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Abstract 
The aim of this study was to compare the effects of jumping in-
terval training (JIT) and running high-intensity interval training 
(HIIT) on the aerobic, anaerobic and jumping performances of 
youth female aerobic gymnasts. A randomized controlled study 
was conducted over an 8-week period, involving 73 youth female 
athletes (16.2 ± 1.3 years old) of aerobic gymnastics. The study 
comprised two experimental groups (JIT and HIIT) and a control 
group. Participants in the experimental groups engaged in two ad-
ditional training sessions per week alongside their regular training 
regimen, while the control group followed their usual training 
routine. Before and after the intervention period, gymnasts were 
assessed for their performance in the countermovement jump test 
(CMJ), the specific aerobic gymnastics anaerobic test (SAGAT) 
and the 20-m multistage fitness test. Significant interactions time 
 group were found in SAGAT ( p < 0.001; η୮

ଶ= 0.495), CMJ (p 
< 0.001; η୮

ଶ= 0.338) and 20-m multistage fitness test (p < 0.001; 
η୮

ଶ= 0.500). The time  group analysis post-intervention revealed 
significantly lower scores in SAGAT for the control group com-
pared to the JIT (p = 0.003) and HIIT (p = 0.034). Additionally, 
significantly higher scores were observed for the JIT group in the 
CMJ test compared to the HIIT (p = 0.020) and control (p = 0.028) 
groups following the intervention. Finally, the 20 m multistage 
fitness test post-intervention revealed significantly lower scores 
for the control group compared to JIT (p < 0.001) and HIIT (p < 
0.001). Both JIT and HIIT are recommended training strategies to 
adopt in aerobic gymnastics for significantly improving the aero-
bic and anaerobic performances of athletes. However, JIT may be 
particularly relevant to use as it offers additional benefits in im-
proving vertical jumping performances. 
 
Key words: Gymnastics, high-intensity interval training, aerobic 
fitness, anaerobic fitness, countermovement jump. 

 
 
Introduction 
 
Aerobic gymnastics presents considerable demands on car-
diorespiratory and metabolic systems, engaging both aero-
bic and anaerobic pathways extensively to support inter-
mittent, high-intensity routines (Kyselovičová and Danie-
lová, 2012). Physiologically, athletes must exhibit a well-
prepared cardiovascular fitness (Cuce et al., 2021). Fur-
thermore, it has been suggested that a greater relative de-
pendence on anaerobic energy is evident among athletes 
performing at higher levels, highlighting that success in 
aerobic gymnastics correlates not only with superior move-
ment skills but also with the intensity and complexity of 

routines (Aleksandraviciene et al., 2015). In addition to 
possessing well-prepared metabolic systems, athletes must 
also develop muscular strength and endurance across their 
upper and lower limbs to effectively execute dynamic and 
ballistic movements, while ensuring the necessary endur-
ance to sustain performance across all routines (Puiu and 
Dragomir, 2020). Thus, achieving optimal performance in 
aerobic gymnastics depends on a delicate balance among 
energy systems, physiological adaptations, and muscular 
capabilities, all of which collectively enhance athletes' per-
formance (Lamošová et al., 2021). 

High-intensity interval training (HIIT) as a training 
method can be a promising avenue for enhancing aerobic 
and anaerobic gymnastics performance, supported by sci-
entific evidence highlighting its multidimensional physio-
logical benefits (Buchheit and Laursen, 2013a; b). Incor-
porating HIIT into aerobic gymnastics routines can elevate 
cardiovascular capacity, crucial for sustaining prolonged 
high-intensity efforts during routines (Gibala and McGee, 
2008). The intermittent nature of HIIT may replicate the 
dynamic nature of gymnastic performances, fostering 
adaptability and efficiency in energy utilization. Moreover, 
HIIT stimulates mitochondrial biogenesis and enhances 
muscle oxidative capacity (Hoshino et al., 2016), crucial 
for enduring aerobic demands and facilitating rapid recov-
ery between explosive movements inherent in gymnastic 
routines. Additionally, HIIT augments anaerobic glyco-
lytic pathways (Abe et al., 2015), optimizing power output 
necessary for executing complex, powerful and repeated 
movements (Boullosa et al., 2022). 

While most studies on HIIT concentrate on popular 
forms such as running or cycling, exploring other modali-
ties of movement is essential. For example, jumping, 
closely associated with the characteristics of certain sports 
like aerobic gymnastics, offers an interesting approach for 
investigation and application (Venegas-Carro et al., 2023). 
Considering the considerable muscular demands inherent 
in aerobic gymnastics, which require both muscular endur-
ance and power for executing repeated and high-intensity 
jumps, integrating HIIT could yield additional benefits by 
specifically targeting and enhancing jumping performance. 
One possible effective option is to incorporate jumping     
interval training (JIT) protocols (Kramer et al., 2019),       
designed to enhance muscular endurance and power     
while also targeting improvements in metabolism and       
the  systems  supporting  the  bioenergetics  of  the   sport.  
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By alternating between periods of high-intensity effort and 
recovery, JIT not only strengthens aerobic and anaerobic 
capacities but also may focuses on developing muscle fiber 
coordination, thereby enhancing the explosive and endur-
ance strength necessary for executing complex gymnastic 
movements (Ache-Dias et al., 2016). 

Although the promising positive impact of HIIT and 
JIT on aerobic and anaerobic performance in gymnastic 
athletes is a hypothesis, experimental studies conducted in 
this population remain scarce (Afroundeh et al., 2020; 
Abuwarda et al., 2024). In one study involving thirty be-
ginner children, it was observed that continuous jumping 
combined with anaerobic training effectively improved 
maximal oxygen uptake (Afroundeh et al., 2020). In an-
other study, HIIT was performed using muscular endur-
ance exercises repeated on stable and unstable platforms, 
demonstrating significant effectiveness in improving spe-
cific shuttle run and vertical jump tests in youth gymnasts 
(Abuwarda et al., 2024). 

Considering that HIIT and JIT can significantly im-
prove aerobic gymnasts in both their aerobic and anaerobic 
performance, as well as their jumping performances, and 
given the intermittent and intense nature of this sport, it is 
hypothesized that both HIIT and JIT could be advanta-
geous. Furthermore, comparing traditional running HIIT 
with the more specific JIT offers coaches and practitioners 
new insights into how these modalities can be tailored to 
the specificity of the training context. Considering the lim-
ited research published on the effects of HIIT in gymnas-
tics (Afroundeh et al., 2020; Abuwarda et al., 2024), and 
the little that is known does not explore the possibilities of 
using training modalities such as JIT, there is an oppor-
tunity to understand the effectiveness of this training 
method in enhancing key physical fitness variables among 
athletes. Therefore, the aim of this study was to compare 
the effects of JIT and running HIIT on the aerobic, anaero-
bic, and jumping performances in youth female aerobic 
gymnasts. 

 
Methods 
 
Participants 
The a priori sample size was computed to accommodate an 
effect size of 0.2, accounting for three distinct groups and 
two measurements, with the objective of achieving a statis-
tical power of 0.85 and maintaining a significance level of 
0.05 for F tests, specifically ANOVA repeated measures, 
within-between interaction. Following analysis with 
G*power software (version 3.1.9., Universität Düsseldorf, 
Germany), it was recommended that the study include 72 
participants. 

After recruitment into the aerobic gymnastics 
teams, 75 eligible participants were identified. However, 
upon applying the following eligibility criteria: (i) partici-
pation in both evaluation moments, (ii) having a minimum 
of two years of experience in the sport, (iii) attending at 
least 85% of the regular training sessions, (iv) not experi-
encing injury or illness throughout the experiment or in the 
month preceding the study's commencement, (v) not being 
enrolled in additional training programs besides aerobic 
gymnastics training, an (vi) being female, 73 participants 

were enrolled in the study and distributed among the three 
groups. 

Overall, the 73 female participants had an average 
age of 16.2 ± 1.3 years, height of 1.61 ± 0.03 cm, and body 
mass of 52.7 ± 2.4 kg. These athletes competed at the re-
gional levels, engaging in 4 to 5 training sessions per week. 
The participant characteristics for each group are presented 
in Table 1. 
 
Table 1. Descriptive statistics (mean ± standard deviation) for 
participant characteristics within each group. 
 JIT HIIT Control
N 24 24 25
Age (years) 16.3 ± 1.2 16.2 ± 1.3 16.2 ± 1.4
Body mass (kg) 52.7 ± 2.4 52.8 ± 2.4 52.6 ± 2.5
Height (cm) 1.61 ± 0.03 1.61 ± 0.04 1.61 ± 0.03
JIT: jumping interval training; HIIT: running high-intensity interval train-
ing 

 
The gymnasts and their parents or legal guardians 

were informed about the study protocol and its context. Af-
ter voluntarily agreeing to participate, the legal guardians 
signed an informed consent form. The study adheres to the 
ethical standards outlined in the Declaration of Helsinki, 
and the study protocol received approval from the Ethics 
Committee of Tianjin Institute of Physical Education under 
code number TJUS2024/016. 

 
 

 
 

Figure 1. Study design and participant flow. 
 
Design and methodological procedures 
The study employed a randomized controlled design, 
wherein two experimental intervention groups (HIIT and 
JIT) were introduced alongside the regular training regi-
men. A control group solely engaged in regular aerobic 
gymnastics training (Figure 1). Convenience sampling was 
utilized to recruit participants from aerobic gymnastics 
teams. Simple randomization was conducted using opaque 
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envelopes randomly assigned to gymnasts before the first 
evaluation, offering equal chances of being assigned to ei-
ther group. The randomization was carried out by a re-
searcher who did not participate in the evaluations, aiming 
to ensure allocation concealment. Evaluations occurred 
one week before the intervention beginning and immedi-
ately after the 8th week. Independent researchers con-
ducted these evaluations, remaining blinded to group as-
signments. 
 
Assessment 
The evaluations were conducted twice, both before and af-
ter the intervention period, on the same days of the week to 
ensure the consistency of conditions. These evaluations 
took place indoors in the afternoon. Preceded by a 48-hour 
rest period following the latest training session, the evalu-
ations followed a specific order: (i) collection of demo-
graphic data, (ii) anthropometric evaluations, (iii) warm-up 
(consisting into 5 minutes running, 15 minutes dynamic 
stretching and 5 minutes jumping drills, (iv) countermove-
ment jump (three repetitions), (v) specific aerobic gymnas-
tics anaerobic test (SAGAT), and (vi) 20-m multistage fit-
ness test. Each assessment test was separated by a 5-minute 
rest interval. All participants underwent the assessments in 
the same order and sequence during both evaluation peri-
ods. 
 
Anthropometrics 
Basic anthropometric measurements were conducted by 
assessing the height and body mass of participants. Height 
was measured using a stadiometer (Seca 217, Seca, Ham-
burg), while body mass was measured with an electronic 
scale (SECA 813; Seca GmbH & Co., Hamburg, Germany) 
to the nearest 0.1 kg, with participants wearing leotards for 
consistency. 
 
Countermovement jump 
Participants were instructed to perform three maximal 
countermovement jumps (CMJ), with a 1-minute rest be-
tween each jump. They were instructed to maintain ex-
tended knees and keep their hands on their hips throughout 
the aerial phase of the jump, landing back onto the floor 
afterward. CMJ performance was measured using the 
MyJump 2 mobile application (version 1.0.8), which uti-
lizes video images to identify flight time and estimate jump 
height. This application accuracy and precision had been 
previously confirmed (Haynes et al., 2019), as evidenced 
by the correlation values obtained in comparison to force 
plates for the variable of jump height (ranging from 0.80 to 
0.96). The average jump height from the three attempts was 
selected for data analysis. 
 
Specific aerobic gymnastics anaerobic test 
The Specific Aerobic Gymnastics Anaerobic Test 
(SAGAT) involves executing gymnastic-specific elements 
in a maximal repeated sprint format within a total 
timeframe of 80–90 seconds (Alves et al., 2015). It consists 
of 2 sets, each comprising 6 consecutive bouts. Each bout 
includes a "tuck jump", followed by a drop to perform two 
"push-ups" and one "L-support". The study assessed the  

concurrent validity of the test in comparison to the Wingate 
test and confirmed its validity (Alves et al., 2015). The cor-
relation coefficients between the lower-body Wingate test 
and SAGAT performance (r = -0.69), as well as between 
the upper-body Wingate test and SAGAT performance (r = 
-0.67), were found to support this confirmation (Alves et 
al., 2015). Additionally, the reliability of the test was ob-
served, with no significant differences observed in the time 
taken to complete the SAGAT across repeated trials (p = 
0.84; ICC = 0.97) (Alves et al., 2015). The same research-
ers assessed the gymnasts' performances during the test by 
monitoring the correctness of the elements performed and 
controlling the time of execution using a digital stopwatch. 
The time taken to complete the test (measured in seconds) 
was utilized for further data analysis. 
 
20-m multistage fitness test 
Participants underwent the 20-m multistage fitness test  
(Léger et al., 1988), which has been utilized to assess the 
aerobic capacity of gymnasts (Salse-Batán et al., 2022).  
This test has been confirmed as reliable for measuring aer-
obic fitness, as indicated by the non-significant bias ob-
served between the two administrations of the test in a pre-
vious study (p = 0.190) (Cooper, 2005). However, it tends 
to underestimate maximal oxygen uptake, as evidenced by 
the values obtained in the concurrent validity analysis (p = 
0.004) (Cooper, 2005). Consequently, we have not esti-
mated maximal oxygen uptake; instead, we have utilized 
the final test score (i.e., total distance) as a general indica-
tor of aerobic fitness. 

The test begins with an initial speed of 8.5 km/h, 
and the frequency of the audio beep signals increases by 
0.5 km/h each minute until the gymnasts are unable to 
reach the markers at the sound of the beep. The test con-
cludes when the gymnasts are unable to achieve the marker 
for the second time due to fatigue. The total distance com-
pleted in meters was collected as a measure of aerobic per-
formance. 
 
Intervention 
The gymnasts assigned to the experimental groups partici-
pated in additional JIT or HIIT sessions, which were super-
vised by dedicated researchers who were certified and had 
extensive experience in sports sciences and sports training. 
These sessions took place twice a week, with a 48-hour in-
terval between them. Each session was conducted before 
the regular aerobic gymnastics training session. Before en-
gaging in the experimental interventions, the gymnasts per-
formed a standardized warm-up that included 5 minutes of 
running, 15 minutes of dynamic stretching, and 5 minutes 
of jumping drills. 

The JIT regimen entailed four to five sets, each last-
ing 30 to 40 seconds, during which participants engaged in 
maximal continuous bilateral countermovement jumps 
(Table 2). These jumps were synchronized with an auditory 
cue, aiming to maintain a pace of 1.1 to 1.0 jumps per sec-
ond (Ache-Dias et al., 2016; Kramer et al., 2019). The rest 
period between bouts was set at 30 seconds. This training 
methodology was informed by previous studies (Ache-
Dias et al., 2016;  Kramer et al.,  2019) that  recommended  
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Table 2. Characteristics of the jumping interval training (JIT) and running interval training (HIIT). 
 JIT JIT HIIT HIIT 
 Session 1 Session 2 Session 1 Session 2 
Week 1 430’’:30’’ at 1.1 jump/s 430’’:30’’ at 1.1 jump/s 430’’:30’’ at 110% MAS 430’’:30’’ at 110% MAS 
Week 2 430’’:30’’ at 1.1 jump/s 430’’:30’’ at 1.1 jump/s 430’’:30’’ at 110% MAS 430’’:30’’ at 110% MAS 
Week 3 440’’:30’’ at 1 jump/s 440’’:30’’ at 1 jump/s 440’’:30’’ at 105% MAS 440’’:30’’ at 105% MAS 
Week 4 440’’:30’’ at 1 jump/s 440’’:30’’ at 1 jump/s 440’’:30’’ at 105% MAS 440’’:30’’ at 105% MAS 
Week 5  530’’:30’’ at 1.1 jump/s 530’’:30’’ at 1.1 jump/s 530’’:30’’ at 110% MAS 530’’:30’’ at 110% MAS 
Week 6 530’’:30’’ at 1.1 jump/s 530’’:30’’ at 1.1 jump/s 530’’:30’’ at 110% MAS 530’’:30’’ at 110% MAS 
Week 7 540’’:30’’ at 1 jump/s 540’’:30’’ at 1 jump/s 540’’:30’’ at 105% MAS 540’’:30’’ at 105% MAS 
Week 8 540’’:30’’ at 1 jump/s 540’’:30’’ at 1 jump/s 540’’:30’’ at 105% MAS 540’’:30’’ at 105% MAS 

MAS: maximal aerobic speed. 

 
30 and 40-second work durations for maximal continuous 
jumping. Additionally, the chosen rest intervals between 
sets were based on research suggesting specific rest periods  
to optimally target both aerobic and anaerobic metabolisms 
(Kramer et al., 2019). 

The HIIT protocol followed a similar structure, uti-
lizing comparable durations and regimens but incorporated 
running-based exercises paced according to the maximal 
aerobic speed. The maximal aerobic speed was estimated 
in the week prior to the beginning of the study, during an 
independent session, using a 5-minute test that has been 
demonstrated to be valid and reliable for measuring maxi-
mal aerobic speed (Berthon et al., 1997). The HIIT sessions 
employed intensities ranging from 105% to 110% of max-
imal aerobic speed, as recommended by previous studies 
for the work periods in this training modality (Buchheit and 
Laursen, 2013a). 

The control group exclusively participated in stand-
ard aerobic gymnastics training sessions, without exposure 
to any other specific conditioning training apart from the 
regular physical and technical training administered by 
their coaches. These sessions typically lasted between 80 
to 120 minutes and included both general and specific 
warm-up strategies. The warm-up phase incorporated both 
static and dynamic stretching exercises, alongside multi-
jump activities, before transitioning into a targeted strength 
and conditioning phase of the training, primarily empha-
sizing muscular endurance. The core phase of the training 
was on the development of technical elements and gymnas-
tics routines. The session concluded with a cooldown 
phase, centered around stretching exercises. In contrast, the 
experimental groups, while also engaging in the regular 
training like the control group, received additional specific 
JIT or HIIT training supplements, administered alongside 
their regular aerobic gymnastics training sessions. 
 
Statistical analysis 
The a priori sample size was computed to accommodate an 
effect size of 0.2, accounting for three distinct groups and 
two measurements, with the objective of achieving a statis-
tical power of 0.85 and maintaining a significance level of 
0.05 for F tests, specifically ANOVA repeated measures, 
within-between interaction. Following analysis with 
G*power software (version 3.1.9., Universität Düsseldorf, 
Germany), it was recommended that the study include 72 
participants. 

After exploring possible outliers, descriptive statis-
tics were reported using means and standard deviations. 
Prior to conducting inferential statistics, the normality of 

the sample was assessed and confirmed using the Kolmo-
gorov-Smirnov test (p > 0.05), while the assumption of ho-
mogeneity was verified with Levene’s test (p > 0.05). 
Given the study design (two assessments for three groups), 
a mixed ANOVA was employed to analyze interactions be-
tween time and groups. The analysis included calculation 
of partial eta squared (𝜂௣

ଶ ). Additionally, post-hoc tests 
were performed using the Bonferroni test. Statistical anal-
yses were conducted using JASP software (version 0.18.3, 
University of Amsterdam, The Netherlands) with a signif-
icance level set at p < 0.05. 
 
Results 
 
The between-group analysis indicated that there were no 
significant differences between the groups in the pre-eval-
uation for the SAGAT (F2,70 = 0.234; p = 0.792; η୮

ଶ = 
0.007), CMJ (F2,70 = 0.159; p = 0.854; η୮

ଶ = 0.005) and 20-
m multistage fitness test (F2,70 = 3.091; p = 0.052; η୮

ଶ = 
0.081). 

Significant interactions time  group were found in 
SAGAT (F2,70 = 34.280; p < 0.001; η୮ 

ଶ = 0.495), CMJ (F2,70 

= 17.835; p < 0.001; η୮
ଶ = 0.338) and 20-m multistage fit-

ness test (F2,70 = 34.935; p < 0.001; η୮
ଶ = 0.500). 

The time  group analysis post-intervention re-
vealed significantly lower scores in SAGAT for the control 
group compared to the JIT (-1.206s; p = 0.003) and HIIT (-
0.911s; p = 0.034). Additionally, significantly higher 
scores were observed for the JIT group in the CMJ test 
compared to the HIIT (-1.375cm; p = 0.020) and control (-
1.302cm; p = 0.028) groups following the intervention. Fi-
nally, post-intervention revealed significantly lower scores 
in 20-m multistage fitness test for the control group com-
pared to the JIT (-80.967m; p < 0.001) and HIIT (-
56.800m; p < 0.001). Descriptive statistics are presented in 
Figure 2. 

The group  time analysis (Figure 3) revealed that 
JIT significantly improved scores in the SAGAT (pre 81.0 
± 1.4s and post 79.4 ± 1.4s; p < 0.001), CMJ (pre 31.0 ± 
1.6cm and post 32.5 ± 1.2cm; p < 0.001), and 20-m multi-
stage fitness test (pre 1307.5 ± 47.5m and post 1424.2 ± 
40.0m; p < 0.001). Additionally, HIIT significantly im-
proved scores in the SAGAT (pre 81.2 ± 1.3s and post 79.7 
± 1.1s; p < 0.001), CMJ (pre 30.7 ± 2.4cm and post 31.2 ± 
2.0cm; p = 0.002) and 20-m multistage fitness test (pre 
1276.7 ± 49.6m and post 1400.0 ± 40.0m; p < 0.001). Fi-
nally, control group significantly improved scores in the 
SAGAT (pre 81.1 ± 1.3s and post 80.6 ± 1.1s; p < 0.001),  
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CMJ (pre 30.9 ± 2.3cm and post 31.2 ± 1.8cm; p = 0.041) 
and 20-m multistage fitness test (pre 1275.2 ± 55.5m and  

post 1343.2 ± 51.5m; p < 0.001). 

 
 

 

 
 

Figure 2. Descriptive statistics for the between-group comparison in the main outcomes. Specific Aerobic Gymnastics Anaero-
bic Test (SAGAT), countermovement jump (CMJ), and 20-meter multistage fitness test. JIT: jumping interval training; HIIT: running 
interval training 

 
 

 
 

 
 

Figure 3. Descriptive statistics for the within-group comparison in the main outcomes. Specific Aerobic Gymnastics Anaero-
bic Test (SAGAT), countermovement jump (CMJ) and 20-meter multistage fitness test. JIT: jumping interval training; HIIT: running 
interval training 

 
Discussion 
 
The main findings of our study indicate that supplementing 
regular aerobic gymnastics training with either JIT or HIIT 

significantly enhances both aerobic and anaerobic perfor-
mances compared to athletes only engaged in standard 
training sessions. Furthermore, our observations highlight 
JIT's superiority over HIIT and the control group in            
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enhancing jumping performance, as measured by CMJ. 
Considering the specificity of aerobic gymnastics, which 
depends on a well-prepared aerobic and anaerobic fitness 
level, and given that many movements involve multiple 
jumps, our findings suggest that JIT could serve as a more 
fitted training approach. It can be effectively introduced to 
enhance these qualities in athletes while maintaining the 
sport's training specificity. 

Although being the first study, to our knowledge, to 
compare both JIT and HIIT with a control group in aerobic 
gymnastics athletes, it was observed, as expected, that 
those engaged in JIT and HIIT significantly improved an-
aerobic performance, as measured by SAGAT. A previous 
study conducted on another population, specifically recre-
ational runners, demonstrated that anaerobic power and ca-
pacity were significantly enhanced by JIT (Ache-Dias et 
al., 2016), which aligns with our findings. Our study is also 
in line with previous research demonstrating that HIIT sig-
nificantly enhances anaerobic performance (Stöggl and 
Björklund, 2017). 

In the case of JIT, we specifically employed the reg-
imen that, in a previous study (Kramer et al., 2019), 
showed a greater impact on lactate accumulation and a 
higher percentage of time spent above 90% of maximal ox-
ygen uptake. Additionally, in HIIT, we utilized short inter-
vals that also targeted aerobic and anaerobic power through 
stimulation intensities exceeding 85% of maximal heart 
rate (Chang et al., 2020). It is expected that both training 
regimens would foster positive adaptations in anaerobic 
performance, as both JIT and HIIT have the potential to 
induce changes in the glycolytic energy system (Abe et al., 
2015). This enhancement improves the ability to rapidly 
produce ATP during high-intensity efforts, which is crucial 
for anaerobic performance (Brandão et al., 2020). 

The repetitive exposure to vigorous exercise stimu-
lates adaptations aimed at enhancing buffering capacity 
(Callahan et al., 2021). This enhancement supports the 
ability to withstand changes in pH levels during exercise 
by buffering the buildup of lactate and hydrogen ions 
(Lemminger et al., 2022). Given that both JIT and HIIT in-
duce significant increases in lactate accumulation and the 
duration spent at high intensities, there is a heightened re-
liance on anaerobic metabolism (Afroundeh et al., 2020). 
The adaptations observed in buffering capacity serve to 
bolster anaerobic performance by facilitating the efficient 
removal and recycling of metabolic byproducts, thereby 
postponing the onset of fatigue (Gabriel and Zierath, 2017). 
This is crucial for sustaining high-intensity efforts and en-
hancing overall performance in activities dependent on an-
aerobic energy systems, such as aerobic gymnastics. 

Additionally, our research also revealed that both 
JIT and HIIT were significantly more effective in improv-
ing aerobic capacity compared to the control group. These 
findings align with studies that have demonstrated how 
continuous jumping, combined with anaerobic training, ef-
fectively enhances maximal oxygen uptake (Afroundeh et 
al., 2020). Furthermore, our results align with research that 
employs HIIT alongside muscular endurance exercises, re-
peated on both stable and unstable platforms, demonstrat-
ing improvements in specific shuttle run among youth 
gymnasts (Abuwarda et al., 2024). 

One important mechanism that likely explains the 
favorable adaptations in aerobic performance is the en-
hancement of cardiac function (Astorino et al., 2012), in-
cluding increased stroke volume and cardiac output, which 
leads to more efficient oxygen delivery to working muscles 
(MacInnis and Gibala, 2017). Moreover, intense interval 
training also stimulates mitochondrial biogenesis and oxi-
dative enzyme activity within muscle fibers (Pengam et al., 
2021), thereby enhancing the muscles' capacity to utilize 
oxygen for energy production (Rosenblat et al., 2022). Ad-
ditionally, it has been documented that intense interval 
training promotes vascular adaptations, such as increased 
capillarization and improved blood vessel function (Kha-
lafi et al., 2022), which facilitate oxygen delivery to mus-
cles. 

The distinguishing result revealed by the current ex-
perimental study was that JIT significantly outperformed 
both the HIIT and control groups in enhancing vertical 
jumping performance, as measured by the CMJ test. Our 
findings are consistent with a previous study conducted on 
runners (Ache-Dias et al., 2016), which reported signifi-
cant improvements in CMJ following exposure to JIT. 

JIT, compared to HIIT, has shown superior efficacy 
in enhancing CMJ performance, due to its specific biome-
chanical and neuromuscular adaptations. During JIT exer-
cises, the stretch-shortening cycle is extensively engaged 
(McCaulley et al., 2007), involving rapid muscle lengthen-
ing followed by immediate shortening, leading to potenti-
ation of subsequent contractions (Suchomel et al., 2016). 
This process enhances the utilization of elastic energy 
stored in tendons, facilitating greater force production dur-
ing jumps (Wade et al., 2018). Additionally, jumping inter-
vals require explosive force generation, targeting fast-
twitch muscle fibers more effectively than running inter-
vals (Plotkin et al., 2021). This preferential activation of 
fast-twitch fibers contributes to greater strength gains (Pot-
teiger et al., 1999), crucial for improving jump height. 
Thus, the unique biomechanical demands and neuromus-
cular adaptations induced by JIT render it a more effective 
modality for enhancing JMJ performance compared to run-
ning HIIT. 

Despite the innovative nature of our study, it is not 
without limitations. One limitation relates to the fact that 
the training load was not quantified, making it impossible 
to identify the specific load mechanisms underlying the ob-
served adaptations. Additionally, this study was conducted 
at the youth regional level, where trainability may be 
higher, thus potentially favoring the introduction of new 
methods. Therefore, future research should aim to expand 
into more elite contexts and incorporate monitoring of ses-
sions using internal and external load measures to allow for 
quantification and establishment of dose-response relation-
ships.  

 
Conclusion 
 
Our study provides evidence regarding the effectiveness of 
a more specialized conditioning training regimen for en-
hancing aerobic, anaerobic, and jump performance in aer-
obic gymnastics athletes. Based on our findings, we advo-
cate for coaches to incorporate JIT sessions into their     
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training routine twice a week. Even brief sessions lasting 4 
to 5 minutes can sufficiently stimulate significant improve-
ments after an 8-week period. JIT training holds potential 
as it closely aligns with the demands of the sport. This ap-
proach supports their energy systems and enhances jump-
ing performance, thereby contributing to overall athletic 
improvement. 
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Key points 
 
 Jumping Interval Training (JIT) proves significantly more 

effective than high-intensity interval running (HIIT) in en-
hancing the jumping performance of female gymnasts.  

 Introducing both JIT and HIIT sessions, each lasting 4 to 5 
minutes, twice a week over 8 weeks, significantly enhances 
specific anaerobic performance in aerobic gymnastics ath-
letes, along with improving aerobic capacity. 
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