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ABSTRACT

Background: This study might have been directed to some degree because of clashing results in the past studies re-
garding the impacts for different SS protocols on muscle strength and possibility for injury. The objective of the study
was to investigate the acute effects of different static stretching (SS) durations (20, 30, and 60s) on isokinetic concentric
quadriceps (Q) and hamstrings (H) peak torque (PT), eccentric H PT and conventional and functional H:Q ratios un-
der different stretching conditions and angular velocities (60°and180°/s) in active women.

Methods: Isokinetic tests were performed on 108 active women. A HUMAC system was used to measure unilateral
concentric Q and H PT, and eccentric H PT at 60 and 180°/s at baseline and after a bout of H-only, Q-only, and com-
bined H and Q muscles SS. The data were statistically treated using five separate three-way (time x conditions x veloc-
ity) ANOVA.

Results: There were no significant differences among groups at baseline (P > 0.05). Significant reductions of all outcome
measures have been shown to occur after 30 and 60s of SS (P < 0.05). The highest reductions of concentric Q and H
PT, eccentric H PT and H:Q ratios were observed after 60s of SS. With no significant effects with the 20s SS (P > 0.05).

Conclusion: Short-lasting stretching can be done before exercises that require strength. However, since 30s or 60s
stretching protocols adversely affect the muscle strength, performance and lower H:Q ratios they are not recommended
prior to activities demanding the production of high forces.
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INTRODUCTION

Static stretching (SS) is a method that is frequently inte-
grated into a large number of warm-up routines[1,2].It is
commonly utilized to improve flexibility to achieve optimal
performance, and possibly decreasing the danger of mus-
culoskeletal damage throughout strenuous exercise [3]. Re-
cent literatures indicated that a session of stretching might
temporarily diminish performance when the stretching is
performed preceding activities requiring force and power
generation [4,5]. In fact, few studies have concluded that
SS had no apparent benefits for injury risk reduction [6,7].
While, few authors recommended that pre-event SS might
increase the hazard of injury [8,9,10,11].On other hand,
muscle strength is a standout amongst those key factors for
fruitful sports performance and is an important pointer of
the adequacy from claiming damage restoration clinched
alongside players [12].

Hamstrings-to-quadriceps peak torque ratio (H:Q ratio)
may be a standout amongst those the vast majority essen-
tial examination to monitor the performance of athletes
and the rehabilitation progress of injured players. This pro-
portion of strength of agonist to antagonist knee muscles
has been used to investigate function and stability of knee
joint as well as balance between H and Q during velocity
dependent movements [9,12, 13,14].

Customarily, the H:Q ratio is studied by dividing max-
imal H concentric PT by the maximal Q concentric PT,
and this conventional proportion demonstrates a strength
comparison between the opposing muscles [15]. However,
throughout mankind’s movement the H frequently work
eccentrically to resist, control, and furthermore contradict
the strong contraction of Q throughout knee extension that
occurs during running or kicking. These eccentric muscle
movements produce large amounts for strain inside the H
muscles. So, it has been proposed that a functional H:Q
ratio(defined as maximal H eccentric PT divided by maxi-
mal Q concentric PT) is appropriate to determine damage
hazard [8].The H:Q ratios have received a lot of attention
regarding their use to quantify muscular imbalance as well
as rehabilitation and physical conditioning [16].

Specifically, H:Q ratio have been used to evaluate the pos-
sibility for H and knee-related injuries [9, 13, 14,17,18].1t
has been recommended that woman with relatively lower
H:Q ratios may be predisposed to a higher risk of lower
extremity damage [18].

Previous studies explained that acute SS might reduce the
conventional H:Q [8, 15] and eccentric PT [8,19-21]. On
the other hand, the impacts of SS on functional H:Q ra-
tio had not been evaluated except by few studies [8,21,22].
Furthermore, In light of survey of the accessible literature,
there is even now difference around a number of authors
regarding the impacts of separate stretching routines on
muscle strength and performance. Studies utilized different
variables for stretching interference and procedures, such as
stretching condition, number of repetitions, stretching time
and angular velocities. These impacts have implications for

sportsmen implicated in activities that demand explosive
strength and power production, and have led some authors
to advice against the practice of SS before such activities,
and these contradicting views cause confusion among the
coaches, athletes, and the common fitness enthusiasts. This
study was performed in part due to conflicting findings in
the previous literature regarding the effects of different du-
ration of the SS under different stretching conditions and
angular velocities on muscle strength, performance and
potential of injury. As stretching time is one of the most
important variable affecting muscle strength and perfor-
mance, we hypothesized that the longer stretching would
cause a greater decrease in muscle strength, performance
(concentric and concentric PT) and lower H:Q ratios and
consequently increase the perceived risk of injury as eval-
uated by H:Q ratios. Also we can hypothesized that there
was an interaction between stretching time, condition and
velocity. Thus, the objective of this research was to investi-
gate the acute effects of different SS durations (20,30, and
60s) on concentric Q and H PT, eccentric H PT and the
conventional and functional H:Q ratios during isokinetic
muscle actions under different stretching conditions and
angular velocities (60°and180°/s) in healthy recreational
active women.

MATERIALS AND METHODS
Participants

A sample of 128 healthy recreationally active women ini-
tially participated in the study. They were recruited from
the female section- King Saud University (KSU). Active
women defined as the women engage in some form of mod-
erate intensity physical activity for 30 minutes or more for
at least three times / week [23,24]. All of participants were
sound because there were no records of any past hip, knee,
or ankle-related injuries, lower-extremity contracture, an
operation performed on their back or lower extremity
within the past two years, neurological findings, and take
hormone or muscle-affecting drugs. Thirteen participants
were excluded due to preexisting musculoskeletal limita-
tions or injuries, also, four participants did not complete
the sessions and three participants were pregnant.

Actually, 108 women completed the study. The age of par-
ticipants ranged from 19 to 25 years. The power of sample
size was calculated using G Power system. Fifty-five par-
ticipants reported engaging in one-six hour/week of aer-
obic exercise, 13 reported one-seven h/week of resistance
training, and 26 reported one-three hour/week of recre-
ational sports. Only14 participants reported one-five hour/
week of stretching exercise. According to the duration of SS
the eligible participants were randomly divided into four
equal groups using a random numerical sequence in sealed
opaque envelopes: group I (control), group II (20s stretch),
group IIT (30s stretch) and group IV (60s stretch) (Figure
1). The participants were educated about the study context
and test procedures, and any likely dangerous and discom-
fort that might arise. Thereafter, pre testing, all participants
read and signed the informed consent form and completed
a health status questionnaire to investigate their eligibility
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to participate in the study. The study was approved by the
ethical committee, Collage of Applied Medical Sciences,
KSU. It was granted by the Research Center of the Female
Scientific and Medical Colleges, Deanship of Scientific Re-
search, KSU. Data were collected from May until the end
of November 2014.

Pregnant
=3
Excluded Mot complete the sessions
n=20 n=4
Musculoskeletal injury
n=13

n= 128

~ Mo stretch
n=27
Streteh 205

n=27

Assessed Tor eligibility

Included
n=108 Stretch 30

n=27

Streteh 605

n=27

Figure 1: Participants flow chart
Isokinetic testing procedure

A randomized controlled quaziexperimental design was
used. Before the experimental sessions the participants
completed the familiarization session. This session includ-
ed anthropometric measurements [(body weight, height
and body mass index (BMI)] followed by warming-up on a
stationary cycle ergometer. The participants practiced sub-
maximal and maximal isokinetic muscle action of Q and H
muscles at 60 and 180°/s until they were convenient with
the protocol. Furthermore, the stretching exercises were
conducted during the familiarization session to ensure that
each participant could tolerate the stretches. The eligible
participants visited the laboratory on three experimental
sessions (H stretching condition, Q stretching condition
and combined H and Q stretching condition) separated by
at least 48 hours [25].

At baseline the participants performed isokinetic tests to
measure the maximal concentric Q and H PT, eccentric
H PT and H:Q ratios at different angular velocities (60
and180°/s) (slow to fast velocity) [26]to ensure no differ-
ences identified between groups. The test evaluated the
dominant leg, which was the right leg for approximately
89% (n=96) of participants while, only 11% preferred their
left leg (n=12). The leg that the participants used to kick a
ball was determined as the dominant leg [26].

For the experimental sessions, each participant complet-
ed a five-minute warm- up on a stationary cycle ergom-
eter with the resistance set to 50 watt and a pedaling ca-
dence of 60 to 70 rpm prior to the initial isokinetic testing
[27]. Participants were positioned on the HUMAC system
(HUMAC 2009 NORM, Computer Sports Medicine, Inc.
Stoughton, MA, and the USA) using a standard protocol
for a test of Knee Extension /Flexion in a seated position
in accord with the manufacture’s protocol. They were in a
sitting position with pads securing the dominant leg and a
restraining strap over the pelvis and trunk. The isokinetic

dynamometer was calibrated prior to data collection. The
weight of the limb was calculated using the software to as-
sure that the gravity was accounted for during the measure-
ment testing in order to reduce the risk of inaccurate data.
Also, knee movement was set from 5° to 95° of knee flex-
ion to prevent Hyperextension/hyper flexion knee injury
from occurring [6]. The slower angular velocity (60°/s) was
completed before the high speed (180°/s) as this facilitates
learning during measurements at high angular velocities of
the knee. The angular velocities were chosen based on the
recommendation of Nelson et al [28] that the impacts of SS
were velocity specific.

The input axis of the dynamometer was aligned with the
axis of the knee; while the contra-lateral leg was braced
against the limb stabilization bar. Each test consisted of
three maximal repetitions performed for each velocity. A
one-minute rest was allowed between testing at each veloc-
ity to prevent the buildup of fatigue. Throughout the tests,
Boisterous verbal consolation might have been given by
the examiner so that each participant was guided to kick
out and pull back as hard and fast as possible throughout
the entire range of motion [8]. The information was imple-
mented within the HUMAC-NORM software (software on
a NORM, 6000) to assist in calculating PT. PT was estimat-
ed as the highest torque value of the repetition that yield-
ed the highest PT value [29]. Conventional H:Q ratio was
calculated by dividing each participant’s highest concentric
H PT by the highest concentric Q PT[30].Functional H:Q
ratio was estimated by dividing the highest eccentric H PT
by the highest concentric Q PT [14].

Static Stretching protocol

Following the pre-stretching isokinetic tests for all groups,
each participant of the three experimental groups (II, III
and IV) underwent four SS exercises designed to stretch
the Q-only, H-only and combined Q and H muscles of the
dominant leg only. The SS routine composed of one unas-
sisted and three assisted exercises using a protocol from
previous studies [29, 30].

The four repetitions of SS exercises were held for (20s,
30s and 60s) for the three groups, respectively at a point
of mild discomfort, but not pain, as acknowledge by the
participants. Between each stretching repetition, rest peri-
ods were provided at a neutral joint angle. Stretch and rest
duration were observed by a digital stopwatch timer. The
rest intervals between the repetitions and SS exercises of
H-only, Q-only and combined H and Q muscles were (15s,
15s and 20s) for the three experimental groups, respective-
ly. The repetition, set, and rest periods chosen based on
past studies [20,27,31].The stretching procedure lasted 7.0
+1.2, 8.0+0.8 and 15.8+1.1 minutes for the H stretching, Q
stretching, and combined H and Q stretching, respectively
for 20s SS. While, the stretching procedure lasted 9.8+1.1,
10.0+1.2 and 19.0+0.8 minutes for the H stretching, Q
stretching, and combined H and Q stretching, respectively
for 30s SS. On the other hand, the stretching procedure
lasted 15.0£0.9, 15.6+0.6 and 30.7+1.1 minutes for the H
stretching, Q stretching, and combined H and Q stretch-
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ing, respectively for 60s SS. Immediately after the stretch-
ing exercises, the average time that elapsed from the end of
the stretching to the start of the post-stretching isokinetic
test was 5.4+1.1 minutes. Promptly after the stretching ex-
ercises, the normal time that slipped by from the end of the
stretching to the begin of the post-stretching isokinetic test
was 5.4x1.1 minutes.

H muscle stretching condition

The SS protocol for H muscle has been portrayed in point
of interest by Costa et al.[15].Each participant performed
one unassisted stretching exercise followed by three assist-
ed stretching exercises. The unassisted stretching exercise
might be a standing toe contact. With the dominant leg
completely extended and the left thigh externally rotated
and supporting the body weight, the participant flexed the
middle so that both hands draw closer the dominant foot
with no guide from the examiner. The first assisted SS exer-
cise was finished in a modified - hurdler position.

The participant sat on a mat with the dominant leg com-
pletely extended, and the non-dominant thigh flexed and
laterally rotated and flexed thus, the non-dominant foot
was squeezed against the medial side of the dominant knee.
The participant was motivated to reach with both hands to-
ward the dominant toes by flexing the middle, which was
assisted by the examiner pushing against the participant’s
back. To play out the second assisted SS exercise, the par-
ticipant laid recumbent on a mat with her dominant thigh
flexed at the hip and dominant leg completely extended.

While securing the non-dominant leg, the investigator
passively flexed the dominant thigh by pushing against the
back leg and heel toward the head.

The last assisted SS exercise started with the participant
lying recumbent on a mat with the non-dominant thigh
flexed and dominant leg extended thus, the dominant
thigh and leg were straight and opposite to the floor. The
investigator passively dorsiflexed the foot by pushing down
on the toes and supporting the heel.

Q muscle stretching condition

The protocol intended to stretch the Q muscles was de-
picted in point of interest by Cramer et al., [29]. Every
participant played out an unassisted stretching exercise
took after by three assisted stretching exercises. For the un-
assisted stretching exercise, the participant stood upright
with one hand against a wall for balance. The participant
then flexes the dominant leg at the knee joint for 90°.The
ankle of the flexed leg was held by the ipsilateral hand, and
the foot was raised, so that the heel of the dominant foot
drew closer the rump. The initially assisted stretching ex-
ercise was performed with the participant lying inclined
on a cushioned table with her legs completely extended.
The dominant leg was flexed at the knee joint and grad-
ually pushed down thus, the participants heel drew clos-
er the rump. In the event that the heel could contact the
rump, the knee was gently lifted off the supporting surface,
causing a slight hyperextension at the hip joint, to finish
the stretch. To play out the second assisted SS exercise, the

participant remained with her back to a table and rested
the dorsal surface of her dominant foot on the table by flex-
ing the leg at the knee joint. From this position, the dom-
inant leg extensors were stretched by gently pushing back
on both the knee of the flexed leg and the related shoulder.
The last assisted SS exercise started with the participant ly-
ing recumbent along the edge of the cushioned table with
the dominant leg hanging off of the table. The dominant leg
was flexed at the knee and the thigh was slightly hyper ex-
tended at the hip by delicately pushing down on the knee.

H and Q stretching condition
The same H and Q stretching exercises described before
Data Analysis

The Statistical Package for Social Science (SPSS) form 22
was utilized to examine the data. Mean, standard devia-
tion and percentage of differences were calculated. A one-
way analysis of variance ANOVA was used to test the dis-
tinctions among the groups regarding their isokinetic PT
production of Q and H muscles as well as H: Q ratios at
baseline before each stretching condition. Five separate
three-way ANOVA time [control-vs post-20s stretching
vs post-30s stretching vs post-60s stretching] x condition
[H-only stretching vs Q-only stretching vs combined H
and Q stretching vs control] x velocity [60° vs 180°/s] was
used to analyze the H and Q concentric PT, H eccentric
PT, and the conventional and functional H:Q ratios. In
case of significant effect or interaction Post hoc test was
performed to examine the difference between and within
groups. The Significance level was set at 5%.

RESULTS

Table 1 depicts the demographic attributes of the partic-
ipants at baseline. The results showed non-significant
differences between groups regarding demographic char-
acteristics (age, height, weight and BMI) (P>0.05). As
presented in Table 2, there were no significant differences
between and within groups at baseline for all the outcome
measures before the three stretching conditions (P>0.05).
Table 3shows significant reductions in all outcome mea-
sures after 30 and 60s of SS at different angular velocities
compared to control group. With no significant effects with
the 20s SS (P > 0.05).

Table 1: Demographic characteristics of all participants at

baseline
Age Height Weight
Groups N BMI
P (Yrs.) (cm) (Kg)
20.7 159.2
Control 27 +12 22 53.3+1.6 | 21.2+.83
20s stretch | 27 213 159.3 54.6 +3.4 | 21.4+.97
+2.1 +4.5
30s stretch | 27 21 1.5 14_53878 52.6 £3.5 | 20.9+.81
21.1
60s stretch | 27 118 159 £3.2 | 52.7+2.6 | 21.3+2.6

N: Number; BMI: Body mass index; Yrs: Years; kg:
Kilogram; cm: Centimeter.
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Table 2: Mean (£SD) values of concentric Q and H PT, eccentric H PT and the conventional and functional H: Q ratios
at 60 and 180°/s for all groups at baseline before different stretching conditions

Control group 20s SS group 30s SS group 60s SS group
Outcomes
60°/s 180%/s 60°/s 180%/s 60°/s 180%/s 60°/s 180%/s
Before Hamstring stretching condition
QPT(Nm) | 682+37 | 51.7+21 | 672449 506419 | 67.9+49 | 512419 | 683+43 | 51.9+2.8
H PT(Nm) | 753424 | 737429 | 74.9+4.1 73.9+4.1 74.6+3.6 | 742439 | 75732 | 753+47
& )
ceentric | 0531303 | 824+38 | 83.9+64 83.1463 | 84.8+43 | 819452 | 857+44 | 842456
HPT(Nm)
Convention- | 1 ¢\ | 1417486 | 1122485 | 14245115 | 109.457.4 | 141.859.8 | 1104476 | 14084117
al H:Qratios
Functional |,/ \ o1 | 1502467 | 12642127 | 160.6+11.8 | 124.6+12.6 | 15754109 | 125.7+11.4 | 159.8+9.6
H:Q ratios
Before Quadriceps stretching condition
QPT(Nm) | 70.9+33 | 67.9+46 | 69.4+54 68.4+6.0 | 68351 | 67.3%5.3 71.7+5 67.4+5.9
H PT(Nm) | 79.9+34 | 76.9+37 80 +6.2 77.4+4.7 78 +4.4 | 772450 | 809454 | 76.3+45
Eccentric | o /29 | 8612447 | 88.8+6.3 872458 | 89.4+45 | 85+49 | 90.1449 | 84.9+45
HPT(Nm)
Convention- | )\ o oo | 1140157 | 1136£92 | 1122494 | 1121477 | 11154141 | 1115874 | 112.749.3
al H:Qratios
Functional | o oo | ogasi1a | 12524114 | 12684162 | 1287499 | 127.6+13.9 | 125.4410.6 | 128.9+12.0
H:Q ratios
Before Hamstring and Quadriceps stretching condition

QPT(Nm) | 77.9+49 | 68.15+3.5 75.9+6 67+5 747+44 | 683456 | 769+62 | 69.6+4.8
HPT(Nm) | 824+57 | 77.4+29 | 81.8+658 7742.5 80.3+5.9 | 77.54#3.0 | 82.7+7.0 | 75.9+2.7
Eccentric H | o553 53 87+3.8 88.3+5.5 86.144.1 87.9+4.2 86+4.2 89.9+3.7 86.3+4.8

PT(Nm)
Conventional | ")y | 1165471 | 1062469 | 1159103 | 1074569 | 113.6£106 | 108+7.1 111.6+8

H:Qratios

Functional | 0/ 71 | 1209407 | 1164121 | 1294+105 | 1185495 | 1269+11.0 | 11574117 | 127.3+10.6
H:Q ratios

PT: peak torque; H: hamstrings; Q: quadriceps; H: Q: Hamstrings-to-Quadriceps ratio; SD: standard deviation.

Concentric Q PT

There was a significant main effect for velocity, time and
condition (P<0.05). The three-way ANOVA indicated
no three-way interaction (time x condition x velocity)
(P=0. 825). Also, no two-way interaction for time x ve-
locity (P>0.05), but significant two-way interactions were
observed for condition x velocity and time x condition
(P<0.05). Moreover, Post-hoc comparisons showed a sig-
nificant difference between the conditions (P<0.05) in fa-
vor to H stretching condition. In between-groups, one-way

ANOVA revealed significant reductions after 30 and 60s of
SS under H stretching condition, Q stretching condition
and combined H and Q stretching condition at both angu-
lar velocities (Table 3). In particular, the highest reduction
of concentric Q PT was recorded after 60s of SS under
H stretching condition at 60 and 180°/s (Mean =61.7+4.2
Nm and 48.9+4.2 Nm, respectively). The percentages of re-
duction compared to control group were 9.5% and 5.4%,
respectively.
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Table 3: Mean (+SD) values of concentric Q and H PT, eccentric H PT and the conventional and functional H: Q ratios
after SS at 60 and 180%/s for all groups at different conditions

Control group Post20s group Post30s group Post 60s group
Outcomes
60% | 180 60% | 180 60/s 180%/s 60% | 180U
Hamstrings stretching condition
Concentric Q | o737 | 517021 | 66249 | 503:16 |649xa1%) | s0x1.5%] | 61.724.2% | 489242
PT (N.m)
C‘;,“ﬁ‘gﬁf)}l 753224 | 737429 | 732+42 | 71.143.6 | 70.143.6% | 68.6+3.7%] | 64.145.8%| | 63.9+4.4%|
E;?‘Eg';)H 85.33.03 | 82.4+38 | 82.7+54 | 7853 |80.1£3.9%| | 76.4+4.2%| | 73.6£5.2% | 69.9+3.6%]
Conventional | |5 ¢ 4| 1417086 | 1113268 | 1414281 | 108.928% | 13642118 | 101.726.8%] | 128.8£9.5%]
H: Q ratios
F“‘(‘;tr‘;’t‘::l Hil 07as61 | 1592667 | 12574109 | 1554109 | 124.4:8.6 | 151.4411.7%] | 119.9472%) | 142.148.2%]
Quadriceps stretching condition
Concentric Q | ;0,33 | 670146 | 688563 | 664162 | 6476475 |  649+5 62.6+5.8%] | 61.5+4.3%|
PT (N.m)
C‘;,“Tce(';ltrl;c)H 79.943.4 | 769437 | 774459 | 73.5£5.7 | 71.244.4% | 70.4+5.4%] | 65.9+5.9% | 58.6+£8.9%|
E;CT‘“E;';I)H 89.4+39 | 85.9+4.7 | 86.4+42 | 83745 |802+6.6%| | 78.2+55%] | 75.4+4.6%| | 71.3+6.4%|
Conventional | |\ s 56| 140157 | 1130488 | 1112297 | 110461 | 1082677 | 105.428.8%] | 94.4513.1%]
H: Q ratio
F““g;‘;‘t‘:‘o' Hil 107058 | 12845114 | 12655109 | 1274215 | 123.948.6 | 12125132 | 120.9+112 | 115.5£13.3%]
Hamstrings and Quadriceps stretching condition
C‘;,“Tc‘z;;::)Q 77.944.9 | 68.1543.5 | 74.7+6.2 | 65.5+52 | 72.844.9% | 63.945.9%| | 68.744.9%| | 59.9+46.2%|
C‘;,“Tce(';ltrl;c)H 824457 | 774429 | 77.6£8.10 | 7425 | 752452%] | 69.843.9%| | 69.3+4.7%| | 64.7+4.8%]
E;CT‘“EE";)H 8934376 | 87438 | 86.9+4.7 | 84.1439 | 83.2+52% | 77.9+6.2% | 76.4+4.9%| | 70.544.8%]
Conventional | 75 4 | 116.547.1 | 104277 | 114.9<10.1 | 1034579 | 110105 | 100£6.8% | 106.87.9%
H: Q ratio
F““(;t;‘:t‘f; Hl 1184571 | 1299207 | 117.1210.1 | 129.1£10.7 | 114.6210% | 122.5611%] | 110.4£8.7%] | 117.8:9.5%]

PT: peak torque; H: hamstrings; Q:quadriceps; H:Q: Hamstrings-to-Quadriceps ratio; SD: standard deviation; s: second; °/s:
degree/second; *|: Significant decrease (P<0.05).

Concentric H PT

There was a significant main effect for velocity, time and
condition (P<0.05). According to the three- way ANOVA,
the concentric H PT for the H muscle showed three-way
interaction (time x condition x velocity) (P= 0.037). Fur-
thermore, two-way interactions for condition x velocity
and time x condition were reported (P<0.05). On the other
hand, there was no two-way interaction for time x veloci-
ty (P> 0.05). In addition, Post-hoc comparisons showed a
significant difference between the conditions (P<0.05) in
favor to H stretching at 60°/s and Q stretching condition
at 180%s. The results of ANOVA displayed a significant
reduction of concentric H PT (P<0.05) following 30 and

60s SS under the three stretching conditions at different
angular velocities (Table 3). The highest reduction was ob-
served after 60s SS under H stretching condition at 60°/s
(Mean=64.1+5.8 Nm) and Q stretching condition at 180°/s
(Mean=58.6+8.9N.m) with 14.8% and 23.7% differences
from control group respectively.

For eccentric H PT, there was a significant main effect for
velocity, time and condition (P<0.05).The three-way ANO-
VA for eccentric H PT revealed no three-way interaction
(time x condition x velocity) (P=0.514), and no two-way
interactions for condition x velocity and time x velocity
(P>0.05).While, two-way interaction for condition x time
(P< 0.05) was recorded. In addition, Post-hoc comparisons
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recorded significant difference between the three stretch-
ing conditions (P<0.05) in favor to H stretching condition
after 30 and 60 s of SS at both angular velocities. Eccentric
H PT was found to decrease significantly after 30 and 60s
of SS (Table 3). Additionally, the greatest reduction of PT
compared with control group was detected for the 60s of
SS under H stretching condition at 60 and 180°/s (Mean
=73.6+5.2N.m and 69.9+3.6N.m, respectively). The per-
centages of PT reduction were 13.7% and 15.2%, respec-
tively.

H:Q ratios

For the conventional H:Q ratio, there was a significant
main effect of velocity, time and condition (P<0.05). The
three-way ANOVA indicated no three-way interaction
(time x condition x velocity) (P=0.249), no two-way inter-
actions for condition x time (P>0.05). But, there were two-
way interactions for time x velocity and condition x veloc-
ity (P<0.05). In addition, Post-hoc comparisons recorded
significant difference between the conditions (P<0.05) in
favor to combined H and Q stretching condition at 60 °/s
and Q stretching condition at 180°/s after 60s of SS. Under
H stretching condition, the results of ANOVA indicated a
significant reduction of conventional H:Q ratio after 30s
of SS at both angular velocities. On the other hand, signif-
icant decrements were presented after 60s of SS under all
three stretching conditions at different angular velocities
(Table 3). The highest reduction was recorded after 60s of
SS under combined H and Q stretching condition at 60°/s
(Mean=100+6.8) and Q stretching condition at 180°/s
(Mean=94.4+13.1) with 6.7% and 17.8%, differences from
control group respectively.

Regarding the functional H:Q ratio, there was a signifi-
cant main effect for velocity, time and condition (P<0.05).
The three-way ANOVA indicated no three-way interac-
tion (time x condition x velocity), no two-way interaction
for condition x time (P>0.05). But, there were two-way
interactions for time x velocity and condition x velocity
(P<0.05).In addition, Post-hoc comparisons revealed a sig-
nificant difference between the conditions (P<0.05) in fa-
vor to combined H and Q stretching condition at 60 °/s and
Q stretching condition at 180°/s. ANOVA indicated signif-
icant reductions after 30s of SS under H stretching condi-
tion at 180°/s and combined H and Q stretching condition
at both angular velocities. Also, significant decrements of
functional H:Q ratio was presented after 60s of SS under
H stretching condition and combined H and Q stretch-
ing condition at different angular velocities and under Q
stretching condition at 180°/s (Table 3). In particular, the
60s SS revealed the highest reduction under combined H
and Q stretching condition at 60°/s (M=110.4%+8.7) and Q
stretching condition at 180°/s (M=115.5+13.3). The per-
centages of reduction from control group were 6.8% and
10%, respectively.

DISCUSSION

The primary focus of the current study was to examine the
acute effects of different SS duration (20, 30 and 60s) on

isokinetic concentric Q and H PT, eccentric H PT and H:Q
ratios at different stretching conditions and angular veloc-
ities in active women. In this manner, the current study
sought to fill an important gap in the current studies on the
impacts of different SS routines on muscle quality, perfor-
mance and potential for overuse injuries of the knee. The
most important findings were the reductions in isokinetic
concentric Q and H PT, eccentric H PT as well as, H:Q
ratios under the three stretching conditions after 30 and
60s of SS at 60 and 180°/s. While the examined parameters
were unchanged after 20s of SS.

Regarding the concentric and eccentric PT of Q and H
muscles, the results showed that SS of H-only, Q-only and
combined H and Q for 30 and 60s significantly decreas-
es isokinetic concentric Q PT at both angular velocities.
However, the greatest significant reduction of Q PT was
observed after 60s vs 30s of SS occurring under H stretch-
ing condition at 60°/s (10% vs. 4.8%) and at 180°/s (5.4%
vs. 3.3%) compared to control group. Similarly, significant
reduction of concentric H PT was recorded under the three
stretching conditions for 30 and 60s at both angular ve-
locities. In particular, the 60s SS yielded more pronounced
decreases in isokinetic concentric H PT than the 30s SS,
occurring under H stretching condition at 60°/s where the
percentages of reduction compared to control group were
14.8% vs. 6.9% and under Q stretching condition at 180°/s
with 23.7% vs.8.4%. Generally, these results were constant
with past studies that conveyed reductions in isokinetic
concentric PT after a session of 30s [19, 29,30,32-35] and
60s of SS [36].

In this study the reduction of concentric Q PT under Q
stretching condition was 8.74% after 30s of SS at60°/s. This
percentage is higher than that reported by Costa et al. They
reported 6.15% decrease in Q PT after 30s of SS under the
same stretching condition and velocity [9]. Furthermore,
the percentage of reduction of concentric Q PT after 30s
of Q stretching reported in the previous studies was (3- 4.4
%) which is lower than that reported in current research
[22, 23, 35]. Then again, Q muscle SS for 60s decreased
concentric Q PT by (11.7% and 9.4%) at 60 and 180°/s,
respectively. The findings are in line with past study com-
pared the acute impacts of four different SS durations (10,
20, 30, and 60s) on isokinetic concentric Q PT [36]. The
authors recorded Q PT reduction with only 30 and 60s of
SS. Concentric Q PT was decreased by (5.5% and 11.6%,
respectively) at 60°/s, and (5.8% and 10%, respectively) at
180°/s under Q stretching condition.

The results of concentric H PT indicated that H stretching
for 30s caused 13.2%-14.8% reduction in concentric H PT
at 60° and 180°/s, respectively. Overall, these findings are in
agreement with literatures that showed reduction in con-
centric H PT after 30s of SS under H stretching condition
at the same velocities [8,30,35]. Specifically, Costa et al., [8]
found 9.2 % and 11% decreases in isokinetic concentric H
PT after 30s of H muscle SS at 60 and 180°/s[8] respective-
ly. However, the findings are in contrast with the previous
studies which showed no significant reductions of concen-
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tric Q and H PT at both low and high velocities, when the
participants performed 30s SS protocol [11, 20,37].

With regard to eccentric H PT, a significant reduction was
noted at both angular velocities when the participants
performed a SS protocol for 30 and 60s under the three
stretching conditions. Whereas, the highest eccentric H PT
reduction was observed after the 60s vs. 30s of SS, under H
stretching condition (13.7 % vs.6.1%) at 60°/s and (15.2%
vs.7.2%) at 180°/s. This result is consistent with Costa et
al. who reported eccentric H PT reduction after 30s of H
stretching by 15% and 18.3% at 60 and 180°/s, respective-
ly[8].Besides, this finding was not quite the same as dif-
ferent studies that have reported no significant changes in
eccentric H PT after 30s of the SS [21,26,27].

Isokinetic PT in this study showed similar trends to that re-
corded in past studies [30,37]. Isokinetic concentric Q and
H PT and eccentric HPT decreased as duration increased.
Along these lines, there might be an immediate relation-
ship between the stretch duration and stretching-induced
declines in muscle strength and performance. Also, it was
noted that the reduction of PT was affected by the stretch-
ing condition, and inversely related to angular velocity.

Since eccentric muscle activities produce a generally high
amount of intrinsic force and if the H is considerably weak-
er than the Q, this muscular imbalance may expand the
danger of damage. Also, H injuries are normal in sports
including running and hop [10]. In like manner Costa et
al., revealed that the potential risk of damage happened in
healthy recreational active women is related to reduction of
eccentric H PT [8].

Therefore, it might be vital to restrain any activity that
could conceivably diminish H concentric and/or eccentric
strength, especially if the stretching can be completed at
some other time during the day than before strength test-
ing or athletic performances. It is postulated that tempo-
ral reduction in strength (PT) taking after SS have been
referred to techniques such as changes in the mechanical
elements of skeletal muscle contraction [15,29,32] and/or
neural factors related to muscle activation [29, 33].

The findings of H:Q ratios showed that the conventional
and functional H:Q ratios were differentially influenced
by the duration of stretching, stretching condition as well
as the movement velocity. The conventional H:Q ratio sig-
nificantly decreases after stretching of H for 30 and 60s at
both angular velocities. The highest reduction of conven-
tional H:Q ratio was noted after 60s of SS under combined
H and Q stretching condition at 60°/s (6.7%) and under
Q stretching condition at 180°/s (17.8%). Regarding func-
tional H:Q ratio, significant reductions were observed un-
der H stretching condition and combined H and Q stretch-
ing condition after 30 and 60s of SS at different angular
velocities. Moreover, the 60s SS yielded more pronounced
decreases in functional H:Q ratio than the 30s SS, occur-
ring under Q stretching condition (10%) at 180°/s and
under combined H and Q stretching condition (6.8% vs.
3.2%) at 60°/s.

In the present study, the H:Q ratios decreased as angular ve-
locity increased compared to control group, which is near-
ly constant with a past study that showed reduction in the
functional H:Q ratio after 30s of SS under combined H and
Q stretching by 7% at 180°/s [30]. Similarly, 7% and 9.1%
reductions of conventional H:Q ratio under H stretching
at 60 and 180°/s were noted by Costa et al., 2013 in active
women [8].However, the findings are in contrast with the
previous studies, which showed no significant reduction
of conventional [22,30]and functional H:Q ratio[21, 22]at
both low and high velocities, when the participants per-
formed 30s SS protocol.

Devan et al., 2004, costa et al,, 2009 and Holcomb et
al.,2007 concluded that H muscle is about 50-80% as
strong as the Q muscle [18,30,38]. It has been proposed in
this manner, that the disproportionate H:Q strength ratio
might be conversely identified with the danger of lower ex-
tremity injuries [18, 30].That is, as the H:Q ratio decreas-
es, the danger of lower extremity injuries may increase. In
addition, some studies have suggested that the functional
H:Q ratio might be more representative of the functional
variations between H and Q strength than the convention-
al H:Q ratio[10]. Nevertheless, both H:Q ratios have been
utilized as a precaution method to screen for potential H
and knee-related injuries [13,17]. The general suggestion
is that the H:Q ratio should be 0.6 or more noteworthy for
injury prevention[18], and strengthening exercises can ad-
just low H:Q ratios [38].

The discrepancy in the results of the current study and the
previous studies might be because of the distinction s in
the training condition of the subjects. In this study, the
participants were healthy, college-aged, recreationally ac-
tive women, where the participants in most of the previous
studies were competitive sports [20,21,39]. Therefore, the
intense impacts of SS may be identified with the training
condition s and our supposition is that this issue may
should be determined and re-evaluated later in competi-
tors from various sports disciplines and distinctive train-
ing conditions. Furthermore, perhaps the discrepancy may
be due to the difference in stretching protocol involved
(stretching duration, condition, intensity, angular velocity
and rest period duration).

For example, the current study stretched the dominant leg
for as little as seven minutes and a maximum of 30 minute.
However, other studies have stretched dominant leg for
as little as three minutes and a maximum of five minutes
[26,27,35]. So, the effects of stretching on subsequent per-
formance could certainly be impacted by the duration of
stretching. Also, previous studies utilized just a one muscle
group, either Q or H for SS [26,32, 39]. This is an uncom-
mon circumstance in the practical athletic field. Athletic
performances are for the most part results of numerous
muscle activities. Therefore, it is critical to know the im-
pacts of stretching of both the Q and the H muscles that
are firmly identified with the actual requests of sport on
strength performance[14].
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According to authors knowledge, the present study was
the first to investigate the acute effects of different stretch-
ing routines including different duration, stretching both
Q and H muscles as well as the effect of different angular
velocity on concentric Q and H PT, eccentric H PT and
the conventional and functional H:Q ratios in active Saudi
women. However, we must acknowledge some of the lim-
itations of the present study. Firstly, given that gender play
important role in muscle performance, we only collected
the information from healthy recreational active women at
KSU-Riyadh city. Secondly, only dominant leg tests were
measured which were not able to compare between legs.
Finally, the study investigated the effects of SS on concen-
tric and eccentric isokinetic muscle strength, but it is im-
portant to known how SS affects electromyography activity
during Q and H contractions in both concentric and ec-
centric modes.

Conclusion and Practical application

In summary, isokinetic strength production might be ad-
versely influenced simply after 30 and 60s of SS. It appears
to affect muscle strength at slow and fast velocities, and
thus may affect all types of athletes.

In this way, it is prudent to dodge acute SS exercises just
before any action requesting maximal force and power
production, as this may be inconvenient to a fruitful per-
formance.

On other hand, SS of a shorter span (20s) may not degrade
maximal performance. Furthermore, SS may unfavorably
influence the conventional as well as, the functional H:Q
ratios thusly alert must be taken if stretching is directed
before H:Q ratio evaluation, particularly when H:Q ratios
are utilized as an index for choosing when come back to
play is proper during injury rehabilitation. The findings of
the present study along with that of past studies have con-
jointly proposed that strength and conditioning coaches,
athletic trainers, and other allied welling experts should
consider the duration of SS, stretching condition as well
as the velocity of movement as an approach to prevent re-
duction in muscle strength, performance and risk of knee
injury during physical activities.
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