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Introduction
Flexibility is defined as the capacity of a muscle group to elongate 

[1]. The most popular strategy used to enhance flexibility is stretching 
[2], which can be performed either statically [3,4] or dynamically [5]. 
Stretching is a strategy commonly employed in both training and 
rehabilitation programs [2] and it is used often in warm-up routines 
[6]. Nevertheless, a considerable amount of evidence in the last decade 
has shown that stretching prior to activity may impair performance 
[7-9]. Hence, elongating a muscle prior to tasks that require maximal 
performance has been discouraged.

Most review studies in this field have focused their efforts on 
describing the acute effects of stretching on muscle performance (MP) 
[8-10]. However, as important as investigating the short-term influence 
of stretching on MP is analyzing the chronic effects of stretching on 
MP. Considering that stretching is one of the most common exercise 
strategies in both recreational and competitive contexts, it is essential 
that we clarify how an increased muscle length might influence MP. In 
the present study, MP is defined as the capacity of a muscle (group) to 
generate force. Normally, MP is assessed by repetition maximum tests 
[11], isokinetic dynamometry [12] or functional tests (e.g. jumping, 
sprinting) [13]. 

There are two main mechanisms that might be responsible for the 
improvement in MP after chronic stretching. Theoretically, (1) increase 
in sarcomeres in series might potentiate force-tension relationship [14], 
and a (2) decrease in muscle-tendon unit (MTU) stiffness is believed 
to enhance the energy storage capacity in activities involving stretch-
shortening cycle [15]. However, the literature in this matter is scarce 
and heterogeneous, and it remains uncertain how chronic stretching 
affects MP. Therefore, the purpose of this paper is to discuss the possible 
mechanisms involved in increased flexibility after chronic stretching in 
an attempt to elucidate its relationship with MP.

Types of Stretching
There are three main types of stretching that may be performed 

in flexibility training, static stretching, proprioceptive neuromuscular 
facilitation (PNF) and dynamic stretching. Static stretching involves 

reaching a certain ROM and holding the muscle (group) lengthened for 
a predetermined period of time [16], whereas PNF stretching uses static 
stretching and isometric contractions of the target muscle in a cyclical 
pattern [17]. Usually, both static and PNF stretching are preferred in 
a situation in which the goal is to improve flexibility [18]. Dynamic 
stretching, which involves the execution of movement patterns 
throughout the available range of motion (ROM), is more suitable for 
warm-up routines [5].

Even though there are a considerable number of studies regarding 
flexibility training, there is no consensus in the literature regarding 
optimal parameters of stretching. Even the American College of Sports 
Medicine (ACSM) [19] is quite vague with regard to stretching training 
prescriptions. The only fact that seems to be widely accepted is that 
both static stretching and PNF stretching elicit greater enhancements 
in ROM when compared to dynamic stretching [19]. However, when 
it comes to parameters of stretching, there is no well-established rule. 
The ACSM recommends that static stretching should be sustained for 
10-30 s two to four times, with higher duration for elderly, from 30-60
s. Regarding PNF stretching, the ACSM suggests 20 to 75% maximum
contraction held for 3-6 s followed by an assisted stretching of 10-30 s.
They suggest that performing flexibility exercises 2-3 times a week is
effective, but daily stretching seems to provide greater gains in flexibility. 

Indeed, the parameters of stretching training per se seem not to be a 
great concern within the studies. To this date, it is still unknown which is 
the right periodization for flexibility training. The best training volume 
is uncertain [20] and the proper training intensity is not properly 
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Abstract
Flexibility is an essential component of physical fitness. The most common technique used to enhance muscle 

flexibility is stretching. Even though there is a great amount of evidence showing the benefits of chronic stretching 
on flexibility, it remains unclear whether such increase in flexibility can affect muscle performance (MP). Most of 
the studies in this field have concentrated in analyzing the acute effects of stretching on muscle strength. However, 
the literature is scarce with regard to chronic effects of stretching on MP. The possible mechanisms involved in 
flexibility enhancement following chronic stretching give an indicative that MP might benefit from adequate flexibility. 
A decrease in muscle-tendon unit (MTU) stiffness seems to be a key aspect for an increase in performance since 
it might improve the energy storage capacity within the MTU during activities involving stretch-shortening cycle. 
In theory, it sounds reasonable, but in practice, the relationship between decreased MTU stiffness and increased 
performance still needs to be better elucidated. Hence, the purpose of the present clinical commentary is to discuss 
how increased flexibility provided by chronic stretching might affect MP.
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discussed [21]. This makes it difficult to establish the most effective 
flexibility training protocol to be performed to induce adaptations 
in the muscle tissue. It is time that we start taking flexibility training 
more seriously with respect to training periodization. Usually, the only 
variable that is modified during flexibility training is volume (duration 
of stretching), whilst intensity is neglected. Recent investigations 
have shown that stretching intensity is fundamental to muscle tissue 
adaptation [22,23]. Therefore, it is important that researchers start 
thinking about stretching intensity accounted by the fact that it might 
be a key aspect of muscle adaptation.

The Influence of Chronic Stretching on Muscle 
Flexibility and its Relationship with Performance

In order to comprehend how chronic stretching may affect muscle 
function, it is critical that we clarify the mechanisms that underpin that 
increase in flexibility following regular stretching. Normally, there are 
three main mechanisms used to explain an increase in muscle length: 
sarcomerogenesis [24,25], increase in stretching tolerance (increase in 
passive torque at end ROM) [26,27] and decrease in MTU stiffness [28]. 

Sarcomerogenesis is the addition of sarcomeres in series in a 
myofibril [29]. It is speculated that regular stretching may induce 
sarcomerogenesis [25], which potentiates the force-length relationship 
improving performance during static contractions [14]. However, to 
this date, there is insufficient evidence of sarcomerogenesis following 
chronic stretching in vivo [30]. Therefore, it becomes hard to consider 
sarcomerogenesis as a possible mechanism for increased performance 
following flexibility training. A recent investigation [31] reviewed six 
studies [26,28,32-35] that evaluated the influence of static stretching 
training on isometric contractions. The authors observed that none 
of the included studies showed any improvement in performance 
after flexibility training using static stretching. If there had been any 
adaptations within the muscle cell, it is probable that some improvement 
in performance would have been observed. Indeed, sarcomerogenesis 
is a real adaptation [24] and it has been observed in animal studies 
[24] and muscle lengthening approaches [36]. However, the duration 
and the intensity of the flexibility training necessary to induce such 
adaptation remain an issue of debate. Future investigations should 
invest in answering those questions rather than just assessing ROM 
alone. 

An alternative mechanism for increased flexibility following 
chronic stretching is an increase in stretching tolerance [37]. Several 
investigations are suggesting that the increased flexibility generally 
seen after chronic stretching is related to an increased stretch tolerance 
[26,38,39], which is defined as an increase in passive torque at end 
ROM observed in the length/tension curve [30]. If there is an increase 
in ROM, but no shift (to the right) of the length/tension curve is 
observed, the only reasonable explanation for such enhancement in 
ROM is modification in the perception of stretching [30], but it remains 
unknown whether this is a peripheral and/or central adaptation though 
[30]. Even though the increase in stretching tolerance itself still needs 
to be better understood, several recent studies using ultrasonography 
images have established this as a real mechanism for increased flexibility 
[26,27,38,40]. A recent investigation [41] has proposed that the reason 
why several investigations have not found a decrease in MTU stiffness 
following stretching is that there might be an interference of other 
structures such as nerves and fascia. It is possible that these structures 
might prevent the stretching of inducing adaptations within the MTU. 
It should be mentioned in this context that flexibility is an important 
component of physical fitness and adequate flexibility is inherent in 

functional movements [42]. Therefore, increase in flexibility even 
without adaptations in the musculoskeletal tissue is essential to allow 
proper function [43].

Another possible mechanism for flexibility improvements following 
stretching is related to viscoelastic adaptations. Viscoelastic materials 
have an elastic ability, which enables them to store and release energy 
[44], but they also have a viscous component since their response to 
tensile force is rate and time-dependent [45]. The viscoelastic variable 
most evaluated among the studies in this field is passive stiffness, which 
is the change in passive tension per unit change in muscle length [46]. 
The literature has demonstrated that decreased passive stiffness may 
contribute to flexibility improvements after flexibility training [28]. 
Furthermore, there is some evidence that a decrease in MTU stiffness 
is associated with increased flexibility [28] and it is believed that a more 
compliant MTU might enhance the energy storage capacity in activities 
involving stretch-shortening cycle [15]. A previous investigation [34] 
has shown that the association of resistance and flexibility training 
decreases MTU hysteresis more than resistance training alone. 
Hysteresis is defined as the energy lost as heat during stretching of 
viscoelastic materials [47]. A decrease in hysteresis following chronic 
stretching provides an indication that adequate flexibility may improve 
performance in dynamic activities. However, more high-quality studies 
are necessary to establish the parameters of stretching needed to 
effectively decrease MTU stiffness and hysteresis.

Conclusion
Stretching is an important component of both rehabilitation and 

training routines, but flexibility training programs usually present 
inadequate periodization. Regardless of the fact that there is a massive 
amount of studies in this field, it remains unknown what are the most 
effective stretching parameters to be performed to induce viscoelastic 
adaptations within the muscle tissue. Considering that decreased 
muscle stiffness might be essential to enhance MP (especially in 
activities involving stretch-shortening cycle), it is crucial that we clarify 
how flexibility training must be performed to achieve that goal.
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