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The rotation sequence-order differs from a gymnast to another according to the draw at the time of the 
qualifying competitions in men’s artistic gymnastics. Only the six best gymnasts start on the floor exercises, the others 
could start on any of the other five apparatuses. It has been demonstrated that some gymnastics events are 
physiologically less taxing than others; hence some gymnasts could experience lower and/or higher levels of 
cardiovascular and metabolic stress compared to others, depending on the apparatus they start with. In this regard, the 
objective of this investigation was to compare cardiovascular and metabolic variables between two different types of 
Olympic rotation-order; one began with the floor exercises and the other began with the pommel horse. Six elite male 
gymnasts took part in this investigation. Heart rates, synchronized with real-time video acquisition, as well as capillary 
lactate concentration following each apparatus routine were monitored. Cardiovascular and metabolic stresses were 
significantly higher when gymnasts started their rotation with the pommel horse in all apparatuses except the pommel 
horse. The floor exercises’ score was significantly affected when gymnasts ended up their competition on this apparatus. 
As a conclusion, starting gymnastics’ competition on the floor exercises implicates less cardiovascular and metabolic 
stress associated with better performance compared with the other rotation order. As a matter of fact, best gymnasts 
who start on this apparatus could have a slight advantage compared with the other athletes. 
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Introduction 

It is well established that the 
manifestation of strength, power, flexibility, and 
muscular endurance is quite different from an 
apparatus to another in men’s artistic gymnastics 
(Jemni et al., 2000, 2001, 2006). In this context, 
Grossfeld (2014), Papadopoulos et al. (2014) as 
well as Dallas and Kirialanis (2010) confirmed that 
some gymnastic apparatuses were more or less 
taxing than others. The highest cardiorespiratory 
stress associated with larger anaerobic  
 

 
contributions was noticed during the floor 
exercises routines (maximum duration of the 
routine is 70 s), with maximal heart rates reaching 
186 ± 11 b·min-1 and blood lactate values ranging 
from 6 to 11 mmol·l-1 (Jemni et al., 2000, 2003a, 
2003b). High cardiorespiratory and metabolic 
stresses were also found during the pommel horse 
followed by the rings, high bars, and parallel bars 
routines. The average routine time of these four 
apparatuses is 45 s. The less taxing routine was  
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found to be the vault table, which lasts only from 
4 to 6 s. Hence, it is supposed that some gymnasts 
could get a physical advantage if they start their 
competition on the floor routine, however, those 
who finish on this apparatus could be the most 
penalized. Nevertheless, this hypothesis has never 
been confirmed scientifically. Jemni et al. (2000, 
2003a, 2003b) have suggested an auto-recovery 
process that takes place during the vault event, 
which is scheduled as the 4th apparatus if 
gymnasts start with the floor exercises (around 
the middle of the competition).  

The specificity of each apparatus makes 
artistic gymnastics a unique sport where each 
single preparation differs significantly from the 
other not only physically, but also mentally. 
Performance requirements on the rings, for 
instance, are purely based on both physical 
strength and power (Brewin et al., 2000). 
Additionally, the speed of the stretch and the 
nature of the contractions are different compared 
with those required for the vault, the pommel 
horse and the high bar seeing the aero-dynamic 
differences between the apparatuses. Arial 
complex figures add fear factor and major 
psychological stress on the gymnasts, hence they 
require considerable mental and psychological 
preparation at the earliest stage of specialization 
(Pineda-Espejel et al., 2013; Salmela, 2011). In all 
cases, gymnasts seek to focus on elegance and a 
technicality, moreover, an optimum force-
velocity, high level of flexibility, perfection and 
movement coordination combined with a great 
sense of harmony and creativity should be 
applied. These considerations are quite important, 
knowing that gymnasts have to compete in all the 
six apparatuses following very specific set order. 
The Olympic rotation order is always the same, 
but differs from a gymnast to another according 
to the draw at the time of the qualifying 
competitions (i.e., floor exercises, pommel horse, 
rings, vault, parallel bars, and horizontal bar). 
Only the six best gymnasts start on the floor 
exercises, the others could start on any of the five 
other apparatuses, however, they will all follow 
the same rotation order according to the rules.  

Our review of the available literature 
showed that all authors who had investigated 
artistic gymnastics’ metabolic and cardiovascular 
aspects followed the instructed routines imposed 
by the International Gymnastics Federation (FIG,  
 

 
2009) that is to start by the floor exercise, followed 
by the pommel horse, rings, vault, parallel bars, 
and horizontal bar (Heller et al., 1998; Irurtia et 
al., 2007; Lange et al., 2005; Marina and 
Rodríguez, 2014). The question to answer was 
whether gymnasts’ performance would be 
affected if they performed their six routines in two 
different rotation sequences? Additionally, could 
gymnasts who began on the floor exercises have 
any kind of physical and/or physiological 
advantage over the other gymnasts? Therefore, 
the objective of this investigation was to compare 
cardiovascular and metabolic variables between 
two different types of Olympic rotation order in 
men’s artistic gymnastics; one began with the 
floor exercises and the other with the pommel 
horse. A secondary objective was to assess the 
effect of rotation order on performance. 

Methods 
Participants  

Six elite-level male gymnasts (age: 20.91 ± 
2.31 years; body mass: 65.56 ± 4.07 kg; body 
height: 1.64 ± 0.05 m; VO2max: 52.25 ± 3.60 ml·kg-

1·min-1) participated in this study (Table 1). The 
inclusion criteria were: to be ranked at an 
international level with participation in world 
cups and/or championships; average training 
time: 25 ± 2 hours per week; healthy without any 
muscular, neurological or tendon injuries. All 
participants were informed of the procedures, 
benefits, and possible risks of the study in 
advance. Each participant had to review and sign 
a participation consent form. The experimental 
protocol was performed in accordance with the 
Declaration of Helsinki for human 
experimentation and was approved by the local 
Ethics Committee of the Higher Institute of Sport 
and Physical Education of Ksar Said, Tunisia.  
Experimental design and procedures  

This study consisted of two random 
assessments conducted on two separate days with 
seven days apart. Assessments were carried out in 
the federal national gymnasium at the same time 
of the day (between 4:00PM and 7:00PM). Both 
assessments were simulations of gymnastics 
competition. One of them (R1) was performed 
following the FIG’s standard rotation order that 
began with the floor exercises (FX) and followed 
by the pommel horse (PH), the rings (SR), the 
vault (VT), the parallel bars (PB), and ended by  
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the horizontal bar (HB). The other competition 
(R2) was also performed according to the FIG’s 
standards, although it began with the PH, 
followed by SR, the VT, the PB, the HB, and 
ended with the FX. Gymnasts were given 45 min 
to warm up before the start of the competition. A 
specific 30 s warm up on the apparatus was also 
given to each gymnast before the so-called 
competition-test. The total time of each 
competition was approximately 1 h 40 min.  

The heart rate (HR) was recorded using a 
Polar Team Pro® heart rate monitor. Each 
apparatus’ peak HR (HRpeak) as well as recovery 
heart rates 1 min (HRrec1m) and 2 min (HRrec2m) 
after the completion of each routine were 
registered. Heart rates’ recordings were 
synchronized with real-time video acquisition 
using two camcorders Sony DCR PC 108E, 1CCD 
1000000 pixels, SSC 1/4000 per second, with 
minimal sensitivity of 1 lux and frequency of 30 
Hz. Video acquisition was used to determine the 
start and the end of each routine, hence enabling 
heart rate data synchronization during each 
apparatus exercises and the following recovery 
period.  

A sample of capillary blood from the ear 
lobe was obtained 3 min after the end of each 
apparatus routine for blood lactate (BLa) 
concentration analysis. This later was performed 
using a portable blood lactate analyzer (Lactate 
Pro® Kit, ARKRAY Factory, Inc. USA).  

Six international judges, including two 
judges for the difficulty scores (D) and four judges 
for the execution scores (E) evaluated the 
gymnasts’ technical performance according to the 
FIG’s code of points (FIG, 2009). Each gymnast 
was required to perform exactly the same routines 
in both competitions.  
Statistical Analysis  

Data are reported as means ± standard 
deviations and confidence intervals at the 95% 
level (95% CI). Effect size (d) was calculated using 
GPOWER software “Bonn FRG, Bonn University, 
Department of Psychology” (Erdfelder et al., 
1996). The following scale was used to interpret d: 
< 0.2, [trivial]; 0.2 – 0.6, [small]; 0.6 – 1.2, 
[moderate]; 1.2 – 2.0, [large]; and > 2.0, [very 
large] (Hopkins, 2002; Scanlan et al., 2012). The 
normality of data distribution, estimated by the 
Shapiro-Wilk test, was not acceptable for all 
variables. Therefore, the non-parametric Wilcoxon  
 

 
Rank-sum test was applied to compare the 
variables between the two different rotation 
sequences. Besides, delta-percentage (∆) "∆(%) = 
[(R1-R2)/R1] × 100" was calculated in order to 
evaluate the percentage of variation between the 
two rotation sequences (i.e., R1 and R2). The level 
of significance was set at 0.05% (p ≤ 0.05). All 
analyses were performed using the Statistical 
Package for the Social Sciences version 20.0 (SPSS 
Inc., Chicago, IL, USA).  

Results  
Statistical analysis showed that the 

cardiovascular and metabolic variables were 
significantly different between the two rotation 
sequences. The raw data regarding the two types 
of the Olympic rotation order are displayed in 
Table 2. Table 3 shows the physiological variables 
(HR and BLa) and technical performance scores 
difference between the two rotations.  
Floor Exercise  

HRpeak was significantly different between 
both rotation sequences, with R2 showing higher 
values [∆ = 2.83%, p < 0.05] compared with R1. 
The same difference was also noted when 
comparing HRrec1m: [∆ = 4.69%, p < 0.05] (Figure 1). 
Similarly, BLa was significantly higher during R2 
compared to R1 [∆ = 15.38%, p < 0.05] (Figure 2). 
However, the FX’s score was significantly lower 
during R2 compared to R1 [∆ = 3.42%, p < 0.05].  
Pommel Horse  

No significant difference was noticed 
between the two types of Olympic rotation with 
respect to the physiological responses and 
technical performance.  
Rings  

The only observed significant difference 
when comparing the SR routines between both 
rotations was the BLa concentration being higher 
following R2 compared with R1 [∆ = 11.43%, p < 
0.05] (Figure 2).  
Vault  

HRpeak varied significantly during the two 
Olympic rotations, being higher during R2 
compared with R1 [∆ = 2.72%, p < 0.05]. The same 
outcome was also true for the HRrec2m [∆ = 4.74%, p 
< 0.05] (Figure 1). Besides, BLa concentration 
varied significantly during the two sequences 
with greater values during R1 compared with R2 
[∆ = 14.87%, p < 0.05] (Figure 2).  
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Parallel Bars  

Physiological variables varied 
significantly between the two types of rotations. 
HRpeak values were significantly higher during R2 
compared with R1 [∆ = 1.72%, p < 0.05]. Similarly, 
HRrec1m and HRrec2m were also higher during R2 
compared with R1 [∆ = 5.12% and 3.61%, 
respectively, both p < 0.05] (Figure 1).  
 
 
 

 
Horizontal Bar  

Only HRrec1m was significantly higher 
following R2 compared with R1 [∆ = 1.72%, p < 
0.05] (Figure 1).  
Performance (Scores)  

Apart from the FX routines that significantly 
differed between the two sequences, all other 
apparatuses’ scores were similar between the two 
rotations (p > 0.05). 

 

Table 1  
Participants’ characteristics.  

Gymnast 
Age 

(years) 

Body 
Mass 
(kg) 

Body 
Height 

(m) 

VO2max 

(ml·min·kg-1) 
HRrest 

(b·min-1) 
HRmax 

(b·min-1) 
BLarest 

(mmol·l-1) 
BLa VO2max 

(mmol·l-1) 

1 24.25 70.79 1.71 54.64 62 198 2.90 12.70 

2 22.45 63.15 1.68 58.05 64 197 1.80 12.10 

3 21.52 66.07 1.64 48.63 63 198 1.90 11.80 

4 18.47 68.59 1.60 50.88 61 203 2.03 12.30 

5 18.33 59.21 1.58 49.03 60 207 2.16 11.70 

6 20.42 65.54 1.62 52.25 62 200 2.08 12.50 
Mean & 
SD 

20.91 
±2.31 

65.56 
±4.07 

1.64
±0.05 

52.25
±3.60 

62.00
±1.41 

200.50
±3.83 

2.15 
±0.39 

12.18 
±0.38 

(VO2max) Maximum oxygen uptake; (HRrest) Heart rate at rest; (HRmax) Maximal heart rate; (BLarest) 
Blood lactate concentration at rest; (BLa VO2max) Maximal blood lactate concentration associated 

with VO2max.  
 

Table 2  
 Descriptive statistics of the two types of the Olympic rotation order. 

Variables  
HRpeak (b·min-

1) 
HRrec1m (b·min-

1) 
HRrec2m (b·min-

1) 
BLa (mmol·l-

1) 
Score (point) 

M ± SD M ± SD M ± SD M ± SD M ± SD 

Floor 
Exercises  

R1 185.20 ± 11.67 142.40 ± 6.91 122.40 ± 7.19 9.90 ± 1.04 12.86 ± 0.90 

R2 190.60 ± 9.15* 149.40 ± 4.61* 127.40 ± 3.20 11.70 ± 1.51* 12.42 ± 0.94* 

Pommel 
Horse 

R1 157.80 ± 6.90 132.40 ± 6.80 113.80 ± 7.32 8.70 ± 1.86 12.02 ± 1.36 

R2 148.80 ± 5.24 130.60 ± 2.40 108.40 ± 2.70 7.40 ± 1.17 12.16 ± 1.27 

Rings  
R1 181.60 ± 12.74 147.40 ± 8.87 122.00 ± 2.91 8.68 ± 1.00 10.10 ± 1.02 

R2 184.40 ± 8.64 147.6 ± 5.03 123.00 ± 3.16 9.80 ± 0.97* 10.26 ± 0.99 

Vault 
R1 171.40 ± 10.06 124.00 ± 11.46 106.00 ± 10.19 6.16 ± 1.41 13.00 ± 0.78 

R2 176.20 ± 7.95* 119.80 ± 2.49 101.20 ± 7.01* 5.38 ± 0.51* 13.04 ± 0.79 

Parallel 
Bars 

R1 171.40 ± 6.18 129.80 ± 7.69 122.20 ± 9.68 5.28 ± 0.96 11.32 ± 0.59 

R2 174.40 ± 7.02* 136.80 ± 8.78* 116.40 ± 9.42* 5.44 ± 0.49 11.42 ± 0.67 

Horizontal 
Bar 

R1 183.60 ± 9.65 160.40 ± 6.50* 125.00 ± 4.41 9.04 ± 1.51 11.06 ± 0.80 

R2 185.40 ± 8.20 163.20 ± 4.08 127.60 ± 2.60 9.10 ± 1.07 11.02 ± 0.82 

(R1) First order of rotation (floor exercises, pommel horse, rings, vault table, parallel bars and 
horizontal bar); (R2) Second order of rotation (pommel horse, rings, vault table, parallel bars, 

horizontal bar and floor exercise); (HRpeak) Peak heart rate; (HRrec1m) Recovery heart rate after 1 
min; (HRrec2m) Recovery heart rate after 2 min; (BLa) Blood lactate concentration; (*) Significant 

at p < 0.05.  
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Table 3  
Comparative statistics of the two types of the Olympic rotation order.  

Variables  
HRpeak HRrec1m HRrec2m BLa Score 

Z d Z d Z d Z d Z d 

Floor Exercises -2.06* 2.10‡ -2.04* 3.02‡ -1.08 - -2.03* 3.28‡ -2.07* 7.66‡ 

Pommel Horse 0.54 - -0.67 - -1.62 - -1.67 - -0.73 - 

Rings  -0.94 - -0.37 - -0.96 - -2.03* 14,96+ -1.51 - 

Vault -2.02* 0,63∼ -0.96 - -2.03* 1,49+ -2.06* 0,65∼ 0.70 - 

Parallel Bars 2.04* 3,37‡ -2.03* 1,82+ -2.03* 1.95+ -0.68 - -1.51 - 

Horizontal Bar -1.76 - -2.06* 1,15∼ -1.75 - -0.40 - -0.55 - 

(*) Significant at p < 0.05; (‡) Very Large Effect Size; (+) Large Effect Size; (∼) Moderate Effect Size; 
(HRpeak) Peak heart rate; (HRrec1m) Recovery heart rate after 1 min; (HRrec2m) Recovery heart rate after 

2 min; (BLa) Blood lactate concentration; (d) effect size.  
 
 

 

 
Figure 1  

Percentage of the maximal heart rate during the competition: (a) in the apparatus routine, (b) in 
the recovery period.  
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Figure 2  

Blood lactate concentration during the competitions.  
 

 
 
 
 
Discussion 

This study was a comparative 
investigation between two different Olympic 
rotation types in men’s artistic gymnastics. The 
first sequence began with the FX, then followed 
by the PH, SR, VT, PB, and ended up with the HB. 
The second one began with the PH followed by 
the SR, VT, PB, HB, and ended with the FX. The 
most important finding of this investigation was 
the significant metabolic variation considering the 
FX routines between the two rotations. The higher 
BLa value could be allocated to the gymnast’s 
state of fatigue induced by the rotation order (i.e., 
the first apparatus in R1 versus the sixth in R2). 
We shall remind that the FX routine is the longest 
event and requires well developed agility, power, 
strength, dynamic and static flexibility as well as 
high acrobatic skills. The particularities of the 
physical and technical demands lead to significant 
metabolic consequences as shown by several 
authors (Goswami and Gupta, 1998; Jemni et al., 
2001, 2003, 2011; Viana and Lebre, 2005). In 
addition to the FX routine, BLa concentration 
increased significantly during the SR events in R2, 
which could be explained by a higher anaerobic  
 

involvement compared with the same event 
performed in R1. The overall values of BLa 
concentration reported in our study (7.96 ± 1.81 
mmol·l-1) are similar to those reported by 
Groussard and Delamarche (2000) (7.02 ± 2.63 
mmol·l-1), but significantly higher than the ones 
reported by Jemni et al. (2000, 2003b) (4.77 ± 1.11 
mmol·l-1). Performance analysis showed that, 
regardless of the rotation order, gymnasts 
received the same scores in all apparatuses except 
the scores of the FX being lower following R2 
compared with R1. This decrease of the FX score 
could be explained by the fatigue accumulated 
following performance on the five previous 
apparatuses (PH, SR, VT, PB, and HB) contrarily 
to R1, where gymnasts began with the FX. This 
assumption may be reinforced by the fact that, FX 
per se are physically demanding (Kirkendall, 
1985; Petiot et al., 1987) and require a high level of 
explosive strength (FIG, 2001; Prados, 2005). 
Therefore, their placement at the end of the events 
might have affected the gymnasts’ performance.  

The results also indicate that HRpeak varied 
noticeably between three main apparatuses i.e., 
FX, VT, and PB (p < 0.05), but this difference  
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remained statistically non-significant for the rest 
of the apparatuses. HRpeak was higher for the FX 
during R2 compared with R1 (190.60 ± 9.15 b·min-1 
vs. 185.20 ± 11.67 b·min-1, respectively). Again, this 
observation could be explained by the applied 
order of the apparatus (the sixth in R2). It is worth 
noting that the HRpeak values reported in the 
present study were similar to those reported by 
Hernández et al. (2009), Jemni (2011), Prados 
(2005) and Viana and Lebre (2005).  

Analysis of the recovery heart rate also 
showed significant variations. Indeed, higher 
HRrec1m values were demonstrated after the FX, 
PB, and HB routines following R2 compared with 
R1 (p < 0.05). Additionally, HRrec2m significantly 
differed following the VT and PB routines 
between the two rotations being higher following 
R1 compared with R2 (p < 0.05). Gymnasts 
showed better recovery after the FX, as well as 
after the PB and HB except after the VT events 
during R1 compared with R2 (124.00 ± 11.46 
b·min-1 vs 119.80 ± 2.49 b·min-1, respectively). 
HRrec2m values were similar to those reported by 
Jemni (2010) and Jemni et al. (2003a, 2003b).  

Collectively, the variation of 
cardiovascular and metabolic variables in the FX, 
SR, and VT may be explained by the difference of 
the physical and metabolic requirements of each 
apparatus (Kirkendall, 1985; Petiot et al., 1987; 
Prados, 2005). For instance, FX refer substantially 
to explosive strength, the SR is largely oriented 
towards maximal strength, the VT is a speed-
based apparatus, and the three remaining 
apparatuses (i.e., PH, PB, and HB) are essentially 
power-strength (FIG, 2001; Prados, 2005). These 
particular apparatuses’ fitness features may affect 
cardiovascular and metabolic responses and 
eventually performance during different rotation 
order.  

 
Conclusion  

The objective of this investigation was to 
compare cardiovascular and metabolic variables 
between two different types of the Olympic 
rotation order; one began with FX and finished 
with the HB, while the other began with the PH 
and ended with FX. A secondary objective was to 
assess the effects of these two sequences on 
performance. Cardiovascular and metabolic 
variables were significantly different in routines 
performed on all apparatuses except the PH. The 
FX’ score was significantly affected when 
gymnasts ended the competition with this 
apparatus, while scores obtained on the rest of the 
apparatuses remained unchanged. Our findings 
show that starting gymnastics competition with 
the FX implicates less cardiovascular and 
metabolic stress associated with better 
performance compared with the other rotation 
order; accordingly, the best gymnasts could have 
a slight advantage compared to the other athletes. 
In other words, the starting event is of utmost 
importance and could be decisive in the 
competition. The results reinforce the 
International Gymnastics Federation’s decision to 
assign this sequence order to the six best 
gymnasts. The outcomes of this investigation 
could also provide coaches with a tactical tool that 
may help carefully manage the routines’ 
difficulties of gymnasts according to their 
physical and technical capacity as well as their 
specialization. Nevertheless, there are four other 
types of the Olympic rotation order and it would 
be interesting to investigate them in order to 
know the effects of all the Olympic rotations on 
the gymnast’s physiological variables. 
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