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Abstract 
The aim of this study was to examine the acute effects of 
pre-performance lower limb massage after warm-up on 
explosive and high-speed motor capacities and flexibility. 
Twenty-four physically active healthy Caucasian male 
subjects volunteered to participate in this study. All sub-
jects were from a Physical Education and Sport Depart-
ment in a large university in Turkey. The study had a 
counterbalanced crossover design. Each of the subjects 
applied the following intervention protocols in a random-
ised order; (a) massage, (b) stretching, and (c) rest. Before 
(pre) and after (post) each of the interventions, the 10 
meter acceleration (AS), flying start 20 meter sprint (FS), 
30 meter sprint from standing position (TS),  leg reaction 
time (LR), vertical jump (VJ) and sit & reach (SR) tests 
were performed. A Wilcoxon’s signed rank test was used 
to compare before and after test values within the three 
interventions (massage, stretching and rest). The data 
showed a significant worsening, after massage and 
stretching interventions, in the VJ, LR (only in stretching 
intervention), AS and TS tests (p < 0.05), and significant 
improvement in the SR test (p < 0.05). In contrast, the rest 
intervention led only to a significant decrement in TS 
performance (p < 0.05). In conclusion, the present find-
ings suggest that performing 10 minute posterior and 5 
minute anterior lower limb Swedish massage has an ad-
verse effect on vertical jump, speed, and reaction time, 
and a positive effect on sit and reach test results. 
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Introduction 
 
Warm-up is practiced by athletes to increase their physio-
logical and psychological capacities prior to training or 
competition, despite limited scientific evidence support-
ing one protocol over another (ACSM, 2006; Faigenbaum 
et al., 2005; O’Brien et al., 1997; Robergs et al., 1991). 
Different types, intensity and duration of warm-up ensure 
different physiological-biochemical and psychological 
changes in the body (Bishop, 2003a; 2003b; Mitchell and 
Huston, 1993; O’Brien et al., 1997). Traditionally, ath-
letes perform static stretching after initial jogging during 
warm-up because it is easy, safe, and believed to be less 
likely to strain the muscles than other types of stretching 
(Alter, 1997; Hedrick, 2002; Koch et al., 2003; Young 
and Behm, 2002). However, recent research has shown 
that static stretching decreases acute explosive and high 

speed motor capacities such as power, strength, vertical 
jump, velocity and reaction time (Behm et al., 2001; 
2004b; 2006; Behm and Kibele, 2007; Boyle, 2004; 
Church et al., 2001; Fletcher and Jones, 2004; Fowles et 
al, 2000; Little and Williams, 2006; McNeal and Sands, 
2003; Nelson et al., 2005; Siatras et al., 2003).  

Apart from stretching, pre-event massage can be 
used as an adjunct to physical warm-up (Tessier, 2005). 
Many claims are made about massage, but few are backed 
by any empirical data regarding either mechanisms or 
effects. Possible mechanisms of massage have been cate-
gorised into biomechanical, physiological, neurological 
and psychological (Weerapong et al, 2005). Some data 
have indicated that both massage and stretching causes a 
decline in motor unit activation (Dishman and Bulbulian, 
2001; Goldberg et al., 1992; Goldberg et al. 1994; Morelli 
et al, 1991; Sullivan et al., 1991) and reduces muscle 
stiffness as evidenced by a lengthening of massaged mus-
cle (Hernandez-Reif et al, 2001; Wiktorsson-Moller et al., 
1983). However, existing data have been inadequate 
(Goodwin, 2002).  

To date, very few studies have examined the ef-
fects of pre-event massage on performance. There are 
controversial claims in the sports literature that pre-event 
massage can increase or decrease performance 
(Weerapong et al, 2005).  Wiktorsson-Moller et al. (2005) 
found that 6–15 minutes of petrissage, with the aim of 
promoting relaxation and comfort, reduced muscle 
strength. Goodwin et al. (2007) found that a controlled 15 
minute lower limb massage administered prior to warm-
up had no significant effect on sprint performance. Re-
search conducted by Hunter et al. (2006) showed that 
lower limb massage appears to produce a reduction in 
force during the first contraction of muscles. Two studies 
found that massage of the hamstring muscle group in-
creased the passive range of motion in hip and lower limb 
joints (Crosman et al., 1984; Wiktorsson-Moeller et al., 
2005; McKechine et al., 2007). Moreover, there is no 
consensus on the type, style, application, duration, inten-
sity, number of strokes applied, or the time of application 
prior to training or competition (Caldwell, 2001, King, 
1993, Paine, 2000). Consequently, the effects of pre-event 
massage on performance are still inconclusive due to lack 
of well-controlled studies. To my knowledge, no previous 
studies have examined the acute effects of anterior and 
posterior lower limb pre-event massage on reaction time, 
vertical jump, speed and flexibility, and compared these 
with results of static stretch warm-up and warm-up with-
out massage or stretch protocols. Therefore, the purpose 
of this study was to examine acute effects of pre-
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performance lower limb massage after warm-up on explo-
sive and high speed motor capacities and flexibility.  
 
Methods 
 
Experimental approach to the problem 
Prior to the test trials, each subject visited our indoor 
sports facility to receive instructions and to participate in 
a familiarization trial to practice all the tests that were to 
be performed in the study. Two days after the familiariza-
tion trial, all subjects completed three different interven-
tions on three nonconsecutive test days within one week. 
During this period subjects carried out no other physical 
activity or training. The study had a counterbalanced 
crossover design. Each of the subjects applied the follow-
ing intervention protocols in a randomised order; (a) mas-
sage, (b) stretching, and (c) rest. Before (pre) and after 
(post) each intervention, the 10 meter acceleration, flying 
start 20 meter sprint, 30 meter sprint from standing posi-
tion, leg reaction time (audio), vertical jump and sit & 
reach tests were performed. All these performance tests 
were carried out on a synthetic floor in an indoor sport 
facility. The temperature of the indoor sport facility was 
between 20-24ºC during the week of testing. Subjects 
were encouraged to achieve maximal performance during 
the tests. Forty eight hours before the familiarization trial, 
subjects did not engage in heavy physical activity or exer-
cise. They recorded their normal dietary intake during the 
study and took no food or fluid (except water) 3 hours 
before each intervention. Subjects conducted the same 
warm-up protocol before each intervention. The warm-up 
protocol lasted for 15 minutes, and consisted of the fol-
lowing; 

• Jogging (400 m): 4 minutes 
• 60% maximal pace running: two repetitions each 

of 5 m back, 5 m sidestepping and 5 m forward: 3 
minutes 

• 70% maximal pace 30 m forward, repeated three 
times: 2 minutes 

•  100% maximal speed for 5 m and 20 m, each re-
peated two times: 2 minutes 

• Active rest: 2 minutes 
 
Immediately after rest, subjects carried out a verti-

cal jump, a 30 m sprint (within the 30 m sprint time, the 
leg reaction time (first pace), 10 m acceleration, and fly-
ing 20 m sprint time were also recorded individually) and 
sit & reach tests. All subjects always performed the verti-
cal jump test the first, the 30 m sprint second and the sit & 
reach test last. After subjects had performed the pre-
intervention performance tests, they received a 15 minute 
massage, performed a 15 minute static stretching exercise 
for lower limbs, or had 15 minutes of passive rest in ran-
dom crossover fashion for three visits. Immediately fol-
lowing the intervention, subjects completed the same 
performance tests. Figure 1 shows the complete experi-
mental design. 
 
Subjects 
Twenty-four physically active healthy Caucasian male 
subjects volunteered to participate in this study. All sub-

jects were students from a Physical Education and Sport 
Department in a large university in Turkey. Their mean ± 
SD age, weight, height, BMI and body fat were 22.2 ± 
1.41 years (range 19–26), 70.7 ± 9.40 kg (range 55–92), 
1.76 ± 0.07 m (range 1.65–1.90), 22.7 ± 1.8 (range 19–
26) and % fat 12.6 ± 3.2 (range 8.3–21.1), respectively. 
Subjects were informed of the test procedures and inter-
ventions of the study, completed questionnaires for the 
health screening, and their written informed consent to 
participate was obtained in accordance with the Helsinki 
Declaration (WMADH, 2000).  

 
 

 

 
 
 

Figure 1. Experimental design. 
 
Procedures 
Massage Condition: Many coaches, athletes and sports 
therapists have applied Swedish type massage (Hem-
mings, 2001; Tessier, 2005; Weerapong et al, 2005). In 
the present study Swedish massage techniques were ap-
plied in the massage protocol. This massage included five 
manipulations: effleurage, friction, petrissage, vibration 
and tapotment. The massage was applied; a) on the poste-
rior lower limbs for 10 minutes and b) on the anterior 
lower limbs (thighs) for 5 minutes. Posterior lower limb 
massage was performed on muscle groups of the gluteal 
region, posterior thigh and leg. In contrast, the anterior 
lower limb massage was performed only on the anterior 
thigh. Posterior lower limb massage was performed be-
tween the ankle and the hip, but anterior lower limb mas-
sage was performed between the knee and the hip.  There-
fore, the duration of the posterior lower limb massage was 
greater than the duration of the anterior lower limb mas-
sage.  Eighteen and 12 different massage techniques were 
applied to the posterior and anterior lower limbs, respec-
tively. Manipulations were generally applied in the direc-
tion from inferior to superior. The massage techniques are 
shown in Tables 1 and 2. Massage was performed on both 
left   and   right    lower   limbs   simultaneously  by    two  
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      Table 1. Posterior lower limb massage protocol. 
Massage Technique Rate Time (duration) 

In seconds 
1. Effleurage 30-40 strokes/min 45 
2. Friction on trochanter major 90-100 circle/min 10 
3. Friction (circular) performed with the thumb (left hand, right 

hand, two hands together)  
60-70 circles/min 50 

4. Friction (circular) performed with the other four fingers (left 
hand, right hand, two hands together)  

60-70 circles/min 50 

5. Friction (circular) performed with the palm (left hand, right hand, 
two hands together)  

60-70 circles/min 50 

6. Deep friction 40-50 circles/min 20 
7. Friction on achilles tendon 50-60 circles/min 20 
8. Stroking on achilles tendon 40-50 strokes/min 20 
9. Comb friction 30-40 strokes/min 50 
10. Octave friction (medial, intermediate, lateral) 60-70 circles/min 50 
11. Petrrissage (circular kneading with palm) 60-70 strokes/min 20 
12. Petrissage with two hands  (kneading medial thigh) 60-70 strokes/min 20 
13. Cutting petrissage with two hands (medial thigh) 60-70 strokes/min 45 
14. Petrissage on twisted leg  60-70 strokes/min 20 
15. Stroking on twisted leg 45-50 strokes/min 20 
16. Tapotment – hacking 240-260 contacts/min 45 
17. Vibration - shaking 60-70 shakes/min 20 
18. Effleurage 40-50 strokes/min 45 

 
masseurs using baby oil.  Prior to the study initiation, 
masseurs performed the massage protocols on themselves 
for familiarization with the stroke order and rate. Subjects 
received posterior lower limb massages while lying in the 
prone position and received anterior leg massages while 
lying in the supine position.   

Stretching: The target muscles of static stretching 
were six muscle groups in the lower limbs: plantar flex-
ors, hip extensors, hamstrings, hip flexors, adductor and 
quadriceps femoris. Static stretching exercises that were 
performed are shown in Figure 2A-F. Subjects first posi-
tioned their left lower limb into each of the stretch posi-
tions slowly and attentively. When their joint reached the 
limit of the range of motion and pain threshold, they held 
this position for 20 seconds. After a 10 second rest period, 
the same stretch was performed on the right lower limb 
for 20 seconds. Therefore, a single stretching exercise 
lasted a total of 40 seconds for both left and right lower 
limbs. A rest period (10 sec) was provided in order to 

prepare the subject for the next stretch. These stretching 
exercises were performed for sets (three sets x six static 
stretching exercises x 40 seconds stretch and 10 seconds 
rest). The entire stretching intervention lasted approxi-
mately 15 minutes. 
 
Performance tests 
Vertical Jump: Laser operated optoelectronic jump height 
measurement equipment (EMZ-10) was used to measure 
stationary vertical jump height (Musayev, 2006). The 
equipment recorded values with 1 cm precision. The ver-
tical jump test involved a 2-footed vertical jump from a 
stationary position with the intention of attaining maxi-
mum height. Subjects were instructed to maintain their 
hands on the hips and keep the legs straight once they had 
left the ground. Before each jump, subjects were verbally 
encouraged to jump as high and as straight up as possible. 
Shuffling of feet or steps was not allowed. Consequently, 
each jump was  closely  observed to ensure  that  subjects  

 
      Table 2. Anterior lower limb (thigh) massage protocol. 

Massage Technique Rate Time (duration) 
In seconds 

1. Effleurage 30-40 strokes/min 30 
2. Friction (circular) performed with the thumb (left hand, right 

hand, two hands together)  
60-70 circles/min 30 

3. Friction (circular) performed with the other four fingers (left 
hand, right hand, two hands together)  

60-70 circles/min 30 

4. Friction (circular) performed with the palm (left hand, right 
hand, two hands together)  

60-70 circles/min 30 

5. Deep friction 40-50 circles/min 15 
6. Comb friction  30-40 strokes/min 25 
7. Octave friction (medial, intermediate, lateral) 60-70 circles/min 30 
8. Petrrissage (circular kneading with palm) 60-70 strokes/min 20 
9. Cutting petrissage with two hand (medial thigh) 60-70 strokes/min 20 
10. Tapotment – hacking 240-260 contacts/min 30 
11. Vibration  60-70 shakes/min 10 
12. Effleurage 40-50 strokes/min  
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Figure 2. A) Plantar flexor stretch, B) Quadriceps stretch, C) Hip extensors stretch, D) Hip flexors stretch, E) Hamstring 
stretch, F) Adductors stretch. 
 
did not alter their jumping technique to manipulate the 
time spent in the air.  

30 m sprint: This test involves sprinting for 30 me-
ters as fast as possible from a stationary standing start 
position, with no swinging movements. Since this is a 
very short distance to cover, subjects were expected to 
work at 100% maximum efficiency. Sprint time was 
measured with an optoelectronic photocell (split time 10 
meter). In addition to the 30 meter sprint time, this test 
also measured leg reaction time (first step), 10 meter 
acceleration and flying 20 meter sprint time. Previous 
studies have shown very good reliability of these sprint 
distances and this starting position for high speed per-
formance assessment (Duthie et al., 2006; Moir et al., 
2004) 

Reaction time: Audio reaction and movement times 
of the dominant lower limb were measured in this study. 
The reaction time equipment was designed in a U shape 
and consisted of two sensors and one main apparatus. The 
main apparatus consisted of four digital counters. This 
equipment does not require calibration. Subjects first 
assumed a stationary standing position. After the toes of 
their dominant leg were fixed in the U sensor system, a 
research assistant pressed a button for an audible signal. 
When the subject heard the signal, he was instructed to 
take a forward step as quickly as possible.  

Sit & reach test: Subjects sat with the soles of their 
feet against the box, with their hips flexed to about 90˚ to 
assume an upright sitting position. Subjects were in-
structed to flex their hip joints and vertebral column (with 
possible contributions from shoulder joint flexion and 
scapular elevation) to reach forward as far as possible. A 
centimetre scale was printed on the top surface of the box. 
 
Statistical analyses 
All statistical analyses were performed using SPSS ver-
sion 16.0 (SPSS, SPSS Inc, Chicago, IL, USA) software. 

All values of variables were expressed as mean and stan-
dard deviation (M ± SD) and percent changes (%). Since 
the test parameters showed skewness according to 
Shapiro-Wilk’s test and did not provide the homogeneity 
of variance according to Levene statistic, non-parametric 
statistical testing was chosen.  

A Wilcoxon’s signed rank test was used to com-
pare before and after test values within the three interven-
tions (massage, stretching and rest). All tests were 
matched pairwise (before - after intervention) and statisti-
cal significance was accepted at p < 0.05. The results 
were presented in tables. 

 
Results 
 
The mean scores (± SD) and percent changes (%) for the 
performance measures before and after the three different 
interventions are presented in Table 3. The data showed a 
significant decrease in performance after massage and 
stretching interventions for VJ, LR (only in stretching 
intervention), AS and TS (p < 0.05), and a significant 
improvement in the SR test (p < 0.05). In contrast, the rest 
intervention lead only to a significant decrement in TS 
performance (p < 0.05).  
 
Discussion 
 
Traditionally, athletes perform a warm-up session prior to 
physical activity or competition. The aim of the warm-up 
is to improve the physiological, biomechanical and psy-
chological performance of the athlete. However, coaches, 
athletic trainers, athletes, and sport scientists have not yet 
determined which warm-up protocol is the best. Gener-
ally, coaches and athletes apply jogging and static stretch-
ing during the warm-up session. Recently, studies have 
shown that pre-event static stretching (particularly in-
creasing     the      stretching     duration)     decreases   the  
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 Table 3. Results of performance tests before and after massage, stretching and rest interventions. Data are Means (±SD). 
  Massage   Stretching   Rest  
 Before After Change 

(%) Before After Change 
(%) Before After Change 

(%) 
10 m Acc  (s)  1.84 (.09) 1.91 (.08) * 4.0 (3.3) 1.78 (.09) 1.85 (.09) * 4.2 (.7) 1.82 (.09) 1.83 (.09) .5 (2.1) 
FS 20 m SP (s)  2.42 (.10) 2.45 (.40) 1.4 (3.1) 2.44 (.10) 2.44 (.11) 0.0 (.4) 2.45 (.10) 2.47 (.11) .9 (2.3) 
30 m SP (s) 4.27 (.16) 4.37 (.18) * 2.5 (2.5) 4.22 (.17) 4.29 (.17) * 1.8 (.3) 4.27 (.16) 4.30 (.15) * .8 (1.3) 
LRT (ms)  454 (91) 506 (102) 16.8 (37.7) 438 (85) 505 (85) * 16.3 (6.2) 425 (76) 429 (76) 1.0 (4.2) 
VJ  (cm) 46.3 (5.6) 44.5 (5.3) * -3.6 (5.8) 45.6 (6.1) 44.3 (5.8) * -3.0 (1.3) 45.3 (6.4) 45.1 (6.4) -.4 3 (.5) 
S&R  (cm) 11.8 (6.2) 12.7 (6.2) * 15.1 (35.9) 11.5 (5.9) 13.4 (6.1) * 22.8 (31.6) 11.9 (6.2) 11.6 (6.2) -4.8 (15.5)
* p<0.05 (between pre and post measurement). Acc = Acceleration, FS = Flying start,  SP = Sprint, LRT = Leg reaction time, 
VJ =  Vertical jump, SR = Sit & reach. 

 
performance of acute explosive speed and power exer-
cises (Church et al, 2001; Fowles et al, 2000; Young and 
Behm, 2002; 2003; Kokkonen et al., 1998).  In an attempt 
to further elucidate the optimal pre-participation protocols 
for explosive type activities, the novel approach in this 
study was to examine acute effects of pre-performance 
lower limb massage after warm-up on explosive and high 
speed motor capacities and flexibility. The findings of the 
present study showed that 10 min posterior and 5 min 
anterior lower limb Swedish massage after a warm-up 
session significantly degrades the performance of VJ, SR, 
AS and TS tests. In contrast, massage significantly in-
creased flexibility of the hip joint (sit & reach test). In 
addition to massage intervention, the current study also 
employed stretching and rest interventions.  

The results of stretching intervention were similar 
to those of the massage intervention. Engaging in 15 
minutes of static stretching significantly worsened per-
formance of the VJ, SR, AS, TS and LR tests. Moreover, 
like massage, static stretching significantly increased the 
flexibility of the hip joint (sit & reach test). The results of 
the rest intervention differed from those of the other two. 
There were no significant differences between the pre- 
and post-rest intervention performance of the VJ, SR, FS, 
AS, and LR tests.  

The results of the present study are partially consis-
tent with previous studies that examined the use of mas-
sage in pre-event warm-up. For example, Hunter at al. 
(2006) found a decline in mean force from pre- to post-
intervention for the massage condition. Wiktorsson-
Moller et al. (1983) found that 6–15 minutes of petris-
sage, with the aim of promoting relaxation and comfort, 
reduced muscle strength. In contrast, Goodwin et al. 
(2007) found that a controlled 15 minute lower limb mas-
sage administered prior to warm-up had no significant 
effect on subsequent 30 meter sprint performance. Harmer 
(1991) examined the effects of 30 minutes of pre-exercise 
whole body Swedish massage in sprinters. Their results 
showed that the mean stride frequencies were not signifi-
cantly different between the massage and control groups. 
Moreover, McKechine et al. (2007) found no significant 
change in the power measures following massage. Cros-
man et al. (1984) found that a single massage of the ham-
string muscle group increases the passive range of motion 
in the hip joint. Similarly, McKechine et al. (2007) sug-
gested that pre-event massage can increase the plantar 
flexors’ flexibility. However, Barlow et al. (2004) sug-
gested that a single massage of the hamstring muscle 
group was not associated with any significant increase in 

sit and reach performance immediately after treatment in 
physically active young men. Wiktorsson-Moeller et al. 
(1983) found that stretching is more effective than mas-
sage as a way to increase the range of motion in lower 
limb joints. 

Evidence from previous studies suggests that mas-
sage results in the lengthening of the muscle (Hemmings, 
2001; Wiktorsson-Moeller et al., 1983). Two hypotheses 
have been proposed for the stretching-induced decrease in 
force production. First, mechanical factors involving the 
viscoelastic properties of the muscle may affect the mus-
cle’s length-tension relationship. The second involves 
neural factors, such as decreased muscle activation or 
altered reflex sensitivity. Recent studies have proposed 
that the primary mechanism underlying the muscle 
lengthening that induces decreases in force may be related 
to increased muscle compliance that could alter the mus-
cle-tension relationship, increase sarcomere shortening 
distance and velocity, and decrease force production due 
to the force-velocity relationship. In other words, when 
skeletal muscle is lengthened, the number of prospective 
actin / myosin cross-bridges declines (Kokkonen et el, 
1998; Nelson et al, 1996; 2001a; 2001b). Although this 
explanation was not investigated in the present study, in 
view of this relationship between muscle viscoelastic 
properties or muscle stiffness and high speed motor ca-
pacities or flexibility, it is plausible to say that a massage-
induced reduction in muscle stiffness accounted for the 
decreases in high speed motor capacities and increased 
flexibility observed here. In addition, it is possible that 
neural mechanisms also significantly contributed to the 
decreases in high speed motor capacities and increased 
flexibility. 

The findings obtained in the present study were 
unique in that, to our knowledge, no other studies have 
examined the effects of both anterior and posterior lower 
limb pre-event massage on vertical jump, sprint, reaction 
time and flexibility. Previous studies used either posterior 
(more frequent) or anterior lower limb massage. Our 
choice of methodology was motivated by fact that both 
anterior and posterior lower limb muscle groups, such as 
hamstring, triceps surae, plantar flexors and quadriceps 
femoris are flexed during multiple motions such as verti-
cal jump and sprint. 

There were several limitations of this study. Sub-
jects were not controlled for dietary intake, sleep amount, 
or previous day’s activity. Another concern is that we 
used two intervention masseurs. Although the masseurs 
were familiarised with the intensity and frequency of 
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massage manipulations, intensity and frequency may have 
been applied differently. Also, the subjects of the investi-
gation were students in a physical education and sport 
department. Thus, the results of this study should not be 
generalised to competitive athletes. Because an individ-
ual’s training level may affect the response to postatctiva-
tion potentiation (Chiu et al., 2003), future studies should 
evaluate athletes from different sport disciplines, age and 
gender populations. 
 
Conclusion 
 
In conclusion, the present findings indicate that perform-
ing 10 minute posterior and 5 minute anterior lower limb 
Swedish massages has an adverse affect on vertical jump, 
speed, and reaction time and a positive effect on sit and 
reach test results. Because of the limited number of sub-
jects (n = 24) in the study, these results should not be 
generalised. Larger subject pools are needed to verify 
these events. It can be said that massage increases muscle 
compliance and this may limit more crossbridge coupling, 
vertical jump, speed and reaction time. According to the 
present results, long duration massage should not be rec-
ommended for warm-ups. Further studies should examine 
the effectiveness of shorter duration and various types and 
frequencies of massage manipulations for their utility 
immediately prior to explosive and high speed motor 
activities. In addition, more investigations are required in 
order to determine the best warm-up program.   
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Key points 
 
• Performing 10 minute posterior and 5 minute ante-

rior lower limb Swedish massages has an adverse af-
fect on vertical jump, speed, and reaction time and a 
positive effect on sit and reach test results. 

• According to the present results, long duration mas-
sage should not be recommended for warm-ups. 

• Larger subject pools are needed to verify these 
events. 
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