muscles. 

For the majority of muscles, regardless of task, load or arm
position, significant differences were not demonstrated.

Differences in amplitude and recruitment timing of Serratus
Anterior were found. Mainly, lower amplitude, delayed
activation and earlier termination demonstrated in those with
SPS.

K E Y  F I N D I N G S

No significant difference in Upper or Lower Trapezius (LT) activity,
regardless of task, load or arm position
Lower Serratus Anterior (SA) activity during loaded and unloaded
elevation in SPS.
Delayed Activation and Early termination during elevation for SA and
LT vs healthy controls.

22 studies included; 342 with SPS, 334 Healthy

Scapular Muscle Activation in SPS vs. Healthy:

Rotator Cuff Activation in SPS vs. Healthy:
Inconsistent findings among rotator cuff activation for SPS vs healthy
controls. 
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