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Abstract
The objective of this study is to assess the relationship between the results obtained 
on different vertical jump tests and the top score recorded during a BMX (Bicycle Mo-
to-Cross) test and the rider’s performance. To do so, 10 BMX pilots participated in this 
study; 5 regarded as the élite group  (EG) (age: 18.8 ± 3.7, weight: 68.4 ± 8.5 kg, height: 
174 ± 9 cm and previous BMX experience: 8 ± 3.8 years) and 5 regarded as the recre-
ational group (RG) (age: 19.8 ± 4.8, weight: 69.2 ± 11.7 kg, height: 170 ± 9 cm, previous 
BMX experience: 4.2 ± 1.3 years). Vertical jump capacity was obtained using the Bos-
co protocol, i.e. vertical squat jump (SJ), vertical countermovement jump (CMJ), drop 
jump (DJ) and repetitive jump (RJ), and time in race in a BMX circuit was determined. 
The results indicate a direct relationship between the time used to complete the circuit 
and the height of the jump reached in SJ (r: –.801; p: .017), CMJ (r : –.798; p : .018) and 
DJ (r : –.782; p: .022). This all suggests that assessing jump capacity using the Bosco 
test may be a useful tool for assessing BMX performance.
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Introduction 
Bicycle Motor-Cross (BMX), an Olympic sport since 
Beijing 2008, is a sports speciality in which a group of 
eight riders compete against each other in a circuit of 
variable length (200-400 m). The first rider to cross 
the finish line wins the race or the heat (Rylands et 
al., 2013). The competitions consist of four classify-
ing heats in which the four fastest riders qualify for 
the next race, with this competition format producing 
the final race with the best riders from the four pre-
vious rounds. The recovery period between heats is 
30 minutes, as established by the rules (Mateo et al., 
2011).

Based on the length of the competitions, between 30 
and 45 seconds, and the type of force made, maximum 
intensity, BMX is considered an endurance sport with 
explosive strength (Zabala et al., 2009). The character-
istics of the courses and their layout on a slope mean 
that the capacity to accelerate on the bicycle, which re-
quires high levels of strength, is essential in the first few 
metres of the race (Cowell et al., 2012; Mateo et al., 
2011) and that the technical complexity to adapt to each 
part of the circuit is very high (Cowell et al., 2012). 
On the other hand, it has been suggested that the initial 
acceleration reached by the rider has a huge impact on 
the outcome of the competition (Herman et al., 2009). 
This would all seem to indicate that the metabolic de-
mands are oriented towards anaerobic glycolysis and 
phosphagens (Zabala et al., 2008), with lactic acid con-
centrations of the blood recorded at around 8 mmol/l on 
average, with maximum values of 18.6 mmol/l (Louis 
et al., 2013; Zabala et al., 2009). Furthermore, anaer-
obic glycolysis plays a crucial role in the need to repeat 
high-intensity efforts both in the same heat and between 
heats, vastly determining the rider’s recovery capacity 
(Louis et al., 2013).

Similarly, in this individual sport, individualisation 
of the training load is essential in monitoring fatigue, 
controlling adaptations and optimising performance 
(Capostagno et al., 2014). To do so, periodic physi-
cal assessments can determine the athlete’s fitness and 
minimise the risk of injury (Lamberts et al., 2010). 
The selection of a battery of tests to assess different 
performance parameters is essential and depends on a 
range of factors, such as the duration of the effort to 
be analysed, the intensity at which this sports special-
ity is performed, the type of muscles involved in the 
movement patterns and the time in the season when 
they are done.

In this regard, a variety of tests have been used to 
assess BMX performance, both in the lab and on the 
competition circuit. Of them, the assessment of jump 

capacity stands out on account of its high reliability, 
specificity and low cost, and it is used as a way of 
assessing rider performance at different competitive 
levels (professional and amateur (Babault et al., 2018) 
and in new riders (Ramírez-Vélez et al., 2017) or 
masters (Del Vecchio et al., 2017). Although the use 
of jump tests as a methodology to evaluate the perfor-
mance of BMX riders is widely accepted (Bertucci & 
Hourde, 2011), the level of association between these 
tests and competition performance has been viewed 
differently depending on the type of test, the distance 
ridden and the athlete’s level. For example, Babault 
et al. (2018) found no correlations between the max-
imum height reached in a vertical countermovement 
jump (CMJ) and the amount of time taken to complete 
a timed circuit (r: –.25; p: .55), while Paquet et al. 
(2006) found that the maximum power generated in a 
jump test could explain 60% of the mean power gen-
erated in the Wingate test. Despite these results, there 
are no studies which have analysed the relationships 
between the results in different kinds of jumps and the 
best score recorded in a circuit.

For all these reasons, the main objective of this study 
is to assess the degree of association between the results 
in different kinds of vertical jumps and the best score 
recorded during a BMX race according to the type of 
rider.

Methodology

Participants
A total of 10 BMX pilots participated in this study; 5 re-
garded as the élite group (EG) (age: 18.8 ± 3.7, weight: 
68.4 ± 8.5 kg, height: 174 ± 9 cm and previous BMX 
experience: 8 ± 3.7 years) and 5 regarded as the rec-
reational group (RG) (age: 19.8 ± 4.8 years, weight: 
69.2 ± 11.7 kg, height: 170 ± 9 cm and previous BMX 
experience: 4.2 ± 1.3 years) (Table 1). 

The inclusion criteria for assembling the sample 
were: 1) for the EG: 1.a) be in the top 20 in the 2018 
world ranking (published by the International Cycling 
Federation); 1.b) not have had an injury in the previ-
ous six months that could affect data collection; 1.c) 
have at least two years’ experience of strength work 
under the supervision of a physical trainer. 2) For the 
RG, the inclusion criteria were: 2.a) have competed in 
at least three national races in the current year, 2.b) 
not have had an injury in the previous six months that 
could affect data collection; 2.c) have done strength 
work independently in the previous year. The exclusion 
criteria for both groups were: A) have had surgery in 
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the 12 months prior to the tests, and B) have any pain 
in the lower extremities or the trunk at the time of the 
study. 

All the participants were informed of the objectives 
of this study verbally and in writing, as well as about 
the data collection procedures, in addition to the bene-
fits and possible risks stemming from their participation. 
This study was designed following the ethical recom-
mendations made by Harriss and Atkinson (2015) and in 
accordance with the latest version of the Helsinki Dec-
laration (World Medical Association, 2013). The study 
protocol was approved by the Ethics Committee of Ara-
gon (ref. no. 07/2019).

Experimental process
The data were collected in two different recording ses-
sions with at least 48 hours between them, and blindly 
by a researcher who did not know the participants be-
forehand, and none of whom had made a maximum ef-
fort in the 24 hours prior to the tests.

In the first session, the participants completed an 
individual questionnaire which collected personal in-
formation on the number of years they had been par-
ticipating in BMX, any injuries they had had in the 
past and their competition results. The participants 
were weighed on a scale and their height was mea-
sured with a height rod by the SECA© brand (1-mm 
precision for height and 0.1 kg for weight). Subse-
quently, they all engaged in a standard warm-up con-
sisting in pedalling on a cycloergometer for 10 min-
utes at 50 rpm and an intensity of between 50%-63% 
of maximum heart rate (McGowan et al., 2015; Yang 
et al., 2017). The vertical jump protocol described by 
Bosco et al. (1983) was then administered; it consists 
of 3 repetitions for each of the tests: SJ, CMJ and 
DJ (from a height of 40 cm) and one for the repeti-
tive jump test (RJ) for 30 seconds. The recovery be-
tween each of the repetitions of each test and between 
the different tests was 3 and 5 minutes, respective-
ly. Furthermore, the mean height of the 3 attempts 

(SJ, CMJ and DJ) was determined. To calculate the 
Fatigue Index (FI), the mean of the first four jumps 
(Hmean_4) and last four jumps (Hmean_end4j) in the 
RJ test were obtained and the following equation was 
applied: 

FI:[(Hmean_4- Hmean_end4j)/ Hmean_4]*100 
(Čular et al., 2018). 

The Elasticity Index (EI) was calculated using the fol-
lowing equation:

EI:[(CMJ jump height - SJ jump height)]*100 
(Bosco et al., 1983).

All the participants were verbally encouraged with 
the intention of producing their best result, and the 
different kinds of jumps were randomised with the ex-
ception of the RJ, which was executed last in order to 
prevent cumulative fatigue from influencing the other 
variables.

In the second assessment session, the best score 
on the BMX circuit at the Bike Park of Vila-sana in 
Lleida (E) (Figure 1) was recorded. This circuit is 
400 metres long with an 8-metre starting ramp, and it 
was officially approved by the International Cycling 
Union (UCI) in 2009. All the participants were fa-
miliar with the route and had already trained or com-
peted on it several times. A warm-up was done be-
fore the race times were taken, consisting of pedalling 
for 5 minutes on the circuit at a pace of 50%-60% 
of maximum perceived intensity. Afterwards, 2 com-
plete circuits were done at an intensity of 80%-90% 
of maximum perceived intensity. A recovery time of 
5 minutes between the warm-up sets was given, and 
the in-race time at 100% was subsequently recorded 
for each rider individually. Before the assessments, 
all the participants were asked not to eat or drink 
anything 90 minutes prior to the start of the test. No 
physical exertion was allowed in the 24 hours before 
the data were collected.

Table 1 
Descriptive characteristics of the study participants

Total sample  
(n: 10)

RG 
(n: 5)

EG 
(n: 5)

Age (years) 19.75 (4.27) 19.75 (5.5) 19.75 (3.5)

Weight (kg) 69.75 (10.69) 70.25 (13.23) 69.25 (9.54)

Height (cm) 174.25 (8.21) 170.5 (10.41) 178 (3.37)

BMX experience (years) 7 (3.85) 4 (1.41) 10 (2.94)
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Data collection
To assess the amount of time taken for the test, 2 elec-
tric eyes by the ARTEK® PNP brand (Proyectos de Ilu-
minación Técnica Avanzada, SL, Spain) were used (re-
sponse time <0.5 ms at 1 kHz), which were installed at 
the circuit’s start and finish line. In order to avoid unin-
tentionally activating them, the height of the first elec-
tric eye (starting line) was adjusted to be activated once 
the start gate opened, while the second electric eye was 
placed at the height of the axis of rotation of the front 
wheel. The entire closed measurement system was syn-
chronised using a Voice Box System time control system 
and starting lights by the Daktronics® brand (Zabala et 
al., 2009).

Jump capacity was assessed using a contact platform 
by the Chronojump Boscosystem® brand (29.6 x 21 cm), 
connected serially to a Chronopic electronic microcon-
troller. The data were collected on the Chronojump 
1.8.1 software. Both tools had previously been validated 
by De Blas et al. (2012). 

Statistical analysis
First of all, the assumptions of normality were veri-
fied by plotting histograms and by means of the Sha-
piro-Wilks test. The mean, standard deviation and 
range [min.–max.] were then calculated for each of 
the variables analysed. The prediction intervals were 
calculated with a confidence of 95% and the differ-
ences between groups were evaluated using the t-test 
comparison of simple measures. The correlations be-
tween each rider’s score and the value obtained in 
each of the jump tests were calculated with the Pear-
son correlation coefficient. In all tests, results were 

considered statistically significant when p <.05. All 
the analyses were performed in R (R Development 
Core Team, 2008).

Results
No significant differences were found between the par-
ticipants’ age, weight or height. However, the number 
of years of previous BMX experience was significantly 
lower in the RG compared to the EG (95% CI : [–10.41, 
–1.59]; t(4): –3.67; p: .019). 

With regard to the different kinds of jumps, the RG 
reached significantly lower heights than the EG with a 
difference of 95% CI: [-31.83, –0.84] cm (t(6): –2.6; 
p: .042) in the SJ. Similarly, the CMJ was significant-
ly lower in the RG (95% CI: [–32.65, –0.90] cm; t(6): 
–2.6; p: .041), while race time for the was RG longer, 
that is, more seconds (95% CI: [10.39, 17.65]; t(6): 
9.52; p < .001). Furthermore, no significant differences 
were found between groups for the DJ (t(6): 9.52; p: 
.06), Fatigue Index in the RJ (t(4): 1.04; p: .364) and 
Elasticity Index (t(4): 0.20; p: .852) variables. A com-
parison of the different values analysed can be found in 
Table 2 and Figure 2. 

The relationship between the different jump vari-
ables, the race times and rider level are described in 
Table 3. The race time correlated negatively with the 
values obtained in the SJ (R2

Adjusted: 0.58; F(1.6): 10.76; 
p: .017), the CMJ (R2

Adjusted: 0.58; F(1.6): 10.52. p: .018) 
and the DJ (R2

Adjusted: 0.55. F(1.6): 9.44; p: .022). Con-
versely, no jump test showed a significant interaction 
between rider levels (RG or EG). Furthermore, neither 
the FI or EI showed significant associations with either 
race time or rider level.

Figure 1 
Circuit used to assess competition scores 
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Table 2 
Comparison between groups for the different analysis variables

RG EG ∆ 95% CI t (df) p

Age (years) 19.75 (5.5) 19.75 (3.5) [–8.3. 8.3] 0(5) 1

Weight (kg) 70.25 (13.23) 69.25 (9.54) [–19.44. 21.44] 0.12(6) .907

Height (cm) 170.5 (10.41) 178 (3.37) [–0.23. 0.08] –1.37(4) .249

BMX experience (years) 4 (1.41) 10 (2.94) [–10.41. –1.59] –3.67(4) .019*

SJ (cm) 32.4 (8.1) 48.7 (9.6) [–31.83. –0.84] –2.6(6) .042*

CMJ (cm) 34.1 (8.5) 50.9 (9.7) [–32.65. –0.90] –2.6(6) .041*

DJ (cm) 34.9 (8.7) 48.6 (8.2) [–28.33. 0.80] 9.52(6) .06

FI (%) 100.36 (27.56) 85.35 (8.89) [–26.93. 56.93] 1.04(4) .364

EI (%) 5.27 (7.04) 4.54 (1.52) [–26.93. 56.93] 0.20(3) .852

RT (s) 75.07 (1.89) 61.05 (2.26) [10.39. 17.65] 9.52(6) .000**

Figure 2 
Graphic comparison between the groups for the variables related to the assessment protocol used
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Table 3 
Correlation table between race time, jump test and group

Race time Race time × Group 

rxy Adj R 2 F (1, 6) p Adj R 2 F (2, 5) p

SJ (cm) –0.801 0.582 10.76 .017* 0.563 5.51 .054

CMJ (cm) –0.798 0.576 10.52 .018* 0.55 5.29 .059

DJ (cm) –0.782 0.547 9.44 .022* 0.579 5.81 .05

FI (%) 0.305 0.058 0.61 .463 0.08 0.74 .522

EI (%) 0.118 0.15 0.09 .78 0.363 0.07 .935
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Discussion
This is the first study that seeks to examine the relation-
ships between the performance values obtained in differ-
ent jump tests and the top score recorded in a BMX race 
according to rider level. The results of this study reveal 
the existence of an indirect relationship between the time 
taken to complete the circuit and the jump height reached 
in the SJ (r: –.801; p: .017), the CMJ (r: –.798; p: .018) 
and the DJ (r: –.782; p: .022), which suggests that de-
veloping different power contents in specific training of 
concentric capacity (SJ), explosive elasticity (CMJ) and 
explosive elastic reflex (DJ) may bear a direct relation-
ship with race times. These results tally with those re-
ported by Bertucci et al. (2007), who found a statisti-
cally significant relationship between the height reached 
in these jumps (SJ and CMJ) and the amount of time 
needed to complete different parts of the circuit. This all 
suggests that jump tests could be a predictive tool of per-
formance in BMX in certain distances and circuits with 
similar characteristics to the one used in this study.

On the other hand, no statistically significant rela-
tionships were found between EI, FI and the best score 
on the circuit, a result which could be attributed to sev-
eral reasons. First, it is possible that the stretch-shorten-
ing cycle (SSC) which occurs during a BMX race is of a 
lesser magnitude and takes place much more slowly than 
in other types of situations, like in plyometric training. 
This would generate a lower level of force during the 
concentric phase of motion, since a direct relationship 
has been found between a lower duration of the isomet-
ric stabilisation phase (transition between the eccentric 
and concentric phase) and stronger impulsion during 
the concentric phase (Wilson et al., 1991). On the oth-
er hand, the joint positions adopted during the differ-
ent specific technical patterns made throughout the test 
(pedalling, jumping and pumping), the scant variabili-
ty in the working angles (between 0% and 5%) and the 
major role played by the arms in reducing the vertical 
impulsion generated could lead to a lower involvement 
of the elastic structures during the tests (Cowell et al., 
2012; Doré et al., 2006). Furthermore, the performance 
obtained in the first few metres of the race seemed to 
condition the end result enormously (Cowell et al., 
2012; Rylands & Roberts, 2014).

Based on the data obtained in this study, we suggest 
the use of tests in BMX that allow information to be 
obtained about the rider’s FI, since the use of relative 
values ignores important factors like the absolute force 
produced. These factors are fundamental in the first few 
metres of the race, when the riders have to overcome 
inertia and achieve the maximum acceleration possible. 
Theodorou et al. (2013) reported a significant correla-
tion between the absolute values obtained in 30-second 

vertical jump tests and the anaerobic power developed in 
the Wingate pedalling test.

Several limitations of this study should be borne in 
mind, the first being the sample size analysed. Although 
the sample in this study was small, the high proficien-
cy of the EG riders, along with the need for the RG to 
match the rest of the sample analysed, contributed to a 
smaller sample size. On the other hand, no partial times 
were taken for each part of the circuit, which could have 
improved the sensitivity of the variables chosen. Fur-
thermore, different types of circuits should be studied in 
order to detect the force profiles for each of them, and 
future studies which analyse larger samples of riders on 
a greater number of circuits are therefore needed.

Conclusions
The results of this study suggest that there is a direct re-
lationship between the best score obtained in BMX and 
jumping capacity in the SJ, CMJ and DJ tests. The abso-
lute values in jump height for the SJ, CMJ and DJ were 
higher in the EG. No significant differences were found 
for the EI and FI variables, despite the fact that the abso-
lute values of the EG were higher than those of the RG.
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