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 ABSTRACT 

Study Design:  ​Controlled laboratory study using a repeated-measures, counterbalanced design. 

Objectives:  ​To test the ability of the Rotex Device and tubing exercises to recruit core and hip musculature 

while performing hip internal rotation (IR) and external rotation (ER) movements. 

Background:  ​Numerous hip exercises are employed during hip rehabilitation, but it is currently unknown 

how hip IR and ER exercises commonly used in hip rehabilitation compare to performing hip IR and ER 

movements using the Rotex device with respect to the recruitment of core and hip musculature.  

Methods:  ​A convenience sample of 14 subjects performed 3 dynamic repetitions as well as 5 sec isometric 

contractions during hip IR and ER using the Rotex device in a closed chain standing position (Figure 1) and 

elastic tubing in an open chain seated and prone positions (Figures 2-3).  Intensity was normalized for all 

exercises by using a rating of perceived exertion between 12-14 (“somewhat hard”) on a 6 (no exertion) -20 

(maximal exertion) rating scale.  Employing electromyography (EMG) with surface electrodes, muscle 

activity was recorded on the right side for rectus abdominis, external and internal oblique, lumbar 

paraspinals, gluteus medius and maximus, tensor fascia latae (TFL), sartorius, and medial and lateral 

hamstrings. Muscle activity during each exercise was normalized and expressed as a percent of a maximum 

voluntary isometric contraction (MVIC) for each muscle tested.  A one-way repeated measures analysis of 

variance (ANOVA) was employed to assess statistical significance (p < 0.05) among exercises. 

Results:​  The normalized EMG findings for each exercise and muscle are shown in Table 1. Rectus 

abdominis and internal oblique activity was significantly greater during hip IR using the Rotex device With 

Posterior Pelvic Tilt compared to the Rotex device Without Posterior Pelvic Tilt, Sitting IR With Tubing, 

and Prone IR With Tubing.  Rectus abdominis, external oblique, internal oblique, and TFL activity was 

significantly greater during hip ER using the Rotex device With Posterior Pelvic Tilt compared to the Rotex 

device Without Posterior Pelvic Tilt, Sitting ER With Tubing, and Prone ER With Tubing.  Lumbar 

paraspinal, gluteus medius, and gluteus maximus were all significantly greater in the Rotex device with hip 



ER (both with and without posterior pelvic tilt) compared to Sitting ER with Tubing and Prone ER with 

Tubing.  In contrast, gluteus medius activity was significantly greater in the Sitting IR and Prone IR with 

Tubing compared to using the Rotex device with IR (both with and without posterior pelvic tilt).  Hip 

adductor activity was significantly greater in the Sitting ER and Prone ER with Tubing compared to using 

the Rotex device with ER (both with and without posterior pelvic tilt).  Both hip adductor and medial 

hamstring activity was significantly greater in the Rotex device with IR (posterior pelvic tilt) compared to 

Sitting IR and Prone IR with Tubing.  

Conclusions:  ​The Rotex device was significantly more effective in recruiting total trunk and hip 

musculature compared to traditional sitting or prone position hip IR and ER exercises.  Overall, the Rotex 

device was significantly more effective than the tubing exercises in recruiting internal oblique, external 

oblique, rectus abdominis, lumbar paraspinal, gluteus maximus, and medial hamstring musculature.  

 



Table 1. Average EMG ± SD for each muscle and exercise expressed as a percent of each muscle’s maximum isometric voluntary 
contraction (n=14). 

Exercise Rectus 
Abdominis​* 

External 
Oblique​* 

Internal 
Oblique​* 

Lumbar 
Paraspinal​* 

TFL​* Gluteus 
Medius​* 

Gluteus 
Maximus​* 

Sartorius​* Hip 
Adductors​* 

Medial
Hamstrin

* 

 
a) Rotex IR 
Without 
Posterior 
Pelvic Tilt 

 
 
 

4±4​b 
 

 
 
 

6±3 
 

 

 

 

11±5​b 

 
 
 

8±5 

 

 

 
21±11 

 

 

 
14±6​c,d 

 

 
 
 

1±1​c 

 

 

 

6±3 

 
 
 

10±8 

 
 
 

11±7 

 
b) Rotex IR 
With 
Posterior 
Pelvic Tilt 

 
 

15±12 
 

 
 

11±6 

 
 

22±9 

 
 

14±7 

 
 

21±12 

 
 
15±6​c,d 

 
 

2±1 

 
 

10±5 

 

 

17±13 

 
 

15±8 

 
c) Sitting IR 
With Tubing 

 
4±3​b 

 

7±4 
 

 
8±6​b 

 
8±3 

 

24±12 
 
46±15 

 
7±4 

 

7±5 
 

4±3​b 

 

8±6​b 

 
d) Prone IR 
With Tubing 

 
 

5±4​b 

 

 

6±6 

 
 

15±7​b 

 
 

11±7 

 

 

32±17 

 
 
32±13 

 
 

3±2 

 

 

4±3 

 

 

6±4​b 

 

 

10±7​b 
 
e) Rotex ER 
Without 
Posterior 
Pelvic Tilt 

 
 
 

5±5​f 

 
 
 

10±7 

 

 

 

6±4 

 

 

 

11±8 

 

 

 

3±2​f 

 
 
 
18±13 

 
 
 

13±8 

 

 

 

16±11 
 

  
 
 

3±3​g,h 

 

 

 

3±3 

 
f) Rotex ER 
With 
Posterior 
Pelvic Tilt 

 
 

14±9 

 

 

16±9 

 

 

17±9 

 
 

17±8 

 

 

10±8 

 
 
22±13 

 
 

12±7 

 
 

16±10 

 

 

2±3​g,h 

 

 

4±3 

 
g) Sitting ER 
With Tubing 

 
5±5​f 

 

5±5​f 
 

9±7 
 

4±2​e,f 
 

 

3±2​f 
 

7±4​e.f 
 

3±3​e,f 
 

24±11 
 

18±7 
 

6±6 

 
h) Prone ER 
With Tubing 

 
5±5​f 

 

4±4​f 
 

 

6±4​f 
 

3±2​e,f 
 

3±3​f 
 

6±3​e,f 
 

3±4​e,f 

 

20±11 
 

12±8 
 

5±3 

 

*​Significant difference (p < 0.001) in EMG activity among abdominal exercises based on a one-way repeated measures ANOVA  
Pairwise Comparisons (p < 0.01): 
b) Significantly less EMG activity compared to the Rotex IR With Posterior Pelvic Tilt 
c) Significantly less EMG activity compared to the Sitting IR With Tubing 
d) Significantly less EMG activity compared to the Prone IR With Tubing 
f) Significantly less EMG activity compared to the Rotex ER With Posterior Pelvic Tilt 
g) Significantly less EMG activity compared to the Sitting ER With Tubing 
h) Significantly less EMG activity compared to the Prone ER With Tubing 
 



 

Figure 1. Rotex hip internal and external rotations with and without posterior pelvic tilt. 

 



 

Figure 2. Seated with tubing hip internal and external rotation. 

 



 

Figure 3. Prone with tubing hip internal and external rotation. 

 
 


