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ABSTRACT

Background: Tightness of hip flexor muscles has been recognized as a risk factor for various musculoskeletal injuries
in the lower extremities.

Purpose: The purpose of this study was to examine the acute effects of two hip flexor stretching techniques (dynamic
and hold-relax proprioceptive neuromuscular facilitation, HR-PNF) on hip extension (ROM), knee joint position sense
(JPS) and balance in healthy college age students who exhibit tightness in hip flexor muscles.

Study Design: Pretest-posttest randomized experimental groups.

Methods: Thirty-six healthy college age students (mean = 22.37 years) with tight hip flexors participated in this
study. Hip extension ROM, knee joint position sense and dynamic balance were tested pre- and post-stretching using
a digital inclinometer, an iPod touch and the Y-Balance test, respectively. Subjects were randomly divided into dynamic
and HR-PNF stretching groups. Three-way mixed analysis of variance was utilized to explore if an interaction existed
between the groups in tested variables.

Results: There was a significant effect of time on hip extension ROM in both groups (p < 0.001). There was also a
significant effect of stretch type on hip extension ROM (p = 0.004) favoring hold-relax over dynamic stretching group.
There was a non-significant effect of time on mean knee joint position replication error in both groups. There was a
significant main effect of time on the Y-Balance test's mean distance of reach to posteromedial and posterolateral
directions (p < 0.001). There was also a significant main effect of directions of reach on distances achieved (p < 0.001)
favoring posterolateral over posteromedial, and the latter over anterior direction.

Conclusions: The results of this study demonstrated the effectiveness of both HR-PNF and dynamic stretching tech-
niques which resulted in a significant acute improvement in hip extension ROM and dynamic balance measures, with
HR-PNF being more effective than dynamic stretch. However, there were no significant improvements in knee joint
position replication over time in either stretching group.

Level of Evidence: 2b

Key words: Dynamic balance; dynamic stretching; hold-relax proprioceptive neuromuscular facilitation; knee joint
position sense; tight hip flexor.
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INTRODUCTION

Tightness of hip flexor muscles (i.e. iliopsoas and
rectus femoris) evaluated through hip extension
ROM measurement, has been recognized as a risk
factor for various musculoskeletal injuries (e.g., knee
and hamstrings) in the lower extremities.!”” ROM is
defined as the degree of movement within a joint,
and it can be active (reached by voluntary skeletal
muscles’ contraction) or passive (achieved by exter-
nal mean such as gravity).® Restricted hip flexor
mobility has been clinically defined as the inability
of the individual to achieve full hip extension during
the modified Thomas test position.? Tight hip flexors
is an impairment that has been found in both symp-
tomatic individuals (individuals with lower quarter
or extremity disorders and functional limitations)
and those individuals who are asymptomatic.5 Lack
of flexibility may result in early muscle fatigue or
altered movement patterns.> Therefore, hip flexor
muscle tightness is believed to have negative impact
on dynamic balance as well as on biomechanics of
lower extremities which, in turn, can increase the
risk of falls.’o!

Hip flexor muscle tightness has been negatively
correlated with dynamic balance performance in
junior high school students.”® Several authors have
suggested an association between diminished bal-
ance and injury.'?'¢ Balance and joint position sense
(JPS) are proprioceptive parameters that rely on
contributions from visual, vestibular and periph-
eral receptors that are found in skin, joints, muscles
and ligaments.'”"** Proprioception provides the body
with conscious and subconscious JPS and motion,
and is essential for knee joint functioning to main-
tain optimal control (balance) of lower extremities
while performing daily physical activities.?>?” JPS is
an aspect of proprioception that plays an important
role in functional dynamic stability of joints through
the action of the muscles and ligaments around
them throughout their ROM.?2%30 Reduced contri-
butions from sensory proprioceptive receptors may
diminish the protective reflex mechanisms of mus-
cles which, in turn, could predispose individuals to
musculoskeletal disorders by altering the control of
movement.3!-3

Since tightness of hip flexors is associated with bal-
ance dysfunction, and because the proprioceptive

aspect of JPS is one of the mechanisms that contrib-
utes to maintenance of balance, it is reasonable to
question if restricted hip flexors have unfavorable
effects on the knee'’s JPS. The action of rectus fem-
oris muscle on both joints (as hip flexor and knee
extensor) provides further support for this notion.*
Similar to the relationship between tight hip flexors
and lower extremity injuries, abnormal knee JPS
has also been linked to several orthopedic and mus-
culoskeletal conditions in knee joint.>**” These fac-
tors combined may highlight the role of hip flexor
tightness as a key component related to reduced
balance, diminished knee JPS and increased risk of
lower extremity injury.

In rehabilitation practice, stretching of hip flexor
muscles has been acknowledged as effective in
addressing limited hip extension ROM.** A variety
of stretching techniques have been described in the
literature including dynamic, static (active or pas-
sive), and proprioceptive neuromuscular facilita-
tion (PNF) to address this impairment.®* Dynamic
stretching is a controlled movement that uses the
active ROM of the joint while moving without
exceeding extensibility limits of the individual.*
Dynamic stretching incorporates a concomitant
active contraction of antagonist muscles which may
lead to benefits to those muscles that are not expe-
rienced with static stretching.® Therefore, and due
to its distinct benefits on muscular performance,
dynamic stretching may be the preferred stretch-
ing technique.*** Proprioceptive neuromuscular
facilitation (PNF) stretching on the other hand,
is considered one of the most effective stretching
techniques used to improve ROM, particularly in
respect to short-term changes in ROM.*** PNF type
stretching can be defined as a combination of iso-
metric contraction and passive lengthening of the
target muscle or group of muscles.* There are three
known techniques for PNF stretching procedures.
These three techniques include contract and relax
(CR), hold and relax (HR), and contract-relax with
antagonist contraction technique (CR-AC).**

The purpose of this study was to examine the acute
effects of two hip flexor stretching techniques
(dynamic and HR-PNF) on hip extension ROM, knee
JPS and balance in healthy college age students who
exhibit tightness in hip flexor muscles. The authors
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also aimed to determine which one of these tech-
niques has a greater influence on hip extension
ROM, knee JPS and dynamic balance. It was hypoth-
esized that significant differences in hip extension
ROM, knee JPS and balance measurements would
result between pre and post stretching intervention
protocols. Additionally, it was hypothesized that sig-
nificant differences would occur in these measure-
ments between the two stretching groups at post
intervention time point.

METHODS

The study sample consisted of thirty-six college age
students (25 males, 11 females ). The primary crite-
rion for inclusion to this study was the presence of
tightness of hip flexor muscles (THF). THF in the
current study was identified as a subject demonstrat-
ing a bilateral hip (i.e. unilateral THF was excluded)
hip extension angle between +5° to +15° above the
horizon during the modified Thomas test. Subjects
with lower extremity injuries or pain, orthopedic,
neurological, cardiovascular abnormalities, or sur-
geries, as well as a history of participating in a pro-
prioceptive or balance training programs in the prior
six months were excluded from participating in this
study. This experiment was approved by the human
subject’s review board of Western Washington Uni-
versity. A written informed consent, health history
and physical activity questionnaire forms were pro-
vided to each participant prior to data collection.

Design of the Study
A pretest-posttest randomized experimental groups
design was used for this study. The current study

utilized two treatment groups: group A performed
a dynamic stretching (DS) protocol while group B
underwent HR-PNF stretching protocol. Hip exten-
sion ROM, knee JPS (constant error, CE) and dynamic
balance (% distance of reach) were the dependent
variables measured pre- and post-stretching (imme-
diately-post and after five minutes for hip extension
ROM) protocols. Pre- and post-intervention time
points, type of stretching technique and side for hip
extension ROM, knee angle for JPS and direction
for dynamic balance performance were the three
independent variables in this study. A general warm
up protocol which consisted of five minutes of light
jogging on a treadmill at a comfortable self-selected
pace was used before stretching in both groups.

Dynamic stretching (DS) protocol

In group A, subjects lay prone with stabilizing strap
placed at the posterior inferior iliac spine (PSIS) to
stabilize the hips to the massage table. Then, they
started actively extending the hip (knee flexed at
~90°) of the target limb until stretch was felt in ante-
rior thigh (Figure 1). Subjects repeated this exercise
for 10 times within a 20-second period (1 rep. in 2
seconds) followed by a 10 second rest period. This
was repeated 6 times for each limb. The duration
and frequency of this technique (i.e. total dosing of
stretching = 120 seconds) was adapted from previ-
ous studies and followed the guidelines of the Amer-
ican College of Sports Medicine.5*>%5!

Hold-relax PNF stretching protocol
In group B, subjects lay supine on a treatment table
and holding one knee to the chest and letting the

Figure 1. Dynamic stretching technique used for stretching hip flexor muscles.
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Figure 2. Hold-relax proprioceptive neuromuscular facilitation (HR-PNF) stretching technique used for stretching hip flexor

muscles.

other leg to extend freely toward the floor at the end
of table. This protocol was adapted from a previous
study (Figure 2).** The hip of interest was moved
gently toward the floor (knee flexed at 90°) until a
mild stretch sensation was felt. Then, subject per-
formed a sub-maximal voluntary isometric contrac-
tion by hip flexor muscles for 10 seconds against a
examiner resistance of = 20 Ibs. applied by using a
microFET2, padded hand-held dynamometer (Hog-
gan Health Industries Inc., Salt Lake City, UT, USA).
The leg was then passively moved by the examiner
to the new ROM and held for 20 seconds; repeated
six times per limb.

Following completion of the stretching, hip exten-
sion ROM, knee JPS and dynamic balance measure-
ments were obtained. The same investigator and
co-investigators performed the same tasks through-
out the study.

Data Collection Procedures

Instrumentation. A PRO 3600 digital Protractor
(Jewell Construction LLC, Manchester, NH, USA)
inclinometer and an Apple iPod touch 5th genera-
tion device (Apple Inc., Cupertino, CA, USA), inte-
grated with custom-made application software were
used to measure hip extension ROM and knee JPS in
both experimental groups, respectively. Intra-rater
reliability for the hip extension ROM (The modified
Thomas test) measurement was assessed by a pilot
work prior to the initiation of the study in a sample
of 10 subjects. An excellent degree of reliability was
found between test and retest measurements (ICC

< 0.96). Validity of this test is established by control-
ling lumbopelvic movement (i.e. pelvic tilt) during
testing of the participants.® The custom-made appli-
cation software forms from a 3-axis tri-axial acceler-
ometer and a three-axis gyroscope. The data from
the accelerometer was used to calculate the angle of
the device with respect to gravity.>® The accuracy of
the measurements within the iPod touch device was
reported to be 0.49-0.50°.>* Intra-rater reliability for
the hip extension ROM measurements was assessed
by a pilot work prior to the initiation of the study in
a sample of 10 subjects. An excellent degree of reli-
ability was found between test and retest measure-
ments (ICC<0.96). The Y-Balance Test (YBT) using
the Y-Balance test kit (Perform Better Inc., West
Warwick, RI, USA) was utilized to measure DB. The
Y-Balance test kit includes three poles that extend
to anterior (ANT), posterolateral (PL), and postero-
medial (PM) directions in relation to the stance foot.
Participants were instructed to stand on the center
of the Y figure during testing and slide the blocks
outward into these three directions.®

Measurement techniques and procedures. To
achieve the required level of randomization during
testing procedures, the order of hip extension ROM,
knee JPS and DB testing was randomized (via com-
puter software) for all subjects to reduce the learn-
ing effects.

Hip Extension ROM. The modified Thomas test was
used to measure hip extension ROM.? The follow-
ing steps were used during the test: the participants
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were instructed to sit as close to the edge (i.e. the
gluteal folds at the edge) of the table as possible; sub-
jects pulled their knees to their chest and then gen-
tly rolled backward on the table; while maintaining
this position, one of the lower limbs was released,
allowing the hip to extend toward the floor; the free
hand was used to help holding the other knee to the
chest. This position enabled both the leg and knee
of the limb being measured to hang off the edge
of the table freely unsupported. While the subject
kept a posterior pelvic tilt, the examiner assistant
placed one of his hands (four fingers) under the
lumbar spine to ensure that the lumbar spine was
flat. The examiner observed and palpated the thigh
to ensure that it was completely relaxed and posi-
tioned the knee joint at about 80-90° of flexion, then
placed the digital inclinometer on the middle point
of the anterior aspect of the thigh being tested (Fig-
ure 3). The middle point on the thigh was identi-
fied as the midway between trochanterion and the
lateral epicondyle of the femur. During the pre- and
immediately-post and five-min-post intervention
time points, hip extension ROM was measured three
times, and the average was used for statistical analy-
sis. This measurement was taken by the same exam-
iner to improve reliability of measures.

Knee JPS test. Subjects were instructed to sit comfort-
ably on the edge of table with shank hanging 90°
from horizontal and including 2cm of space between
the table and the popliteal fossa. iPod was strapped
to the lateral side of the subject’s dominant leg about

e

Figure 3. Hip extension range of motion (ROM) measure-
ment test using a digital inclinometer (Jewell Construction
LLC, Manchester, NH, USA).

2.4 cm above the lateral malleolus and secured via a
Neoprene sleeve with hook and loop Velcro fasten-
ers (Figure 4).* Once testing began, the iPod pro-
vided all audio feedback to guide the subject through
their position-reposition task. The task consisted of
three trials to both 30° and 60° of knee extension
(total of six trials) which were randomized by the
application. Throughout all testing, subjects were
asked to wear tight clothes as well as keep their
eyes closed in order to eliminate external cues. A
customized LabVIEW (National Instruments Corpo-
ration, Austin, TX, USA) program was used to calcu-
late the accuracy of the reproduction of each knee

Figure 4. Knee joint position sense (JPS) measurement using iPod touch device (Apple Inc., Cupertino, CA, USA) integrated with

custom-made application software.
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joint angle. The accuracy of the reproduction of JPS
was represented as a constant error. Constant error
refers to the calculated value of deviation from the
target angle.®

Dynamic balance test. The Y Balance Test (YBT) pro-
cedures as used in a previous study conducted by
Gribble et al. were utilized to measure and represent
dynamic balance performance (DB) during pre- and
post-interventions measurements in the current
study.’” The participants pushed the moving rect-
angular pieces using their contralateral legs while
maintaining a single-leg stance on the stance foot
on the center of piece of the Y figure. Participants
pushed these moving pieces to the farthest point
possible on each pole with their reaching foot (Fig-
ure 5). The distances of reach were recorded to the
nearest quarter of centimeter. Next, these distances
were normalized to the length of subjects’ legs.”” The
sequence of reach directions was randomized using
a computer software to evade sequencing effects on
the collected data. Participants were given one to
two practice trials, then they were instructed to per-
form three trials in each direction (i.e. ANT, PM and
PL) and 15 seconds of rest were given between each
trial. The mean value of the three trials during the
pre-and post-interventions measurements was used
for statistical analysis.

-

Anterior-reach

Posteromedial-reach

Statistical Analysis

Mean and standard deviation (SD) values for hip
extension ROM, knee JPS replication error CE and
scores of DB performance during the pre- and post-
intervention time points for both groups were calcu-
lated. A 3-way mixed analysis of variance (ANOVA)
was utilized to test statistically significant differ-
ences (SPSS version 21.0). The ANOVA was con-
ducted to compare the group (dynamic stretching
vs HR-PNF stretching), time (pre-stretching vs post-
stretching), and side of limb (right vs right for hip
extension ROM). For the knee JPS, angle (30° vs 60°
in knee JPS) was used instead of the side of limb.
For the Y-balance test, the direction (ANT vs PM vs
PL) substituted the side of limb. If statistical signifi-
cance with the two-way interaction or main effects
existed, then a pairwise comparison was performed,
and Bonferroni correction was applied. Additionally,
a partial-eta (m*p) squared was calculated to deter-
mine the effect size. Statistical significance was set
at an alpha level of 0.05.

RESULTS

The study sample consisted of thirty-six college
age students (24 males, 11 females, mean age 22.37
+1.63 years, height 171.05 +9.64 cm, and weight
72 +13.70 kg). A statistical power analysis based

Posterolateral-reach

Figure 5. The Y-Balance Test.
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Table 1. Dependent variables’ mean and standard deviation (SD) values at pre- and

post-stretching time points. * denotes a significant difference p < 0.05.

HR-PNF Stretching Group
n=18 (12 males, 6 females)

Dependent Variable Dynamic Stretching Group
n=17 (12 males, 5 females)

Right hip extension ROM (°) (mean + SD)
Pre-stretch 9.20+£2.88
Immediately post-stretch 446 +£3.79 *
S-minutes post-stretch 4.57 £3.60 *

Left hip extension ROM (°)
Pre-stretch 8.89+2.29
Immediately post-stretch 3.17 +4.64 *
S-minutes post-stretch 335+4.44 *

Knee JPS flexion CE at 30° (°)
Pre-stretch 5.99 +2.43
Post-stretch 5.57+3.62

Knee JPS flexion CE at 60° (°)
Pre-stretch 1.03 £2.97
Post-stretch 1.78 £2.41

Y -test/anterior (%)
Pre-stretch 64.57 £6.66
Post-stretch 65.64 £6.09

Y -test/posteromedial (%)
Pre-stretch
Post-stretch

Y-test/posterolateral (%)
Pre-stretch
Post-stretch

102.47 £9.43 *
107.83 +7.97 *

108.90 £9.36 *
112.87 £8.68 *

(mean + SD)
9.54 £2.58
-3.87 £6.02
-0.90 +£6.01

10.34 £3.28
-2.48 £5.19
-0.26 £4.52

6.23 +4.91
5.26+3.63

2.12+3.28
2.67 £3.87

68.30 £5.28
69.24 £5.93

105.11 +11.31*
108.03 +12.33 *

112.91 £10.52 *
114.06 +11.03 *

* Significant difference at p < 0.05.

CE: Constant error, HR-PNF: Hold-relax proprioceptive neuromuscular facilitation, JPS: Joint

position sense, ROM: Range of motion, Y-test: Y-Balance test.

on a previous study and calculated using G* power
3.1 software (Heinrich Heine University, Dtssel-
dorf, Germany) revealed that 18 participants per
group would result in an estimated power of 0.80 to
observe significant differences with the alpha level
set to 0.05.° Due to equipment malfunction of the
JPS measuring device (iPod failed to record or save
the measurement), the data of one male participant
was excluded from statistical analysis.

Pre- and post-stretching values of hip extension ROM
are shown in Table 1. There was a significant two-
way interaction between the side of limb and stretch
type (F[1, 33] =8.154, p = 0.007, 0’p = 0.198) indi-
cating to a greater improvement in hip extension
ROM on both left and right sides in HR-PNF group
compared to DS group ( p = 0.001 and p = 0.035,
respectively) (Figure 6). A significant two-way inter-
action was found between the time and stretch type
(F[2, 66] =20.870, p < 0.001, n?p = 0.387) indicat-
ing a greater improvement in HR-PNF compared
to DS group occurred in hip extension ROM during

immediately-post stretch and post-five-min-stretch
time points (p < 0.001 and p = 0.005, respectively).
In the HR-PNF stretching group, immediately-post
stretching values of hip extension ROM were better
than pre-stretching and post-5 min stretching (p <
0.001). In DS group, both immediately-post and post-
five-min stretching values were better than pre-test
stretching values (p < 0.001).

There was no significant main effect of time on
mean JPS replication CE (F [1,33] =0.003, p=0.956,
N2 p<0.001) (Table 1). The only significant differ-
ence was observed in this test was between the
angles of 30° and 60° over time in JPS replication
error CE (i.e. average of pre- and post-combined val-
ues in both stretching groups) (F'[1,33] =51.723, p <
0.001, n*p = 0.610), with a smaller error in mean CE
(1.90° versus 5.76°) in 60° than 30° of knee angle,
respectively (p < 0.001) (Figure 7).

Pre- and post-stretching values for DB are shown in
Table 1. There was a significant interaction between
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Figure 6. A graphical comparison of hip extension ROM (°) of right and left hips between dynamic and HR-PNF stretching
groups during pre-test, immediately post-stretch, and 5-minute post-stretch time points.
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Figure 7. A graphical comparison of knee joint position sense (JPS) replication error () between dynamic and HR-PNF stretch-

ing groups during pre-test, post-test time points.

time and directions of reach (F'[2, 66] =5.653, p =
0.005, n’p. = 0.146) (Figure 8). Significantly greater
distances were noticed during post-test compared to
pre-test time point in distances of reach to PM and
PL directions (p < 0.001). There was a significant
main effect of directions of reach on the Y-Balance
test values (F'[1.564, 51.619] =904.148, p < 0.001, n*
p = 0.965). There was also a significant main effect
of time on the Y-balance test's mean distance (F' [1,

33] =28.386, p < .001, n’p = 0.462) indicating a
greater mean distance of reach during post stretch-
ing time point than during pre-stretching time point
(p < 0.001).

DISCUSSION

The purpose of this investigation was to examine
the acute effects of two hip flexor stretching tech-
niques on hip extension ROM, knee JPS and DB
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Figure 8. A graphical comparison of the Y-Balance test's directions of reach (%) between dynamic and HR-PNF stretching

groups during pre-test, post-test time points.

performance. Results showed significant improve-
ment in hip extension ROM over time in both
stretching groups. The results of the current study
are consistent with results reported in numerous
related studies .39°%% In a study conducted by Win-
ters et al., researchers stated that the increase in
hip extension ROM observed in their study was as
a result of passive and active stretching protocols
used.® Malai et al. reported significant improvement
in both right and left hip extension ROM after apply-
ing HR-PNF stretching technique on 10 individu-
als with tight iliopsoas muscles.?* In another study,
Godges et al. demonstrated the effectiveness of both
static and PNF stretching procedures on improving
hip extension ROM among seven young males.*®

Several possible reasons could have led to the
improvement seen in hip extension ROM in both
stretching groups such as increased body and mus-
cle temperature and stimulation of nervous system,
improved reciprocal inhibition of the antagonist
muscles and autogenic inhibition, alteration in stiff-
ness of musculotendinous unit, and alteration in
myotatic or stretch reflex.540434547.6367 However, the
results of the current study were in disagreement
with another study conducted by Rodacki et al . as
the values of hip extension ROM immediately-post
and post-five- min of stretching in the HR-PNF group

was significantly greater than in DS group. PNF
stretching technique is considered the most effec-
tive stretching technique to produce an immediate
and short-term increase in ROM because it includes
isometric resistance phase and followed by a static
stretching phase in HR-PNF which make it an effec-
tive muscle release technique as compared to other
stretching techniques.*“*#% The results of the pres-
ent study are consistent with a study conducted by
Miyahara et al.% who found a significant increase in
hip flexion ROM after using static and PNF stretching
protocols on thirteen healthy young male students.

The significant differences in HR-PNF group favor-
ing immediately-post values over pre- and post-5-min
stretching values, and post-5 min values over pre-
stretching values can be explained by the nature and
duration of effects of HR-PNF stretching technique.
PNF stretch is a very effective technique for induc-
ing an immediate and short-term increase of ROM.*
Therefore, differences were evident among these
testing time points. In post-five- min time point, the
effect of HR-PNF technique started to diminish over
time, thus, significant difference were also noticed
between immediately-post and post-five-min time
points. On the contrary, in DS group, only imme-
diately and post-five-min values were significantly
greater than pre-test values. This indicates that even
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though DS was not as effective as HR-PNF stretching
on increasing hip extension ROM, it's effect lasted
longer and did not diminish as quickly as after the
HR-PNF stretching technique.

The smaller mean of CE at60° comparedto30° (1.90°
versus 5.76°) of knee angle may have occurred as a
result of that 60° of knee flexion is closer to a resting
position of the knee while sitting (i.e.x90°), there-
fore, the body is more familiar with replicating this
position as compared to the 30° JPS of the knee.”™
Possible reasons behind the insignificant differences
noticed in the current study may be due to testing
and stretching positions’ variation, the participants
were young, healthy and physically active individu-
als who did not have proprioceptive deficits.” Fur-
thermore, the two stretching techniques may not
have imposed adequate effect on the mechanore-
ceptors in all acting muscle groups around the knee
to make a difference in proprioceptive acuity Lastly,
large values of standard deviations for this measure-
ment may have contributed to nonsignificant dif-
ferences. The findings of this study are consistent
with what have been reported in a number of other
similar studies.**”'”* Moradi et al. reported nonsig-
nificant difference in knee JPS replication accuracy
at 45° of knee flexion between pre- and post-static
stretching in 30 soccer player (mean age 23.20 +
1.45 years).*” Larsen and his colleagues stated the
use of static stretch regimen had no effect on knee
JPS (50° and 70° flexion) in 20 (6 men, 14 women)
healthy young volunteers.”” A similar study demon-
strated that using acute bout of passive stretch of
quadriceps muscle has no effect on knee JPS (30° or
70° flexion) among untrained young males (age =
22.1 +2.7 years).” Ghatfarinejad et al. also reported
nonsignificant differences in knee JPS absolute
error values in 20°of flexion after stretching quadri-
ceps, hamstrings, hip adductors, gastrocnemius and
popliteus muscles.”” However, they stated significant
decrease in knee JPS absolute error after statically
stretching of quadriceps, hamstrings and hip adduc-
tors at 45° of knee flexion.” The authors suggested
stretching may have improved knee JPS by increas-
ing proprioceptive feedback which may indirectly
cause an enhancement in sensory imagery.

There were significant differences in distances of
reach in both PM (pre = 103.82 %, post = 107.94

%) and PL (pre = 110.96 %, post=113.48 %) direc-
tions over time. The distance of reach during both
time points to PL direction was significantly greater
than the reach to PM direction which was in turn
greater than the reach to ANT direction (pre =66.49
%, post=65.64 %). Improved DB performance may
have occurred due to the decreased postural insta-
bility in those individuals by improving the proprio-
ceptive feedback.”” Tt is also possible that the hold
duration during HR-PNF stretching and duration of
one set during DS was enough to produce this signifi-
cant improvement.” Therefore, moderate hold dura-
tion during stretching (i.e. 15-20s) may decrease the
possible unfavorable reflex activity decrements.”
The results of the current study are supported by
findings of several other similar studies.”>”® Handra-
kis et al. reported significant effect of an acute
static stretching protocol on dynamic balance per-
formance in (six men and four women aged 40-60
years) (p < 0.05).”°In a similar study, Azeem et al.
have shown that both static and dynamic stretching
resulted in a significant improvement in dynamic
balance performance in 30 male recreational soccer
players (age 17-25 years) (p < 0.001).”” Chatzopoulos
and his colleagues demonstrated the superiority of
dynamic over static stretching in improving balance
performance using stability platform instrument in
31 female high school athletes (p < 0.05).”® Further-
more, Amiri-Khorasani reported that dynamic and
combined (static and dynamic) were significantly
more effective than static stretching in improv-
ing dynamic and static balance performance in 24
female soccer player (mean +SD age = 22.08+0.77
years) using the Star Balance Test.”” Contrary to the
findings of this study, the results of Lim et al showed
no significant difference between static, HR-PNF and
no stretching groups in the mediolateral and antero-
posterior directions of balance test (p < 0.05).%

The significant improvement noticed in distances
of reach to PM and PL directions after stretching
in both groups may also be explained by nature of
the demands during reaching to these directions.
Reaching to PM and PL directions involve length-
ening of the hip flexors and active hip extension
as compared to the anterior reach direction. It is a
fact that the stretched muscles (i.e. iliopsoas and
rectus femoris) are located on the anterior parts of
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the hips and legs.*® Therefore, more flexible muscles
in these parts of the body would in turn facilitate
greater ability to reach to PL direction first and PM
second. Further, since concentric action of hip flex-
ors produce hip flexion and external rotation, these
muscles are stretched by hip extension and inter-
nal rotation movements (i.e. movements occurred
during dynamic and HR-PNF in this study).** Thus,
during PL reach, achieving the farthest distance
incorporates extension and internal rotation of the
hip. On the other hand, reaching to the ANT direc-
tion would not have likely benefitted from stretching
these muscles because it does not require the hips to
be in an extended position but in a flexed position
instead (Figure 5). Additionally, the hip and knee
of stance leg is flexed while the free leg is perform-
ing the reach thus, positioning the hips behind the
stance knee (to maintain balance) practically limits
the reach distance to ANT direction.

Another possible explanation for the significant
improvement in these two directions could be
because of a decreased reciprocal inhibition of the
gluteus maximus. It is theorized that shortened and
restricted hip flexors may decrease neural drive to
hip extensors (i.e. reciprocal inhibition of the glu-
teus maximus muscle).”® Improved function of this
muscle post stretching may be a possible reason for
a greater distance of reach (i.e. the reaching leg) to
these directions since it is a major thigh extensor.
Further, gluteus maximus contributes to maintain-
ing balance of the body because it is a powerful mus-
cle and most effective when the thigh is flexed (i.e.
position of stance leg while reaching).* The signifi-
cant differences observed during the pre- and post-
stretching time points between distances of reach to
these three directions could be possibly explained
by the relationship between hip joint anatomy, ROM
of hip, nature of the Y-balance test and directions
of reach. This thought is supported by the fact that
significant differences between these directions did
not change and remained over time during the post-
stretching time point too.

This study was not without limitations. The age
range of this study was limited to college aged-partic-
ipants which limits the generalization (i.e. external
validity) of its results to other populations. Knee JPS
accuracy and ability of DB performance among the

participants varied greatly (high standard deviations)
during the baseline measurements, which may also
have affected the results. In addition, repeating tests
within 45-50 minutes could have had a learning effect
on the performance during the DB and knee JPS
tests despite randomization the order of these tests.
Further studies should consider these limitations.

CONCLUSIONS

Tightness of hip flexor muscles may negatively affect
dynamic balance performance but not knee joint
position replication accuracy among female and
male college age students. The results of the current
study indicate that performing a single session of
hold-relax proprioceptive neuromuscular facilitation
and dynamic stretching protocols can significantly
improve hip extension ROM (HR-PNF was more
effective than dynamic stretch) and dynamic balance
performance but are unlikely to aid in knee JPS repli-
cation accuracy. Further research is needed to under-
stand how different types of stretching protocols can
affect the variables studied in the current study.
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