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Abstract

Recreational cyclists often participate in events that exceed their usual activity levels, increasing the risk of musculoskel-
etal discomfort. Reduced flexibility is a contributing factor, yet no studies have examined mobility interventions to
address this issue. This randomized controlled trial investigated the effects of a 6-week pre-event mobility intervention
on musculoskeletal discomfort scores, the number of participants reporting discomfort by body region, and active flexi-
bility in recreational cyclists participating in a two-day, 250-km ride. Fifteen participants were allocated to a control group
(n=7), maintaining their usual training, or an intervention group (n = 8), completing the mobility intervention. All parti-
cipants completed questionnaires and flexibility tests before and after the intervention. The intervention group showed a
significant reduction in musculoskeletal discomfort scores (12 [4.3] pre vs 4.5 [3.5] post; p =0.029), whereas no signifi-
cant change was observed in the control group (10 [13.0] vs 12 [11.0]; p=0.446). The number of participants reporting
discomfort by body region increased in the control group but remained stable in the intervention group, with no signifi-
cant between-group difference (MD = |.2; p=0.052). Greater improvements in active flexibility were observed in the
intervention group for the posterior chain (MD =—-8.6; t=-2.663; p=0.013), while flexibility of the soleus decreased
in both groups but declined less in the intervention group (MD =-2.8; t=-2.146; p=0.041). These findings suggest
that adding mobility intervention before a recreational cycling event may reduce discomfort and support flexibility.
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Introduction recreational cycling events remain underexplored in the sci-
entific literature. To our knowledge, only two studies have
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events can greatly exceed what recreational cyclists are
accustomed to, highlighting the importance of proper con-
ditioning to reduce musculoskeletal discomfort and the
risk of overuse injury.* The second study, by Du Toit
et al. (2020), specifically investigated gradual onset injuries,
defined as symptoms of a chronic (non-traumatic) cycling
injury severe enough to interfere with cycling, require treat-
ment, or necessitate medical advice from a health profes-
sional.®> Using this definition, they reported a prevalence
of gradual onset injury of only 1.1% at the time of registra-
tion to Cape Town Cycle Tour in 2016, a notably low rate.’
This might be attributable to several factors: recreational
cyclists may not recognize musculoskeletal discomfort as
a symptom of chronic cycling injury, may not accumulate
enough cycling volume to perceive their symptoms as
severe enough to warrant changes in their cycling habits,
and consequently may be less likely to seek medical advice.

Given the limited research on musculoskeletal discom-
fort and overuse injuries among cyclists during recreational
cycling events, we rely on existing studies conducted with
professional cyclists. De Bernardo et al. (2012) examined
the prevalence of overuse injuries among professional
cyclists participating in major European cycling competi-
tions, reporting a rate of 62.7%.> The lower limb was the
most affected area, accounting for 67.9% of all overuse
injuries.” However, elite and recreational cyclists differ sub-
stantially in both age (elite cyclists are typically younger)
and training volume (recreational cyclists generally train
less). These differences may influence both the type and fre-
quency of cycling overuse injuries. Therefore, findings
from elite populations may not directly apply to recreational
populations.

Among the factors contributing to musculoskeletal
discomfort and overuse injuries in cycling, the literature fre-
quently highlights reduced flexibility as a key determin-
ant.'' Therefore, stretching and other mobility-related
interventions are commonly recommended to prevent these
issues. Yet, to our knowledge, no studies have investigated
chronic mobility interventions among recreational cyclists.
Mobility interventions, which are intended to enhance flexi-
bility, can take various forms, including static stretching,
dynamic stretching, proprioceptive neuromuscular facilita-
tion (PNF), yoga, tai chi, whole-body vibration, foam
rolling, resistance training and others. However, evidence
regarding their long-term effects on flexibility is mixed,
with some interventions providing minimal benefits'*~"*
while others are well documented as effective,'>'*2°
Among them, foam rolling and proprioceptive neuromuscu-
lar facilitation (PNF) stretching are well-known for their
effectiveness.'*'® Combining foam rolling with PNF
stretching may therefore represent an innovative and more
engaging alternative to traditional static stretching, poten-
tially enhancing cyclists’ interest and adherence. There is
no research specifically addressing the impact of a mobility
intervention combining foam rolling and PNF stretching on

musculoskeletal discomfort and flexibility among recre-
ational cyclists.

Thus, this study aims to investigate the effects of a
6-week mobility intervention combining foam rolling and
PNF stretching of the lower limb implemented prior to a
two-day, 250 km recreational cycling event. Using a rando-
mized controlled trial design, we will examine three pri-
mary outcomes: (1) musculoskeletal discomfort scores,
(2) the number of participants reporting discomfort by
body regions, and (3) active flexibility. These measures
will be assessed 6 weeks before and 1 week after the event
to determine the intervention’s impact on recreational
cyclists. This study hypothesizes that a 6-week mobility
intervention will lead to significant improvements in mus-
culoskeletal discomfort scores, a reduction in the number
of participants reporting discomfort by body region, and
enhanced active flexibility among recreational cyclists par-
ticipating in a recreational cycling event.

Materials and methods

Study design

A randomized controlled trial was conducted to assess the
effects of a mobility intervention implemented prior to a
recreational cycling event on cyclists’ musculoskeletal dis-
comfort scores, the number of participants reporting dis-
comfort by body region, and their active flexibility. Road
cyclists registered for this two-day, 250-kilometre event
were randomly assigned to either the control group or the
intervention group. The control group maintained their
usual training, whereas the intervention group completed
a six-week mobility intervention prior to the event. All par-
ticipants completed a series of questionnaires and under-
went a battery of tests pre- and post-intervention (after the
cycling event).

Participants

A call for study participation was posted on the event’s
social media platforms, and the organization sent an email
to registered cyclists. All interested cyclists meeting the
inclusion criteria were included, specifically those partici-
pating in the recreational cycling event who were 18 years
or older and had no restrictions on engaging in regular phys-
ical activity. A sample of 20 cyclists volunteered for the
study; five participants did not complete the study due to
various circumstances (work-related musculoskeletal
issues, an inappropriate bike size and fit, a bike accident,
an injury unrelated to cycling and a lack of interest). The
final sample included 15 cyclists randomly assigned to
either a control group (n=7; 3 females; 42.4 +12.5 years
old) or an intervention group (n=38; 3 females; 46.9 +
14.4 years old). Although no predetermined sequence or
formal stratified randomization was used, participants
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Figure |. Flowchart of the study.

were randomly allocated to groups, with efforts made to
balance sex distribution. As the study was based on volun-
tary participation, no a priori power analysis was conducted.
Consequently, the final sample size reflects the maximum
number of participants that could be recruited within the
available timeframe and resources. Before taking part in
the study, all participants were informed of the aims and
procedures and signed an informed consent form. The study
received approval from the institutional Research Ethics
Committee (2026-801). Figure 1 shows the participant
flow in the study, covering recruitment, group assignment,
exclusions, and the final sample sizes for both the interven-
tion and control groups.

Protocol

Each participant attended the university kinesiology clinic
individually on two occasions: pre- and post-intervention.

The pre- and post-intervention visits occurred 6 weeks
before and 1 week after the recreational cycling event,
respectively. The post-intervention visit was scheduled
one week after the recreational cycling event to ensure
that fatigue, pain perception, and flexibility were not
affected by the event. These visits were scheduled around
the same time of day to ensure consistent timing and min-
imize potential effects on flexibility measurements.
Forty-eight hours before each visit, participants received
an email reminding them not to engage in any physical
activity within 24 h and to avoid consuming caffeine, alco-
hol, or muscle relaxants within 12 h beforehand. They were
also instructed to wear their usual cycling gear for the tests.
The consent form was sent by email before the pre-
intervention visit; however, it was signed at the clinic,
allowing participants to read it and ask the research assistant
questions if necessary. During each visit, participants com-
pleted a series of questionnaires administered through
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interviews and performed a battery of active flexibility tests.
The first questionnaire was the “Get Active Questionnaire”
from the Canadian Society for Exercise Physiology, which
was used to determine whether participants had restrictions
on engaging in physical activity.>' The second and third
questionnaires included participants’ demographic charac-
teristics and training habits. These questionnaires covered
sex, age, cycling experience, training history, future train-
ing plans, injury history, bike fitting (professional or
proshop), occupation type, and participation in complemen-
tary sports. The fourth questionnaire was a modified version
of the Cornell Musculoskeletal Discomfort Questionnaire.
During the pre-intervention visit, the questionnaire assessed
musculoskeletal discomfort experienced during the past
week, whereas at the post-intervention visit, it assessed
discomfort experienced since the previous visit (pre-
intervention visit). All four questionnaires were completed
at the pre-intervention visit, while only the training habits
questionnaire and the modified version of the Cornell
Musculoskeletal Discomfort Questionnaire were adminis-
tered at the post-intervention visit. Then, the battery of
active flexibility tests targeted the lower limbs, including
the posterior and anterior chains, hamstrings, gluteus max-
imus, soleus, and quadriceps, bilaterally. At the end of the
pre-intervention visit, the research assistant presented,
demonstrated and practiced the mobility intervention with
each participant of the intervention group. Then, to ensure
standardization, all participants in the intervention group
were provided with the same foam roller.

Mobility intervention

The mobility intervention includes a sequence of foam
roller exercises and proprioceptive neuromuscular facilita-
tion (PNF) stretches. Inspired by Sharman et al. (2006), par-
ticipants in the intervention group performed the routine
two to three times per week over the six weeks preceding
the recreational cycling event.>* The routine typically takes
about 15 min, with each exercise done once on each side
(right and left).>* These exercises, inspired by Isidro et al.
(2021), Wanich et al. (2007), and Sanner and O’Halloran
(2000), can be done alone and with minimal equipment
(see mobility intervention in Appendix 1).>%!' Using a
foam roller (model 8858864, Corength, Decathlon,
France), participants performed five back-and-forth rolls
on muscles including the hip flexors, adductors, iliotibial
band, glutes, hamstrings, and calves, applying pressure
that may be perceived as mild discomfort. This foam rolling
method was adapted from Pagaduan et al. (2022)."°
Following this, PNF stretches targeted the quadriceps, glu-
teus maximus, hamstrings, and soleus. Based on Sharman
et al. (2006) and Weerapong et al. (2004), participants first
performed a passive stretch to the point of mild tension or
slight discomfort, without pain.?*** Next, they performed
an isometric contraction against resistance for 5-8 s at

approximately 30-50% of their maximal effort. After a
3-s relaxation phase, another passive stretch was applied
for 5 to 8 s, again to the point of mild tension or slight dis-
comfort. Participants were instructed to keep a journal of
each time they performed the intervention and to bring it
to the research assistant at the post-intervention visit.

Musculoskeletal discomfort score

The musculoskeletal discomfort score was calculated using
a modified version of the Cornell Musculoskeletal
Discomfort Questionnaire.”* This questionnaire gathered
information on the frequency and intensity of discomfort,
whether it disrupted their physical activity routine, and, if
applicable, whether the discomfort affected one or both
sides of specific body regions. Certain body regions were
grouped in the questionnaire to simplify the interview and
to focus on regions commonly reported for musculoskeletal
discomfort among cyclists. A musculoskeletal discomfort
score was obtained by multiplying the scores for frequency,
intensity, interference, and the number of sides affected
for each body region. More specifically, the discomfort
frequency was rated on a four-point scale: “several times
a day” (3), “once a day” (2), “only occasionally” (1), or
“never” (0). Discomfort intensity was rated on a three-point
scale: “very uncomfortable” (3), “moderately uncomfort-
able” (2), or “a little uncomfortable” (1). Regarding interfer-
ence with physical activity routines, a “yes” response was
scored 2, and a “no” response was scored 1. For the number
of sides affected by body region, a score of 1 was assigned
if only one side was affected, and 2 if both sides were
affected. For regions that cannot be divided into sides, a
score of 1 was assigned. These scores were then summed
across all regions to produce each participant’s musculo-
skeletal discomfort score.?” Thus, a higher score indicates
greater musculoskeletal discomfort, whereas a lower score
reflects less musculoskeletal discomfort. The pre- and post-
intervention scores were used for statistical analysis.

Number of participants reporting musculoskeletal
discomfort by body region

The number of participants reporting musculoskeletal discom-
fort by body region was derived from the modified Cornell
Musculoskeletal Discomfort Questionnaire. This represents
the number of participants in each group (intervention and
control) who reported discomfort in each body region assessed
by the questionnaire. To evaluate changes over time, the dif-
ference between pre- and post-intervention counts was calcu-
lated for each body region. These differences were then used
in the statistical analyses. For each body region, prevalence
was calculated as the proportion of participants reporting dis-
comfort within each group (intervention or control).
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Active flexibility assessment

Active flexibility assessment is particularly relevant for
cyclists, as it captures the muscles’ ability to stretch during
antagonist contraction, a process that happens while pedal-
ling and directly influences its mechanics. It is assessed by
active range of motion, which is the maximum joint angle
achieved during voluntary contraction of the antagonist
muscle, causing the target muscle to stretch. Goniometry
was used to evaluate the active range of motion, as it is con-
sidered the gold standard.?® Only one research assistant per-
formed all tests, both pre- and post-intervention, to
minimize inter-professional errors. Each test was conducted
on a massage table using a digital goniometer (model
35-310, iGaging, USA). Participants wore their usual cyc-
ling clothing, which allowed accurate identification of ana-
tomical landmarks and proper placement of the goniometer.
The participants’ positions, the instructions provided, the
goniometer placements, and the angles measured for each
test are detailed in Table 1. The procedures for all tests
were inspired from Clarkson (2020), except for the soleus
protocol, which was adapted from Witvrouw et al.
(2003).2%% Participants followed the instructions and main-
tained each position until the angle was taken. Tests were
first performed on the left side, then repeated on the right
side. For each side, three measurements were taken within
a 5-degree range, and the average was calculated to provide
a result for each side. If a value exceeded the 5-degree
range, the researcher’s assistant repeated the measurements.
It is important to note that each result was adjusted so that
higher angles reflected greater flexibility. Finally, the differ-
ences between pre- and post-intervention results were cal-
culated to evaluate changes in active flexibility. These
data were then used for statistical analysis.

Statistical analysis

Descriptive statistics were presented as mean + standard
deviation (SD) for parametric variables. Non-parametric
variables were expressed as median [interquartile range]
(IQR) for continuous data and as frequencies (%) for cat-
egorical data. Inferential statistics were used: 1) to confirm
that the two groups (intervention and control) were similar
in demographic and training habits characteristics, and ii) to
evaluate the hypotheses that the mobility intervention
would lower musculoskeletal discomfort score, reduce the
number of participants reporting musculoskeletal discom-
fort by body regions, and increase active flexibility.

For the demographic and training habits comparisons,
variables such as the number of rides per week, average
intensity, and weekly distance were analyzed using inde-
pendent samples t-tests when the assumptions of normality
(Shapiro-Wilk test) and homogeneity of variances
(Levene’s test) were satisfied (p>0.05). When these
assumptions were violated, the non-parametric Mann—

Whitney U test was applied to compare age, cycling experi-
ence, and average ride duration. Chi-square tests were used
for categorical variables, including sex, current training sta-
tus, injury history, bike fitting, occupation type, terrain rid-
den, type of training cycle, use of progressive training, and
multisport participation.

To evaluate the hypotheses, data were initially assessed
for normality and homogeneity of variances using fre-
quency histograms, Shapiro-Wilk tests, and Levene tests.
Non-parametric analyses were used when data were not
normally distributed or when variances were unequal.
Musculoskeletal discomfort score was analyzed with
pre-post within-group comparisons using Wilcoxon
signed-rank tests. Changes in the number of participants
reporting musculoskeletal discomfort by body region and
in active flexibility between groups were compared using
independent-samples t-tests. The significance level for all
inferential tests was established at p<0.05. All descriptive
and inferential analyses were performed with JASP version
0.95.1 (JASP Team, University of Amsterdam, The
Netherlands).

Results

Participants’ demographic and training habits characteris-
tics are summarized in Tables 2 and 3. The study population
was predominantly male (60.0%), with a median age of
43.0 years [15.5] and a median cycling experience of 5.0
years [9.0]. Nearly half of the participants (46.7%) reported
at least one traumatic injury in the last five years, and 6
(40.0%) had experienced a musculoskeletal injury in the
past five years. In the week preceding the visit, 14
(93.3%) reported musculoskeletal discomfort. Thirteen par-
ticipants (86.7%) reported having a sedentary occupation,
whereas only two (13.3%) had an active occupation.

Regarding training habits, at the pre-intervention visit,
11 participants (73.3%) were already trained, while 4
(26.7%) participants were at the start of their season.
Eleven participants (73.3%) reported using a progressive
training approach, and the same number also trained year-
round, while four (26.7%) did not follow a progressive
approach or train year-round. Participants reported an aver-
age of 2.9 + 1.0 rides per week, with a median ride duration
of 1.5 h [0.4], a mean intensity of 6.2 + 1.2 out of 10, and a
weekly distance of 115.1 +54.3 km. Nine participants
(60.0%) rode on a combination of terrain (flat, rolling hills,
and hills). Most participants (80.0%) engaged in multiple
sports, whereas only three (20.0%) focused exclusively on
cycling. Nine participants (60.0%) had previously under-
gone a professional bike fitting (performed by a bike shop
or an expert). When comparing both groups, no significant
differences were identified in demographic and training
habits characteristics.

Table 4 presents musculoskeletal discomfort scores for
all participants in each group before and after the
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Table 2. Participants’ demographic characteristics.

Group
All
Control Intervention participants  p-value
Category (n=7) (n=8) n (%) (U or % value)
Sex Female 3 3 6 (40.0)  0.833 (x*>=0.045)
Male 4 5 9 (60.0)
Age (years) Median [IQR] 450[185] 41.5[11.0] 43.0[155] 0.684 (U=24.000)°
<30 2 0 2 (13.3)
3140 I 4 5(333)
41-50 2 2 4 (26.7)
>50 2 2 4 (26.7)
Cycling experience (years) Median [IQR] 3.0 [4.0] 7.5 [9.5] 5.0 [9.0] 0.560 (U=22.500)°
0-2 3 2 5(33.3)
3-5 I 2 3 (20.0)
6-10 2 | 3 (20.0)
>10 I 3 4 (26.7)
Current training status Pre-trained 4 7 I1(733)  0.185 (x*>=1.759)
Season-start 3 | 4 (26.7)
History of injuries in the past 5  Traumatic injuries 3 4 7 (46.7)  0.782 (x*=0.077)
years prior to the study period Musculoskeletal injuries 2 4 6 (40.0) 0.398 (xz =0.714)
History of injuries in the last Traumatic injuries 0 | I (6.7) 0.333 (x*=0.938)
week prior to the study period Musculoskeletal discomfort 6 8 14 (93.3) 0.268 (x2 =1.224)
Bike fitting Yes 4 5 9 (60.0)  0.833 (x>=0.045)
No 3 3 6 (40.0)
Occupation type Active I | 2(133) 0919 (x*=0.010)
Sedentary 6 7 13 (86.7)

Note. Categorical data are presented as n (%) (*Chi-square test) and continuous data as median [IQR] (°"Mann-Whitney U test). n =number of

participants; % = percentage of all participants; IQR = interquartile range.

intervention. The control group showed a non-significant
increase of 2 points in the post-intervention score (p=
0.446; w =9.000; z=—0.845). In contrast, the intervention
group show a significant decrease of 7.5 points in the post-
intervention score (p =0.029; w=34.000; z=2.240).
Table 5 presents the number of participants reporting
musculoskeletal discomfort by body region before and after
the intervention in both groups. The control group showed
an increase in the number of participants reporting muscu-
loskeletal discomfort by body region (1.1 +1.5), whereas
the intervention group remained relatively stable (—0.1 +
1.2). Although the difference between both groups was
not statistically significant, a tendency was observed, with
a mean difference of 1.2, a t-value of 2.071, and a p-value
of 0.052. Additionally, a greater number of participants in
the control group reported musculoskeletal discomfort
across multiple body regions at post-intervention, particu-
larly in the lower back and wrist/hand. In the control group,
the number of participants experiencing lower back discom-
fort increased from 2 (28.6%) pre-intervention to 6 (85.7%)
post-intervention, representing an increase of 4 (57.1%). In
contrast, no change was observed in the intervention group,
in which 3 (37.5%) participants reported lower back dis-
comfort at both time points. A similar pattern was observed
for the wrist and hand region. In the control group, affected
participants increased from 1 (14.3%) to 4 (57.1%), while

the intervention group saw wrist’/hand discomfort decrease
from 6 (75%) to 5 (62.5%), a reduction of 1 participant
(12.5%). In the intervention group, musculoskeletal dis-
comfort decreased, with buttock discomfort declining
from 2 (25%) to 0 (0%), although upper back discomfort
increased from 0 (0%) to 2 (25%).

Regarding active flexibility results, pre- and post-
intervention differences within each group are expressed
in degrees (°) and presented in Table 6, along with the
results of independent-samples t-tests. Significantly greater
improvements in active flexibility were observed in the
intervention group compared to the control group for
the posterior chain (mean difference = —8.6; t=—2.663;
p=0.013) and soleus tests (mean difference = —2.8; t=
—2.146; p=0.041). A tendency toward larger improve-
ments in active flexibility was observed in the intervention
group compared to the control group for the hamstring and
gluteus maximus tests (mean difference = —4.2; t= —1.746;
p=0.092 and mean difference = 3.9; t=—1.754; p=0.090,
respectively).

Discussion

The study examined the effects of a six-week mobility inter-
vention combining foam rolling and PNF stretching of the
lower limbs in recreational cyclists prior to a two-day,
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Table 3. Participants’ training habits.

Group
Control Intervention All participants p-value
Category (n=7) (n=8) n (%) (t, U or ¥* value)
Average number of Mean + SD 27+13 3.1+0.7 29+1.0 0.515 (t=-0.669)*
rides per week <2 3 I 4 (26.7)
34 3 7 10 (66.7)
>5 | 0 I (6.7)
Average time per ride Median [IQR] 1.510.3] 1.6 [0.6] 1.5 [0.4] 0.349 (U= 19.500)"
(hours) <l 0 0 0 (0)
1-2 6 6 12 (80.0)
2-3 0 I I (6.7)
>3 | I 2 (13.3)
Average intensity Mean + SD 63+1.6 6.1 £0.9 62+12 0.733 (t=0.349)"
Moderate effort (4/10) | 0 1 (6.7)
Average (5/10) | 2 3 (20.0)
Somewhat difficult (6/10) I 3 4 (26.7)
Difficult (7/10) 2 3 5(33.3)
Very difficult (8/10) | 0 I (6.7)
Extremely difficult (9/10) | 0 I (6.7)
Average kilometers Mean + SD 111.7+70.4 118.1 +40.4 115.1 +£54.3 0.829 (t=-0.220)*
per week <100 3 2 5(33.3)
100-200 3 6 9 (60.0)
>200 I 0 1 (6.7)
Terrain Flat 2 0 2 (13.3) 0.217 (x*=3.058)°
Rolling hills | 3 4 (26.7)
Hills 0 0 0 (0)
Combination 4 5 9 (60.0)
Training cycle Year-round training 4 7 Il (73.3) 0.185 (x> =1.759)°
Summer-only training 3 I 4 (26.7)
Progressive training Progressive training 4 7 Il (73.3) 0.185 (x*=1.759)°
Non-progressive training 3 I 4 (26.7)
Multi-sport Yes 6 6 12 (80.0) 0.605 (x> =0.268)°
No | 2 3 (20.0)

Note. Parametric data are presented as mean + SD (*Independent samples t-test). Non-parametric data are presented as median [IQR] (*Mann-Whitney
U test) for continuous variables or as n (%) (“Chi-square test) for categorical variables. SD = standard deviation; IQR = interquartile range; n = number of

participants; % = percentage of all participants.

250-kilometre recreational cycling event. Results showed
that the intervention significantly reduced the musculoskel-
etal discomfort score and tended to prevent increases in the
number of participants reporting musculoskeletal discom-
fort by body region. Additionally, the intervention group
showed greater improvement in posterior chain active flexi-
bility than the control group. Although active flexibility of
the soleus decreased in both groups, the decrease was smal-
ler in the intervention group than in the control group.
Participants in the intervention group demonstrated high
adherence to the mobility intervention. All participants
reported completing the intervention at least twice per
week between the pre- and post-intervention assessments.
These results provide valuable insights into the potential
benefits of incorporating foam rolling with PNF stretching
into the training routine for recreational cyclists.

The scientific literature addressing the prevalence of
musculoskeletal discomfort among cyclists, whether

professional, amateur, or recreational, is extensive.* 2~

3+ A frequently cited study by Wilber et al. (1995) reported
that, in their cohort of recreational cyclists, the most
affected regions were the neck (48.8%), knees (41.7%),
groin/buttocks (36.1%), hands (31.1%), and back
(30.3%).® These findings partially align with those
observed in our cohort. At post-intervention, musculoskel-
etal discomfort in the control group was most frequently
reported in the lower back (85.7%), followed by the
hands/wrists (57.1%) and the upper back, knees, and
ankles/feet (42.9% each). Although the anatomical distribu-
tion of discomfort generally aligns with the literature, the
prevalence in our sample was markedly higher, particularly
in the lower back. Differences in bike type in Wilber’s
cohort (mountain vs. road) may partly explain this discrep-
ancy, as our participants used only road bikes. Even
though the literature examines the prevalence of musculo-
skeletal discomfort, to our knowledge, no previous studies
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Table 4. Participants’ musculoskeletal discomfort scores pre- and post-intervention.

Group Participants Pre Post Differences

Control Ccol 13 9 —4
Cco2 21 4 -17
Co3 17 27 +10
Co4 0 | +I
C05 I 22 +21
Co6 3 13 +10
Cco7 10 12 +2
Median [IQR] 10 [13.0] 12 [11.0] +2.0

Intervention 101 12 7 -5
102 18 2 —-16
103 12 4 -8
104 12 5 -7
105 13 3 —-10
106 3 I -2
107 8 10 +2
108 8 6 -2
Median [IQR] 12 [4.3] 4.5 [3.5] =75

Note. Data are presented as median [IQR]. Values represent musculoskeletal discomfort scores, with higher scores indicating greater discomfort.
Differences correspond to within-participant changes (post — pre). IQR = interquartile range.

have specifically examined the effects of a mobility inter-
vention on musculoskeletal discomfort or flexibility (pas-
sive or active) among cyclists, regardless of performance
level.

Moreover, no study has combined foam rolling and PNF
stretching modalities to reduce musculoskeletal discomfort.
Nevertheless, the significant reduction in musculoskeletal
discomfort score observed in our intervention group aligns
with broader evidence supporting mobility interventions,
such as stretching, foam rolling, or yoga, for reducing mus-
culoskeletal discomfort.*> Notably, a 2025 systematic
review by Konrad et al. reported beneficial effects of
chronic stretching interventions (static, dynamic) lasting 4
weeks to 6 months on musculoskeletal discomfort.*®
Across six studies involving 658 predominantly sedentary
and inactive participants (i.e., truck drivers, office workers,
and students), five studies reported significantly greater
reductions in discomfort in intervention groups compared
with controls. As in Konrad’s study, our sample consisted
mainly of office workers and students, reflecting predomin-
antly sedentary occupations. Despite their sedentary work,
our participants were physically active, which could influ-
ence the intervention’s outcomes due to greater physical
demands.

Only a limited number of studies have examined mobil-
ity interventions for musculoskeletal discomfort in athletic
populations.*”*®* Among them, the study by Iranmanesh
et al. (2025) investigated the effects of a stretching interven-
tion on several outcomes, including low back discomfort, in
male professional football (soccer) players.® Football is not
a cyclic sport; however, it involves repetitive movement
patterns that share biomechanical demands with cycling.
In contrast to cycling, football is intermittent and

characterized by frequent changes in speed and direction.
Furthermore, in Iranmanesh’s study, participants were pro-
fessional athletes who were younger and trained at higher
volumes and intensities than recreational athletes. In that
study, participants performed dynamic stretching before
practice and static stretching afterward, five times per
week for 8 weeks, resulting in reduced lower back
discomfort.

From pre- to post-intervention, the intervention group
showed a trend toward a more similar number of partici-
pants reporting musculoskeletal discomfort by body region,
whereas the control group showed a greater increase.
Specifically, in the control group, four additional partici-
pants reported lower back discomfort and three more
reported wrist’hand discomfort at post-intervention, while
the number of affected participants in the intervention group
remained similar in these regions. Although the
between-group difference did not reach statistical signifi-
cance, these findings may suggest that the mobility inter-
vention helps limit the development of discomfort in
specific body regions. This interpretation is consistent
with the systematic review by Konrad et al. mentioned
above.>® In Konrad’s review, two studies assessed musculo-
skeletal discomfort by prevalence across body regions or
the total number of body regions the participant reported
as painful.***! Significant reductions in these parameters
were observed, indicating fewer body regions and fewer
participants affected in the intervention groups.

The group that underwent the mobility intervention
achieved greater gains in posterior chain active flexibility
than the control group. Both groups showed a decrease in
soleus active flexibility, but the decline was significantly
smaller in the intervention group. The intervention group
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Table 5. Number of participants reporting musculoskeletal discomfort by body regions pre- and post-intervention.

Pre Post
Participants Participants
reporting reporting
musculoskeletal Participants by body musculoskeletal Participants by body
discomfort regions discomfort regions Differences
Group n (%) n (%) n (%) n (%) n (%)*
Control (n=7) 6 (85.7) Neck 0 (0) 7 (100.0) Neck I (143) +1(143)1
Upper back 2 (28.6) Upper back 3 (42.9) +1 (143) 7
Shoulder I (14.3) Shoulder 0(0) —1(143) T
Elbow 0 (0) Elbow 1 (143) +1(143) T
Lower back 2 (28.6) Lower back 6 (85.7) +4 (57.1) Tt
Wrist/hand | (14.3) Wristhand 4 (57.1) 43 (42.9) T1T
Hips 2 (28.6) Hips 1 (143) —1(143) T
Buttock 0 (0) Buttock I (143) +1(143) T
Thigh | (14.3) Thigh 2(286) +1(143)°
Knee 2 (28.6) Knee 3(429) +1(143)°
Ankle/ffoot 2 (28.6) Ankleffoot 3 (42.9) +1 (143) 1
Intervention (n=8) 8 (100.0) Neck I (12.5) 8(100.0) Neck 2(250) +1 (1251
Upper back 0 (0) Upper back 2 (25.0) +2 (25.0) T*
Shoulder I (12.5) Shoulder I (12.5) 0(0)
Elbow 2 (25.0) Elbow 1 (125) =1 (125
Lower back 3 (37.5) Lower back 3 (37.5) 0(0)
Wrist/hand 6 (75.0) Wrist/hand 5 (62.5) —1 (12.5) 1
Hips I (12.5) Hips 0(0) -1 (125 F
Buttock 2 (25.0) Buttock 0 (0) -2 (25.0) T
Thigh 0 (0) Thigh 1 (125) +1 (125 T
Knee 3 (37.5) Knee 4(50.0) +1 (125)1
Ankleffoot 3 (37.5) Ankleffoot 2 (25.0) —1 (12.5) 1

Note. Data are presented as n (%). Differences correspond to within-group changes (post — pre). *Symbols indicate magnitude of change: T = small (1), T
=moderate (12),“LT =large (+3/+4). n=number of participants; % = percentage based on the group.

Table 6. Comparison of mean flexibility differences (°) before and after the intervention period between control and intervention

groups.
Control Intervention Mean difference

Muscle (mean + SD) (mean + SD) (intervention - control) SE t-value p-value
Posterior chain —0.1 +8.6 85+9.1 -8.6 3.245 —2.663 0.013
Anterior chain 0.5+5.6 1.8+4.6 -1.3 1.864 —0.671 0.508
Hamstrings —-06+73 3.6+59 —4.2 2.409 —1.746 0.092
Gluteus maximus 0.1 +£52 39+6.5 -3.8 2.164 —1.754 0.090
Soleus —49+37 —-2.1+35 -2.8 1.306 -2.146 0.041
Quadriceps —1.1+48 —-1.2+4.1 0.1 1.609 0.072 0.943

Note. Data are presented as mean + SD. Mean differences represent between-group differences (intervention — control). p-values were obtained using
independent samples t-tests. Bold values indicate statistically significant differences (p <0.05). SD = standard deviation; SE = standard error.

also showed a trend toward greater gains in active ham-
string and gluteus maximus flexibility. These findings sug-
gest that integrating foam rolling with PNF stretching into
recreational cyclists’ routines offers benefits for active flexi-
bility. While both PNF stretching alone** and foam rolling
alone'”* are generally recognized to enhance active flexi-
bility, combining foam rolling and PNF stretching within
the same intervention to enhance active flexibility is rela-
tively uncommon in the literature. Nevertheless, a
meta-analysis by Konrad et al. (2021) evaluated the effect

of combining foam rolling with stretching (either static or
dynamic) on range of motion, comparing it to stretching
alone, foam rolling alone, and control conditions.**
Importantly, the studies included in this review focused
exclusively on acute effects, with single-session interven-
tions, rather than chronic effects of the interventions.
Their analysis demonstrated that the combined treatment
produced greater improvements in range of motion than
control conditions, but no additional benefit was observed
compared with stretching or foam rolling alone. Notably,



Michaud et al.

PNF stretching was not included in the protocols analyzed
in the meta-analysis, leaving a gap in understanding its
effects within combined interventions. Our study addresses
a gap in the literature by examining the long-term effects of
a combined PNF stretching and foam rolling intervention
on active flexibility. While our results provide new insights
into the effectiveness of this combined method, future
research should compare its effects with those of other inter-
vention strategies to determine whether combining these
techniques truly offers additional benefits over using each
one individually.

Limitations

This study has several limitations that should be considered
when interpreting the results. First, the sample was small
and heterogeneous, comprising participants from a conveni-
ence sample at a recreational cycling event. Thus, the exter-
nal and internal validity of the findings were limited. As a
result, the findings cannot be generalized to other popula-
tions, and the participants may have responded differently
to the mobility intervention. Second, the recall period for
the Cornell Musculoskeletal Discomfort Questionnaire
was inconsistent across assessment points: participants
reported discomfort from the previous week at the pre-
intervention visit and from the previous seven weeks at
the post-intervention visit. This discrepancy in reporting
periods reduces the comparability of pre- and post-
intervention musculoskeletal discomfort scores and may
affect the validity of the conclusions. In addition, because
the questionnaire relies on self-report, responses may be
influenced by recall bias, omissions, or individual differ-
ences in pain perception. Furthermore, psychosocial vari-
ables such as stress and anxiety, which are known to
affect pain perception and the development of chronic
symptoms,** were not measured and should be incorporated
in future studies to provide a more comprehensive under-
standing of musculoskeletal discomfort. Third, bike fit,
another key factor associated with cycling-related discom-
fort, *? was reported in Table 2, but the effect was not eval-
uated or controlled, and may have significantly influenced
the outcomes of cycling-related discomfort. Future research
should include an assessment of bike fitting. Lastly, partici-
pants’ training habits were not standardized, and variations in
training volume or intensity, as well as exposure to prolonged
cycling effort, could have influenced or altered the reported
discomfort. Greater control over training-related variables
would strengthen the design of future studies.

Practical implications

This study’s findings have important practical implications
for coaches, kinesiologists, athletes, and sports medicine
experts. Adding foam rolling and PNF stretching to recre-
ational cyclists’ training routines has the potential to reduce

musculoskeletal discomfort and benefit active flexibility
throughout the season. Because musculoskeletal discomfort
is common among recreational cyclists, targeted interven-
tions such as foam rolling and PNF stretching might help
prevent cycling-related discomfort. These methods should
be part of a comprehensive program that also includes
strength training, conditioning, and proper bike fitting. A
holistic approach is necessary to meet the varied physical
needs of recreational cyclists.

Conclusion

A 6-week mobility intervention involving foam rolling and
PNF stretching of the lower limb implemented prior to a
two-day 250-km recreational cycling event significantly
reduced musculoskeletal discomfort and tended to limit
the development of discomfort in recreational cyclists.
The mobility intervention also appears to increase active
flexibility in the posterior chain and preserve soleus active
flexibility, which declines more when no mobility interven-
tion is performed. These findings suggest that adding foam
rolling and PNF stretching to the routines of recreational
cyclists before a cycling event may help reduce musculo-
skeletal discomfort and benefit their active flexibility. To
enhance understanding, future research should investigate
psychosocial factors, bike fitting, and training periodization
while incorporating biomechanical and neuromuscular
aspects of cycling-related discomfort. By clarifying the rela-
tionship between active flexibility and musculoskeletal dis-
comfort, sports medicine professionals can develop more
effective protocols to improve cyclists’ comfort and support
healthier lifestyles.
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