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Abstract

Introduction. This study investigated the effect of proprioceptive neuromuscular facilitation (PNF), Kinesio® tape (KT), and
PNF combined with KT (PNF + KT) for hamstring flexibility and jumping performance in amateur athletes with hamstring tight-
ness.

Methods. Overall, 128 amateur athletes were randomly assigned to the PNF (n = 32), KT (n = 32), PNF + KT (n = 32) or control
group (n = 32). Flexibility was assessed with active straight leg raise (ASLR) test with a digital goniometer. Performance was
evaluated by vertical jump (VJ) and triple hop distance (THD) tests. All measurements were performed by a blinded assessor
3 times: at baseline, immediately after the interventions, and 30 minutes after the interventions.

Results. Amateur athletes receiving PNF or KT or PNF + KT demonstrated a greater increase in ASLR and THD tests from baseline
to post-intervention scores (p = 0.001, p = 0.002, p = 0.001 for ASLR; p = 0.001 in all groups for THD, respectively) and from
baseline to 30 minutes after intervention (p = 0.001 in all groups for ASLR; p = 0.001 in all groups for THD, respectively). Neverthe-
less, only the PNF + KT group presented a greater increase in VJ test from baseline to post-intervention scores (p = 0.02). Besides,
the effect sizes for the PNF + KT group were higher than in the other groups in all parameters.

Conclusions. PNF + KT might be more effective in increasing hamstring flexibility and jumping performance in amateur athletes

with hamstring tightness than each method alone.
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Introduction

Flexibility is vital for all movements, and changes in flexi-
bility may cause abnormal loading of the musculoskeletal
system [1] and injuries [1, 2]. Insufficient hamstring flexibility
has been shown to be related to problems such as muscle
imbalances, muscle injuries, patellar tendinopathy and patel-
lofemoral pain, and low back pain [3]. Many methods are
used to reduce the tightness of the hamstring muscles and
increase athletic performance and range of motion (ROM);
these include static and ballistic stretching, proprioceptive
neuromuscular facilitation (PNF) [4, 5], Kinesio® tape (KT) ap-
plications [6], muscle energy techniques [7], foam roller [1],
and instrument-assisted soft tissue mobilizations [8] in var-
ious interventions and training programs. However, there is
still insufficient evidence about which technique is more ef-
fective.

PNF stretching techniques are commonly used in athletic
and clinical environments to enhance ROM with a view to
optimizing motor performance and rehabilitation. PNF stretch-
ing incorporates static stretching and isometric contractions
in a cyclical pattern to enhance ROM with 3 techniques com-
monly referred to in the literature, namely contract relax, hold
relax, and contract relax agonist contract [9]. Although the
mechanism of PNF remains unclear, its ability to increase both
active and passive ROM has been proved [10, 11]. However,

the effect of PNF on performance is still controversial. Al-
though a systematic review suggested that increasing eccen-
tric and concentric peak torque enhanced hamstring perfor-
mance [12] after PNF, there are also some studies reporting
a reduction in the maximal voluntary isometric contraction
force [13], isokinetic peak torque of hamstrings, and vertical
jump performance [14].

On the other hand, the KT technique, which was devel-
oped by Dr. Kenzo Kase, has been commonly used in reha-
bilitation of musculoskeletal injuries and improved athletic
performance. KT differs from other taping methods with its
flexibility and structural features similar to human skin, and
allows joint movement [15]. KT has been applied in sports
rehabilitation for correcting or increasing muscle activity,
improving active ROM [16], decreasing pain, repositioning
joints [17].

As mentioned above, there is information about the effect
of PNF and KT applications on ROM and performance. How-
ever, there is no study comparing the advantages of PNF
and KT in which these two are used together to investigate
the immediate effect on hamstring flexibility and jumping per-
formance in amateur athletes with hamstring tightness. In this
study, we aimed to increase flexibility and performance with
the combined use of the contract relax PNF technique, which
employs autogenic inhibition techniques, and the fascial KT
technique, which is thought to provide fascia correction. With
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these techniques, the muscles were stretched and loosed
and then afferent stimulation was applied on the fascia. Im-
plementing a technique that improves performance together
with stretching techniques which increase flexibility can en-
hance muscle performance and reduce the risk of injury to
hamstring muscles. We therefore hypothesized that PNF
combined with KT would be more effective for improving
ROM and jumping performance. The purpose of the study
was to investigate the effect of PNF, KT, and PNF combined
with KT (PNF + KT) on ROM and jumping performance.

Subjects and method
Study design

The research was designed as a randomized, multicentre,
single-blind, case-control study. It was performed at Bahge-
sehir University, Istanbul University-Cerrahpasa, and Biruni
University between February and July 2019, after being an-
nounced by posting information to notice boards of the
above-mentioned universities and with written notices sent
to sports clubs of the universities.

The participants who met the study criteria were randomly
assigned to 1 of the 4 intervention groups (ratio: 1:1:1:1):
PNF, KT, PNF + KT, and control. Randomization was carried
out with a random number list prepared by an investigator
with no clinical involvement in the study by using a random-
ization website (https://www.randomizer.org/). Numbered
index cards (1-128) were folded and placed in sealed opaque
envelopes. Next, another investigator (E.K.M.) opened each
envelope and assigned the participants to the groups de-
pending on the selected index card.

All evaluations were conducted by an investigator (D.K.C.)
who had a clinical experience of more than 20 years in or-
thopaedics and sports rehabilitation and who was blinded
by staying outside the laboratory while the athletes were
undergoing the interventions. Also, to prevent the assessor
from understanding the applied intervention, the athletes
were dressed in dark long tights so that KT was not seen.

Subjects

A total of 132 amateur athletes volunteered to participate
in this study; 128 of them met the inclusion criteria: they
were aged 18-30 years, as well as had hamstring tightness
confirmed by the fingertip-to-floor test (if the third finger
was unable to touch the ground) [17] and by the passive knee
extension test (if the angle was > 19.2° in women, > 32.2°
in men) [2]. Subjects were excluded in the case of pregnancy,
surgery in the area of lower extremity or pelvis within the pre-
vious 6 months, history of a lower extremity trauma, history
of hamstring strain or triceps surae strain, allergic reactions
to KT, or skin disease.

All interventions and assessments were performed on
the dominant sides of the athletes. Dominance was deter-
mined with kicking a ball.

Evaluations

The primary outcome of this study was the active straight
leg raise (ASLR) test. Secondary outcomes were the vertical
jump (VJ) test and the triple hop distance (THD) test.

All evaluations were performed at baseline, immediately
after, and 30 minutes after the interventions in the PNF, KT,
and PNF + KT groups, whereas at baseline and 30 minutes
after the baseline evaluation in the control group. After jog-

ging for 5 minutes to warm up, evaluation was started with
the VJ and THD tests to investigate the effect of hamstring
tightness on the performance. Then, hamstring tightness of
the dominant side was measured with the ASLR test.

Vertical jump test

The countermovement VJ test was applied as described
by Bradley et al. [18]. The VJ height was measured by cal-
culating the distance between the marks while standing flat
footed next to a wall with the arm extending upward and the
maximum height reached by jumping. All volunteers jumped
3 times with a minimum interval of 45 seconds between the
jumps, and the biggest height value was taken into consid-
eration. The test was repeated if the marked point was lost
or the athlete jumped in a wrong position.

Triple hop distance test

THD was performed as described by Bolgla and Keskula
[19]. A test trial was repeated if the participant was unable to
complete a triple hop without losing balance and contacted
the ground with the opposite leg. The mean value of the maxi-
mum distances recorded after 3 test trials in centimetres was
used for analysis [20].

Active straight leg raise test

The test was performed in supine position as described by
Mason et al. [21]. The flexion range of the hip joint was mea-
sured with a digital goniometer.

Interventions
Proprioceptive neuromuscular facilitation

The contract relax PNF stretching technique was started
when the patients were in supine position with both legs in
extension. The investigator took the dominant leg slowly to
the end of the passive ROM. Then, the athletes were asked
to contract the hamstring for a 20% of maximal voluntary con-
traction for a period of 10 seconds against the resistance of the
investigator’s shoulder [8]. Immediately after the 10-second
contraction, the investigator maintained the position, instruct-
ing the athlete to relax. Then, the athlete moved their leg ac-
tively to the new limit of ROM. At the new end point, passive
stretch was held for 30 seconds [8]. This procedure was
repeated 4 times [8]. All PNF interventions were performed
by a certified investigator (A.R.O.).

Kinesio® tape intervention

KT with a width of 5 cm was applied to the hamstring
muscles with the fascia technique from ischial tuberosity to
the back of the knee with 25% tension while the volunteers
were in standing position with their trunk bent, keeping their
knee extended. Then, the Y-shaped tape was applied around
the lateral and medial sides of the knee [22] (Figure 1). All KT
interventions were performed by an investigator (E.K.M.)
holding an internationally recognized certificate.

Proprioceptive neuromuscular facilitation
+ Kinesio® tape intervention

First PNF and then KT, immediately after PNF, were ap-
plied to the hamstring muscles as explained above.
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Figure 1. Kinesio® tape application
Control group

No intervention was implemented in the control group.
All evaluations were performed at baseline and 30 minutes
after the baseline assessment.

Sample size

The sample size was calculated by using the Raosoft
Sample Size Calculator program. On the basis of the num-
ber of amateur athletes (4,907,955) (https://shgm.gsb.gov.
tr/Sayfalar/175/105/Istatistikler) and the population of Turkey
(80 million), the percentage of amateur athletes was found to
be 8%. With the assumption of a 95% confidence interval
and 95% power, the resulting sample size was a total of 112
individuals, with 28 participants per group. The estimated
drop-out rate was 20%; the number of patients required for
recruitment was calculated as 128.

Statistical analysis

The study data were evaluated with the Statistical Pack-
age for the Social Sciences 20.0 program. Before the statisti-

cal analysis, the Kolmogorov-Smirnov test was used to assess
the distribution of data. Our data were found to be normally
distributed, so a parametric test was applied for statistical
analysis. Demographic comparisons of the 4 groups were
conducted with the chi-square analysis for categorical vari-
ables and the ANOVA for continuous variables. One-way
analysis of covariance (ANCOVA) was used, with baseline
values as a covariate, to test the effect of applications on
the ASLR, VJ, and THD tests at each time interval (after the
application and after 30 minutes) as the within-subject vari-
able and group (PNF, KT, and PNF + KT) as the between-
subject variable using the Bonferroni equality at an alpha
level of 0.05. Effect sizes were determined as suggested by
Kazis et al. [23], i.e. by dividing the changes in mean base-
line and follow-up scores by the baseline standard deviation.
The effect sizes of 0.2, 0.5, and 0.8 were considered small,
moderate, and large, respectively.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and
has been approved by the Research Ethics Committee of
the Bahgesehir University (IRB: 22481095-020-328).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

One participant in the KT group, 2 in the PNF + KT group,
and 4 control subjects discontinued the intervention; there-
fore, 121 subjects were analysed. The demographic data of
the participants are presented in Table 1.

Participants receiving PNF, KT, or PNF + KT demonstrated
a greater increase in ASLR and THD scores from baseline
to post-intervention values and from baseline to 30 minutes
after the intervention. Nevertheless, only the PNF + KT group
presented a greater increase in the VJ test from baseline to
post-intervention scores (Table 2).

A one-way between-group analysis of covariance was
conducted to compare the effectiveness of the 4 different
interventions. Preliminary checks were performed to ensure
that there was no violation of the assumptions of normality,
linearity, homogeneity of variances, homogeneity of regres-

Table 1. Socio-demographic characteristics

- PNF group KT group PNF + KT group Control group
Characteristics (n = 32) (n = 31) (n = 30) (n = 28) p
Age (years) [mean (SD)] 21.15(2.18) 20.93 (1.56) 20.83 (2.00) 20.75 (2.20) 0.87*
Sex (n, male/female) 30/2 26/5 26/4 20/8 0.12%
BMI (kg/m?) [mean (SD)] 22.16 (1.98) 24.45 (3.71) 21.73 (2.25) 22.85(3.16) 0.02*
Sports branch [n (%)]
Football 15 (46.9) 14 (45.2) 20 (66.7) 19 (67.9)
Basketball 4 (12.5) 2 (6.5) 4(13.3) 5(17.9) 0.17%
Volleyball 8 (25) 11 (35.5) 5(16.7) 3(10.7)
Other 5(15.6) 4(12.9) 1(3.3) 1(3.6)

Dominant side [n (%)]
Right 25 (78.1) 17 (54.8) 21 (70) 25 (89.3) 0.02#
Left 7(21.9) 14 (45.2) 9 (30) 3(10.7)

PNF — proprioceptive neuromuscular facilitation, KT — Kinesio® taping, BMI — body mass index

* one-way ANOVA, # chi-square test

Values of p < 0.05 are marked with bold.
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Table 2. A comparison of active straight leg raise test, vertical jump test, and triple hop distance test between the groups at baseline,
after the application, and after 30 minutes

, After the ANCOVA** After ANCOVA***
Baseline o Effect . : Effect .
Assessment Group [mean (SD)] application size p 30 minutes size P
[mean (SD)] F P [mean (SD)] F P

Active straight | PNF | 71.21(9.15) | 78.09 (10.40) | 0.75 |0.001 | 7.041|0.001| 1-2 |0.05 | 77.91(8.27) | 0.73 [0.001| 24.95(0.001| 1-2 |0.42
leg raise test 1-3 |0.06 1-3 |0.001
) KT 73.44 (8.15) | 76.36 (8.55) | 0.35 |0.002 -3 |0.001| 78:23(8.98) | 0.58 |0.001 14 lo.001
PNF + KT | 70.27 (13.53) | 80.66 (11.82) | 0.76 | 0.001 85.52(9.92) | 1.12 [0.001 2-3 10.001
2-4 [0.01
Control 73.66 (9.48) - - - 74.47 (10.14) | 0.08 |0.32 3-4 (0.001
Vertical jump PNF | 31.23(8.74) | 30.45(6.82) | 0.08 |0.33 |[1.102]0.33 | 1-2 [0.51 | 30.96 (7.41) | 0.03 |0.72 | 0.75| 0.52 | 1-2 |0.82
test (cm) 1-3 |0.39 1-3 |0.31
KT 30.41 (7.46) | 30.57 (6.64) | 0.02 |0.89 5.3 |44 | 30.04(663) | 0.04 |0.67 14 |0.39
PNF + KT | 26.06 (1.79) | 26.39 (1.75) | 0.18 | 0.02 27.41 (4.01) | 0.75 |0.06 2-3 10.22
2-4 0.29
Control | 34.28 (14.63) - - - 34.44 (14.41) | 0.01 |0.17 3-4 |0.89
Triple hop PNF  |534.03 (85.57)| 555.73 (82.90) | 0.25 | 0.001 | 0.49 [0.61 | 1-2 |0.25 |577.94 (91.70)| 0.51 |0.001|7.382[0.001| 1-2 |0.08
distance test 1-3 [0.48 1-3 [0.99
(cm) KT  |499.66 (72.20)| 520.53 (79.01) | 0.28 |0.001 5.3 |33 |52846(77.32)| 0.39 |0.001 14 0.001
PNF + KT [474.00 (80.18)| 504.53 (80.17) | 0.38 | 0.001 522.00 (85.11)| 0.59 [0.001 2-3 10.09
2-4 [0.01
Control |525.35 (88.26) - - |- 529.55 (82.56)| 0.04 0.13 3-4 |0.001

PNF — proprioceptive neuromuscular facilitation, KT — Kinesio® taping
* paired sample t-test
** statistically significant between-group differences after the application, with baseline value as a covariate (ANCOVA, p < 0.05)
*** statistically significant between-group differences after 30 minutes, with baseline value as a covariate (ANCOVA, p < 0.05)

Values of p < 0.05 are marked with bold.

sion slopes, and reliable measurement of the covariate. After
adjusting for baseline, there was a significant difference be-
tween the 4 intervention groups in ASLR and THD after 30
minutes (F = 24.951, p = 0.001, partial eta squared: 0.39;
F =7.382, p = 0.001, partial eta squared: 0.16, respectively).
A strong relationship was observed between baseline and
scores after 30 minutes in ASLR and THD, as indicated by
the partial eta squared value of 0.58 and 0.80, respectively
(Table 2). On the other hand, there was no statistically sig-
nificant between-group difference in the VJ test (Table 2).

Discussion

This single-blind randomized controlled trial reveals that
combining PNF stretching with KT results in slightly better
immediate effects as compared with PNF alone or KT alone in
terms of ASLR in amateur athletes. Additionally, the effect
size was large for PNF + KT (effect size: 1.12) in ASLR. Only
the PNF + KT procedure was effective in the VJ height 30 min-
utes after application. Regarding THD, there was a statisti-
cally significant increase in all intervention groups but not in
the control group immediately after and 30 minutes after the
intervention.

Results of several studies [4, 5, 24] support the use of
PNF stretching to increase hamstring flexibility. A systemic
review [12] and a meta-analysis [11] which compare differ-
ent stretching techniques (static, ballistic, PNF) report that
all techniques are effective in improving hamstring flexibility
and none has advantage over another. There is a review [9]
arguing that PNF stretching is the most effective method for
increasing ROM, especially in short-term recoveries. It was
shown in that review that even 1 session of PNF stretching
increased ROM by 3-9°, depending on the joint, and this
effect could continue up to 90 minutes. The mean 6.88° re-
covery in ROM obtained in the PNF stretching group in our
study is compatible with the literature data. We explain the
increase in ROM in PNF applications with the autogenic in-

hibition mechanism [25]. The mechanism of action of the con-
tract relax technique used in our study is that isometric con-
tractions applied to the stretched (antagonist) muscle lead
to increased tension on the Golgi tendon organ, which triggers
an autogenic inhibition mechanism overcoming the myotatic
reflex and reducing the neural activity in the stretched mus-
cle [26].

The impact of PNF stretching techniques on performance
is controversial. The literature concludes that PNF decreases
the performance in maximum effort exercises when com-
pleted prior to exercise, but increases athletic performance
when it is performed consistently and after exercise [25].
Bradley et al. [18] stated that after applying contract relax
stretching to hamstrings, there was a 5% decrease in VJ per-
formance and the results returned to normal values 15 min-
utes later. However, in our study, although it was not statis-
tically significant, we observed a decrease in VJ height after
the intervention and the VJ height did not return to the base-
line values in the assessment performed 30 minutes after
the intervention. The duration and the number of repetitions
of the PNF stretching technique used in our study may be
a reason for these different results. While Bradley et al. [18]
applied the contract relax technique with 4 repetitions, 5 sec-
onds of maximal isometric contraction and 25 seconds of
passive stretching, we performed a protocol involving 4 rep-
etitions, 10 seconds of contraction in 20% of maximal volun-
tary isometric contraction, and 30 seconds of passive stretch-
ing. The fact that there was no increase in the VJ height in
the PNF group is also consistent with the results of a review
[27] arguing that acute stretching does not increase the VJ
height.

The second test used for performance analysis in our
study was THD. In the literature, there is no study evaluating
the hop distance after PNF stretching application. On the other
hand, while PNF stretching did not affect the VJ height, it in-
creased the THD test scores; this may be due to the fact that
these 2 performance tests are based on different parame-
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ters. VJ evaluates the explosive power parameter, and THD is
affected by the parameters of power, balance, and speed [28].

Considering the mechanism of action of the KT technique,
Kase et al. [15] suggested that KT increased the space be-
tween the skin and muscle tissue, lifting the skin; in this way,
this technique reduces pain by increasing blood and lymphatic
flow and increases ROM by normalizing muscle function.
Nevertheless, studies investigating this issue have yielded
contradictory results. Merino-Marban et al. [6] investigated
the acute effect of KT on hamstring extensibility in healthy
students without hamstring tightness and reported that the
technique did not increase hip flexion ROM. On the other
hand, another study examining the acute effect of KT ap-
plied to quadriceps and hamstring muscles of healthy sub-
jects without tightness implied that KT increased hip and
knee ROM [17]. Similarly to Flood et al. [16], we conducted
our study among athletes with hamstring tightness. ASLR
statistically significantly increased immediately after and 30
minutes after the KT intervention. In turn, we found that PNF
+ KT was more effective than the other interventions.

Although hamstrings are among the prime movers in jump
tests [19], we have not found any study examining the effect
of KT on hamstring muscles in jumping performance. Harput
et al. [29] found an increase in single-leg hop distance per-
formance immediately after applying Y-shaped KT to the
quadriceps muscle in people who had undergone anterior
cruciate ligament reconstruction. Aktas and Baltaci [30] re-
ported an improvement in single-leg hop distance, which is
similar to our study, but there was no change in VJ height
immediately after Y-shaped KT application to the quadriceps
muscle in healthy individuals. Another study suggested that
KT applied to the triceps surae muscles did not have a sig-
nificant effect on VJ height [31]. VJ tests, regardless of perfor-
mance with 1 leg or 2 legs, as in our study, contain less bal-
ance components than single hop or THD tests. Our results
and the results found in the literature may be due to an in-
creased balance resulting from the cutaneous stimulation
created by KT application on the skin. However, we sup-
pose that the larger effect sizes obtained in THD in the PNF
+ KT group compared with the other groups may be due to
the improvement of ROM achieved with PNF stretching.

In the PNF + KT combination, KT relaxes the fascia, while
the PNF stretching technique relaxes the muscle by autogenic
inhibition of the muscle’s Golgi tendon organ; the 2 effects
combine to increase flexibility [9, 15]. Consistent with our
hypothesis, the greatest effect in ASLR measurements, es-
pecially after 30 minutes, was observed in the PNF + KT group
in our study. The fact that there was an increase in VJ height
only in the evaluation performed 30 minutes later and only
in the PNF + KT group suggests that the combination of these
2 methods may have a positive effect on jump performance.
Similarly, the greatest effect in THD was also seen in the
PNF + KT group.

To our knowledge, this is the first study to assess the com-
bination of PNF and KT in hamstring tightness. Most of the
studies in literature which investigated the effect of PNF or KT
were conducted among healthy subjects, but in the present
study, the participants were amateur athletes with ham-
string tightness. The fact that the interventions and evalua-
tions were carried out by researchers experienced in their
field was another strength of our study.

Limitations

This study has some limitations. First, the assessment of
outcome measures was performed at baseline and 30 minutes

after the interventions, but no long-term result was observed.
Second, owing to numerical deficiencies, we could not con-
duct the performance evaluations specific to the athletes’
sports branches.

Conclusions

This single-blind randomized controlled trial demonstrated
that PNF, KT, and PNF + KT had a similar effect on the flexibil-
ity of hamstring and performance. Beyond statistical signifi-
cance, the clinical interpretation of these findings implies that
PNF + KT might provide a slightly better improvement in the
flexibility of hamstring and performance than the PNF and
KT interventions alone. Further studies are needed to support
our findings.
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