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Abstract:

This study was designed to identify neuromuscular adaptations of low back pain (LBP) cyclists
while cycling, and the impact of a cycling effort on spinal shrinkage. Forty-eight trained cyclists
rode their road bike on a smart trainer for 1-hour. Surface electromyography (EMG) recorded
muscle activity of the lumbar erector spinae (LES), 3D motion analysis system recorded kinematic
of the trunk, and stadiometry measured spinal height. Statistical comparisons were made using
repeated measure ANOVAs. The LBP group presented increase in pain levels throughout the effort
(»<0.001). A significant group difference was only observed for the thoracic angle (p=0.03), which
was more flexed for LBP. The one-hour cycling effort (time effect) significantly increased the
trunk flexion (»p<0.001) and thoracic flexion (p<0.001) for both groups. Significant lower LES
activation (35% less) was observed at the end of the effort for both groups. The effort induced a
decrease in MVC (p=0.001) and a decrease in spinal height (p=0.01) for both groups.
Neuromuscular adaptations to cycling effort is identified by a decrease in LES EMG amplitude
and an increase flexion of the trunk. Adaptation to pain is seen by an increase in thoracic flexion.
Despite these adaptations, LBP cyclists could not ride their bike pain-free.

Keywords: Road cycling, EMG, kinematic, stadiometry
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Introduction

Low back pain (LBP) is a complex condition with multiple contributors to both pain and
associated disability (1). It is the most common musculoskeletal complaint in the world, and the
leading cause of years lived with disability (2). LBP is widespread in the population including
athletes (2, 3). According to current evidence, the lifetime prevalence of LBP in athletes has been
reported to be ranging from 33% to 84% (4).

Although physical activity is associated with a healthier lifestyle, it does not always
contribute to a lower prevalence of LBP (5). It is still unclear whether practicing sports has a
protective effect or is a risk factor for developing LBP (6-8). In road cyclists, LBP accounts for
15% to 50% of reported injuries (9). Even though 24% to 60% of elite road cyclists report LBP
(10-12), only a few studies have explored the mechanism associated with LBP in road cyclists (13-
17).

Among those studies, it was observed that cyclists with LBP showed greater lumbar flexion
than controls (16). Cyclists with LBP were flexed at 74% of their maximal lumbar flexion,
compared to 63% for the control group. In addition, given that a prolonged flexed position
increased spinal pressure in the general population (18-20), it was hypothesized that cycling may
induce intervertebral discs (IVD) ischemia and altered IVD structure (21). Plus, it has been shown
that I[VD alteration is associated with the development of LBP (22). However, one study has shown
that painless high-volume cyclists have higher IVD height, and better hydration compared to non-
sporting referents (23). These results contrast with previous studies suggesting that cycling is a
risk factor for developing LBP (21, 24). Therefore, the impact of cycling in LBP athletes on IVD

still needs to be further investigated.
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Other researchers have studied trunk muscles activities in cyclists with LBP (13-15, 17).
For instance, lumbar muscles activity was assessed pre- and post-cycling with electromyography
(EMG) in cyclists with and without chronic LBP (14, 17). These two studies showed opposite
results regarding muscle fatigue. No myoelectric manifestations of fatigue of the lumbar erector
spinae (LES) was observed in the LBP group (14), while the other study revealed muscle fatigue
in the same muscle group (17). Another group of researchers assessed the low back muscles
activities before and after a cycling task of an average time of 38.5 minutes in a pilot study (15).
Their findings showed that the LBP group presented greater asymmetry in the superficial lumbar
multifidus activity at both the beginning and end of the effort, which suggests different
neuromuscular strategies to perform a cycling task.

Although interesting and innovative at that time, these studies could not benefit from recent
advances suggesting that LBP involve complex neuromuscular adaptations of the motor system.
According to Hodges and Tucker’ pain adaptation model, redistribution of EMG activity between
and within muscles represents one of the adaptations to pain (25). The model also proposes that
adaptation to pain may imply short-term benefits such as increasing protection of the
injured/painful part, but may induce long-term consequences, such as increasing the load,
decreasing movement and variability (25). Although studies conducted with cyclists have observed
changes in motor activation in the presence of LBP, most studies have focused on efforts of short
duration, muscle fatigue occurrence and muscle activity differences before and after the effort. It
remains to be determined how the low back muscles’ neuromuscular strategies and IVD height
adapted in cyclists with chronic LBP during a long cycling effort.

The main aim of this study was to assess the neuromuscular control by considering trunk

neuromuscular activity and kinematic during constant and controlled cycling effort in healthy
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cyclists versus cyclists with chronic LBP. This study also compared the spinal height difference
caused by the cycling effort between both groups. The last aim of this study was to identify the
effect of one-hour cycling task on the manifestation of lumbar muscle fatigue between both groups.
It was hypothesized that LBP cyclists use different neuromuscular strategies than pain-free cyclists
during a cycling effort. Regarding IVD height, because of the prolonged flexion, the height of both

groups should decrease after a cycling task.

Materials and Methods

Participants

Twenty-one participants with non-specific chronic LBP and twenty-seven healthy
participants with no history of LBP were recruited. Non-specific LBP was determined by the
exclusion of other spinal disorders, and refers to a symptom or a syndrome rather than a diagnosis
(26). A chiropractor (EMB) screened every cyclist. From the LBP group, exclusion criteria were:
Inflammatory arthritis of the axial skeleton, collagenosis, advanced osteoporosis, spinal surgery,
neuromuscular disease, malignant tumors, uncontrolled hypertension, infection or any other non-
mechanical pain; radiculopathy, progressive neurological deficit, myelopathy, lumbar disc
herniation; severe and incapacitating pain limiting the ability to perform the evaluation protocol in
the laboratory; pregnancy; congenital heart defects, heart disease, high blood pressure, metabolic
diseases which can cause problems with exertion. The inclusion criteria were: suffering from low
back pain while cycling for more than 4 months; being able to cycle for at least one hour; having
been cycling more than 1000 km per year for more than 2 consecutive years; being an amateur

cyclist.
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The control group had the same exclusion and inclusion criteria as the LBP group, plus no
history of acute/chronic upper or lower back pain in the past 6 months.

The project received approval from the Universit¢ du Québec a Trois-Rivieres ethics
committee for research with humans (CER-19-263-07.22) and all participants gave their written

informed consent prior to their participation in the study.

Study design

To identify neuromuscular adaptations to cycling in LBP participants and address the study
hypothesis, all participants were involved in one experimental session. At first, anthropometric
and sociodemographic data were collected. After, they completed two questionnaires, the modified
Oswestry Low Back Pain Disability Index (ODI) (27) to assess LBP-related disability and the
Keele Start Back Screening Tool (28) to assess prognostic indicators. Both were in their French,
validated versions. Maximal voluntary isometric trunk extension contractions (MVC) and trunk
height using a stadiometer were assessed before (baseline assessment) and immediately after the
effort (post-effort assessment). Between these measurements, participants rode their own road bike
mounted on a smart trainer (Kickr, Wahoo Fitness, Atlanta, USA) for one hour. Participants were
instructed not to participate in any heavy training or physical activities 24h before their testing
day.

Bicycle Measurements

The distance between the bottom bracket and the saddle, and the distance from the saddle
to the handlebar were measured with a measurement tape. Plus, the saddle angle was measured
with an inclinometer (Precision: £0.1°; Johnson, digital angle locator, model 40-6067, Mequon,

WI, USA). The cycling fit including saddle angle may have an impact on LBP (29).

Cycling Task
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Participants completed the one-hour cycling effort on their own road bike mounted on a
smart trainer (Kickr, Wahoo, Atlanta, USA), which measured their pedaling cadence and power
output. After a five-minute free warm-up, participants had to keep their hands on their lever hoods
for the next 55 minutes. Participants were asked to stay seated for the whole protocol. They were
asked to keep a cadence of 80-100 rotations per minute (RPM) (30) and a heart rate between 70%
and 80% of their maximal age-predicted heart rate. RPM, with the smart trainer, and the heart rate,
with a chest-strapped heart-rate-monitor (HRM-tri and 920 XT smartwatch, Garmin, Olathe,
USA), were continuously measured throughout the effort. Feedback from the evaluator was
provided if targets were not reached. The Borg scale was used to quantify perceived exertion every
5 minutes during the 60-minute effort (time 0 minute to time 60 minutes for a total of 13 data),
with a score ranging from 6 (nothing) to 20 (maximum exertion) (31, 32). Participants had to
maintain their Borg’s rating of perceived exertion below 17 (very hard). The aim was to recreate
a moderate effort during a one-hour ride without reaching exhaustion. LBP intensity was rated
every 5 minutes during the 60-minute effort using a visual analogue scale (VAS) (time 0 minute

to time 60 minutes for a total of 13 data). VAS was scaled from 0 (no pain) to 10 (worst pain).

Stadiometry

To understand the effect of cycling effort on spinal shrinkage, the external spinal height
variation was measured using a stadiometer in a protocol that had been previously validated (33).
Participants had to sit on a custom-built seated stadiometer (235 Heightronic Digital Stadiometer,
precision: = 0.1 mm; Measurement Concepts, Quick Medical, Snoqualmie, WA) (Figure 1). The
lower limbs were placed on an adjustable footrest so that the ankles were approximately in 10°
dorsal flexion, 100° knee flexion, and 100° hip flexion. Hands and forearms were placed on their

thighs. A cervical support, tailored to each participant’s spine and centered at C4 to C5, was placed
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between the custom wooden seat and the spine to maintain spinal alignment. The whole set-up was
inclined 5° backward. Participants had to stare at a target positioned at eye level in front of them.
Once the participants were correctly positioned on the stadiometer apparatus, the stadiometer head
platform was lowered to rest on the top of the subject’s head. When sufficient pressure was
reached, a sound alert indicated the evaluator to read the measurement. The same evaluator took
three repeated measures. This protocol was performed at the baseline assessment (time 0 minutes)
and at the post-effort assessment (time 61 minutes).

Figure I about here

Maximal Voluntary Contraction

Participants were asked to lay in a prone position on a 45° Roman chair, with the iliac
crests aligned with the chair cushion edge. They were then instructed to keep their trunk parallel
to the ground. A belt, fixed to the ground and attached to a load cell (Model LSB350; Futek
Advanced Sensor Technology Inc., Irvine, CA, USA), was installed over participants’ shoulders.
Participants were instructed to slowly lift their trunk until they could feel a tension in the belt.
From there, they were asked to perform a maximal isometric back extension contraction for at least
5 seconds. Participants had to perform three MVC separated with a minute of rest between each
attempt to limit muscle fatigue. Verbal encouragement was provided for each trial. This protocol
was performed at the baseline assessment (time 0 minutes) and at the post-effort assessment (time

61 minutes).

Data collection

Electromyography

Right and left LES muscles activity was recorded using four bipolar surface EMG

electrodes (Model DE2.1, Delsys Inc., Boston, MA, USA) and sampled at 2048 Hz with a 12-bit
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A/D converter (PCI 6024E, National Instruments, Austin, TX, USA). Each pair of electrodes were
placed at L1 and L4 level, and the recording sites were prepared according to SENIAM
recommendations (34). Electrodes’ material was 99.9% Ag, and the inter-electrode distance was
fixed at 10 mm. A reference electrode was placed on the right anterior superior iliac spine. The
data were collected by LabView (National Instruments, Austin, TX, USA). The bipolar EMG
signals were amplified by 1k or 10k. The data was collected for 60 seconds every five minutes, for
a total of 12 recordings while cycling (time 5 minutes to time 60 minutes).

Kinematics

Kinematics data were collected by a motion analysis system (Optotrak Certus, Northern
Digital, Waterloo, ON, Canada). Light-emitting diodes (LED) were positioned on the left side on
five anatomical landmarks: spine of the scapula (sensor 1), anterior superior iliac spine (sensor 2),
posterior superior iliac spine (sensor 3), L1 (sensor 4) and T7 spinous processes (sensor 5). The
data were sampled at 100 Hz. The data was collected for 60 seconds every five minutes, for a total

of 12 recordings while cycling (time 5 minutes to time 60 minutes).

Data Analysis

Every EMG signal from the cycling effort and the MVC were analyzed the same way. Each
bipolar EMG signal obtained from the four electrodes was digitally band-pass filtered in the
frequency bandwidth 20-450 Hz (2™ order Butterworth filter). Notch filters were also applied to
eliminate the 60 Hz power line interference, the 100 Hz kinematics instrumentation interference,
and the 240-249 Hz Bluetooth interference and their harmonics (120, 180, 200, 240, 300, 360, 400,
420 Hz). Bluetooth notch filter is based on a pilot study. Root means square (RMS) were calculated

on 500 milliseconds windows, with 250 milliseconds overlap. Then, myoelectric signals from each
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electrode were normalized using the following methods: MVC and the first cycling effort trial
(time 5 minutes). The first normalization technique was used to provide the level of erector spinae
muscle activation necessary to perform one hour of cycling. However, chronic LBP participants
may perceive the MVC protocol as challenging, and it is increasingly recognized that EMG
normalization with this population should be performed using another method (35). Normalization
using the first trial was used in our protocol. Therefore, the first EMG recording (time 5 minutes)
was removed from the statistical analysis. Only EMG recordings from the 10" to the 60" minutes
were considered. For each 60-second trial, the mean and standard deviation of RMS were
calculated for each electrode. In addition, to identify the presence of LES muscle fatigue, the
median frequency (MDF) was calculated for every 60-second trial of each electrode and MDF
slopes from time 5 minutes to time 60 minutes (36).

2D angles were calculated from the 3D coordinates of the LED needed. From five LED
sensors, four vectors were created, and three angles were calculated: vector 1 (sensors 1-4), vector
2 (sensors 4-3), vector 3 (sensors 1-5), vector 4 (sensors 2-3); angle 1 (trunk): (vectors 1 and 4);
angle 2 (lumbar): (vectors 2 and 4) and angle 3 (thoracic): (vectors 3 and 4). Data were low pass
filtered with a cut-off of 5 Hz bandwidth (4™ order Butterworth filter). All data were analyzed
using the Matlab software (R2021a; MathWorks; Natick, MA, USA).

For the MVC, only the trials with the highest force values from the baseline assessment
(time 0 minutes) and from post-effort assessment (time 61 minutes) were kept. Finally, for the
stadiometry, the mean of the baseline assessment measures, and the mean of the post-effort

assessment measures were calculated.

Statistical Analysis
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Normality of distribution for every dependent variable was assessed using visual inspection
and the Kolmogorov-Smirnov test. Independent T-tests were performed to determine whether
difference exists between LBP and control groups for the anthropometric and sociodemographic
data (table 1) and bicycle measurements. The Mann-Whitney U test was performed for variables
with non-normal distribution. T-tests were performed on means of the 13 data recordings of pain
levels and perceived exertion levels across cycling task. Repeated measures ANOVAs were
performed for spinal height and MVC variation to determine the effect of the task (time), group
differences and interaction between time and groups. For the EMG data, mean RMS of the 11 data
acquisitions for each individual electrodes were analyzed with repeated measured ANOVAs. The
first EMG data acquisition was used to normalize the other trials. Only data normalized with the
first trial was considered. Repeated measures ANOVAs were also performed for pain level and
perceived exertion level for 13 data acquisitions (time 0 minutes to time 60 minutes) to determine
the effect of the task (time), group differences and interaction between time and groups. Whenever
necessary ANCOVAs were used to control for confounding factors (e.g., significant between-
group differences in participants’ baseline characteristics). When significant, main effects were
decomposed using pairwise comparisons with p value corrected for the number of comparisons
using the Bonferroni test. Independent T-tests were performed for each electrode to compare
groups from MDF slopes. For all statistical analyses, p<0.05 was considered to be statistically
significant. Effect size of significant difference were calculated using partial eta-squared (np’;
0.01=small effect; 0.06=medium effect; 0.14=large effect). All analyses were done using SPSS
Statistics (IBM Corp. Released 2020. IBM SPSS Statistics for Mac, Version 27.0. Armonk, NY:

IBM Corp.)



236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

Results

Table 1 present participants’ characteristics. Saddle angle was 2.0 (£1.2°) for the control
group compared to 2.3 (£1.6°) for the LBP group; bottom bracket to saddle height was 72.3
(4.5 cm) compared to 71.1 (4.4 cm) for LBP; saddle to handlebar length was 65.3 (£5.1 cm) for
the control group compared to 65.6 (+4.2 cm) for LBP. No statistical difference was observed
between groups for all bicycle measurements: saddle angle (p=0.40), bottom bracket to saddle
height (p=0.36), and saddle to handlebar length (p=0.81).

Table 1 about here

Heart rate average was 138 (£12 BPM) for control and 133 (=11 BPM) for LBP; power
average on the pedal was 132 (42 watts) for control and 126 (+43 watts) for LBP; cadence average
was 91 (£8 RPM) for control and 92 (+9 RPM) for LBP. No statistical difference was observed
for the heart rate average (p=0.20), power average (p=0.64) and pedaling cadence average
(p=0.69).

As expected, the VAS pain score was statistically different between group (Figure 2a). A
time effect [F(1,12)=11.34, p<0.001] (mp>=0.20), group effect [F(1,1)=35.23, p<0.001]
(np*=0.19), and interaction effect [F(1,12)=10.71, p<0.01] (np>=0.43) were observed. No pairwise
comparisons were made on pain levels since it was not part of the objectives. Only one participant
in the control group scored 1/10 for the last 10 minutes of his effort. The Borg’s scale score was
statistically different across the time [F(1,12)=114.66, p<0.001] (mp>=0.72), but not between
groups [F(1,1)=0.06, p=0.80] nor interaction [F(1,12)=0.33, p=0.98] (Figure 2b).

Figure 2 about here
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Stadiometry

The mean height at baseline assessment was 90.48 (+£3.85 cm) and the mean height at post-
effort assessment was 90.20 (£4.01 cm) for the control group. The LBP group mean heights were
90.53 (+4.15 cm) before and 90.40 (£4.29 cm) after the cycling effort. There was a time effect
[F(1,1)=6.80, p=0.01] (np*=0.13), yet no group effect [F(1,1)=0.012, p=0.92], nor interaction

[F(1,1)=0.91, p=0.35] were present.
Maximal Voluntary Contraction

The MVC mean at baseline assessment was 68.71 (+20.09 N) and the MVC mean at post-
effort assessment was 65.26 (£22.05 N) for the control group. The LBP group mean MVC were
70.65 (£24.67 N) before and 65.83 (+19.22 N) after the cycling effort. MVC values decreased over
time significatively in all participants [F(1,1)=11.56, p=0.001] (np*>=0.20), but there was no group

effect [F(1,1)=0.04, p=0.84], nor interaction [F(1,1)=0.32, p=0.58].
Kinematics

Kinematics results are illustrated in Figure 3. Three participants were excluded from the
kinematics analysis due to technical issues with the sensors during the cycling task. A significant
main effect of time has been observed for angle 1 (trunk) [F(1,11)=4.41, p<0.001] (np>=0.09) and
angle 3 (thoracic) [F(1,11)=3.44, p<0.001] (np*=0.08), while a significant group effect was only
observed for the angle 3 (thoracic) [F(1,1)=5.16, p=0.03] (np>=0.11). The effect of time was not
significant for angle 2 (lumbar) [F(1,11)=0.43, p=0.94] (mp*=0.01). No group effect were
significant for angle 1 [F(1,1)=2.09, p=0.16] (mp?=0.05) and angle 2 [F(1,1)=0.43, p=0.52]

(qp*=0.01). No significant interaction was found for angle 1 [F(1,11)=0.86, p=0.58] (np>=0.02),
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angle 2 [F(1,11)=0.92, p=0.52] (np>=0.02), angle 3 [F(1,11)=0.76, p=0.69] (np*=0.02). The group
effect for the angle 3 remained unchanged after controlling for body mass (ANCOV As).

Figure 3 about here

Electromyography

The results of repeated-measured ANOVAs performed for individual electrodes RMS are
illustrated in Figure 4 (figure 4abcd). Eight percent of all trials from EMG recordings were
excluded from the analyses because of the too many noise artefacts. RMS decreased significantly
over time for all electrodes: L4 left [F(1,10)=2.30, p=0.01] (np*=0.05), L4 right [F(1,10)=9.50,
p<0.001] (np?=0.18), L1 left [F(1,10)=16.53, p<0.001] (np*=0.30), L1 right [F(1,10)=6.31,
p<0.001] (qp>=0.13). No group effect reached statistical significance for any electrodes: L4 left
[F(1,1)=0.73, p=0.40], L4 right [F(1,1)=0.28, p=0.60], L1 left [F(1,1)=0.10, p=075], L1 right
F(1,1)=0.07, p=0.79]. No interaction effect was statistically significant: L4 left [F(1,10)=0.92,
p=0.52], L4 right [F(1,10)=1.41, p=0.17], L1 left [F(1,10)=1.34, p=0.21], L1 right [F(1,10)=0.85,
p=0.58]. When EMG data were normalized using the MVC trials, results showed a mean LES
activation amplitude (4 locations and throughout the effort) at approximately 4.92 (+3.74%) for
the controls and 5.90 (+4.01%) MVC for cyclists with LBP of the first trial. For MDF data, all
slopes were positives: L4 left = 0.97 Hz/sec; L4 right = 0.98 Hz/sec; L1 left = 0.34 Hz/sec; L1
right = 0.91 Hz/sec. Independent T-tests showed no difference for MDF slopes between groups
for all electrodes: L4 left (#(46)=0.04, p=0.48), L4 right (#(46)=0.47, p=0.68), L1 left (#(46)=1.18.
p=0.13), except at L1 right (2(46)=1.06, p=0.02).

Figure 4 about here

Discussion
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The main objective of this study was to identify and compare trunk neuromuscular
strategies during a cycling effort between a group of cyclists with chronic LBP and healthy cyclists.
The results of the study showed that the amplitude of lumbar muscles activation (RMS) was similar
for LBP and controls cyclists. Participants in both groups decreased their level of muscle activation
(RMS) throughout the one-hour cycling effort. MDF slopes were positive for both groups. Those
results suggest that no manifestations of muscle fatigue were observed during the task for both
groups after the effort. Although the lumbar angle did not change during the cycling effort in either
group, the overall trunk and the thoracic angles changed over time for both groups. Cyclists were
more flexed at the end than at the beginning of the cycling effort in both angles. The LBP group
was less flexed than the control group when considering the thoracic angle only. Even though all
cyclists were able to perform the whole one-hour cycling effort, the pain level of the participants
with LBP increased throughout the effort. Overall, this suggests that all cyclists presented similar
level of muscular activity and different kinematic strategies to perform a one-hour effort on their
road bike, yet the LBP group failed in doing so pain free. The difference in kinematics appeared
in the thoracic region where no EMG was recorded. In addition, to assess the effect of the one-
hour cycling effort on discs loading, spinal height variation was measured. The results showed that
spinal height decreases from baseline assessment (time 0 minutes) to post-effort assessment (time
61 minutes) in both groups. This result means that the spine of all cyclists sustained a similar load
variation during the cycling effort.

The measure of spinal shrinkage was assessed since IVD decreased height is one of the
first sign of degenerative disk disease (37). One must remember that the measure of the spinal
height using stadiometry does not indicate segmental or regional changes. However, previous

study showed strong correlation between spinal height measure by stadiometry of the full spine
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and lumbar musculoskeletal ultrasonography (33). In the current study, spinal shrinkage, and
potentially spinal load changed over the one-hour cycling effort. A very high correlation has
already been demonstrated between spinal shrinkage and spinal load for prolonged static posture
(38, 39). For dynamic tasks such as cycling, it is unclear whether this correlation exists, but results
from a previous study suggest the correlation appears during these tasks (38). Moreover, spinal
loads measured during cycling appear to be similar to those assessed during standing, suggesting
that a greater decrease in spinal height indicates a greater spinal load in cycling tasks (40). In the
present study, a decrease in spinal height was observed in both groups between the baseline and
post-effort assessments. The average decrease in spinal height for the control group was 2.8 (+4.8
mm), which is similar to previous findings (38). The LBP group showed less spinal decrease, 1.3
(£6.5 mm), yet no significant difference between groups was observed. As there was no change in
the lumbar angle between groups, and stadiometry variations were similar, it could be argued that
the lumbar spine of all participants was submitted to similar physical stress throughout the one-
hour cycling effort.

The effect of the cycling effort was also observed in the erector spinae maximal strength.
No adverse effects were reported due to the MVC protocol. The decrease in MVC between
baseline and post-effort assessments in both groups may suggest the presence of low back muscle
fatigue (41). However, these results contrast with the positive EMG MDF slopes and a decrease
of the erector spinae muscle activity amplitude during the effort. Although MVC using Sorensen
protocol was shown to be reliable to detect low back muscle fatigue (42), the decrease in MVC
after the cycling effort may be influenced by the presence of lower extremity muscle fatigue.
Indeed, there is a decreased MDF observed in the hamstring through time during a Sorensen

protocol (43), and the same muscles are needed to complete a cycling task (44). Alternatively, one
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could argue that the targeted effort intensity (approximately 13 on Borg’s scale of perceived
exertion) at the end of the cycling effort was too low to induce muscle fatigue and that central
fatigue may have occurred.

In the current study, we found adaptations in the trunk kinematics across the cycling effort.
For both groups, trunk and thoracic angles decreased during the cycling effort. It corresponds to a
more flexed position towards the end of the cycling effort. Holding the same trunk position might
become challenging overtime. Consequently, participants may adapt their position into a more
flexed one. This decrease in trunk and thoracic angles may also induce a forward shift in the center
of mass. Such shift would decrease the load on low back structures and increase it in the upper
limbs (14). Asides, the lumbar angle remained constant throughout the cycling effort, matching
previous findings (15). These results suggest participants’ trunk was more flexed at the end than
at the beginning of the task regardless, the presence or the absence of pain.

Another neuromuscular adaptation we found changes in the neuromuscular control
throughout the cycling effort in both groups. The erector spinae muscle activity decreased during
the cycling effort for both groups in all four regions (L1 left, L1 right, L4 left and L4 right). Muscle
activation had decreased by an average of 35% at the end of the cycling effort compared with the
baseline assessment. This adaptation can be supported by the observation of greater trunk flexion
during the cycling effort. This change in kinematics could shift the cyclists' center of mass forward,
shifting the load from the back muscles to the upper limbs to relieve the lumbar spine. This
hypothesis is reinforced by a previous study showing higher muscle fatigue in the biceps brachii

of cyclists with LBP than in controls at the end of a cycling effort (14).
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In addition to these neuromuscular adaptations, we also showed differences in trunk
kinematics between cyclists with LBP and healthy cyclists. The trunk was less flexed in cyclists
with LBP than in their counterparts. This more upright position may be related to pain avoidance
strategies (25, 45). These results contrast with a previous study that has shown a more flexed
position of cyclists with LBP compared to pain-free athletes (16). In the present study, the
participants’ position was controlled (hands on lever hoods and seated) during the
kinematics/EMG recordings, while the participants in Van Hoof’s study were allowed to perform
the cycling exercise without restriction. This choice was made because the objective was to
identify neuromuscular mechanisms to pain adaptation, and not trunk movements. In the present
study, a more upright thoracic posture, observed in the LBP group, could be associated to a long-
term pain avoidance strategy (25, 45). Indeed, prolonged flexed position of the trunk will stretch
viscoelastic structures in the spine, which may increase the risk of spine injury (46, 47).
Conversely, the LBP group failed to ride their road bike pain free. With this observation, the
current study provides new insights of the long-term consequences of pain adaptations during long
duration motor task. These results suggest that part of the adaptation to pain is made by changes
in thoracic spine movement.

Contrary to our hypothesis, this study did not reveal a redistribution of muscle activity
between electrodes during the task (25). The EMG redistribution might not have been detectable
because of the low levels of muscle activation. Redistribution has been observed in erector spinae
of LBP participants during more demanding tasks requiring higher muscle activation intensities
(48-51). In the current study, while the participants produced moderate power (averaging 1.77
Watt/Kg) on the pedals, low activation levels of the LES were recorded (52). The use of four

bipolar electrodes may not be sufficient to detect muscle activity redistribution in comparison to
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matrixes of surface electrodes (High-Density surface Electromyography) (53). Although both
groups appeared to adopt the same EMG strategies to perform the task, the LBP group reported an
increase of pain levels throughout the cycling effort. LBP is a complex condition with multiple
contributors (1), and therefore, cyclists with LBP may have developed long-term adaptations such
as a decrease in erector spinae contribution and a change in thoracic posture, which allowed them
to complete their cycling effort. This study sought to understand neuromuscular adaptations in
presence of LBP in cyclists. The decrease in EMG amplitude represents one of many
neuromuscular adaptations of low back muscles. The appearance of a plateau (stop in decreasing)
at around time 40 minutes might also be another way to adapt to the task. Further study will be
needed to understand these phenomena.

One of the strengths of this study is that both groups were similar in their cycling
experience. Both groups presented a similar number of kilometers ridden on their bicycle yearly,
and the same number of years riding a road bike. However, body mass was statistically different
(LBP group being heavier) but ANCOVAs suggested the reported effects were not due to body
mass differences. It has been suggested that overweight or obesity is a risk factor of LBP (54, 55).
However, to our knowledge, there is no study that has investigated the differences in physiological
data (EMG, kinematics, stadiometer) between cyclists of different BMI category. Another strength
is that both groups have a similar experience on their road bikes, which leads us to believe that
they have the same level of fitness. Both groups presented similar saddle angle, bottom bracket to
saddle height and saddle to handlebar length, which suggests that both groups were fitted to their
bike similarly. Another methodological consideration is that EMG data were normalized using the
first trial, which limit the possibility to compare EMG activity at the beginning of the cycling task.

However, normalization with MVC is not recommended with LBP participants (35). Finally, it
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should be noted that in the current study, participants experienced low level of pain during the
cycling task. It has been shown that the pain intensity in chronic low back pain patients fluctuated
in time. People experiencing LBP usually have period of flare-up and period of remission (56, 57).
However, even in remission periods, participants suffering of chronic low back pain still present
different neuromuscular strategies than pain-free participants. (25, 58). In addition, our results still
demonstrated some adaptation to pain. It remained to be determined whether higher level of pain

may induce different adaptation to pain in cyclists.

Conclusion

Results showed that a one-hour cycling effort causes trunk neuromuscular changes. Road
cyclists present no neuromuscular sign of fatigue in the LES yet decreasing in maximal trunk
extension contractions was observed. Cyclists also showed decreasing LES activity during cycling
efforts, which may be due to a shift in the center of mass. In addition, a one-hour cycling effort
sitting in the same position increases spinal shrinkage, due to increased spinal load. Knowing that
increase load may cause damage to the IVD, the road cyclist prolonged flexed position may be a
risk factor for disc degeneration and LBP.

In addition, we found that LBP and control cyclists had different kinematics strategies
throughout the cycling effort. Cyclists with LBP tend to be less flexed in the thoracic spine than
control cyclists, which may indicate a long-term adaptation to the task. Cyclists with LBP seem to
develop kinematic strategies to complete prolonged cycling efforts. However, such strategies

could not prevent the increase in pain throughout the effort.
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Figure 1: Schematic representation of the custom-built seated stadiometer set-up. Participants’

footrest height and cervical spine support were adjusted to their height.

Table 1: Participants’ baseline characteristics and PROMs: This table presents demographics and
PROMs of the participants. LBP, low back pain; cm, centimeter; kg, kilogram; Km, kilometer;
ODI, Oswestry Disability Index; SD, standard deviation; NA = No answer; PROMSs, patient-
reported outcome measures, * < 0.05, p-value based on T-test for height, body mass, pain scale
and Borg’s scale, p-value based on Mann-Whitney U test for age, Km on bicycle/year and year on

bicycle

Figure 2: Evolution of pain and perceived exertion during cycling effort based on repeated
measures ANOVAs results. The black line represents the LBP group and the gray line the control
group. Circles and triangles represent the mean, and vertical bars show the standard deviation. The
time axis (X-axis) is divided in 13, which represents the baseline assessment (time 0 minutes) to
the last data acquisition (time 60 minutes). 2a represents the VAS pain score throughout the cycling
effort (0 =no pain; 10 = worst pain ever). 2b represent the Borg’s scale score for perceived exertion
(6 = nothing; 20 = maximal exertion). For 2b, every pairwise comparisons were significative
except for trials: (5-6), (5-7), (6-7), (7-8), (8-9), (9-10), (9-11), (9-13), (10-11), (10-12), (10-13),

(11-12), (11-13), (12-13).

Figure 3: Evolution of kinematic angles during the cycling effort based on repeated measures
ANOVAs results. The black line represents the LBP group and the gray line the control group.

Circles and triangles represent the mean, and vertical bars show the standard deviation. The time
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axis (X-axis) is divided in 12, which represents the first acquisition (time 5 minutes) to the last

data acquisition (time 60 minutes). The Y-axis shows angle in degree.

Figure 4: Evolution of EMG activation amplitude (RMS) during cycling effort, based on repeated
measures ANOVAs. The black line represents the LBP group and the gray line the control group.
Circles and triangles represent the mean and vertical bars shows the standard deviation. The time
axis (X-axis) is divided in 11, representing the time 10 minutes (second data acquisition) to time
60 minutes (the last data acquisition). Time 5 minutes (the first data acquisition) is not displayed
since it has been used to normalize the other data acquisitions. The Y-axis shows percentage of
activation normalized on first trial as 100%. 3a represents the mean RMS normalized of electrodes
placed at L1 left; 3b represents the mean RMS normalized of electrodes placed at L1 right; 3c
represents the mean RMS normalized of electrodes placed at L4 left; 3d represents the mean RMS

normalized of electrodes placed at L4 right. * < 0.05, p-value based on pairwise comparisons.
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