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Introduction
Whether stretching is beneficial for performance or injury
prevention remains an on-going debate. For those who
believe in stretching, there is some good news. Theory,
basic science, and clinical science all agree that regular
stretching over weeks not immediately prior to exercise
increases force and power by about 2% to 5%, and in one
study, improved 50-yard dash time by approximately 0.05
seconds (nonsignificant) [1]. With respect to injury, there
are only three clinical studies and all showed clinically
relevant improvements, although two studies lacked statistical power (RR [95%CI] 0.82 [0.57, 1.14], 0.57 [0.37,
0.88], 0.77 [0.54, 1.08]) [2–4]. Although regular stretching
not immediately prior to exercise appears beneficial, the
acute effect of stretching when performed immediately
before exercise consistently reduces force and power by
approximately 2% to 5% [1]. Results with respect to running speed are inconsistent, which may be due to different
methodologies or because stretch-induced viscoelastic
changes may decrease resistance to motion in some subjects and allow for increased speed despite decreased force.
Most of the controversy on stretching is focused on
whether stretching immediately before exercise prevents
injury; several recent reviews suggest it does not [5–7]. This
article briefly discusses ideas where current evidence suggests recommendations are unlikely to change with future
studies, and where future research should be prioritized.

Recommendations Unlikely to Change
Stretching was inappropriate in previous studies
The only clinical method to determine if stretching is done
correctly (including force, duration, and timing) is to
determine if range of motion (ROM) is increased.
Although impractical in an epidemiologic study on injuries where one must follow hundreds or thousands of individuals, this has been done for tests of performance. There
was a decrease in force and power in every study but one
[8], and a weaker muscle is more likely to become injured.

Studies did not include warm-up
Stretching after a warm-up is more effective at increasing
ROM than stretching without a warm-up [9,10]. However,
injury rates in those who warm up and stretch are similar
to those who warm up without stretching [11,12].
Prevention of tendon and nonmuscle injuries
In the Australian military, tendon injuries occurred in 20 of
735 (2.7%) subjects who stretched and 16 of 803 (2.0%)
subjects who did not stretch [5]. Others have suggested
that stretching one area reduces the risk of a different area
(eg, stretch the hamstrings to reduce stress on the back),
but have not put forth any supportive data. It is certainly
possible that stretching decreases the risk for one specific
type of injury. However, if true, stretching must be harmful
for other types of injuries because overall injury rates
among stretchers and nonstretchers are similar.
Elite athletes
Although there are no studies on internationally recognized elite athletes, stretching immediately prior to activity
results in decreased force and power during tests of performance in University varsity athletes [1]. In addition,
research from the basic sciences suggests that weaker
muscles cannot absorb as much energy and are more likely
to become injured. Because an acute bout of stretching
weakens muscles in highly trained University varsity
athletes, it is unlikely that findings in other elite athletes
would yield different results.

Future Research Priorities
High-intensity sports
One clinical study suggested that stretching does prevent
ankle injuries in basketball players [13] (please note that
there was a coding error in Tables 3 and 4 of this article and
the “yes” should be coded as “0”) [McKay G; personal
communication]. There are two reasons why one should
be cautious in making conclusions. First, the potential confounders of ankle taping and position played were not
adjusted for in the multiple regression analysis. Second, in
animals, the energy absorbed after a decrease in stiffness
due to fatigue was decreased at both low strain rates (ie,
low-intensity sports) and high strain rates (ie, high-intensity sports) [14]. We do not know if stretching-induced
decrease in stiffness would have the same effect. Given the
conflict between basic and clinical evidence, and study limitations, we simply need more research in this area.

238

Invited Commentary

Injured athletes and injury
Healthy subjects increase ROM with stretching partly due
to an analgesic effect and not just due to viscoelastic
change [15–17]. Is this good or bad for an injured athlete?
Stretch-induced analgesia would theoretically increase the
risk of injury because it would lead to continued activity of
an injured muscle/tendon and a more severe injury. However, stretching regularly might improve healing through
stretch-induced hypertrophy. Of course, if the objective is
to strengthen, why not use strength training? In the two
studies comparing a stretch rehabilitation program to a
strength rehabilitation program, the strength group was
between 1.8 and six times more likely to achieve excellent
results (crude RR of benefit [95% CI] = 5.8 [2.2, 14.8], 1.8
[0.94, 3.5]) [18,19]. Whether stretching with strengthening
is superior to strengthening alone has never been studied.
Injured athletes and performance
All studies on performance were done using healthy subjects.
Because pain can cause inhibition of muscle activity, the
balance of stretching benefits (analgesia minimizing paininduced muscular inhibition) must be weighed against the
disadvantages (direct decrease in force and power).
Timing of stretching
Although regular stretching over weeks is beneficial, we do
not know the best time to stretch. This might be immediately
after exercise, or at times unrelated to exercise. Because most
people would likely prefer to incorporate stretching into their
regular exercise routine, a study showing that postexercise
stretching is as (or more) effective than stretching at nonexercise times is extremely important.

References
1.

2.

3.

4.

5.

6.

7.

8.
9.

10.

11.

12.

13.

14.

Evidence in Perspective
Every clinical situation is unique and it will never be possible to study every permutation or combination of type of
stretch, athlete level, competition type, specific injury, and
test of performance. Current research suggests stretching
regularly improves performance and prevents injury. However, stretching immediately prior to exercise is not recommended at this time, with the understanding that more
research is needed in the areas of high-intensity sports and
injured subjects.

15.

16.

17.

18.

19.

Shrier I: Does stretching improve performance: a systematic
and critical review of the literature. Clin J Sport Med 2004,
14:267–273.
Amako M, Oda T, Masuoka K, et al.: Effect of static stretching
on prevention of injuries for military recruits. Mil Med
2003, 168:442–446.
Hartig DE, Henderson JM: Increasing hamstring flexibility
decreases lower extremity overuse injuries in military
basic trainees. Am J Sports Med 1999, 27:173–176.
Hilyer JC, Brown KC, Sirles AT, Peoples L: A flexibility intervention to reduce the incidence and severity of joint injuries
among municipal firefighters. J Occup Med 1990, 32:631–637.
Pope RP, Herbert RD, Kirwan JD, Graham BJ: A randomized
trial of preexercise stretching for prevention of lower-limb
injury. Med Sci Sports Exerc 2000, 32:271–277.
Shrier I: Stretching before exercise does not reduce the risk
of local muscle injury: a critical review of the clinical and
basic science literature. Clin J Sport Med 1999, 9:221–227.
Shrier I: Does stretching help prevent injuries?
In Evidence-based Sports Medicine. Edited by MacAuley D,
Best T. London: BMJ Publishing Group; 2002:97–116.
Shrier I: Stretching before exercise: an evidence-based
approach. Br J Sports Med 2000, 34:324–325.
McNair PJ, Stanley SN: Effect of passive stretching and
jogging on the series elastic muscle stiffness and range of
motion of the ankle joint. Br J Sports Med 1996, 30:313–318.
Wiktorsson-Möller M, Öberg BA, Ekstrand J, Gillquist J: Effects
of warming up, massage, and stretching on range of motion
and muscle strength in the lower extremity. Am J Sports Med
1983, 11:249–252.
van Mechelen W, Hlobil H, Kemper HCG, et al.: Prevention
of running injuries by warm-up, cool-down, and stretching
exercises. Am J Sports Med 1993, 21:711–719.
Walter SD, Hart LE, McIntosh JM, Sutton JR: The Ontario
cohort study of running-related injuries. Arch Intern Med
1989, 149:2561–2564.
McKay GD, Goldie PA, Payne WR, Oakes BW: Ankle injuries
in basketball: injury rate and risk factors. Br J Sports Med
2001, 35:103–108.
Mair SD, Seaber AV, Glisson RR, Garrett WE: The role of fatigue
in susceptibility to acute muscle strain injury. Am J Sports Med
1996, 24:137–143.
Halbertsma JPK, Goeken LNH: Stretching exercises: effect on
passive extensibility and stiffness in short hamstrings of
healthy subjects. Arch Phys Med Rehabil 1994, 75:976–981.
Magnusson SP, Simonsen EB, Aagaard P, et al.: Mechanical
and physiological responses to stretching with and
without preisometric contraction in human skeletal
muscle. Arch Phys Med Rehabil 1996, 77:373–378.
Moore MA, Hutton RS: Electromyographic investigation
of muscle stretching techniques. Med Sci Sports Exerc
1980, 12:322–329.
Holmich P, Uhrskou P, Ulnits L, et al.: Active physical
training for long-standing adductor-related groin pain.
Lancet 1999, 353:439–443.
Svernlov B, Adolfsson L: Non-operative treatment regime
including eccentric training for lateral humeral
epicondylalgia. Scand J Med Sci Sports 2001, 11:328–334.

