










Figure 2 Standing glute squeeze. The subject squeezes her glutei, which generates hip extension and
external rotation moments.

Statistical analysis
Paired samples t-tests were performed after checking normality using Shapiro–Wilk test

in Stata 13 (StataCorp LP, College Station, TX). Alpha was set a priori at 0.05 for statistical

significance. Effect sizes (ES) were calculated by Cohen’s d using the formula d =
Md
sd

, where

Md is the mean of differences and sd is the standard deviation of differences (Becker, 1988;

Morris, 2008; Smith & Beretvas, 2009). This method is slightly different than the traditional

method of calculating Cohen’s d, as it calculates the within-subject ES rather than group or

between-subject ES. ES were defined as small (0.20–0.49), moderate (0.50–0.79), and large

(> 0.80) (Cohen, 1988). Confidence intervals (95% CI) for each ES were also calculated.
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Table 1 Group mean ± SD of normalized peak EMG amplitudes.

Prone Squeeze

Upper gluteus maximus 91.94 ± 11.64 92.04 ± 11.30

Lower gluteus maximus 94.52 ± 13.59 85.12 ± 12.64

Table 2 Number of subjects (percentage of subjects (%)) which each MVIC technique resulted in the
greatest peak EMG amplitude.

Prone Squeeze

Upper gluteus maximus 7 (53.85) 6 (46.15)

Lower gluteus maximus 10 (76.92) 3 (23.08)

RESULTS
The normalized peak EMG for the different exercises and gluteus maximus sections can be

observed in Table 1. In terms of the upper gluteus maximus comparison, no significant

differences were observed in the peak EMG for both exercises (ES = 0.005; 95% CI

[−0.599–0.609]; t(12) = 0.018; p = 0.986). With regards to the lower gluteus maximus,

a small ES was observed (0.412; 95% CI [−0.193–0.102]) between the two positions in

favor of the PRONE position; however, this outcome may have been due to chance alone

(t(12) = −1.485; p = 0.164).

DISCUSSION
The purpose of this investigation was to compare a novel gluteus maximus MVIC

position, SQUEEZE, to the current gold standard, PRONE. We have failed to reject the

null hypotheses, as there were no statistically significant differences between the two

positions tested (Table 1). However, despite no statistically significant differences, the

peak EMG values for the lower gluteus maximus were approximately 9% higher for the

PRONE compared to the SQUEEZE. Consequently, if the SQUEEZE test were used for

normalization, it would render approximately 10% higher mean and peak EMG values

compared to the PRONE test. Therefore, although not statistically significant, the findings

could be considered practically meaningful. Furthermore, these data show a large amount

of individual variation (Table 2), which has been previously described by McGill (1990)

and Vera-Garcia, Moreside & McGill (2010) for other muscles.

There are several kinematic and kinetic differences between PRONE and SQUEEZE,

any of which may have affected our results, either individually or in combination. During

PRONE, the knee is bent to 90◦, whereas during SQUEEZE, the knees are fully extended.

Previous research has shown that gluteus maximus EMG activity during hip extension is

greater with the knees flexed than when extended, presumably resulting from a greater

reliance upon the gluteus maximus for hip extension due to decreased hamstrings length

(Kwon & Lee, 2013). On the other hand, extended knees allow for greater hip extension

range of motion compared to flexed knees, thereby shortening the gluteal fibers to a greater

extent (Van Dillen et al., 2000) and leading to a greater amount of gluteus maximus EMG

activity (Worrell et al., 2001). In addition, PRONE involved primarily hip hyperextension
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since the pelvis was fixed, whereas SQUEEZE appeared to involve a combination of hip

extension and posterior pelvic tilt. Although posterior pelvic tilt mimics hip extension

(Neumann, 2010), it is unclear how each of these kinematic variables might affect gluteus

maximus EMG activity individually. To our knowledge, no study to date has investigated

gluteus maximus EMG activity with varying combinations of hip extension and posterior

pelvic tilt during MVIC actions. Moreover, PRONE is an open kinetic chain maneuver with

the torso stabilized onto a bench, whereas SQUEEZE is a closed kinetic chain maneuver

performed in a standing position. Stensdotter et al. (2003) investigated the EMG activity of

the quadriceps muscle group during open kinetic chain and closed kinetic chain positions

during MVIC actions and reported significant differences in EMG amplitude. The rectus

femoris displayed greater EMG activity during open kinetic chain maneuvers while the

vastus medialis displayed greater EMG activity during closed kinetic chain maneuvers. It

is therefore hard to predict whether the gluteus maximus would inherently display greater

or lesser EMG activity during either open or closed kinetic chain maneuvers. Finally,

PRONE required manual resistance, whereas SQUEEZE relied upon anatomical structures

surrounding the hip to provide resistance against hip extension. Whether this factor has

any effect on EMG activity recorded in a muscle is unclear, as the authors are unaware of

any previous investigations into the effect of squeezing a muscle whereby range of motion

is limited by anatomical structures on EMG activity rather than against external resistance.

This investigation was subject to several important limitations. Firstly, although we

observed what may have been a practically important difference between the MVIC

positions, this difference was not found to be statistically significant, which suggests that

our initial estimates for the appropriate sample size may have been too small. Secondly,

there were several kinematic differences between the two positions that were explored

(PRONE and SQUEEZE), including different pelvic, hip, and knee joint angles. There

were also kinetic differences between the two positions, in that PRONE was an open

kinetic chain maneuver and SQUEEZE was a closed kinetic chain maneuver. Moreover,

PRONE used external resistance and SQUEEZE utilized oppositional torques produced

by internal, anatomical structures. These multiple differences make it difficult to assess

whether our results arose from a combination of biomechanical factors acting in opposing

directions, heterogeneity, or genuinely no difference between the conditions. Thirdly,

we only compared two MVIC positions, and it is feasible that other positions might

result in superior or inferior levels of EMG activity. Fourthly, we only investigated two

subdivisions of the gluteus maximus muscle and there are indications that there may be

others, from proximal-to-distal, medial-to-lateral, and superficial-to-deep. Furthermore,

our statistical analysis was not designed to assess whether there was a difference between

the EMG activity of the upper and lower gluteus maximus during either MVIC position

and therefore this remains uncertain.

CONCLUSIONS
Although these data are inconclusive as to which position is superior, they do provide

insight as to the complexity of MVIC positions for the gluteus maximus. More specifically,
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due to the large individual variations (Table 2), it is recommended that multiple MVIC

positions be utilized to ensure that the greatest possible EMG amplitude be the divisor

during normalization. These recommendations are well in line with other studies, which

have utilized or recommended multiple MVIC positions (McGill, McDermott & Fenwick,

2009; Vera-Garcia, Moreside & McGill, 2010). Future research should use heterogeneous

samples, such as athletic males, and also test more positions, such as the Biering-Sorenson

position, quadruped hip extension position, and top hip thrust position (Contreras, Cronin

& Schoenfeld, 2011), each with manual resistance, along with the tall kneeling position.
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