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Introduction

Lumbopelvic hip complex stability aims to maintain the 
spine within its physiological limits, preserving structural 
integrity against external and internal disturbances. 
Moreover, this complex involves the basis of the kinetic 
chain from which force is transferred to the distal segments, 
playing a key role in the joint load supported1,2. In this sense, 
the pedaling action in cycling represents a paradigm, due to 
the mechanical force transmission to the feet, accompanied 
by the lumbar and thoracic flexion positions3,4.

Several studies have shown that the stability and 
resistance of this complex can lead to greater performance of 
the torso on the saddle, which contributes to the optimizing 
of lower extremities’ mechanics during pedaling5,6. Fatigue 
alters lumbopelvic-hip stability in high intensity cycling6,7, 

and this can lead to poor lumbopelvic-hip complex stability, 
and thereby to poor alignment of lower extremities during 
pedaling or a deficit in the transfer or force applied to pedals5. 

Several authors have remarked upon the importance of 
assessing the cyclist’s musculoskeletal status to predict 
possible compensatory movements that may occur during 
pedaling to alter performance5, causing discomfort or 
overuse injury7-10. Disorders from movement patterns of 
the lumbopelvic-hip complex in cycling have been mainly 
analyzed during pedaling assessing the electromyographic 
activity (EMG) of the main muscles involved8. Kinematic 
evaluation has been implemented as well, through 
biomechanical motion capture systems, showing high 
reliability values (ICC=0.84–0.96)5,11,12. Finally, the ROM 
has been analyzed through different electronic devices such 
as the Spinal Mouse (ICC=0.84–0.97)4, 13 or BodyGuard 
(ICC≥0.97)13 used by Hoof et al.14.

Lumbopelvic complex stability has been successfully 
evaluated in the active population15-17. In this sense, mobile 
technology allowing evaluations of dynamic stability through 
its accelerometers, and the study by Guillén-Rogel et al., 
(2019) have shown the high reliability of the OctoCore 
system to assess lumbopelvic complex stability in two 
dynamic exercises16.

Unfortunately, scientific evidence on musculoskeletal 
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assessment in cycling is limited. Furthermore, there is some 
controversy regarding the validity of the tools applied for the 
lumbopelvic stability analysis18. The Functional Movement 
Screen (FMS) battery, which requires high experience of the 
evaluator19, as well as the front plank test20, the seat and 
reach, assessment of the hip ROM through a goniometer in 
supine position10, or the assessment of the anterior pelvic 
tilt in a sitting position, with knees extended through the 
SmartLevels device21, are tests that have not demonstrated a 
clear validity to assess lumbopelvic stability. 

To our knowledge, there are no previous studies evaluating 
the effects of intense cycling training on lumbopelvic stability 
in female cyclists. Therefore, the present study aims to 
assess the following: (1) The effects of an intense cycling 
training session on lumbopelvic-hip complex stability for two 
dynamic exercise tests (SLD and the variation on BD) via the 
OCTOcore app; (2) Whether there are differences between 
the SLD test and the modified BD variations in assessing 
stability in female cyclists after high intensity exercise.

Materials and Methods 

Experimental Design

Prior to the assessments all participants provided written 
informed consent for the use of their data in this study. In 
the case of the under the age of 18 years, written informed 
consent was obtained from each subject’s parent(s) or legal 
guardian(s). The research project was conducted according 
to the Declaration of Helsinki and was approved by the CyMO 
Research Institute granted Ethical approval to carry out the 
study (1.200.538). 

Participants 

Thirty-one elite female road cyclists (age: 19.8±5.3 
years; body weight: 53.6±2.8 kg; height: 164.8±3.4 cm) 
volunteered to participate in this study. All subjects were 
classified as post-puberal. Only experienced cyclists were 
involved in this study. They were members of a national club 
that participate in the road competitions of the national and 
international calendar, with a training routine based on six 
weekly sessions during the regular season. All participants 
were injury-free from three months ago, especially in 
terms of ankle joints and feet. The exclusion criteria were 
as follows: (1) Any cardiovascular, respiratory, abdominal, 
neurological, musculoskeletal, or other chronic disease;  
(2) any symptoms that could affect the musculoskeletal 
system; (3) self-reported regular menstrual cycles and not 
use oral contraceptives; (4) be in between the late follicular 
and early luteal phase.

Procedures

The cyclists completed two testing sessions at intervals 
of 24 hours. In the first session, each cyclist used her 
smartphone to test the reliability of the OCTOcore app for the 
two test modalities (partial range SLD and BD variation). The 

administration order of the tests were randomized among 
the cyclists, with five minutes of recovery between each test, 
as outlined by Guillén-Rogel et al.16 (2019). In the second 
session, each cyclist performed the same two tests (SLD and 
BD) before and after the indoor training session, using their 
own bike rollers. The order of exercises of the core stability 
tests were randomized among the cyclists again.

Measurements

OCTOcore App

The core stability was assessed following the protocol, 
previously described by Guillén-Rogel et al.16 (2019). 
The OCTOcore app (Check your MOtion, Albacete, Spain) 
was used to collect data, that presented high intraclass 
correlation coefficient (ICC) values (0.73-0.96) with low 
coefficient of variation (0.9% to 4.8%)16. The values of the 
standard error of measurement and the minimum detectable 
difference were 0.6 to 1.5 mm/s-2 and 2.1 to 3.5 mm/s-2, 
respectively16.To do this, the application was installed on the 
cyclists’ smartphones and used by them to self-evaluate their 
lumbopelvic-hip complex stability. The mobile phone was 
placed through a belt on the midline of the subject’s back, at 
the level of the iliac crests at the fourth lumbar vertebra. This 
application produced three measures for each exercise test:
I. Right (mm⋅s-2)
II. Left (mm⋅s-2)
III. Composite (mm⋅s-2)

Single-Leg Deadlift (SLD) 

The cyclists began the test standing with their backs to the 
wall, at a distance of two feet from the wall, with their feet 
positioned at the width of their hips, parallel to each other, 
and their arms crossed over their chests. During the entire 
test, each subject was asked to look forward. Following the 
indication of the mobile application, “left” or “right,” the 
subject was instructed to touch the wall with the indicated 
heel, keeping the trunk and leg straight and slightly leaning 
the trunk forward. Afterwards, they returned to the starting 
position, both feet parallel and resting on the ground, waiting 
for the next instruction of the application. Each exercise (left 
or right) was performed for 30 repetitions as a familiarization 
trial. After a three-minute break, participants performed 50 
repetitions.

Bird-dog (BD) Variation

According to Guillén-Rogel et al., (2019) in the “bird” 
or quadruped exercise, the contralateral upper and lower 
extremities are raised horizontally from the initial quadruped 
position. The lumbar spine and pelvis have to be kept in a 
neutral position, and the trunk kept as still as possible. The 
knees should be bent at 90°, and the toes on the ground 
facing forward. The cyclists performed repetitions, according 
to the random order marked by the application “left” or 
“right” stretching the selected leg with dorsiflexion of the 
ankle, lifting the opposite arm, parallel to the ground, with a 
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Figure 1. Effects of an intense training session on the lumbopelvic complex during the dynamic stabilometric tests: Single-leg deadlift 
(SLD), and bird-modified dog (BD) variation. (a) right side; (b) left side; (c) composite side. (*) Statistical difference from to pre-session 
(p≤0.05).
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90° shoulder abduction and external rotation (thumb facing 
the ceiling)16. Each exercise (left or right) was performed for 
30 repetitions as a familiarization trial. After a three-minute 
break, participants performed 50 repetitions.

Indoor Training Session

Each cyclist performed the training session on their own bike 
that was situated on bike rollers indoor trainers (RooDol). The 
session was according to the British Cycling Digital Training 
Plans and consisted of a 20-minute warm-up. The main part 
consisted of seven blocks of six-minute ramped intervals, 
which started with two minutes in the sweet-spot [88-93% 
of functional threshold power (FTP)], then two minutes in the 
94-106% of FTP, and the last two minutes in the 106-120% 
of FTP, followed by easy recoveries for five minutes (spin 
easy against minimal resistance). The cool down included 
10 minutes of spin easy. Each subject used a medium gear 
that allowed her to maintain 90 rpm during the efforts. The 
subject used her power training zones adjusted to functional 
threshold power, as described by Allen et al.22, (2014) using 
visual feedback from a monitor on the handlebars. 

Internal Workload

The heartrate [beats per minute (bpm)] was continually 
monitored using the heartrate monitor to supplement the 
powermeter. The subjective internal load of the session was 
measured using the session rating of perceived exertion 
method, as established by Borg’s category-ratio (Borg 
CR10), at the end of the session23. This method has been 
previously validated in cycling for use in the prescription of 
training for continuous- and alternated-intensity exercises, 
and it has shown a good correlation between Borg CR10 and 
Borg RPE24,25. 

Statistical Analyses

Data was analyzed using the PASW/SPSS Statistics 
20 (SPSS Inc, Chicago, IL), and the significance level was 
set at p≤0.05. The normality of the data was checked and 
subsequently confirmed via the Shapiro-Wilk test. Dependent 
variables (right, left, and composite) were evaluated with a 
two-way repeated measures analysis of variance (ANOVA) 
on a time x test. When a significant F-value was achieved, 
pairwise comparisons were performed using the Bonferroni 
post hoc procedure. Dependent variables of each test were 
re-measured on a different day to determine the test-retest 
repeatability of such measurements, by calculating the 
intraclass correlation coefficient (ICC

3,1
)26. The effect size 

statistic (η2) was analyzed to determine the magnitude of the 
effect, independent of sample size; values are presented as 
mean ± SEM. The level of significance was fixed at p≤0.05.

Results

The ICCs were greater than 0.84, indicating a high level 
of reproducibility in assessing the dependent variables - the 

SLD test (right: 0.87; left: 0.84; composite: 0.90) and BD test 
(right: 0.86; left: 0.85; composite: 0.90). 

For right side, a time effect was observed (p<0.05; 
η2=0.191), and poor performance was registered for both 
tests after the indoor training session. The SLD and BD were 
increased with respect to the pre-tests at 16% and 23%, 
respectively (Figure 1a). There were significant differences 
between the SLD and BD tests (p<0.05; η2=0.145). No time x 
test interaction effect was detected for the right side values 
(p>0.05; η2=0.094).

To the left side, there were no significant time effects 
for the SLD and BD tests (p>0.05; η2=0.070), and both had 
increased with respect to the pre-test at 21% and 15%, 
respectively (Figure 1b). There were no significant differences 
between SLD and BD tests (p>0.05; η2=0.172). No time 
x test interaction effect was detected for the composite 
values (p>0.05; η2=0.001) or the left side values (p>0.05; 
η2=0.010).

For composite, a time effect was observed (p<0.05; 
η2=0.137), and the SLD and BD tests were increased with 
respect to the pre-test at 15% and 17%, respectively (Figure 
1c). There were significant differences between the SLD and 
BD tests (p<0.05; η2=0.103). No time x test interaction effect 
was detected for composite values (p>0.05; η2=0.001).

Discussion

Our findings showed that an intense training session in 
experienced cyclists produced alterations on the lumbopelvic 
complex. Specifically, it was evidenced that after the cycling 
session, the athletes obtained a worse performance during the 
dynamic stabilometric assessment (SLD and BD), performed 
via the OCTOcore application. This tool was sensitive when 
objectifying the modifications induced as consequence of 
the moderate-high fatigue (RPE=8.6±0.6), because of a 
strenuous workout session. This was based on the findings 
of Arney et al. (2019) who found the following values in 
response to different intensities in interval exercise sessions, 
using the Borg CR10 to correlate with the Borg RPE, % 
heart rate reserve, and blood lactate (easy exertion=3.1±7.3; 
moderate exertion=6.5±1.2; hard exertion=8.9±1.1)24. 

The SLD and BD tests analyze lumbopelvic stability 
with greater intervention of the foot or shoulder girdle, 
respectively. Thus, the results of the present study show 
that the effects of intensity cycling affect the lumbopelvic 
complex stability both in movements involving the foot and 
shoulder girdle. To our knowledge, this is the first study to 
analyze the effect of an intense cycling session on these 
variables in trained cyclists. However, there is evidence on 
possible associations between the stability of the lumbopelvic 
complex and its effects on cycling performance. 

Rannama et al. (2017) related body control measured 
through the FMS test of the cyclist with central stability 
during pedaling, at different intensities, showing that cyclists 
with a lower score (≤14 points) in the test moved their bodies 
more on the saddle, due to low central stability and ability 
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to control their body movements7. Along the same lines, 
the existence of muscular synergies between the upper 
extremities and the trunk, as well as the influence that 
the stability of the latter may have on the increase of the 
articular moments of the upper extremities27,28 or in lumbar 
flexion6,8, has been previously indicated by the scientific 
literature. Finally, it is important to note that it has been 
previously shown that fatigue of the lumbopelvic complex 
causes alterations in kinematic variables during pedaling, so 
its stability represents a key factor from the biomechanical 
perspective of cycling5.

The results of our study demonstrated that both SLD and 
BD tests were sensitive to high intensity interval training. This 
reinforces ideas from previous studies on the relationship 
between central stability and lower and upper extremity 
mechanics during cycling5,7. The previous findings showed 
after-core fatigue protocol increased the total frontal plan 
knee motion and total sagittal plane knee and ankle motion 
values by 13.4-54.3%, during the incremental test in cycling 
protocol5. This could be because the cyclist, when they need 
to increase the power on the pedals, moves towards the tip 
of the saddle, which requires a greater stabilization of the 
trunk muscles to control the force from the upper to the 
lower extremities7. In this sense, our tool allows to monitor 
the intensity of the session by detecting the appearance 
of possible compensations that may cause a deficiency in 
pedaling mechanics, although its potential to quantify the 
load of the session must be explored in future studies.

Conclusion

In conclusion, the current study shows that an intense 
training session can produce significant alterations in 
lumbopelvic behavior in elite female cyclists. Furthermore, 
the OCTOcore app was sensitive in detecting these changes 
and could easily be used by the cyclists themselves. This 
makes it a useful and promising tool in the future for daily 
training routines. 
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