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SUMMARY 
The aim of this study was to analyze the effects of 
performance speed on linear [standard deviation (SD)] and 
non-linear variability [Fuzzy Entropy (FuzzyEn) and 
Detrended Fluctuation Analysis (DFA)] of medial-lateral 
displacement of the centre of pressure (copy) and the shoulder 
girdle (sgy) in sagittal trunk exercises. Specially, we were 
interested in a subject’s capacity to constrain the trunk motion 
to the sagittal plane at several exercise speeds. Seventeen 
subjects volunteered to participate, performing two different 
trunk flexion exercises (curl-ups and sit-ups) at different 
cadences controlled by a metronome. A 3D photogrammetric 
analysis was conducted. The subjects were placed on a force 
plate to record ground reaction forces. Results indicate that in 
both trunk flexion exercises, the SD copy increased as speed 
increased (p<0.05). Similarly, the SD sgy also tended to 
increase with exercise speed, but no significant differences 
were found. In both exercises, FuzzyEn copy and FuzzyEn sgy 
decreased when speed increased. The scaling exponent α 
evaluated by DFA was smaller for slower movements, mainly 
in long-term copy. These results seem to indicate that trunk 
flexion exercise speed hinders the possibility to carry out 
medial-lateral adjustments, maybe because of the time 
limitation and neuromuscular and/or mechanical constraints 
during plyometric exercises.  
 
INTRODUCTION 
With the intention of prescribing effective exercise programs, 
clinicians and fitness trainers, must select the most appropriate 
program components, including type and order of exercise, 
resistance, rest periods, number of repetitions, type of 
contraction and exercise speed. Despite effectiveness of the 
abdominal exercise programs depending on all these factors, 
only the type of exercise has been extensively studied. In this 
way, although trunk flexion speed has a significant effect on 
biomechanical demands [1], the influence of a variety of trunk 
exercise speeds on the control of trunk motion is still 
unknown. The aim of this study was to analyze the effects of 
speed performance on linear and non-linear variability of 
medial-lateral displacement of the centre of pressure and the 
shoulder girdle in sagittal trunk exercises. Specially, we were 
interested on a subject’s capacity to constrain the trunk motion 
to the sagittal plane at several exercise speeds. 
 
METHODS 
Seventeen healthy subjects, 13 female and 4 male (age: 23.58 
(4.43) years; height: 166.27 (6.47) cm; mass: 61.00 (8.40) kg) 

volunteered to participate in this study after signing written 
informed consent. They were asked to perform two 
conventional sagittal trunk exercises (curl-ups or crunches, 
and sit-ups) at four different cadences controlled by a 
metronome: 1 repetition/4 s (C4), 1 repetition/2 s (C2), 1 
repetition/1.5 s (C1.5), and 1 repetition/1 s (C1). The C1 
cadence was impossible to follow in the sit-up exercise. 
Participants performed five consecutive repetitions in each 
condition, with 2 min of rest between trials. The subjects’ 
trunk was placed on a force plate (Dinascan, IBV, Valencia, 
Spain), adjusting the sagittal plane of the trunk with the longer 
axis of the plate (figure 1). Ground reaction forces were 
recorded during the execution, and the centre of pressure 
excursion in the medial-lateral axis was calculated. 
Simultaneously, a 3D photogrammetric study was conducted. 
Three digital cameras (Sony SSC-DC338.) recording at 50 Hz 
were placed at 0º, 45º and 90º from the sagittal plane. The 
reference frame used was a prism of 2 x 1 x 1 m. Two 
reflective markers were located on the left and right shoulder. 
The markers were automatically digitized and reconstructed 
with the software Kwon 3D (Visol Inc., Korea). The 
movement of the shoulder girdle was depicted as the 
displacement of the midpoint of the reflective markers placed 
on the shoulders (figure 1). In order to analyze the control of 
the movement during the sagittal trunk exercises the standard 
deviation of the medial-lateral displacement of centre of 
pressure (SD copy) and shoulder girdle (SD sgy) was 
calculated. The complexity [2] of these signals was assessed 
by Fuzzy Entropy method (FuzzyEn copy and FuzzyEn sgy). 
The scaling exponent (α) of detrended fluctuation analysis 
(DFA) was applied to evaluate the presence of long range 
correlations [3] in medial-lateral centre of pressure and 
shoulder girdle displacement adjustments during the 
movements. Normally, in DFA the correlations are divided 
into short-term (α1) and long-term fluctuations (α2). One-way 
repeated measures analyses of variance were conducted to 
compare each variable between exercise speeds. The statistical 
significance was set at p < .05. 
 
RESULTS AND DISCUSSION 
For both trunk flexion exercises, the SD copy increased as 
speed increased (table 1). Similarly, the SD sgy also tended to 
increase with exercise speed, but no significant differences 
were found. In both exercises, FuzzyEn copy and FuzzyEn sgy 
decreased when speed increased. The scaling exponent α 
evaluated by DFA was smaller for slower movements, mainly 
in α2 copy. Results referring to the effects of speed 



performance on SD copy and FuzzyEn (copy and sgy) in both 
exercises indicate that as speed increases, the subjects’ 
capacity of restricting movement in the sagittal plane 
diminishes and the medial-lateral displacement is more 
predictable (less complex). In addition, results from DFA, 
especially from long-term fluctuations, show that in higher 
speed sagittal exercises the medial-lateral centre of pressure 
and shoulder girdle displacement are largely determined by 
previous displacements. 
 
CONCLUSIONS 
Overall, this seems to indicate that trunk flexion exercise 
speed hinders the possibility to carry out medial-lateral 
adjustments, maybe because of the time limitation and 
neuromuscular and/or mechanical constraints during 
plyometric exercises. 
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Table 1: Effects of trunk flexion exercise cadence (C4: 1 repetition/4 s; C2: 1 repetition/2 s; C1.5: 1 repetition/1.5 s; C1: 1 repetition/1 s) on standard deviation 
(SD), Fuzzy Entropy (FuzzyEn) and α exponent (α1 and α2) of the medial-lateral displacement of centre of pressure (copy) and shoulder girdle (sgy).  

   Exercise Cadence   
Variables N C4 C2 C1.5 C1 F p 
Curl-ups        

 SD copy (mm) 17 1.99 (0.52)AB 2.47 (0.87)A 3.01 (1.10) 3.54 (1.59) 14.701 .000 

 FuzzyEn copy 17 1.21 (0.17)ABC 1.05 (0.21)A 0.90 (0.15) 0.83 (0.16) 28.317 .000 

 α1 copy  17 1.62 (0.25)A 1.84 (0.27) 1.80 (0.17) 1.88 (0.27) 3.383 .027 

 α2 copy 17 1.01 (0.15)AB 1.07 (0.19)A 1.21 (0.14) 1.30 (0.18) 16.862 .000 

 SD sgy (cm) 17 3.41 (1.42) 3.74 (1.73) 4.22 (2.31) 4.2 (2.07) 1.940 .136 

 FuzzyEn sgy 17 0.43 (0.06)AB 0.39 (0.07) 0.36 (0.07) 0.35 (0.07) 4.995 .004 

 α1 sgy 17 2.16 (0.09) 2.15 (0.12) 2.21(0.19) 2.21 (0.22) 2.944 .042 

 α2 sgy  17 1.40 (0.15)AB 1.52 (0.08)A 1.56 (0.10) 1.60 (0.06) 10.813 .000 

Sit-ups        

 SD copy (mm) 17 4.67 (1.19)B 6.45 (1.71) 7.63 (2.94) - 11.864 .000 

 FuzzyEn copy 17 1.10 (0.11)B 0.91 (0.13) 0.82 (0.13) - 25.272 .000 

 α1 copy  17 1.70 (0.26) 1.75 (0.34) 1.68 (0.32) - 0.361 .699 

 α2 copy 17 0.97 (0.18)B 1.09 (0.22) 1.17 (0.19) - 7.786 .007 

 SD sgy (cm) 17 8.92 (3.77) 9.85 (5.41) 9.89 (3.84) - 12.809 .522 

 FuzzyEn sgy 17 0.52 (0.08)BC 0.46 (0.08) 0.41 (0.07) - 12.809 .000 

 α1 sgy  17 2.10 (0.12) 2.15 (0.09) 2.16 (0.08) - 2.016 .150 

 α2 sgy 17 1.33 (0.15)B 1.44 (0.20) 1.50 (0.14) - 6.073 .007 

Anova for repeated measures. ASignificantly different from C1 with p < .05; BSignificantly different from C1.5 with p < .05; CSignificantly different from C2 
with p < .05. Bonferroni adjustment was used for multiple comparisons. 
mm = milimetre; α1 = scaling exponent of short-term fluctuations; α2 = scaling exponent of long-term fluctuations. 

 

 
Figure 1: Subject with reflective marker performed curl-up and sit-up exercises. The midpoint of the reflective marker represents 
the movement of the shoulder girdle. Examples of the initial position of both exercises (A), the final position of curl-up exercise 
(B) and the final position of sit-up exercise (C). 


