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For decades, the prevailing wisdom in strength training, both among athletes and in rehabilitation settings, has 

been that to truly get stronger, one must push muscles to their absolute limit. The concept of 'training to failure' 

has been a cornerstone, implying that only by exhausting muscle fibers can the body be forced to adapt and grow. 

But what if significant gains in strength and muscle mass could be achieved without this extreme approach, 

offering a potentially safer and more sustainable path for a broader patient population?

K E Y  TA K E AWAY S

º The Pivot: Training to muscle failure is not a prerequisite for substantial strength and hypertrophy gains.

º The Data: Submaximal efforts, leaving 1-4 repetitions in reserve, can be as effective as training to failure.

º The Action: Clinicians can recommend resistance training protocols that prioritize consistency and lower 

injury risk over maximal exertion, especially for older adults or those in rehabilitation.

The traditional view of resistance training posits that mechanical tension, muscle damage, and metabolic stress are the 

primary drivers of muscle hypertrophy and strength adaptation. Achieving these stimuli, particularly mechanical tension, 

has often been equated with lifting heavy loads until no further repetitions can be performed, a state known as muscular 

failure. This approach, while effective for some, carries inherent risks, including increased potential for injury, prolonged 

recovery times, and higher levels of perceived exertion that can deter adherence, particularly in novice lifters, older 

adults, or those recovering from injury.

Understanding the mechanisms behind muscle adaptation is important for prescribing effective exercise. Muscle protein 

synthesis (MPS) is a key biological process that leads to muscle growth. While high-intensity exercise to failure certainly 

stimulates MPS, the question is whether it is uniquely superior or if other stimuli can achieve similar results. The debate 

centers on the dose-response relationship between effort and adaptation, and whether there is a threshold of intensity or 

proximity to failure that must be met for optimal outcomes.

Rethinking the 'Failure' Paradigm
The idea that every set must end in complete muscular exhaustion has been challenged by a growing body of evidence. 

This research suggests that leaving a few repetitions 'in the tank', often quantified as repetitions in reserve (RIR), can 

still provide sufficient stimulus for strength and hypertrophy. This submaximal approach maintains high levels of motor 

unit recruitment and mechanical tension, which are essential for adaptation, without incurring the same level of fatigue 

or injury risk associated with training to failure.

For instance, protocols involving 1-4 RIR have been shown to produce comparable gains in muscle size and strength 
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to those training to failure. This is particularly relevant for patients where joint integrity or systemic fatigue are 

concerns. The ability to achieve meaningful physiological adaptations without maximal exertion opens doors for broader 

application of resistance training, moving beyond the confines of elite athletic performance into general health and 

rehabilitation. This shift in understanding allows for more tailored exercise prescription, tailoring intensity not just to 

load, but to the individual's capacity and goals.

The Physiological Basis of Submaximal Gains
Muscle growth and strength improvements are complex processes driven by a combination of factors. Mechanical 

tension, the force exerted on muscle fibers, is widely considered the most important stimulus. When a muscle contracts 

against resistance, its fibers are stretched and loaded, triggering intracellular signaling pathways that lead to increased 

MPS. This tension can be achieved with heavy loads for fewer repetitions or lighter loads for more repetitions, provided 

the effort is sufficiently high.

Submaximal training, even when not taken to failure, can still generate significant mechanical tension. As repetitions 

accumulate within a set, even with a lighter load, the active motor units continue to be recruited, and the force production 

per unit of muscle fiber remains high. The key is that the muscle is still working hard enough to challenge its current 

capacity, even if it is not pushed to its absolute breaking point. This concept is particularly important when considering 

the cumulative effect of multiple sets and sessions over time. Consistent, challenging, but not debilitating, workouts can 

lead to sustained adaptation.

But there is also the role of metabolic stress, which involves the accumulation of metabolites like lactate and hydrogen 

ions within the muscle. This stress is often associated with the 'burn' felt during high-repetition sets and is thought to 

contribute to hypertrophy by stimulating anabolic pathways and cell swelling. While training to failure often maximizes 

metabolic stress, submaximal training with sufficient volume can also induce a significant metabolic response, especially 

with shorter rest periods. The relationship between mechanical tension and metabolic stress is not fully understood, but 

both contribute to the overall adaptive response.

Practical Applications for Clinical Practice
For general practitioners and specialists, this understanding has direct implications for patient recommendations. 

Prescribing resistance training for conditions ranging from sarcopenia in older adults to rehabilitation after orthopedic 

surgery often involves balancing efficacy with safety and adherence. The notion that patients must endure extreme 

discomfort to see results can be a significant barrier. Instead, focusing on consistent, progressive overload with 

submaximal effort can be a more effective strategy.

Consider an elderly patient with sarcopenia. Asking them to lift to failure could increase their risk of falls or injury, and 

the associated discomfort might lead to early cessation of the program. However, guiding them through a program where 

they lift weights that feel challenging but not impossible, leaving 2-3 RIR, can still build significant strength and muscle 

mass, improving functional independence and quality of life. This approach aligns with the principles of progressive 

resistance training, where the load or volume is gradually increased over time as the patient adapts, without necessarily 

requiring maximal effort in every session. For more general guidance on managing age-related muscle loss, clinicians 

might consult resources on extreme fatigue and sarcopenia.

Another example is a patient recovering from a tendon injury. While complete rest is often initially prescribed, early, 
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controlled loading is essential for tendon healing and remodeling. Submaximal resistance training allows for this 

controlled loading, providing the necessary mechanical stimulus to strengthen the tendon and surrounding musculature 

without overstressing the healing tissue. This careful balance is essential to prevent re-injury and promote a faster return 

to function. The principles here are similar to those applied in managing tendinopathy with controlled loading.

Volume, Frequency, and Progression
While intensity (proximity to failure) is a key variable, volume (total sets and repetitions) and frequency (how often 

training occurs) also play important roles. Even with submaximal efforts, sufficient volume is necessary to drive 

adaptation. This often means performing multiple sets per muscle group per week. The total number of challenging 

repetitions, rather than the absolute intensity of each set, may be a more important determinant of long-term gains.

Frequency also matters. Training a muscle group two to three times per week, even with submaximal efforts, can be 

more effective than a single high-intensity session, as it allows for more frequent stimulation of MPS. This distributed 

approach can also aid recovery, making the overall program more sustainable. The concept of progressive overload 

remains paramount: to continue getting stronger, the training stimulus must gradually increase over time. This can be 

achieved by increasing the weight, the number of repetitions, the number of sets, or by decreasing rest times, even if 

training to failure is not the goal.

The choice of exercise modality also influences the practical application of submaximal training. Free weights, machines, 

and bodyweight exercises all have their place. For patients new to resistance training or those with specific limitations, 

machines can offer a safer, more controlled environment to learn proper form and establish a baseline of strength before 

progressing to more complex movements. The Oxford Handbook of Clinical Medicine offers a concise overview of 

general rehabilitation principles that can guide these decisions.

The Catch: When Failure Might Still Matter
But, it is important to acknowledge that training to failure is not without its merits. For highly trained individuals, 

particularly competitive athletes, occasionally pushing to failure may provide an additional stimulus that helps overcome 

plateaus. The psychological aspect of pushing limits can also be a motivator for some. But for the vast majority of the 

population, including most patients seen in clinical practice, the incremental benefits of training to failure are often 

outweighed by the increased risk and reduced adherence.

The open-label nature of most exercise interventions is an obvious caveat. It is difficult to blind participants to whether 

they are training to failure or not, which can introduce psychological biases. But the physiological markers of muscle 

adaptation, such as changes in cross-sectional area and maximal voluntary contraction, provide objective evidence that 

submaximal training is effective. The long-term effects of consistently training to failure versus consistently training 

submaximally also need further exploration, particularly regarding cumulative fatigue and potential for overuse injuries.

The goal of resistance training in a clinical context is to improve patient outcomes, whether that is increased functional 

independence, reduced pain, or enhanced metabolic health. Achieving these goals does not necessarily require the 

extreme discomfort or risk associated with training to failure. A more measured, sustainable approach that prioritizes 

consistency and safety appears to be equally, if not more, effective for a broad range of patients. This understanding allows 

clinicians to provide more accessible and effective exercise prescriptions, moving beyond a one-size-fits-all mentality.
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CLINICAL IMPLICATIONS

The persistent dogma that strength gains demand maximal effort has likely deterred countless patients from 

engaging in resistance training. Clinicians can now confidently recommend programs that build strength and 

muscle without the intimidating prospect of pushing to absolute failure. This shift makes resistance training 

more accessible and sustainable, particularly for older adults, those with chronic conditions, or individuals in 

rehabilitation.

For general practitioners, this means a broader toolkit for managing sarcopenia, improving bone density, and 

enhancing metabolic health. Instead of focusing on heavy, high-intensity lifts, the emphasis can be placed on 

consistent, progressive overload with a few repetitions left in reserve. This approach reduces injury risk and 

improves adherence, which are paramount for long-term patient engagement.

Specialists, particularly in orthopedics and physical therapy, should integrate these findings into their 

rehabilitation protocols. Early, controlled loading with submaximal effort can accelerate recovery and improve 

outcomes for patients post-surgery or injury. The focus should be on restoring function and building resilience 

through manageable, effective stimuli, rather than chasing maximal exertion.

The industry, from fitness equipment manufacturers to exercise program developers, should also take note. 

Designing programs and equipment that facilitate progressive submaximal training, with clear guidance on 

RIR, could expand the market beyond elite athletes to a wider demographic seeking health and functional 

improvements. The evidence is clear: you do not have to break yourself to get stronger.

EDITORIAL & AI STANDARDS
AI tools are used solely to structure and summarise evidence from peer-reviewed primary sources. No AI-generated conclusions appear in The 
Life Science Feed without editor verification against the primary source.
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MEDICAL DISCLAIMER
This content is intended for healthcare professionals only and does not constitute medical advice. Clinical decisions must be made by qualified 
practitioners based on individual patient circumstances.

F O L L OW  T H E  L I F E  S C I E N C E  F E E D

Instagram @lifesciencefeed LinkedIn linkedin.com/company/thelifesciencefeed
thelifesciencefeed.com

ART-2026-1152  ·  08/26 5 / 5
https://thelifesciencefeed.com/musculoskeletal/sarcopenia/can-you-build-strength-without-lifting-to-absolute-failure


