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A critical review on the acute effects of various 
stretching methods on performance

Dan Pratt, MSc, BSc (Hons), PGCE, ASCC  / Wellington College, Berkshire

OVERVIEW

It has become standard practice in most, if not all, major sports to perform 
a warm-up of a dynamic nature and to avoid the use of static stretching 
methods. The following article will aim to provide a review of available 
research into the acute effects of commonly used pre-performance 
stretching protocols. In addition, this article will also provide a brief review 
of the physiological factors influencing the decision-making process when 
selecting pre-performance warm-up and stretching practices in order to 
provide practical guidelines on pre-performance stretching protocols.

Introduction

Flexibility, when related to human 
movement, is defined as the range 
of movement (ROM) at a given joint, 
which can be both active and dynamic 
in nature, depending on whether it is 
under muscular control (active) or if it 
is under the control of external forces 
(passive).1,60,119 Ergan35 suggests that 
stretching may have first been used by 
the ancient Greeks and across Asia, 
with modern day uses being related to 
athletic performance, improved health 
and injury prevention.1,33,39,47,48,55 A number 
of stretching methods have now evolved, 
with those most often utilised detailed in 
Table 1.1,70,119

Research into the use of stretching and 
warm-ups for athletic performance is 

known to have begun in the 1930s121 
and to date it has been suggested that 
the main acute benefits of stretching 
for athletic performance are to increase 
performance and to reduce the risk of 
injury.41,42,94,95,115,137 These acute benefits 
to performance are believed to occur 
due to a number of factors, such as an 
increase in the range of movement at 
joints, enhanced muscular coordination 
and a reduction in muscular resistance to 
movement.70, 117, 122 

However, it is also argued that there is 
a lack of clarity in the pre-performance 
stretching literature and that coaches 
often base their decisions on personal 
experiences.42,74,104,122 Many strength and 
conditioning (S&C) coaches currently 
avoid the use of static stretching (SS) 
protocols prior to performance and focus 
on dynamic stretching (DS),31,72 probably
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  Table 1: Stretching methods 

  Static stretching (SS) This involves acquiring a posture and slowly stretching 
  a limb towards the end of its range of movement, either 
  actively or passively

 Ballistic stretching (BS) This involves similar postures to those seen in static  
   stretching: however, it involves bouncing at the end  
   range of movement

 Dynamic stretching (DS) This involves stretching muscles actively through  
   functional ranges

 Proprioceptive  This involves cycles of contracting, relaxing and 
 neuromuscular  stretching a muscle. 
 facilitation (PNF)
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due to the much publicised view 
that SS acutely reduces performance 
levels and only has minimal benefits, 
if any, on reducing injury risk.50,100,117,122 

It is common now to observe athletes, 
prior to performance, being made to 
complete an aerobic warm-up, followed 
by DS, and finally by a sport-specific 
warm-up element.125, 126 

Despite the overall focus of coaches 
on DS, it should not however be 
overlooked that in sports where an 
extreme ROM is required, such as 
gymnastics or sprint hurdling, static 
stretching protocols may still benefit 
performance by increasing the ROM 
available at joints.55 As previously 
suggested, coaches’ practices are likely 
to be guided by the fact that there does 
appear to be an overall theme: ie, that 
the use of SS,5, 13, 44, 50, 59, 73, 82, 85, 89, 90, 100, 101, 

106, 126, 131, 136, 142 ballistic stretching (BS),108 

and proprioceptive neuromuscular 
facilitation (PNF)16,99 stretching all 
acutely reduce performance levels in 
strength and power tasks, whereas DS 
has the ability to enhance strength and 
power performance.2, 65, 80, 82, 136 However, 
there is also conflicting research which 
has not observed these general themes 
in response to stretching protocols. This 
is probably caused due to differences in 
the volume and intensity of stretching 
and also the use of additional pre-
performance warm-up strategies: this 
research must also be considered before 
choosing what stretching protocols to 
utilise.10, 19, 27, 46, 71, 86, 87, 90, 128, 129, 137

The importance of volume

With regards to the volume of 
stretching, it would appear that those 
studies finding no negative effects 
of SS, PNF and BS have often used a 
lower volume of stretching compared 
to those finding a negative effect.10, 19, 

129, 130 For example, Torres et al,129 Unick 
et al130 and Knudson et al77 all used a 
low volume of 2-3 sets of stretches, 
held for 15 seconds, and observed no 
effects of stretching on strength or 
power performance or on the accuracy 
or speed of a tennis serve. Furthermore, 
Christensen and Nordstrom19 also found 
that three sets of a PNF protocol of less 
than 10 seconds had no effects on CMJ 
(countermovement jump) heights and 
neither did a low volume lower limb DS, 
of one set of five repetitions. 

However, it should be noted that many 
studies assessing lower volumes of 
stretching often did not assess if ROM 
was improved and as a major outcome 
of stretching is to enhance ROM, it may 
be that these lower volume stretching 
protocols have a limited effect on ROM 
too.12,19,76,80,88,129,130 

It has also been observed, in those 
studies noting negative effects 
following SS, BS or PNF or positive 
effects following DS, that relatively 
high volumes of stretching, with 2 to 
6 stretches of 3 to 8 sets of 30 to 60 
repetitions or seconds have been used.13, 

20, 22, 25, 57, 63, 65, 78, 79, 80, 84, 94, 104 

The influence of the volume of 
stretching has been directly studied by 
a number of authors, who have found 
that SS protocols of a greater volume, 
via increased time under stretch (>30 s) 
or a higher number of sets (>2), have a 
greater detrimental effect on strength 
and power performance, although it 
must be noted that these studies used 
relatively untrained subjects whom the 
authors argue may respond differently 
compared to well-trained athletes.98, 106, 

118, 142 However, Evetovich et al37 observed 
that both trained and untrained athletes 
responded with similar reductions in 
knee extension torque following a SS 
protocol. 

Although the volume of stretching 
appears to play a key role in the 
subsequent strength and power 
performance, Brandenburg17 observed 
similar decreases in hamstring 
maximum voluntary isometric 
contraction (MVIC) following SS of 15 
and 30 s. Furthermore, in a recent study 
by Molacek et al,91 it was suggested that 
neither higher volumes of PNF or SS 
significantly reduced 1RM (repetition 
maximum) bench press. However, these 
studies do not eliminate the possibility 
that a stretch duration of greater 
than 30 s may still be detrimental to 
performance; but rather they highlight 
that other variables may also be 
important within stretching protocols.

The importance of intensity

Both Brandenburg17 and Molacek 
et al91 used stretching intensities of 
moderate levels, which may explain 
the lack of effect of increasing stretch 
volume in these studies, as those 
observing reduced strength and power 
performance have often used stretching 
intensities to a point of pain.79,95,104,118 

However, Behm and Kibele14 assessed 
the effects of SS at three different 
intensities, including 50%, 75% and 100% 
of the maximum level of discomfort, on 
VJ (vertical jump) heights, and found 
that irrespective of stretch intensity, 
VJ performance was reduced by 
around 4%. However, it is likely that the 
inexperienced athletic background of 
the subjects in this study meant they 
were unable to accurately establish 
the point of 100% discomfort – or  that 
this point differed subjectively between 
individuals, which caused a lack of 
standardisation in stretch intensities.

ACUTE EFFECTS OF STRETCHING

  Table 2: Abbreviations referring to testing protocols 

  Countermovement jump  An assessment of lower limb power usually 
(CMJ) and squat jump (SJ) with hands on hips, with the aim being to either dip 
 and jump as high as possible (CMJ) or start from a 
 squat depth and jump as high as possible (SJ)

 Maximum voluntary  An assessment method used to understand  
 isometric contraction voluntarily produced maximum force output, usually 
 (MVIC) and maximum of a given muscle group or in a given movement, in 
 voluntary contraction (MVC)  either a static or dynamic exercise

 Repetition maximum (RM) An assessment of the maximum load that can be 
  lifted in a given exercise for a given number of  
  repetitions

 Vertical jump (VJ) For the purpose of this article VJ refers to a number  
  of methods of vertical jumping that have been used  
  across research studies, including,  
  countermovement jumps, squat jumps and drop  
  jumps
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Whether stretches – and  in particular 
SS – are  done actively or passively 
could also affect their outcomes on 
performance, as there may be a lag 
between the stretch level aimed for 
and subjective acknowledgment of this 
level. Passive stretching in research has 
often been achieved through the use of 
machines, which may standardise the 
force applied but will lack any subtle 
control and could cause increased 
stretch intensities, possibly explaining 
why some research has seen decreases 
in plantar flexor maximum voluntary 
contractions (MVC) as great as 20%.5,6,40 

In addition, many of these studies 
also used extreme stretching volumes 
of 30 minutes to an hour, which – as 
highlighted previously – will also 
contribute to the large reduction in 
plantar-flexor MVC observed. 5,6,40 

The importance of stretching intensity 
may also be seen with regards to DS, as 
those studies observing performance 
enhancement following DS have often 
used a protocol that encourages task-
specific speeds of DS, which may better 
prepare athletes for performance.65,68 

It may be that the intensity of the 
active warm-up element and the DS 
are vital if they are to aid performance: 
Fletcher and Jones38 found significantly 
improved sprint times when identical 
DS stretches were performed while 
moving forwards as compared to on the 
spot, which the authors suggest may be 
an effect of the active DS providing a 
more sprint-specific coordinated warm-
up.

The effect of a general warm-up 
phase

A major confounding factor in much of 
the acute stretching research is the use 
of additional warm-up procedures, such 
as sport skill practices, light aerobic 
activities and/or the use of warm-up 
sets of the assessment task.12,19,20,43,91 

Interestingly, it appears that those 
studies utilising an additional warm-up 
element, combined with a lower volume 
of stretching generally, show minimal 
influences of SS, PNF, BS or DS methods 
on the subsequent performance.10,19,30 

The pre-performance combination of 
an active warm-up or DS and a static 
stretching element may be argued to 
negate any potential negative effects, 
as it has been observed that SS had no 
negative effects on VJ heights, baseball 

pitching speeds or 100 metre sprinting 
when combined with DS and or an 
aerobic warm-up element.58,74,132 

When combining pre-performance 
strategies what may be important 
is in what order these elements are 
conducted, as research has found that 
performing SS following DS, or an active 
warm-up, may lead to reduced repeat 
sprint ability and sprint speeds and 
therefore this presents itself as another 
variable for coaches to consider.18, 120  

Although it does appear that an active 
warm-up, and/or DS protocol, may 
have the ability to off set detrimental 
effects of SS protocols, it may also be 
that when the sports skill in question 
requires relatively fine motor control – 
such  as a golf swing – that  SS protocols 
still lead to reduced performance in 
terms of accuracy and distance of 
shot, irrelevant of the order in which 
stretching protocols are conducted.48,49 

However, these results may be limited, 
as subjects were young (<18 years) 
and may still have been refining their 
movement control patterns.48,49 Where 
active warm-ups or DS are used, it 
is important that they do not lead 
to fatigue, as Reiman et al105 found a 
decrease in a stair climbing test, albeit 
non-significant, following a weighted 
DS, which is likely to have occurred 
due to fatigue. This indicates that, in 
addition to other variables, coaches 
must consider the current training 
status of subjects when prescribing pre-
performance preparation strategies. 

Effects on endurance performance

Similarly to strength and power 
performance it seems that with higher 
volumes of stretching, the reductions 
in muscular endurance performance 
increase;43 however, research assessing 
stretching and muscular endurance has 
only examined performance with loads 
from 50-85% 1RM and it may be that 
with lighter loads, such as body weight, 
there may be less of a reduction in 
performance levels due to the reduced 
intensity of performance.43,45,53,96 With 
regards to aerobic performance and 
the acute effects of stretching, the 
current research is fairly limited 
and shows equivocal results,61, 90 with 
Hayes and Walker61 – in  a study of 
only seven subjects – concluding that 
neither SS nor DS had any significant 

effect on running economy or oxygen 
uptake. However, Wilson et al135 and 
Lowery et al82 respectively found that 
SS significantly increased energy 
expenditure and reduced the total 
distance covered during treadmill 
running and also increased one-mile 
uphill running times. The differing 
results observed in these studies may 
be due to the fact that Lowery et al82 
assessed performance while running 
on an incline, which may stress the 
importance of the elastic component 
of the lower limbs, and Wilson et al135 

assessed performance in a 60-min 
run, whereas Hayes and Walker61 used 
only a 10-min run, during which they 
did not assess total distance covered. 
Had Hayes and Walker61 used a longer 
duration run and assessed the distance 
covered, they may well have observed 
alterations in running economy or 
oxygen uptake. It is also of note that 
Godges et al52 observed an improved 
running gait following SS and PNF, 
which may indicate an enhanced 
running economy but this requires 
further research. 

Striking a balance

As research would seem to suggest 
that high volumes and intensities of 
static stretching protocols which are 
not combined with DS or an active 
warm-up reduce performance, it is 
likely that coaches will avoid the use 
of static stretching protocols in this 
way.72 However, where ROM is highly 
sought after for performance, as in 
gymnastics,55 this may not be possible. 
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Stretching may have been first 
used by the ancient Greeks



16 P R O F E S S I O N A L  S T R E N G T H  &  C O N D I T I O N I N G  /  W W W . U K S C A . O R G . U K

ISSUE 35 / DECEMBER 2014   

Therefore, it may be that coaches will 
look to balance the effects of gains 
in ROM and potential decreases 
in performance levels, suggesting 
it is important to understand the 
duration over which performance 
may be reduced and ROM increased. 
Following four sets of 30 seconds of 
SS, hamstrings ROM has been seen 
to be increased for up to six minutes, 
with a non-significant increase in ROM 
remaining for around 30 minutes.32, 123 
In comparison,  research which notes 
reduced performance levels following 
SS appear to observe this occurring 
for up to 16 minutes, with the greatest 
declines in performance seen in the first 
five minutes.5, 16, 86, 89 However, it should 
also be noted that SS has been seen to 
limit performance for up to 24 hours 
in 30 m sprint, repeated jumps and 
repeated sprints, albeit with 15-minute 
stretching durations.59 The time span 
of five minutes also seems important in 
terms of achieving peak performance 
following DS, as peak CMJ heights 
have been noted to occur five minutes 
after a DS protocol; however, this study 
also utilised an extensive active warm-
up, which may have increased the speed 
with which the positive effects of DS 
were seen.29

Physiology of stretching

A number of factors have been 
identified to limit flexibility, including: 
structural limitations, mechanical 
properties, neuromuscular control 
and an individual’s pain threshold.1,119 

The two main mechanisms that 
probably underpin the acute stretching 
induced alterations in performance are 
suggested to be either neuromuscular 
or mechanical factors.109,114,141 Research 
which has observed static stretching 
protocols to reduce performance has 
often noted reduced electromyography 
(EMG) levels or Hoffmann reflex 
(H-reflex) results, which are used to 
identify a reduction in neural activation 
of motor units and reflex activity.5,6,11,26, 

40,84,86 

As previously highlighted, it appears 
that the duration of the stretching 
protocol influences the neural response 
to stretching, as Rossi et al108 recently 
identified a larger EMG reduction 
following 60 s SS compared to 30 s. 
Muscular activation, as assessed via 
EMG, has also been seen to increase 

in response to DS, which may indicate 
that DS has the capability to enhance 
performance via improved muscular 
activation.63,65 Additionally, DS may 
enhance performance via associated 
increases in metabolic processes due 
to increases in muscle and blood 
temperatures.34,87 

DS aside, research appears to identify 
that static stretching (SS, BS and PNF) 
reduces reflex activities, as observed 
by blunted H-reflex responses; 
however, other authors argue that when 
assessing H-reflex activity the M-wave 
response is more important as a sign 
of early neural stimulation and that 
this is not seen to decrease.5,6,24,133 This 
maintained M-wave response appears 

to identify that neural excitation and 
conduction velocity are not inhibited 
due to static stretching (SS, BS and 
PNF) protocols, although this may 
require further research. Any alterations 
in neuromuscular activation levels 
following static stretching methods 
are likely to be controlled via the 
feedback and subsequent stretch reflex 
inhibitions, which originate from Golgi 
tendon organs, muscle spindles and the 
various mechanoreceptors.21,22,56,65,92,108 

The central nervous system may also 
influence changes in performance due 
to stretching, as Cramer et al25 noted 
that isokinetic peak torque decreased in 
both stretched and un-stretched limbs. 
However, Avela et al5 did not observe 

ACUTE EFFECTS OF STRETCHING
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decreases in peak torque production in 
stretched and un-stretched limbs, which 
may suggest the results observed by 
Cramer et al25 were due to a general level 
of fatigue, as subjects were untrained. 
In support of a neuromuscular 
mechanism controlling performance 
alterations following stretching, it has 
been seen that reductions in EMG or 
H-reflex response are recovered after 
5-15 minutes rest, which is the same 
time frame over which performance 
levels are seen to recover as well.5, 40

 MECHANICAL LIMITATIONS
Aside from the neuromuscular 
limitations to flexibility, the mechanical 
limitations are defined by the overall 
structure of muscles and tendons.1,119 
Several authors argue that alterations in 
performance following stretching occur 
due to changes in stiffness, as increased 
energy costs of running following SS 
have been observed, which probably 
arise from a lack of return of elastic 
energy.81, 135 However, it should not be 
overlooked that reduced muscular 
stiffness and enhanced compliance 
have also been suggested to aid 
performance by limiting resistance to 
movement.117 Other authors have aimed 
to assess changes in muscular stiffness 
and compliance more directly, via the 
use of mechanomyography (MMG), 
which records the rate and number of 
oscillations on a surface.26,36,63,84 Several 
of these authors observed increased 
MMG results following static stretching 
protocols, which may identify an 
alteration in muscle-tendon length 
and an increase in muscle slack, which 
may highlight a reduced muscular 
stiffness or an alteration in the cross-
bridge formation processes.25 A further  
mechanical mechanism potentially 
responsible for performance alterations 
following static stretching protocols is 
that of an increase in the muscle length-
tension relationship, as often the knee 
angle at which the MVIC or the peak 
SJ height occurs increases following 
SS and PNF.25,128 As the research 
appears to be equivocal in terms of 

the mechanisms causing stretch-
induced declines in performance, it 
is most likely that a combination of 
both a neuromuscular and mechanical 
mechanism contribute to alterations in 
stretch-induced performance. 

Injury reduction

A further acute benefit of stretching 
involves the possible role of stretching 
in relation to reducing injury risks.110 
The belief that stretching prior to 
performance can reduce injury risks 
is probably related to the theory of a 
‘non-injury zone’ put forward by Woods 
et al,138 which suggests that there is 
a range of movement that joints can 
move within safely. Research does 
suggest that reduced flexibility can 
lead to a 2.5x increased injury risk;102 

however, there are a number of research 
reviews and well-constructed meta-
analyses which conclude that pre-
performance stretching has little to no 
protective effect on injury risk.3, 41, 51, 54, 

62, 66, 116, 138 Importantly though, it must 
be recognized that research looking at 
stretching and injury risk has generally 
been retrospective and has often used 
non-sporting populations.28, 103 

Despite methodological issues with the 
research looking at stretching and injury 
risk, it does appear that there are only 
very minimal benefits, if any,  despite 
previous views of the injury-protective 
role of pre-performance stretching.110 

Chronic stretching

Although this review has focused on 
the acute effects of stretching, it is 
important to acknowledge that chronic 
stretching programs have the ability to 
enhance flexibility, particularly where 
muscular tightness is present.1,4,7,8 In 
addition, research has also found that 
including regular SS within a training 
program may have beneficial effects on 
sprint times and on CMJ heights.31,67 

However, in comparison, others have 
not observed any effects of stretching 
programmes on standing broad jump 
performance or CMJ height and in 
some cases it has been observed that 
before-session and in-session SS may 
actually limit gains in strength.15,64,139 

Many studies investigating the chronic 
effects of stretching may have limited 
external validity due to having only 
been conducted over short durations 
(~10 weeks). Intuitively, however, it 
would seem that – due to the acute 
declines in performance caused by 
static stretching – it is likely that the 
use of this method will limit chronic 
gains if done regularly before or during 
training. Therefore, this suggests that 
chronic stretching programmes should 
be performed some time before or after 
other training sessions.

Practical guidance

It would appear that those coaches who 
focus on DS and avoid static stretching 
methods (SS, BS and PNF) might well 
be reducing the chances of causing any 
decrease in performance due to the use 
of static stretching practices (SS, BS and 
PNF). However, it would also seem that 
low volume (1-2 sets), short duration 
(10-25 s) and moderate intensity static 
stretching methods (SS, BS and PNF) 
may not be detrimental to performance 
and may actually be beneficial where 
extreme ROMs are required.55,129,130 

Furthermore, it is likely that if a static-
stretching based protocol is conducted 
prior to a subsequent active warm-up 
element, it will have limited detrimental 
effects on performance, particularly 
if the subsequent performance is at 
least 10-15 minutes after the stretching 
protocol.16,58 An additional issue which 
may encourage the use of a static 
stretching protocol is that there may be 
a psychological benefit, especially if this 
has become a habitual element of an 
athlete’s warm-up; removing this may 
therefore be detrimental to the overall 
performance preparation.9 Finally, 
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‘a number of research reviews and well-constructed  

meta-analyses conclude that pre-performance  

protective effect on injury risk’
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