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ABSTRACT
Growing evidence supports strength or resistance training (RT) as an effective method for enhancing cycling performance, 
but many cyclists remain reluctant to incorporate it due to perceived detrimental effects, such as excessive residual fatigue 
and unwanted hypertrophy. Furthermore, controversy persists regarding optimal training methodologies. This narrative 
review aims to summarize current evidence on the effects of RT on cycling performance, as well as to address its potential 
impact on body composition and bone health. We also provide evidence-based recommendations on best practices for RT 
implementation. Overall, the addition of 1–2 weekly sessions of RT with moderate-to-high loads (60%–85% 1RM), 2–4 sets 
per exercise across 3–5 compound lower-body movements, and limited intra-set fatigue (10%–20% velocity loss) has proven 
beneficial for improving key cycling performance indicators. Recent evidence also suggests that high-load on-bike torque 
training may serve as an effective strategy when conventional RT is not feasible. When implemented as described, RT does 
not appear to negatively affect performance through unwanted hypertrophy. Although further research is warranted, RT 
also emerges as a potentially effective strategy to counteract the low bone mineral density commonly observed in competitive 
cyclists. However, the magnitude of these benefits largely depends on precise programming, particularly intensity, proximity 
to failure, and temporal separation from endurance training sessions. In summary, current evidence supports the role of RT 
for improving both health and performance in cyclists, but further research is warranted to determine the optimal training 
parameters to maximize its benefits.

1   |   Introduction

Cycling is a complex sport in which performance is determined 
by both extrinsic factors (e.g., race profile, weather conditions, 
altitude) and individual variables (e.g., mental, physical, phys-
iological, and technical attributes) [1–4]. Among the latter, 
performance is essentially determined by the ability to sus-
tain high power output values (i.e., the product of the torque 

applied to the crank and pedaling cadence), which is in turn 
conditioned by other physiological factors such as maximal 
aerobic capacity, fractional utilization, or economy/efficiency 
[1–4]. While enhancing endurance capacity has traditionally 
been the primary focus of cycling training, recent evidence 
underscores that the ability to generate and sustain high levels 
of torque is a critical determinant of competitive success [5, 6]. 
For instance, our research group observed that differences in 
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power values between cyclists of different performance levels 
(e.g., UCI WorldTeam, Pro-Team, or Under-23) were mostly 
due to differences in torque rather than cadence [5]. Similarly, 
the ability to sustain high torque values under fatigue, a key 
component of durability, has been identified as a differentiat-
ing factor of top-level cyclists [6].

Given the central role of torque for power output production, 
attaining high levels of lower-body muscle strength is likely of 
relevance for cycling performance. Growing evidence indeed 
supports the association of muscle strength indicators and cy-
cling performance. In elite cyclists, knee extension maximum 
voluntary torque and rate of torque development are positively 
associated with W′—a key marker of anaerobic capacity—and 
critical power [7, 8] while quadriceps muscle volume has been 
identified as a determinant of peak power output (PPO) [9, 10]. 
More recently, Javaloyes et al. [11] analyzed a large cohort of cy-
clists from the same national team and observed that maximum 
strength (1-repetition maximum) on the back squat exercise was 
positively associated with maximal aerobic power expressed in 
absolute units and relative to body mass.

These associations suggest that enhancing lower-body muscle 
strength may be a meaningful lever for improving cycling per-
formance, supporting the rationale for incorporating resistance 
training (RT) into cyclists' programs. However, despite growing 
evidence in favor of this strategy [12], many cyclists remain re-
luctant to do so [13]. Indeed, a recent study involving 147 profes-
sional cyclists reported that while the vast majority engage in 
two RT sessions per week during the off- and pre-season (~90% 
overall, with higher adherence in women than men), fewer than 
half (48%) maintain any RT during the competitive season [13]. 
Persistent concerns over excessive muscle mass gains—reported 
by 45% of respondents—and practical barriers such as travel, fa-
tigue, and racing schedules were identified as the primary obsta-
cles to consistent practice.

Previous reviews have tried to summarize the effects of RT 
on cycling performance. For instance, two narrative reviews, 
published more than 10 years ago, synthesized existing evi-
dence on the effects of RT on cycling performance, as well as 
on the potential mechanisms involved. However, a large num-
ber of studies have been published since then. More recently, a 
meta-analysis quantitatively summarized the benefits of RT on 
specific cycling performance indicators (e.g., time trial perfor-
mance, maximum oxygen uptake [VO2max], ventilatory thresh-
olds) [12]. Nonetheless, numerous research gaps remain, such as 
the effects of strength training on specific cyclists' populations 
(e.g., female cyclists, master cyclists) or on other relevant indi-
cators (e.g., body composition). Moreover, the influence of RT 
parameters (e.g., frequency, intensity, proximity to failure) on 
cycling performance also remains to be determined. It is also 
worth noting that, in recent years, the so-called “torque” train-
ing has gained popularity as a potential alternative to traditional 
gym-based RT [14–17]. However, to the best of our knowledge no 
previous review has attempted to summarize evidence on this 
training type.

Under this context, this narrative review aims to summarize 
current evidence on the effects of RT in cyclists, with a main 
focus on cycling performance but also addressing its impact on 

body composition and bone health. Furthermore, we aim to pro-
vide evidence-based recommendations on best practices for RT, 
including an appraisal of on-bike RT as an emerging alternative 
to conventional gym-based exercise. For this purpose, we per-
formed a non-systematic search in PubMed (from inception to 
May 2026) using the terms “cycl*” and “triathl*” combined with 
others related to the intervention of interest (i.e., “resistance 
training,” “strength training,” “concurrent training,” “torque 
training”). This search was complemented by manual screening 
of the reference list of retrieved articles and recent reviews on 
the topic. Given the non-systematic nature of the selection strat-
egy, this narrative review is prone to selection bias. To ensure 
a high level of evidence, we prioritized randomized and non-
randomized controlled trials conducted in cyclists assessing the 
effects of gym-based or on-bike torque training on cycling per-
formance, body composition, or bone-health outcomes. In order 
to provide practical recommendations on how to perform RT, 
evidence could be derived from studies conducted in non-cyclist 
populations when studies in cyclists were not available. Studies 
derived from conference proceedings and non-peer-reviewed 
publications were excluded.

2   |   Effects of Resistance Training on Cycling 
Performance

Growing evidence consistently supports that incorporating 
traditional gym-based RT (mainly with moderate-high loads 
and multi-joint lower-body exercises; see section on Practical 
Applications for more details) provides significant benefits in 
cycling performance. A summary of some of the main trials 
assessing the effects of RT in cycling performance is shown in 
Table 1.

Classic studies in this field, with training programs based on multi-
joint lower-body exercises performed with high loads, have shown 
robust increases in maximum strength and power production pa-
rameters, accompanied by improvements in pedaling economy 
and performance in prolonged time-trial efforts and Wingate-type 
sprint tests, without substantial changes in maximal oxygen up-
take (VO2max) [24, 26, 27]. For instance, Rønnestad et al. [24] ob-
served that the addition of 2 weekly sessions of heavy RT based 
on half squats performed at 85%–90% of 1RM (4RM) during a 
12-week preparatory period improved not only maximal strength 
but also 40-min time-trial performance and peak and mean sprint 
power compared with endurance training alone. Importantly, 
these improvements with RT occurred despite no significant dif-
ferences between groups in VO2max gains, which might suggest 
that the performance gains induced by RT could be mainly medi-
ated by neuromuscular adaptations. Similarly, in a study involving 
young high-level cyclists, Aagaard et al. [27] observed that adding 
RT to regular endurance training was associated not only with in-
creases in maximal strength and rate of force development (RFD) 
but also with improvements in 20–40 min time trial performance 
and transitions in muscle fiber phenotypes from type IIX to IIA, 
again without significant changes in VO2max. Consistent with 
these findings, Sunde et al. [26] further demonstrated that heavy 
RT improved gross efficiency during submaximal cycling, provid-
ing additional mechanistic support for the economy-related bene-
fits. Two recent studies derived from one randomized controlled 
trial have further corroborated these findings, showing that full 
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squat-based programs (2 sessions/week, 70% 1RM) improve sprint 
power and maximal aerobic power in well-trained cyclists [16, 17].

Evidence in support of these beneficial effects has accumu-
lated in the last decade. A recent meta-analysis by Llanos-
Lagos et  al. [12] synthesized 17 controlled trials in which 
heavy RT (1–3 sessions per week) was integrated with regular 
cycling training for periods of 5–25 weeks, and its results indi-
cate small-to-moderate improvements in specific performance 
indicators (i.e., time trials and tests to exhaustion), as well as 
in efficiency/economy and anaerobic power. In turn, changes 
in VO2max, maximal aerobic power (MAP), and other indi-
cators such as maximal lactate steady state (MLSS) and ven-
tilatory thresholds did not reach statistical significance [12]. 
Evidence also shows that the benefits of adding RT extend to 
conditions in which performance is limited by accumulated 
fatigue (i.e., the so-called durability). It has been observed that 
after ~3 h of submaximal cycling at moderate intensity, cy-
clists who added heavy RT to their usual endurance programs 
exhibited lower ratings of perceived exertion, reduced blood 
lactate concentration, and a more stable heart rate response 
during the final stages, and subsequently produced greater 
power outputs in 5-min maximal efforts and 30-s sprint tests, 
suggesting improved durability [28, 29].

Although less extensive, evidence in female cyclists converges 
with the findings observed in men. In well-trained compet-
itive female cyclists, adding 2 weekly heavy RT sessions for 
11 weeks increased not only maximal strength (1RM), but 
also 40-min time-trial performance while reducing the frac-
tional utilization of VO2max and improving pedaling econ-
omy, again without significant changes in VO2max [32]. In 
addition, in well-trained female endurance athletes, heavy 
RT improved performance in a 5-min all-out test performed 
after ~3 h of submaximal exercise, indicating enhanced ability 
to sustain high power output following prolonged prior work 
(i.e., improved durability) [35].

3   |   Effects of Resistance Training on Body Mass 
and Body Composition

Traditionally in endurance sports, and particularly in cycling, 
concerns have been raised regarding the potential increase in 
body mass associated with RT and its possible negative impact 
on performance, especially during uphill climbing where the 
influence of gravity increases. This perception remains prev-
alent among professional cyclists. As mentioned above, in a 
recent survey of 147 UCI professional road cyclists, 45% re-
ported being concerned about gaining excessive muscle mass 
as a consequence of RT [13]. However, available evidence sug-
gests that traditional RT does not typically cause meaningful 
increases in total body mass in cyclists, while it can improve 
absolute power and preserve or even increase relative power 
output [43].

Classical studies reinforce this idea. In competitive cyclists, a 
maximum strength block based on half squats (4 × 4 at 4RM) 
for 8 weeks produced significant improvements in pedaling 
economy without changes in body mass [26]. Although power 
was reported in absolute terms, the absence of changes in body 

mass indicates that improvements in performance were not 
accompanied by a weight penalty. Similarly, in another study 
in well-trained cyclists, 12 weeks of high-load RT increased 
thigh cross-sectional area and peak power in Wingate; of note, 
the gain in relative power was greater than that of the control 
group, indicating that any change in body mass was insuffi-
cient to limit relative performance [24]. Another study in elite 
cyclists showed small seasonal increases in lean lower-body 
mass among cyclists who combined RT and endurance training 
during 25 weeks compared with those who undertook only en-
durance training, but the former improved sprint relative power 
and relative power output in a 40-min time trial, implying per-
formance improvements despite minimal changes in total body 
mass [31, 33].

Studies that analyze not only body mass but also body compo-
sition provide a key insight: body recomposition may be more 
relevant than absolute weight. In professional cyclists, both a 
traditional heavy RT program and one based on the so-called 
“optimal load” (i.e., training with the load that maximizes exter-
nal power output) increased muscle mass and reduced fat mass 
without changing total body mass, while improving strength/
power and 8-min time trial performance [37]. In master cyclists, 
a combined strength and sprint program increased lean mass 
in the lower-body and improved sprint variables, suggesting 
that regional muscle gain can translate into greater power out-
put with minimal impact on total weight [36]. This pattern has 
been confirmed in more recent randomized controlled trials, 
in which squat-based RT increased quadriceps cross-sectional 
area without inducing meaningful changes in total body mass 
[16, 17]. Indeed, quadriceps muscle volume has been identified 
as an important predictor of torque production capacity and 
even PPO [9, 10]. Similarly, a study in female cyclists found that 
the improvement observed in a 40-min time trial after 11 weeks 
of RT was positively correlated with the increase in quadriceps 
cross-sectional area [32].

Taken together, the available evidence suggests that the addition 
of RT in cyclists elicits minimal increases in body mass, and al-
though it can increase lower-body muscle mass, these increases 
are associated with even larger increases in power production 
capacity, thereby yielding improvements not only in absolute 
power, but also in relative power production.

4   |   Beyond the Muscle: Effects of Resistance 
Training on Bone Health

Apart from its beneficial effects on performance, RT has been 
proposed as a beneficial strategy for cyclists' health, and par-
ticularly for mitigating the side effects of prolonged cycling on 
bone mineral density (BMD). Growing evidence suggests that, 
as compared to other sports, cycling does not confer any signif-
icant osteogenic benefit due to the long hours spent in a weight-
supported position on the bike [44]. Indeed, low BMD is highly 
prevalent in elite cyclists (affecting 45% and 64% of female and 
male cyclists, respectively) [45], and further reductions in BMD 
are observed within just one season [46].

Although different factors can contribute to this low BMD 
(e.g., low-impact exercise, low energy availability, nutrient 
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inadequacy), integrating bouts of heavy RT or high-impact load-
ing might counteract these adverse effects [47]. A cross-sectional 
observational study in 40 cyclists revealed that those who per-
formed RT showed a higher BMD at different body sites includ-
ing lumbar spine, hip, and femoral neck [48]. Some trials have 
also found beneficial effects of RT on BMD. Valenzuela et  al. 
[49] showed that 7 weeks of heavy RT (2 sessions per week in-
cluding back squat, lunges and hip thrust) induced increases 
in total bone mineral content in professional male cyclists. A 
more recent study in elite male and female cyclists showed that 
a combination of plyometric training (i.e., jumps) and collagen 
supplementation preserved BMD in the femoral neck, whereas 
a reduction was observed in a control group that maintained 
their habitual training routine [50]. Despite its potential bene-
ficial effects, evidence remains preliminary, and indeed other 
observational studies have found a low BMD in cyclists despite 
performing RT (although no details were given on the RT pro-
gram performed) [51]. Further research is therefore warranted 
to confirm whether RT can mitigate the adverse effects of cy-
cling on bone health.

5   |   Practical Recommendations for Implementing 
Resistance Training in Cyclists

While current evidence strongly supports the integration of RT 
for cyclists, skepticism remains prevalent, particularly regard-
ing improper implementation. To date, most studies assessing 
the effects of RT on cycling performance have implemented 
quite homogenous training regimes. For instance, as summa-
rized in the meta-analysis by Llanos-Lagos et  al. [12], most 
studies add 1–3 strength sessions per week to the cyclists' ha-
bitual endurance training, with a predominance of multi-joint 
lower-body exercises (squats or half squats, leg presses, lunges 
or split squats, hip thrusts, knee extensions and flexions, plantar 
flexion) with loads ≥ 75%–90% 1RM and long breaks between 
sets (2–3 min). Notwithstanding, concerns often center on the 
interference effect, where excessive fatigue or delayed onset 
muscle soreness from strength sessions may compromise subse-
quent sport-specific endurance bouts. Furthermore, the power-
to-weight ratio is a critical performance determinant in cycling, 
and consequently, excessive muscle hypertrophy may be a det-
rimental adaptation. Optimal programming of RT can mitigate 
these adverse effects.

5.1   |   Exercise Selection

As mentioned above, most studies to date have primarily fo-
cused on multi-joint free-weight or semi-guided exercises tar-
geting the large lower-body muscle groups involved in pedaling. 
Many studies have found beneficial effects on both muscle 
strength and cycling performance using the half squat as one 
of the primary exercises during RT in cyclists [24–26, 28, 29, 32, 
35], whereas others have found beneficial effects performing 
full squats [16, 17, 37, 39]. It is worth noting that, in resistance-
trained non-cyclist individuals, the full squat or parallel back 
squat have been reported to be more effective than partial 
range-of-motion alternatives (e.g., half squat) to increase mus-
cle strength and even performance in functional tests (e.g., peak 
and mean power on the Wingate test, countermovement jump), 

inducing less pain and stiffness [52]. However, evidence to date 
has not compared the effects of these squat modalities specifi-
cally in cyclists. Moreover, complementary exercises can include 
the hip thrust, deadlift, and calf raise to comprehensively target 
the hip extensors, posterior chain, and plantar flexors [34, 37]. 
Notwithstanding, evidence comparing different exercise pro-
grams in cyclists is warranted to determine the optimal exercise 
selection.

Apart from the lower limbs, although scientific evidence is 
lacking in this regard, trunk musculature is expected to play a 
fundamental role in injury prevention, postural stability on the 
bike, and efficient force transmission from the lower limbs to the 
pedals. The configuration of core training differs substantially 
from the lower-body RT described above, as the primary goal 
is to develop muscular endurance and neuromuscular control 
rather than maximal strength. Available evidence from cyclists 
and other endurance athletes suggests that core training should 
emphasize dynamic and isometric stabilization exercises (e.g., 
planks, side planks, abdominal crunches, dynamic and isometric 
side supports, bird-dogs) performed with moderate-to-high rep-
etition volumes or sustained holds, integrated into the training 
routine at a frequency of 2 to 3 sessions per week throughout the 
entire season [53]. However, evidence to date has failed to find 
beneficial effects of core training on cycling performance [42].

5.2   |   Training Intensity and Intent

Growing evidence suggests that RT for endurance athletes 
should diverge from traditional bodybuilding or general fit-
ness approaches. Instead of seeking muscle hypertrophy indis-
criminately as a primary goal, cyclists should aim to maximize 
strength gains while avoiding unnecessary non-functional body 
mass gains; but allowing functional hypertrophy of the lower-
body musculature, which as noted above may accompany and 
even partly mediate the performance improvements observed 
with RT in cyclists [16, 17, 24, 25, 32]. In order to avoid the poten-
tial negative effects of excessive muscle hypertrophy (i.e., that 
resulting in reduced performance due to excessive increases in 
body mass), muscle function gains should be maximized through 
neural pathways (e.g., enhancing motor unit recruitment and 
increases in firing rates). To achieve these neural adaptations, 
both intensity and intent are paramount. Although hypertrophy 
can be induced across a wide spectrum of intensities, using rel-
atively high loads (> 70% of 1RM) has been shown to produce 
superior strength gains [54]. Similarly, moderate-to-high loads 
in the range of 60%–85% of 1RM appear to maximize strength 
and neuromuscular adaptations in endurance athletes [55, 56], 
and indeed most intervention studies demonstrating perfor-
mance benefits in cyclists have applied loads within this range 
[16, 17, 24, 27, 32]. It should be noted that some studies in non-
cyclists have reported that, when equated by relative volume 
load, similar strength gains can be obtained with low (40% 1RM) 
and moderate-high loads (80% 1RM) [57]. However, a progres-
sion toward higher loads might be recommendable when pos-
sible. Conversely, current evidence in cyclists does not support 
an additional performance benefit of loads exceeding 85%–90% 
1RM relative to the 60%–85% 1RM range. However, this should 
not be interpreted as evidence that such higher loads are contra-
indicated, since several effective interventions in cyclists have 
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used loads of 85%–90% 1RM [12]. Moreover, every repetition 
should be performed with maximal concentric velocity intent, 
as this has been shown to enhance motor unit recruitment and 
rate of force development regardless of absolute load compared 
to controlled contractions [58, 59]. Thus, although these stud-
ies have not been specifically conducted in cyclists, the under-
lying neuromuscular mechanisms are likely applicable to this 
population.

5.3   |   Training Volume and Proximity to Failure

Apart from intensity, the volume of RT is also a critical factor. 
While high training volumes and training close to failure (with 
high relative effort) are key drivers of muscle hypertrophy, re-
cent meta-analytical data suggests that excessive training vol-
ume and proximity to failure may be counterproductive for 
athletes seeking functional strength [60]. Based on current ev-
idence from RT literature in non-cyclists, to maximize gains in 
muscle strength each session should include 3 to 5 multi-joint 
lower-body exercises, with 2 to 4 sets per exercise, accumulat-
ing approximately 6 to 20 sets per session [61]. Higher volumes 
are unlikely to provide additional performance benefits and 
may instead increase residual fatigue, potentially compromising 
subsequent endurance training quality. Between sets, a recov-
ery period of 2 to 4 min is recommended to maximize strength 
gains when moderate levels of effort are maintained within each 
set [62].

Proximity to failure during each set also plays an import-
ant role in RT adaptations. This variable can be monitored 
through velocity loss, which serves as a real-time indicator of 
neuromuscular fatigue: the greater the velocity loss during a 
set, the closer to muscle failure. Training to muscular failure 
substantially increases neuromuscular and metabolic fatigue, 
delays recovery, and maximizes hypertrophic responses [63]. 
It should be noted that several of the classical interventions 
that produced the clearest cycling performance benefits used 
traditional heavy RT performed with relatively high effort, 
often with sets of 4–12 repetitions and loads close to muscular 
failure [24–27, 32]. Thus, training relatively close to failure has 
repeatedly proven compatible with meaningful cycling per-
formance gains. Nonetheless, based on evidence derived from 
the general (non-cyclist) RT literature, it can be argued that 
avoiding proximity to failure represents a reasonable strategy 
for managing residual fatigue and preserving the quality of 
subsequent endurance sessions. Thus, to manage residual fa-
tigue and excessive non-functional body-mass gains, cyclists 
may consider limiting excessive velocity loss during each set. 
Indeed, research in non-cyclists indicates that high velocity 
loss thresholds not only promote greater hypertrophy but 
may also impair improvements in explosive actions such as 
jumping, sprinting, and submaximal execution velocity [60]. 
Therefore, as demonstrated by Pareja-Blanco and colleagues 
[64], terminating a set when a minimal velocity loss threshold 
is reached (e.g., < 20% or even < 10%) might be an effective 
strategy for maximizing gains in strength and power while 
avoiding non-functional increases in muscle mass. Similarly, 
a recent study assessing the effect of concurrent training 
(i.e., running and RT) observed that a large velocity loss 
(40%) during RT induced the greatest gains in muscle mass 

compared to lower velocity loss thresholds. In turn, although 
all groups improved endurance performance indicators (e.g., 
maximal aerobic speed), gains diminished as velocity loss 
during RT increased, with the largest improvements observed 
with a threshold of ≤ 15% [65]. However, the effects of modify-
ing proximity to failure or velocity loss during sets on cycling 
performance gains should be confirmed in studies conducted 
in cyclists.

5.4   |   Training Frequency

Regarding training frequency, current evidence suggests that 
a frequency of 2 RT sessions per week is an appropriate strat-
egy for cyclists seeking to maximize strength adaptations 
while preserving compatibility with endurance training [12]. 
In trained individuals, strength gains can be achieved with 
relatively low training frequencies, whereas higher training 
frequencies do not appear to confer additional benefits when 
volume is equated [66]. Likewise, evidence of the minimum 
effective dose for strength development indicates that 2–3 
weekly sessions are sufficient to induce significant improve-
ments in 1RM, even with low training volumes, provided 
that the training stimulus (i.e., intensity) is adequately ori-
ented toward maximal strength [67]. It should be noted that 
RT should also be ideally maintained during periods of high 
cycling load or competitive phases in which the primary ob-
jective is strength maintenance rather than further develop-
ment [66, 67]. In this regard, a study in well-trained cyclists 
showed that reducing RT frequency to 1 weekly session during 
the competition period was sufficient to preserve the gains in 
strength and muscle cross-sectional area achieved during a 
preceding preparatory phase, while also enhancing relevant 
performance outcomes [25]. Thus, from a pragmatic point of 
view, 2 weekly sessions might be considered the preferred rec-
ommendation during phases of strength development in cy-
clists (e.g., during the preparatory period), whereas 1 weekly 
session seems to represent an effective and ecologically valid 
strategy for integrating RT during the competitive phase 
[25, 66, 67].

It is worth noting that to date most studies have examined the 
effects of adding RT to the usual cyclists' endurance training 
program [12]. However, evidence examining whether replac-
ing, rather than adding, a cycling session with an RT session 
is beneficial in trained cyclists is scarce. One of the few studies 
to adopt this approach was that of Bastiaans et al. [19], who 
reported that replacing one third of the time of endurance 
training (~3 h per week) by explosive RT during 9 weeks pre-
vented a decline in performance on a 30-s cycling test without 
compromising gains in endurance performance. Notably, at 
the mid-point assessment (4 weeks), the group that included 
RT maintained time-trial and PPO performance while the 
endurance-only group showed a decline suggesting an early 
protective effect of the concurrent approach [19]. Therefore, 
current evidence does not allow drawing firm conclusions 
as to whether replacing a cycling session with RT provides 
a superior, equivalent, or inferior overall stimulus compared 
with simply adding RT to the existing endurance program, 
or whether this depends on the cyclists' characteristics (e.g., 
training status, training volume).
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5.5   |   Concurrent Training Considerations

Current literature on concurrent training suggests that separat-
ing endurance and RT sessions performed on the same day is 
likely advisable to reduce acute fatigue and potentially attenuate 
interference between training stimuli [68]. For instance, a meta-
analysis by Schumann et al. [69] observed lower gains in explo-
sive strength with concurrent training compared with RT alone, 
but this interference effect disappeared when sessions were sep-
arated by at least 3 h regardless of session order.

Residual fatigue and substrate depletion induced by the first ses-
sion may compromise the quality of the second session, which 
could, in turn, influence the adaptive response over time. In 
this context, if the primary goal is to enhance muscle strength/
power, performing the RT session before cycling may be pref-
erable; conversely, if the main objective is to maximize endur-
ance performance or the quality of the cycling stimulus, the 
endurance session could be prioritized [70, 71]. Therefore, from 
a practical perspective, when both sessions must be completed 
on the same day, it seems reasonable to recommend a separation 
of ≥ 3 h between sessions when feasible, while acknowledging 
that this recommendation is derived largely from concurrent-
training research in non-cyclist populations and should be in-
terpreted cautiously until more sport-specific evidence becomes 
available.

5.6   |   On-Bike Strength (Torque) Training

The use of reduced cadence cycling as a means of increasing 
the muscular demands of each pedal stroke (known as torque 
training) initially emerged as a practical alternative to replace 
or complement traditional gym-based RT. The rationale was 
that lowering cadence while maintaining power output would 
increase torque per revolution and thus stimulate strength-
oriented adaptations directly on the bike. A summary of stud-
ies applying on-bike torque training interventions is shown in 
Table 2.

The initial torque training methodologies integrated low ca-
dence into prolonged aerobic sessions or moderate-intensity 
interval work (e.g., 4–6 min intervals performed at 40–60 rpm 
and submaximal intensities) [14, 15]. Evidence on their effec-
tiveness is mixed. For instance, low-cadence interval training 
at moderate intensity improved uphill time-trial performance 
significantly more than high-cadence training in one study [14], 
and both low- and high-cadence groups improved time-trial 
performance in another, with the low-cadence group showing 
greater gains [73]. However, studies in veteran cyclists reported 
negligible effects on endurance performance, with adaptations 
largely restricted to shifts in preferred cadence rather than in-
creases in maximal force production [15]. Critically, where per-
formance improvements have been observed with submaximal 
low-cadence protocols, these are likely attributable to other met-
abolic adaptations rather than neuromuscular strength develop-
ment. Recent evidence demonstrates these interventions impose 
relatively low mechanical demands, generally remaining well 
below the force levels associated with effective strength load-
ing in RT [54, 79]. In contrast, sprint-based low-cadence inter-
ventions, which impose higher force demands per pedal stroke, 

showed more consistent improvements in PPO, cycling econ-
omy, and power at lactate threshold [72], although the relative 
mechanical load was not quantified at the time.

However, recent work quantifying pedaling force relative to 
maximal dynamic force (MDF) demonstrates that these “clas-
sic” submaximal torque training interventions rarely exceed 
40%–50% MDF, even under deliberately constrained cadence 
conditions [79]. This relative intensity is clearly below the range 
generally associated with effective strength loading in RT [54], 
reinforcing the conclusion that traditional low-load torque ap-
proaches do not provide sufficient mechanical overload for 
strength development. Such findings help explain the modest 
and inconsistent outcomes reported in those torque-oriented 
interventions.

Building on this insight, some methodological variations have 
attempted to increase the effectiveness of on-bike strength-
oriented stimuli by introducing higher-intensity efforts. For 
instance, sprint-based interventions performed at low cadence 
have been shown to improve PPO and selected performance 
variables in trained cyclists [74]. Similarly, performing on-
bike sprints has been associated with improvements in PPO, 
ventilatory thresholds, and time-trial performance in profes-
sional cyclists [49]. However, in these studies, pedaling inten-
sity was not prescribed relative to maximal force capacity, and 
therefore the actual mechanical stimulus remained unknown. 
In parallel, other approaches have explored whether high-
intensity force-oriented stimuli applied directly on the bike 
can induce meaningful neuromuscular adaptations. For ex-
ample, cycling-specific isometric RT performed at fixed joint 
positions has been shown to increase PPO and neuromuscu-
lar function in trained cyclists [75]. Although distinct from 
torque-based approaches, these findings reinforce the notion 
that the bicycle can serve as an effective medium for strength 
development when sufficiently high mechanical loads are 
applied.

A methodological shift occurred when our group validated a 
method to assess MDF during cycling, which enables pedal-
ing intensity to be expressed relative to MDF in a manner con-
ceptually analogous to prescribing RT based on %1RM [80]. 
This represented a decisive progression, as it enabled objective 
and individualized control of mechanical load during on-bike 
strength-oriented sessions. Within this framework, high-load 
torque interventions have been implemented using short max-
imal efforts (e.g., 5 sets of 7 all-out pedaling cycles performed at 
~70% MDF with 4-min recovery periods) that correspond to an 
intensity of approximately 70% MDF [16, 17]. This approach in-
duced substantial improvements in pedaling torque production, 
sprint performance, and quadriceps cross-sectional area [17], as 
well as in selected endurance indicators such as maximal aer-
obic power and ventilatory thresholds, with the magnitude of 
improvements comparable to those observed with conventional 
off-bike squat training performed at a matched relative load 
[16]. The role of relative load during torque training has been 
further clarified in a recent three-arm trial comparing high-
load (70% MDF) and low-load torque (35% MDF) with a control 
condition [78]. Although no significant differences were found 
between low- and high-load conditions (despite moderate effect 
sizes favoring the high-load condition for some outcomes such 
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as the Wingate performance), only the high-load condition in-
duced consistent within-group improvements in Wingate per-
formance, maximal aerobic power, ventilatory thresholds and 
quadriceps cross-sectional area, whereas the low-load protocol, 
representative of traditional torque practices, showed limited or 
inconsistent effects.

Taken together, evidence overall suggests that on-bike high-
load torque training can provide beneficial effects on pedaling 
torque production capacity and cycling performance parame-
ters, at least when relative intensity is high (e.g., ≥ 70% MDF). 
Notably, early evidence suggests that these benefits may be 
similar to those induced by conventional off-bike (gym-based) 
RT if mechanical variables are matched, which opens the pos-
sibility of integrating strength-oriented stimuli directly on the 
bike when conventional RT is not feasible. Whether whole-body 
gym-based training confers additional benefits beyond those 
achievable through on-bike methods (e.g., through upper-body 
conditioning and attenuating muscle and postural imbalances) 
remains an open question warranting further investigation. 
Several practical limitations should also be considered before 
high-load on-bike torque training is widely adopted. First, quan-
tifying MDF currently requires specific equipment and testing 

protocols that limit its feasibility outside specialized laboratory 
or sport science settings. Second, performing maximal or near-
maximal efforts at very low cadence may raise safety consider-
ations related to joint and tendon loading. However, no major 
safety signal has been reported in the few existing trials to date, 
with cyclists reporting similar levels of pain and stiffness with 
on-bike high-load torque training compared to conventional RT 
[17]. Third, the available trials have been conducted predomi-
nantly in young, well-trained male cyclists, so generalizability 
to other populations (e.g., recreational, female or master cyclists) 
remains unknown. Finally, it remains unknown whether on-
bike torque training confers the same bone-health benefits as 
gym-based RT, since it lacks the axial and multi-joint loading 
patterns (i.e., through the trunk and upper-body during free-
weight squatting or hip-thrust exercises) that may underlie some 
of the benefits on bone mineral density described above.

6   |   Perspectives

While cyclists often avoid RT due to concerns over residual 
fatigue and hypertrophy, strong evidence supports its benefits 
on different performance indicators (e.g., efficiency/economy, 

FIGURE 1    |    Summary of the effects of resistance training and high-load torque training in cyclists, and evidence-based practical recommenda-
tions for their implementation. Of note, some of these are pragmatic recommendations derived by both cyclist-specific and broader evidence in the 
general population, and not all parameters have been directly established as optimal for cyclists.
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time to exhaustion, durability) and actual cycling perfor-
mance (time trial and sprint performance). A summary of the 
benefits of strength training for cyclists and practical recom-
mendations for its implementation can be found in Figure 1. 
Although muscle hypertrophy may occur, body mass typically 
remains stable due to concomitant fat mass reduction; further-
more, weight gain seems to be functionally offset by substan-
tial improvements in relative and particularly absolute power 
output. Recent but still limited evidence further indicates 
that high-load on-bike torque training may also elicit relevant 
benefits on some cycling performance indicators, offering a 
potentially viable strategy when access to RT facilities is lim-
ited. Moreover, it is worth noting that beyond performance, 
RT might improve postural control and mitigate the low bone 
mineral density prevalent in competitive cyclists, although 
further research is warranted in this regard. However, adap-
tations to RT are highly dependent on precise programming, 
where intensity, proximity to failure, and recovery periods are 
critical variables. While this review provides evidence-based 
guidelines for its practical implementation, some of the recom-
mendations are based on non-cyclist populations, and there-
fore further research involving elite-level cyclists is necessary 
to refine these recommendations.
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