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Abstract
Purpose. To verify whether there are changes in the performance levels of the explosive force when the same muscle group previously underwent
different intensities of flexibility training (stretch & flex). Basic procedures. The tests were performed with 25 females on three consecutive days
and were preceded by a 10-minute warm-up period. First, each participant performed a maximum vertical jump on a contact platform. The jump
was repeated after 10 minutes, and the first day was considered the control (C). On the second day, a routine of stretching exercises (S) was
included, and on the third day, the same routine, but intensified with a maximum static stretching exercises (flexibilizing – F), was used. Main
findings. The height reached in the control jump decreased by 0.17%, showing no influence on the performance when the jump happened on the
same day, with a time-interval of only 10 minutes ( p = 0.903). On the day of the stretching routine, there was a reduction of 3.6% ( p = 0.001), and
on the third day with flexibilizing, there was a 6.8% reduction ( p = 0.001). A comparison of the groups showed no significant differences between
them. Conclusions. The jumps after the two stretching routines were significantly lower. Submaximal or maximal (flexibilizing) stretching exercises
reduced the explosive force of vertical jumps, although the differences between the training intensities were not significant.
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Introduction
Flexibility is an element of physical fitness, which
particularly determines an individual’s wholesomeness
and independence [1]. Like other physical features, flexi
bility may be trained at submaximal intensity (stretch
ing), performed within the normal range of motion and
slightly forcing for 4 to 6 seconds, or at the maximal
intensity (flexibilizing), performed with discomfort on
the pain threshold for at least 10 to 15 seconds. In flexi
bility training, ballistic, proprioceptive neuromuscular
facilitation (PNF), and static methods are traditionally
used, with the latter having greater applicability [2].
Flexibility training has been used by athletes to pre
vent lesions and enhance athletic performance [2–4].
Nevertheless, its use in isolation as preparation for exer
cise is unlikely to prevent lesions and may even hamper
performance in sports involving strength and power [5].
Static flexion prior to physical activity has been
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shown to reduce force production and power output
[6–9], inhibit dislocation speed [10]. Likewise, Bezerra
et al. [11] have demonstrated that PNF exerts a negative
acute influence on force resistance. On the other hand,
there are investigations pointing to a favorable in
fluence of stretching exercises on performance [3, 12,
13]. On the other hand, the results with constant training
in sports without stretching also decrease maximal
power output of lower extremities [14].
These results may be conflicting due to the lack of
intensity standardization of flexibility training. There
fore, the aim of this study was to investigate changes in
the performance levels of explosive force in young
adult women when the same muscle group previously
underwent flexibility exercises (stretch & flex) of diffe
rent intensities.
Material and methods
Subjects
Twenty-five active in strength training adult women
(aged 28.2 ± 3.5 years; height 162.2 ± 1.4 cm; body
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mass 56.9 ± 1.1 kg) volunteered for the study. The in
clusion criteria were the absence of lesions and the
ability to perform vertical jumps and flexibility exer
cises. All the participants had in their physical exercises
programs, besides those for strength and cardiorespi
ratory resistance, one section that dealt with stretching,
being performed at least three times a week. The parti
cipants were instructed to avoid intense physical
activity 48 hours before each training session. Their
flexibilities were assessed with a 360° steel goniometer (Cardiomed, Brazil) to ensure they had a healthy
range of motion for hip joint extension (HE) and
flexion (HF).
The volunteers signed an informed consent form
according to both the 196/96 resolution of the Brazilian
National Health Council and the 1975 Helsinki Decla
ration. The study was approved by the Ethics Committee
of the Castelo Branco University (UCB/RJ), under the
0004/2008 protocol.
Procedure
The tests, preceded by a 10-minute warm-up in
a stationary cycloergometer (Movement Summer G2,
Brazil), were intended to make the subjects reach
a heart rate which was 60% of the age-adjusted maxi
mal heart rate (MHR) [15]; these tests were performed
on three consecutive days. On the fist day, the partici
pants performed a maximum vertical jump (start jump),
with the highest three results recorded. This was re
peated after a 10-minute interval, without any training
routine. This was the control (C). On the second day,
a routine of submaximal stretching exercises (S) for 10
minutes was added. The same routine was repeated on
the third day, but this time with intensity variation and
the use of maximum static force (flexibilizing – F); this
was performed with the same duration as in the pre
vious two days. Figure 1 shows the procedures perfor
med on the three days.
Jump heights were measured on a contact platform
(Jump Test Pro, Ergojump, Brazil), and the counter
movement jump (CMJ) technique was used. According
to this technique, the preparatory movement for the
jump is one in which the start position is standing with
the hands fixed on the waist and the feet as wide apart
as the shoulders and parallel to each other. The hip,
knee, and ankle joints are then flexed before the actual
jump is performed.
During the stretching routine (S), the movements
were slowly performed until the normal limit of the
range of motion was reached, and then this position
was sustained for 10 seconds. A manual tonometer

Figure 1. Diagram of test routines

(muscle test system – model 01163, Lafayette, LA,
USA) was used to measure the pressure over the flexed
body segment, with the device placed on the distal end
of the limb being assessed and the reading obtained in
the 10th second of posture adoption.
The movements performed were supine hip flexion
with extended knee (HF); supine ankle dorsiflexion
(DF); and prone knee flexion.
For the flexibilizing routine (F), the same movements
were performed with greater pressure, i.e., greater in
tensity. Table 1 illustrates the pressures recorded for the
two routines, along with the differences between them
in percentages.
Table 1. Force used in the flexibility exercises routine
Stretching (kgf)

Flexibilizing (kgf)

Flexion
movements

Mean

SD

Mean

SD

Delta
%

Hip
Ankle
Knee

4.28
7.01
9.56

1.33
3.17
3.94

7.25
14.77
15.19

1.24
4.56
4.34

69
110
59

Statistical analysis
The SPSS 14.0 for Windows and Statistica packages
were used for the calculation of the means and standard
deviations. For data normality verification, the ShapiroWilk and Levene tests were used, with the following
p values showing homogeneity of the collected data:
C1 = 0.986; C2 = 0.442; S1 = 0.303; S2 = 0.552; F1 =
0.849; and F2 = 0.448.
For inferential statistics, a paired t-test for intragroup comparison was used. A 3x2 ANOVA and re
peated measures ANOVA with two factors (routine ×
pre-post) were applied, followed by Tukey’s post hoc
test for inter-group comparison. To compare the per
163

L.A.S. Galdino et al., Effects of flexibility training on explosive strength

centage and absolute differences and the ratio index*,
a one-way ANOVA was used. Statistical significance
was considered at p < 0.05.
Results
Goniometry results (102.5 ± 15.4° for hip flexion,
and 44 ± 11.4° for hip extension) indicated that the
parti cipants were within the standard mean range
according to the Academy of Orthopedic Surgeons,
Kendall & McCreary, Hoppenfeld, and the American
Medical Association.
The exercise intensity was significantly different be
tween the stretching and the flexibilizing, which raises
the possibility of an intensity change in the case of
flexibility training.
The height reached in the control jump was 23.4 ±
4.3 cm for C1 and 23.3 ± 3.5 cm for C2; this indicates
an absence of influence on the performance when the
jumps were performed on the same day with a 10-mi
nute interval only ( p = 0.903). On the day of the stre
tching routine, the results were: 24.3 ± 3.7 cm for S1
and 23.4 ± 3.8 cm for S2 ( p = 0.001). On the third day,
which was reserved for greater intensity of the flexi
bility exercise (flexibilizing), the results were: 24.3 ±
4.1 cm for F1 and 22.6 ± 3.8 cm for F2 ( p = 0.001).
Figure 2 shows these results. The jumps performed after
the two flexibility routines were significantly lower. In
comparison between the groups, there were no signifi
cant differences.
The relative difference ( p = 0.001), the absolute diffe
rence ( p = 0.003), and the ratio index (0.002) were all sta
tistically significant according to the one-way ANOVA.
Tukey’s post hoc analysis showed that the percentage
difference was only significant when the control (C)
and flexibilizing (F) groups were compared ( p = 0.001).
The same was found for the absolute difference ( p =
0.002) and for the ratio index ( p = 0.001).
Discussion
This study was undertaken to compare the effect of
two routines of flexibility exercises on the performance
of the vertical jump, with the application of two distinct
intensities. The differences were verified and a p < 0.05

* It is a mathematical form of normalization in which the value
of the post-test is divided into in the pre-test value, and when this
value is superior to 1 it means that the post-test was greater than the
pre-test, and vice-versa.
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C1 – control pre
C2 – control post
S1 – stretching pre
S2 – stretching post
F1 – flexibilizing pre
F2 – flexibilizing post
* significant differences

Figure 2. Comparison between the height reached
in the vertical jumps, before and after control jumps,
and the two routines of flexibility exercises

was found for the three movements applied. Because
quantification of the intensity of flexibility exercises
was feasible, the method may be useful for standardi
zation in future experiments.
The reductions found in the performance of vertical
jumps after the two flexibility routines were not signi
ficant. This is in agreement with other studies, which
also indicated a non-significant fall in the heights of ver
tical jumps as a result of lower limb stretching [16, 17].
Cramer et al. [18] investigated the effects of static
stretching at the peak of concentric and isokinetic torque,
with leg extension at 60° and 240°/s, in the stretching
limb (dominant) and relaxing limb (non-dominant) of
14 recreationally active women. These authors also no
ticed a non-significant reduction of the peak torque in
both limbs and at both speeds (60° and 240°/s) using
4 series and with the posture sustained for 30 seconds.
Although there was force reduction, this was not signi
ficant, even with the intensity increase. In our experi
ments the posture was sustained for 10 seconds only;
maybe this fact has made the difference in results.
Likewise, Giordano et al. [19] investigated the diffe
rence between a Proprioceptive Neuromuscular Faci
litation (PNF) routine and a warm-up that did not in
volve flexibility in eight American football players (age
range 18–20 years); they did not find any significant
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difference between the performance of vertical jumps.
The motor action was the same as in the present study.
Likewise, Little and Williams [16] did not find any
significant reduction in the countermovement vertical
jump when they investigated the acute effects of static
and dynamic stretching as a warm-up prior to power
and agility activities in 18 soccer players, with the pos
ture sustained for 30 seconds for each flexion.
Our results are in agreement with those of Young
and Elliot [20], who compared the acute effects of static
stretching, PNF, and maximum isometric contraction
on the production of explosive force and vertical jump
in 14 men. These authors noticed a significant reduction
of the jump with a fall after static stretching compared
with the other conditions, even involving athletes who
were accustomed to sports involving jumps. These
findings may be due to a more intense training method,
the PNF. Conversely, Bradley et al. [21] compared the
acute effects of static stretching, ballistic stretching and
PNF on the vertical jump performance of 18 male under
graduates and determined that the duration of this effect
was up to 60 minutes, using 5 exercises in 4 series with
the posture maintained for 30 seconds; they found only
a 5% reduction after static stretching and PNF.
It is noteworthy that studies like ours have involved
moderate routines of static stretching prior to the per
formance of vertical jumps, and no significant changes
in the values of the vertical jumps were found [6, 22].
The method used in this study showed that stretching
exercises may be applied at different intensities, thus
being amenable to individualization according to each
training type and even having the potential of being
used (in a modified way) on competition days. The
force applied on the stretched limb does not seem to be
the most important factor in intensity change. Thus,
a limitation of this study, the variation in the number of
series or the time the limb is sustained in each position,
may also be of interest.
Conclusions
Stretching exercises at submaximal and maximum
(flexibilizing) levels reduced the explosive force of ver
tical jumps, although the difference between the inten
sities was not significant when the intensities were com
pared. However, the difference was significant when
flexibilizing (F) in isolation was considered. In com
parison between the groups, there were no significant
differences. Professional coaches involved in flexibility
training should be cautious when applying a maximum
or submaximal stretching routine for their athletes or
students.

It was noted that the influence of the methods of
flexibility training conducted immediately before the
commencement of physical activities and competitions
are controversial in relation to its effects. With a need
for research into different methods and different volu
mes and intensities and studies with biochemical inter
ventions, as well as longer sustaining times in each po
sition, are warranted.
References
1. Nowak P.F., Ignasiak Z., The state of health of women aged
20–59 at different levels of physical activity. Hum Mov, 2008,
9 (1), 27–33. doi:10.2478/v10038-008-0005-8.
2. Gremion G., The effect of stretching on sports performance and
the risk of sports injury: A review of the literature. Schweiz Z
Med Traumatol, 2005, 53 (1), 6–10.
3. Andersen J.C., Stretching before and after exercise: effect on
muscle soreness and injury risk. J Athl Train, 2005, 40 (3),
218–220.
4. Yamaguchi T., Ishii K., Effects of static stretching for 30 seconds
and dynamic stretching on leg extension power. J Strength Cond
Res, 2005, 19 (3), 677–683.
5. Shrier I., When and whom to stretch? Gauging the benefits and
drawbacks for individual patients. Phys Sportsmed, 2005, 33 (3),
22-26. doi:10.3810/psm.2005.03.61.
6. Power K., Behm D., Cahill F., Carroll M., Young W., An acute
bout of static stretching: Efects on force and jumping perfor
mance. Med Sci Sports Exerc, 2004, 36 (8), 1389–1396.
7. Marek S.M., Cramer J.T., Fincher A.L., Massey L.L., Dangel
maier S.M., Purkayastha S. et al., Acute effects of static and
proprioceptive neuromuscular facilitation stretching on muscle
strength and power output. J Athl Train, 2005, 40 (2), 94–103.
8. Nelson A.G., Driscoll N.M., Landim D.K., Young M.A.,
Schexnayder I.C., Acute effects of passive muscle stretching on
sprint performance. J Sports Sci, 2005, 23 (5), 449–454. doi:
10.1080/02640410410001730205.
9. Galdino L.A.S., Nogueira C.J., César E.P., Fortes M.E.P., Perrout J.R., Dantas E.H.M., Comparison between lower limbs
power strength levels before and after passive lexibilizing. Fit
Perf J, 2005, 4 (1), 11–15.
10. Siatras T., Papadopoulos D.M., Gerodimos V., Kellis S., Static
and dynamic acute stretching effect on gymnast speed in vaulting.
Pediatr Exerc Sci, 2003, 15, 383–391.
11. Bezerra J.A., Castro A.N.S., Jácome J.G., Castro A.C.M., e Dan
tas E.H.M., Acute effect of flexibilizing by proprioceptive neuro
muscular facilitation on strength endurance. Fiep Bulletin, 2008,
78, Special Edition. Available form http://www.fiepbulletin.net/
index.asp?a=trabalho_ler.asp&id=79&ido=e&full=s#ler in
22/06/09.
12. Church J.B., Wiggins M.S., Moode F.M., Crist R., Effect of
warm-up and flexibility treatments on vertical jump performance.
J Strength Cond Res, 2001, 15, 332–336.
13. Behm D.G., Bambury A., Cahill F., Power K., Effect of acute
static stretching on force, balance, reaction time, and movement
time. Med Sci Sports Exerc, 2004, 36 (8), 1397–1402.
14. Buśko K., Nowak A., Changes of maximal muscle torque and
maximal power output of lower extremities in male judoists du
ring training. Hum Mov, 2008, 9 (2), 111–115. doi:10.2478/
v10038-008-0013-8.
15. Tanaka H., Monahan K.D., Seals D.R., Age-predicted maximal
heart rate revisited. J Am Coll Cardiol, 2001, 371 (1), 153–156.
165

L.A.S. Galdino et al., Effects of flexibility training on explosive strength

16. Little T., Williams A.G., Effects of differential stretching proto
cols during warm-ups on high-speed motor capacities in professio
nal soccer players. J Strength Cond Res, 2006, 21, 203–207.
17. Unick J., Kieffer H.S, Cheesman W., Feeney A., The acute effects
of static and ballistic stretching on vertical jump performance in
trained women. J Strength Cond Res, 2005, 19 (1), 206–212.
18. Cramer J.T., Housh T.J., Coburn J.W., Beck T.W., Johnson G.O.,
Acute effects of static stretching on maximal eccentric torque
production in women. J Strength Cond Res, 2006, 20, 354–358.
19. Giordano N.C., Sikora D., Jones A., PNF Stretching and its effects
on maximal exertion exercises. J Undergrad Kinesiol Res, 2005,
1 (1), 16–22.
20. Young W., Elliot S., Acute effects of static stretching, proprio
ceptive neuromuscular facilitation stretching, and maximum vo
luntary contractions on explosive force production and jumping
performance. Res Q Exerc Sport, 2001, 72 (3), 273–279.
21. Bradley P.S., Olsen P.D., Portas M.D., The effect of static, ballis
tic, and proprioceptive neuromuscular facilitation stretching on
vertical jump performance. J Strength Cond Res, 2007, 21,
223–226.
22. Woolstenhulme M.T., Griffiths C.M., Woolstenhulme E.M.,
Parcell A.C., Ballistic stretching increases flexibility and acute
vertical jump height combined with basketball activity. J Strength
Cond Res, 2006, 20, 799–803.

166

Paper received by the Editors: September 21, 2009.
Paper accepted for publication: April 12, 2010.
Address for correspondence
Leonardo Antônio dos Santos Galdino
Rua Geraldo Galdino Vitalino, 40
Graminha, Cep 36240-000
Santos Dumont, Minas Gerais, Brazil
e-mail: lasgaldino@yahoo.com.br

