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Abstract

Study design: Double blind pre-test post-test control group design. Objectives: To compare the
isokinetic quadriceps torque, standardized stair-climbing task (SSCT) and pain during SSCT
between subjects diagnosed with knee osteoarthritis pre and post kinesio tape (KT) application
with and without tension. Background: Strength of the quadriceps and torque producing
capability is frequently found to be compromised in knee osteoarthritis. The efficacy of KT in
improving isokinetic quadriceps torque in knee osteoarthritis is unknown, forming the basis for
this study. Methods and measures: Forty subjects were randomly allocated to either the
experimental (therapeutic KT with tension) or control group (sham KT without tension) with the
allocation being concealed. Pre and post test measurements of isokinetic quadriceps torque,
SSCT and pain during SSCT were carried out by a blinded assessor. Results: A large effect size
with significant improvements in the peak quadriceps torque (concentric and eccentric at
angular velocities of 90° per second and 120° per second), SSCT and pain were obtained in the
experimental group when compared to the control group. Conclusion: Application of
therapeutic KT is effective in improving isokinetic quadriceps torque, SSCT and reducing pain
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in knee osteoarthritis.

Introduction

With increasing age, osteoarthritis is known to be a common
cause for disability and the annual expenditure is estimated to be
around 89 billion dollars in the United States (Bitton, 2009). The
prevalence of osteoarthritis varies from 22% to 39% (Mahajan,
Verma, and Tandon, 2005) among which the knee joint is known
to be the most commonly affected (Zhang et al, 2010).

During mechanical loading of the knee joint in activities such as
gait, the ground reaction forces pass medial to the center of the knee
joint, creating a knee adduction moment indicating loading in the
medial knee joint compartment (Lim et al, 2009). This is found to
be higher in subjects with knee osteoarthritis (Miindermann et al,
2004). Furthermore, increased knee adduction moment is an
important predictor for the disease progression in osteoarthritis
involving the medial knee joint compartment (Miyazaki et al,
2002). The quadriceps muscle group is the primary dynamic
stabilizer for the knee joint in the saggital plane (Segal et al, 2010)
and generates an abduction moment to resist the knee adduction
moment (Shelburne, Torry, and Pandy, 2006), thereby reducing
joint loading, absorbing shock and providing stability to the knee
during gait (Serrdo, Gramani-Say, Lessi, and Mattiello, 2012).

Strength of the quadriceps muscle and torque producing
capability is commonly found to be compromised in knee
osteoarthritis (Staehli, Glatthorn, Casartelli, and Maffiuletti,
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2010). Different mechanisms may lead to the weakness of
quadriceps namely arthrogenic muscle inhibition, swelling and
atrophy due to prolonged disuse. Arthrogenic muscle inhibition is
caused due to pain where there is a reflex neural inhibition
preventing the full activation of the quadriceps leading to reduced
force production (Baker et al, 2004; Rice and McNair, 2010).
Other factors influencing arthrogenic muscle inhibition are joint
laxity where increased translation of the joint surfaces causes
shearing forces thereby activating the nociceptors (Rice and
McNair, 2010). Damage to the joint articular receptors as a result
of wear and tear causes loss of sensory afferent input from the
knee joint which in turn leads to decreased efferent output from
the quadriceps (Rice and McNair, 2010). Further, during inflam-
mation, the inflammatory mediators sensitize the free nerve
endings causing additional neural inhibition (Rice and McNair,
2010). Other than arthrogenic muscle inhibition, swelling of the
knee joint leads to increased intra-articular pressure which in turn
amplifies the discharge of group 2 afferents that are inhibitory in
nature to the quadriceps (Rice and McNair, 2010). Also, the
Hoffmans reflex response amplitude is found to be less in cases of
knee effusion leading to inhibition of the alpha motor neuron
from the spinal level reducing quadriceps strength (Rutherford,
Hubley-Kozey, and Stanish, 2012). As a result of this inhibition,
when quadriceps disuse is extended over a prolonged period of
time, it leads to atrophy of the muscle (Hortobagyi, Garry,
Holbert, and Devita, 2004) causing further weakness. Delayed
motor unit recruitment and firing rates of the quadriceps have also
been found in knee osteoarthritis (Berger, Chess, and Doherty,
2011) causing reduced force generating capacity.

In knee osteoarthritis, reduced quadriceps strength is one of
the factors influencing development and advancement of the
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disease process (Segal and Glass, 2011), commonly affecting
activities of daily functioning such as stair climbing (Schmitt,
Fitzgerald, Reisman, and Rudolph, 2008). In addition, a deficit in
the quadriceps strength increases the risk of re-injury to the knee
joint and reduces the dynamic knee stability (Rice and McNair,
2010). Also, isokinetic quadriceps torque is found to be reduced
in subjects with knee osteoarthritis (Serrdo, Gramani-Say, Lessi,
and Mattiello, 2012).

Recently, the use of kinesio tape (KT) as an intervention in
musculoskeletal disorders has become popular among physiother-
apists (Williams, Whatman, Hume, and Sheerin, 2012) and is
primarily applied to decrease pain, reduce inflammation, provide
mechanical support and either inhibit or facilitate a muscle
(Kase, Wallis, and Kase, 2003). When applied to musculoskeletal
knee pain such as patellofemoral pain syndrome, KT was found to
be effective in reducing pain as well as improving range of motion,
strength and functional performance (Aytar et al, 2011; Kuru,
Yaliman, and Dereli, 2012). The afferent cutaneous stimulation
provided by KT is believed to reduce pain as well as stimulate
mechanoreceptors, which in turn is believed to enhance proprio-
ception and improve muscle excitability through modulation of
the central nervous system (Aytar et al, 2011; Kuru, Yaliman,
and Dereli, 2012).

The effect of KT on isokinetic knee performance has
conflicting results in literature with few studies showing no
effect of the tape on quadriceps torque (Fu et al, 2008; Lins et al,
2013; Vercelli et al, 2012; Wong, Cheung, and Li, 2012).
Contrary to these findings, KT was shown to increase the
isokinetic quadriceps torque production in healthy subjects (Aktas
and Baltaci, 2011; Vithoulka et al, 2010) as well as subjects with
patellofemoral pain (Aytar et al, 2011). When applied to facilitate
the quadriceps, KT was found to improve the timing and ratio of
vastus medialis to vastus lateralis activity in subjects with
patellofemoral pain (Chen, Hong, Huang, and Hsu, 2007; Chen,
Hong, Lin, and Chen, 2008; Lee, Lee, Jeong, and Lee, 2012) as
well as improve bioelectric activity of the vastus medialis when
applied to normal healthy subjects (Stupik, Dwornik,
Biatoszewski, and Zych, 2007). Hence, KT shows some merit in
improving quadriceps activity, warranting further investigation
with regards to the influence on peak torque producing capacity.
The effect of KT on peak isokinetic quadriceps torque in knee
osteoarthritis is unknown, forming the basis for this study.

Materials and methods
Study design

This randomized controlled study utilized a double blinded pre
test post test control group study design, trial registration number
CTRI/2013/03/003486. An ethical clearance was obtained from
the ethical committee of M. S. Ramaiah Hospital and Medical
College before the commencement of this study and was
conducted according to the Declaration of Helsinki.

Sample size calculation

The sample size was calculated based on a previous pilot study
(n=12) conducted at the hospital. It was estimated that 36
subjects had to be included in this study for a power of 95% and o
error of 1% with a calculated effect size of 1.38. Formula used for
sample size calculation was n; = 2(%)2 with ES = "‘%“2‘
where ES =effect size, p1; — pu, = difference in means between
the two groups, o =standard deviation, o is the selected level
of significance and 1 —/ is the selected power. However, to
account for the drop-outs, it was decided that forty subjects
(experimental group =20, control group =20) would be recruited
for this study.
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Participants

Both males and females presenting with knee pain to the out-
patient departments of Orthopaedics and Physiotherapy, M.S
Ramaiah Hospitals from April 2013 to May 2013 were screened
by the researcher for their eligibility in this study. The inclusion
criteria for subjects in this study were: (1) Age group between 45
and 60 years; (2) Diagnosis of knee osteoarthritis according to the
American College of Rheumatology criteria (Altman et al, 1986);
and (3) Radiographic severity according to the Kellgren and
Lawrence scale <grade 2 (Michael, Schliiter-Brust, and Eysel,
2010). The exclusion criteria for subjects were: (1) Clinical
evidence of varus/valgus malalignment (Magee, 2006); (2)
Neurological deficits; (3) Subjects who were undergoing any
physiotherapy treatment for their current knee pain; (4) Infectious/
systemic arthritis of the knee; (5) Any pathology preventing
isokinetic testing (e.g. lumbar nerve root compression, myop-
athy); (6) Language/cognitive deficits that might limit the
informed consent; (7) Current or past (within 4 weeks) use of
oral corticosteroids; (8) Knee surgery or intra-articular cortico-
steroid injection within the past 6 months; (9) Knee instability or
sensation of knee ‘‘giving way’’; (10) Unable to ambulate without
gait aid; (11) Presence of other disorders affecting the lower limbs
(e.g. plantar fascitis); (12) History of treatment with KT
application; and (13) History of any skin allergy.

Study protocol and allocation

If the subject fulfilled the inclusion and exclusion criteria, a
patient information sheet providing details about the study was
given to them. For subjects willing to take part in this study, an
informed consent was obtained. A brief assessment of the subject
was taken prior to the commencement of the study. Subjects were
randomly allocated using a random number generator with the
allocation being concealed to either the experimental or control
group. The random numbers were generated by the receptionist
with every alternate number being marked either “‘A’” or *‘B”’.
However, the receptionist was blinded to the interventions
assigned to group A (therapeutic KT) and group B (sham KT)
respectively. During allocation, every subject was asked to pick up
one enclosed envelope from a box containing numbers from 1 to
40. Depending on the number picked by the subject, they were
allocated to either group A (experimental group) or group B
(control group) by the receptionist. Therefore two groups of
20 participants each were created with an aim to minimize the
risk of allocation bias.

Outcome measures

The primary outcome for this study was peak isokinetic quadri-
ceps torque (concentric and eccentric at 90° per second and 120°
per second). Standardized Stair Climbing Task (SSCT) and pain
experienced during the SSCT (measured using the Visual
Analogue Scale (VAS)) were used as secondary outcome
measures.

Prior to the application of KT, subjects in both the groups were
assessed for their baseline peak quadriceps torque (which was
normalized to their body weight) using an isokinetic dynamom-
eter (Cybex, Humac Norm, CSMi, Stoughton, MA). Peak
isokinetic extensor torque measured by an isokinetic dynamom-
eter in subjects with knee osteoarthritis has demonstrated
excellent test—retest reliability (Kean et al, 2010). The subjects
were tested in a seated position with the hip and knee flexed to
90°. The knee being tested was aligned with the axis of the
attached lever arm. In the testing side of the knee, the pad of the
lower leg attachment of the isokinetic dynamometer was placed
Scm above the lateral malleolus. The thigh and the trunk were
stabilized with velcro straps.
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After familiarizing the subjects with the working of the
machine with sub maximal trial repetitions, they rested for 30 min
to account for factors of pain or fatigue of the muscle. Following
this, the peak isokinetic quadriceps torque (concentric and
eccentric) was tested at angular velocities of 90° per second and
120° per second with five repetitions at each velocity. A 30s rest
period was allowed between the sets. During testing, visual and
verbal encouragement was given for achieving the maximum
capable peak torque. After recording the quadriceps peak torque,
the subjects rested for 15 min. Following this, they performed the
SSCT where the time taken to ascend and descend five stairs ‘‘as
quickly and as safely’” as possible was noted. This is a
performance task affected in subjects with knee osteoarthritis
and has a test-retest reliability of 0.88 (Rejeski, Ettinger, Martin,
and Morgan, 1998). Railings were provided on both sides of the
stairs and the subjects were instructed to make use of them only if
they found the task to be extremely difficult. Also, the pain
experienced in the knee during the SSCT was noted using a VAS.

After application of the tape, subjects in both the groups were
rested for 30 min. Following this, the post test measurements of
the peak quadriceps torque, stair climbing task and pain (using
VAS) was carried out. Both the pre test and post test measure-
ments was done by an assessor blinded to the study.

Taping technique

The experimental group received therapeutic KT (according to
principles of application) (Kase, Wallis, and Kase, 2003) and the
control group received a sham tape application. For therapeutic
KT application (Kinesio Tape, Nitto Denko, Japan), three ‘"’
strips were taken and applied as shown in Figure 1. The base of
the first strip was applied 10 cm below the anterior superior iliac
spine. Following this, the tape was pulled with a 50% — 75%
tension along the course of the rectus femoris until the superior
border of the patella. The knee was then flexed to 45° with the
remaining strip applied in a paper-off tension (without tension)
extending over the superior border of the patella. The base of the
second ‘'’ strip was applied below the greater trochanter and
the tape was pulled with a 50% — 75% tension along the course of
the vastus lateralis until the lateral border of the patella. Next, the
knee was flexed to 45° and the remaining strip was applied with a
paper-off tension (without tension) around the lateral border of
patella towards the tibial tuberosity. The base of the third strip was
applied from the middle 1/3rd of the medial aspect of the thigh.
The tape was pulled with a 50% to 75% tension along the course
of vastus medialis towards the medial border of the patella. Next,
the knee was flexed to 45° and the remaining strip was applied
with a paper off tension (without tension) around the medial
border of patella ending towards the tibial tuberosity. After
application of the tape, they were rubbed upon with paper to
activate the glue.

For the control group receiving sham taping, the directions of
the tape application with the three ‘I’ strips were the same as the
experimental group (Figure 2). However, no stretch was applied in
the tape and the knee was not flexed for the paper off application.
That is, the tape was stuck as such on the knee with no activation
of the glue.

Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Science (SPSS version 10.5, SPSS Inc., Chicago, IL)
software on an intention to treat basis. Descriptive statistics
comparing the baseline characteristics of the experimental and the
control group (age, gender, side tested, weight, Kellgren and
Lawrence scale and mean onset of time since knee pain) were
analyzed using the Chi-square test and independent ¢ test.
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Figure 1. The above figure shows the application of therapeutic KT. The
three tapes applied in sequence are numbered from 1, 2 and 3
respectively. The black arrow indicates the ‘‘convolutions’” created as a
result of the tape application.

Figure 2. The above figure shows the application of sham KT. The three
tapes applied in sequence are numbered from 1, 2 and 3 respectively. The
black arrow indicates the absence of ‘‘convolutions’” in the sham tape in
contrast to therapeutic KT application.

Normality of distribution for both the groups were analysed
using the Kolmogorov—Smirnov test. Normality testing was
followed by a 2x2 Multivariate Analysis of Variance
(MANOVA) comparing group (experimental versus control) and
time (pre taping versus post taping values of all the dependent
variables) with an o of 0.05.

Effect size (Cohens d) calculation and 95% Confidence
Intervals (CI) along with the Minimal Detectable Change
(MDC) were also calculated for the mean differences between
both the groups. Effect sizes of 0.2, 0.5 and 0.8 were considered to
correspond to small, medium and large differences respectively
(Cohen, 1988). The MDC was calculated using the formula:
MDCysq, =z x SEM x V2 where SEM was the standard error
measurement of values and z being considered 1.96 for a 95% CI
(Lehman and Velozo, 2010). The SEM was calculated by the
formula: SEM =SD x \/(l —ICC where SD is the baseline
standard deviation of scores for all the subjects and ICC is the
Intraclass Correlation Coefficient for test-retest reliability.

Results

Forty subjects were recruited for the study (20 in experimental
group, 20 in control group) with no drop outs. The flow diagram
of subjects throughout the study course is given in Figure 3.

Baseline characteristic differences between subjects in the
experimental and control group are given in Table 1.

Normality of distribution using the Kolmogorov—Smirnov test
(o0 level =0.05) revealed that the pre test peak quadriceps
concentric torque at 90° per second rejected the null hypothesis
of normal data distribution (p <0.05).

A MANOVA 2 x 2 analysis relating to the main effect of the
group (experimental versus control) (regardless of the time), time
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Figure 3. Flow diagram of the progress
between the therapeutic KT (experimental)

Enrollment

and sham KT (control) group subjects in the
study.
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Table 1. Baseline demographics for both the groups*.

Sham KT  Therapeutic KT

(n=20) (n=20) p Value
Age (years) 559+5.0 55.7+5.8 0.907
Sex (Male/Female) 8/12 9/11 0.749
Weight (Kilograms) 79.3+8.5 799+6.8 0.794
Side tested (Left/Right) 9/11 11/9 0.527
Mean onset of pain (months) 84+1.1 84+1.5 1.000
K-L severity scale 10/10 10/10 1.000
(Grade 1/Grade 2)
Concentric peak torque at 0.11+.04 0.12+.06 0.541
90°/sec (nm/kg)
Concentric peak torque at 0.11+.05 0.10+.04 0.854
120°/sec (nm/kg)
Eccentric peak torque at 0.34+0.14 0.34 +0.12 0.992
90°/sec (nm/kg)
Eccentric peak torque at 0.35+0.15 0.34+0.12 0.813
120°/sec (nm/kg)
SSCT (seconds) 21.0+4.8 19.6 +4.7 0.338
VAS (cm) 73+13 74+1.1 0.829

*Data are Mean + SD except for sex, side tested and K-L severity scale;
K-L = Kellgren and Lawrence; nm/kg = Newton meter per kilogram.

(pre test versus post values of dependent variables) (regardless of
the group) and group X time interactions are given in Tables 2—4
respectively.

Statistically significant main effects were observed for the
group in all variables (p <0.001) except peak eccentric

quadriceps torque (Nm/kg) at 90° per second and 120° per
second respectively (Table 2). Also, MANOVA did not indicate a
statistically significant effect for group x time interaction of peak
eccentric torque (Nm/kg) at 90° per second (Table 4).

Regarding SSCT, though no statistically significant effect was
obtained for time (F=3.822, p >0.05) (Table 3), subjects in the
control group performed the SSCT slower (—2.9; 95% CI: —4.29,
—1.50) and experienced more pain (—0.26; 95% CIL: —0.442,
—0.077) in contrast to the experimental group subjects who had
an improved performance (7.1; 95% CI: 5.55, 8.64) experiencing
lesser pain (2.39; 95% CI: 1.923, 2.856) (Table 5). Table 5
summarizes the 95% CI for the mean differences between the
experimental and control groups.

The MDCosq, (i.e. the minimum amount of change beyond
threshold of error that reflects true change in subjects) calculated
for the primary and secondary outcomes are given in Table 6.
A large effect size was obtained for the mean differences in
primary and secondary outcomes between the control and
experimental group (Table 7).

Discussion

The current study primarily investigated the immediate effects of
KT on isokinetic quadriceps torque in knee osteoarthritis.
The results indicate that KT significantly improves the concentric
and eccentric quadriceps torque production in knee osteoarthritis
at angular velocities of 90° per second and 120° per sec-
ond respectively. This finding deviates from the findings
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Table 2. MANOVA analysis to determine the main effect of the group (regardless of the time)*.

Group Pre taping  Post taping Mean
Outcomes (Experimental versus Control) value value value Fq 76y p Value
Peak concentric torque (nm/kg) at 90°/second Experimental 0.12+0.06 0.28+0.09 0.20+0.11 43.55 0.000
Control 0.11+0.04 0.10+0.04 0.10+0.04
Peak concentric torque (nm/kg) at 120°/second ~ Experimental 0.10+0.04  0.28+0.13  0.19+0.13 23.62 0.000
Control 0.11+0.05 0.11x£0.04  0.11x£0.05
Peak eccentric torque (nm/kg) at 90°/second Experimental 034+0.12 0.44+0.08 0.39+0.11 1.98 0.163
Control 034+0.14 037+0.14 0.35+0.14
Peak eccentric torque (nm/kg) at 120°/second Experimental 034+0.11 047+0.12 041+0.13 2.85 0.096
Control 035+0.15 037+0.13 0.36+0.14
SSCT (seconds) Experimental 19.6 +4.7 12.5+4.7 16.0+5.8 36.06 0.000
Control 21.0+4.8 239+5.1 225+5.1
VAS (cm) Experimental 74+1.1 50+1.3 62+1.7 21.05 0.000
Control 73+13 75+12 74+1.2
*nm/kg = Newton meter per kilogram; Experimental = therapeutic KT; Control = sham KT.
Table 3. MANOVA analysis to determine the main effect of the time (regardless of the group)*.
Time Experimental Control Mean
Outcome (Pre taping versus Post taping) group group value Fi76 p Value
Peak concentric torque (nm/kg) at 90°/second Pre taping 0.12+.06 0.11+.04 0.11+0.05 31.48 0.000
Post taping 0.28 +£0.09 0.10+0.04  0.19+0.11
Peak concentric torque (nm/kg) at 120°/second  Pre taping 0.10+ .04 0.111+.05 0.10+0.04 29.70 0.000
Post taping 0.28+0.13 0.11+0.04  0.20+0.13
Peak eccentric torque (nm/kg) at 90°/second Pre taping 0.34+0.12 0.34+0.14  0.34+0.13 4.93 0.029
Post taping 0.44+0.08 0.37+0.14 0.41+0.12
Peak eccentric torque (nm/kg) at 120°/second Pre taping 0.34+0.12 0.35+0.15 0.35+0.13 6.03 0.016
Post taping 0.47+0.12 0.37+0.135 042+0.13
SSCT (seconds) Pre taping 19.6 +4.7 21.0+4.8 20.3+4.7 3.82 0.054
Post taping 12.5+4.7 239+5.1 182+7.5
VAS (cm) Pre taping 74+1.1 73+1.3 73+1.1 15.41 0.000
Post taping 50+13 75+1.2 62+1.8

*nm/kg = Newton meter per kilogram; Experimental group = therapeutic KT; Control group =sham KT.

Table 4. MANOVA analysis to determine the interaction of group (experimental versus control) and time (pre tape versus post tape values)*.

Group x time

Variable Group Mean difference + SD F1 76 p Value

Peak concentric torque (nm/kg) at 90°/second Experimental 0.16 +0.08 34.41 0.000
Control 0.00+0.02

Peak concentric torque (nm/kg) at 120°/second Experimental 0.18+0.13 25.08 0.000
Control 0.01+0.04

Peak eccentric torque (nm/kg) at 90°/second Experimental 0.10+0.11 1.94 0.168
Control 0.02+0.09

Peak eccentric torque (nm/kg) at 120°/second Experimental 0.13+0.14 4.13 0.046
Control 0.01+0.14

SSCT (seconds) Experimental 7.1+3.3 21.67 0.000
Control —29+3.0

VAS (cm) Experimental 24+1.0 23.85 0.000
Control —-03+04

*nm/kg = Newton meter per kilogram; Experimental = therapeutic KT; Control =sham KT; SD = standard deviation.

of the previous studies (Fu et al, 2008; Lins et al, 2013; Vercelli
et al, 2012; Wong, Cheung, and Li, 2012) where no effect of KT
on isokinetic quadriceps torque was found. One possible reason
could be that in these previous studies isokinetic quadriceps
torque was assessed on normal healthy subjects whereas in the
current study the subjects all had musculoskeletal knee pain.
Furthermore, the carryover effects were ruled out in the current
study by using a pre-test and post-test control group study design

unlike some of the previous studies which used a cross over
design (Vercelli et al, 2012; Wong, Cheung, and Li, 2012). Also,
according to principles of KT (Kase, Wallis, and Kase, 2003), a
gap of at least 30 min should be given after the tape application
for achieving complete activation of the glue, which in turn is
believed to improve the performance of the tape on the muscle.
It must be noted that in most studies (Fu et al, 2008; Lins et al,
2013; Vercelli et al, 2012), a gap of <10 min was given after KT
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Table 5. Confidence interval (CI) values for the within group and between group differences®.

Mean difference within the groups (95% CI)

Experimental group

Outcomes Pre test — post test values

Control group
Pre test — post test values

Mean difference between the groups
(95% CI)

Concentric 90°/sec (nm/kg)
Concentric 120°/sec (nm/kg)
Eccentric 90°/sec (nm/kg)
Eccentric 120°/sec (nm/kg)
SSCT (seconds)

VAS (cm)

0.16 (0.12 to 0.20)
0.18 (0.12 to 0.24)
0.10 (0.05 to 0.15)
0.13 (0.06 to 0.19)
7.1 (5.6 to 8.6)
2.4 (1.9 to 2.9)

0.00 (—0.01 to 0.00)
0.01 (0.00 to 0.02)

0.02 (—0.02 to 0.06)
0.01 (—0.05 to 0.08)
2.9 (—4.3 to —1.5)
—0.3 (0.4 to —0.1)

0.16 (0.13 to 0.20)
0.17 (0.11 to 0.23)
0.08 (0.02 to 0.14)
0.12 (0.03 to 0.20)
10.0 (7.9 to 12.0)
27 (22 t0 3.1)

*nm/kg = Newton meter per kilogram; Experimental = therapeutic KT; Control =sham KT.

Table 6. ICC, SEM and MDCysq, values for all the outcome measures.

Outcome measures ICC;; (95% CI) SEM  MDCysq,

0.87 (0.71 - 0.95)  0.02 0.05
0.92 (0.82-0.97)  0.01 0.03
0.72 (0.65 - 0.81)  0.07 0.19
0.86 (0.75 - 0.94)  0.05 0.14
0.94 (0.91 - 0.98) 1.2 32
0.95(0.92-097) 03 0.7

Concentric 90°/sec (nm/kg)
Concentric 120°/sec (nm/kg)
Eccentric 90°/sec (nm/kg)
Eccentric 120°/sec (nm/kg)
SSCT (sec)

VAS (cm)

application prior to checking the quadriceps torque. In this study,
the subjects were rested for 30 minafter KT application. It is
possible that the time given for activation of the glue could have
improved the effect of the tape on the knee, which in turn could
have improved the peak concentric and eccentric torque produc-
tion values.

Baseline discrepancies between the peak concentric and
eccentric torque production values are given in Table 1 with
concentric torque values being lower than the eccentric torque
values in both the experimental and control group. This discrep-
ancy can be explained by the force velocity relationship for a
muscle where force declines in a hyperbolic fashion relative to the
isometric force as the shortening velocity increases with the
reverse holding true when the muscle is stretched during eccentric
contraction (Oatis, 2009). After therapeutic taping, even though a
large effect size was obtained in the peak concentric quadriceps
torque (90° per second and 120° per second) for the experimental
group when compared to the control group (Table 7), the baseline
value of peak concentric torque (Nm/kg) at 90° per second is
slightly higher in the experimental group (0.115+0.06) than the
control group (0.105 +0.043). Further, the normal distribution of
values for the pre test peak concentric torque at 90° per second
was rejected (p <0.05). Hence, caution needs to be exerted while
generalizing the findings of this therapeutic improvement seen in
the experimental group.

It is interesting to note that in this study, though KT was
applied from the origin of the quadriceps muscle to the insertion
with an aim to facilitate the concentric torque, even the eccentric
quadriceps torque (nm/kg) was found to be increased immediately
post taping at angular velocities of 90° per second (0.100; 95% CI:
0.050, 0.149) and 120° per second (0.129; 95% CI: 0.064, 0.193)
respectively with a large effect size (Table 7). One neurophysio-
logical hypothesis for this is that the cutaneous stimulation
provided by the tape may have attenuated the la inhibitory
afferent activity of the muscle by modulating the gamma motor
neuron, thus, regulating the tone of the quadriceps muscle
(Konishi, 2013). By this mechanism, it is possible that the tape
acted as a tone regulator rather than a tone facilitator. In addition,
it has been recently found that the fascia also has contractile
properties in addition to transmitting forces, influencing the
mechanics of the musculoskeletal system (Benjamin, 2009).

Hence, it may be possible that by lifting the skin due to the
“‘convolutions’’ created by KT (Figure 1), unloading of the fascia
could have occurred by reducing the mechanical load (Kase,
Wallis, and Kase, 2003), thereby improving control of the force
production and force transmission across the quadriceps muscle.
Thus, the tape may have acted as a controller of tone leading to
improvements seen in the eccentric torque production among the
experimental group subjects. Though a large effect size was
obtained for the mean difference in peak eccentric torque
production, MANOVA analysis did not show a statistically
significant effect for group x time interaction of peak eccentric
torque (Nm/kg) at 90° per second (Table 4), indicating that the
changes in scores over time did not depend on the group
assignment (therapeutic KT or sham KT).

In this study, KT caused an immediate reduction in pain and
improved the performance of the stair climbing task in the
experimental group when compared to the control group. In a
recent meta-analysis investigating the effect of KT in sports
injuries (Williams, Whatman, Hume, and Sheerin, 2012), most of
the objective variables showed conflicting results as a conse-
quence of the placebo effect. Further, the placebo effect was
demonstrated in a study done by Vercelli, Ferriero, Bravini, and
Sartorio (2012) where in the post experiment interview, 30% of
the subjects in the control group felt stronger after a placebo tape
application. In the current study, deteriorated performance during
the stair climbing task (—2.9+2.97s with nine subjects nega-
tively exceeding the MDCysg) and increased pain levels
(=0.26 £0.38cm with MDCysq, being 0.71cm) post taping
among the control group subjects suggests that the placebo
effect can be ruled out. However, this can also be explained by
the fact that after measuring the isokinetic quadriceps torque, the
subjects were rested for a period of 15 min. It is possible that this
time period was perhaps insufficient to completely wash away
the pain or fatigue after the peak isokinetic quadriceps torque
measurement in the control group, thus, accounting for the
deteriorated performance during the SSCT and increased pain
levels. Hence, this may be one variable which could have
negatively influenced the results in the control group. On the
other hand, the improved performance of the experimental group
subjects in all the dependent variables (isokinetic quadriceps
torque, SSCT, VAS (pain)) is suggestive of the fact that KT
indeed had a therapeutic benefit.

The postulated mechanism by which KT could have increased
the quadriceps torque, improved the performances in the SSCT
and reduced pain experienced during SSCT could be due to a
central nervous system neuromodulation. Tension exhibited by
KT onto the skin provides an afferent cutaneous stimulation and is
believed to stimulate the mechanoreceptors (Thelen, Dauber, and
Stoneman, 2008). This in turn is believed to modulate pain as
proposed by the gate control theory where nociception carried by
the small diameter nerve fibers is alleviated by the afferent
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Table 7. Effect size calculation and the number of subjects exceeding the MDCos¢, score in the experimental and control

groups.
Outcomes Groups Effect size* ++MDCoysq,** — — MDCgsq,***
Concentric 90°/sec (nm/kg) Experimental 2.65 18 0
Control —0.07 0 0
Concentric 120°/sec (nm/kg) Experimental 4.41 20 0
Control 0.16 3 0
Eccentric 90°/sec (nm/kg) Experimental 0.82 5 0
Control 0.16 0 0
Eccentric 120°/sec (nm/kg) Experimental 1.11 12 1
Control 0.08 4 4
SSCT (seconds) Experimental 1.52 17 0
Control —0.60 0 9
VAS (cm) Experimental 2.26 19 0
Control —0.20 0 1

*Effect sizes of 0.2, 0.5 and 0.8 correspond to small, medium and large differences respectively (Cohen, 1988);
**4++MDCoysq, indicates the number of subjects in whom the change of score positively exceeded the MDCysg;
##%_— —MDCysq, indicates the number of subjects in whom the change of score negatively exceeded the MDCysy.

feedback carried by the large diameter nerve fibers (Gonzalez-
Iglesias et al, 2009), thereby improving the performance in
quadriceps torque and SSCT. Also, according to the cutaneous
fusimotor reflex theory, when the skin is stimulated by various
stimuli (e.g. vibration), the muscles below the area of stimuli
contract through gamma motor reflexes (Ridding et al, 2000).
Cutaneous stimulation provided by KT could have reduced the
threshold levels of the motor neuron (Garnett and Stephens,
1981), thus, resulting in easier recruitment of the quadriceps
motor units and increased quadriceps torque production. Direct
facilitation of the quadriceps muscle by KT has shown to improve
the bioelectric activity of vastus medialis in healthy subjects
(Stupik, Dwornik, Biatoszewski, and Zych, 2007). Furthermore,
application of KT to facilitate the quadriceps has also shown
improved timing and ratio of vastus medialis to vastus lateralis
activity in subjects with patellofemoral pain (Chen, Hong, Huang,
and Hsu, 2007; Chen, Hong, Lin, and Chen, 2008; Lee, Lee,
Jeong, and Lee, 2012). This is believed to occur as a result of the
concentric pull on the fascia exerted by the tape application from
the origin of the quadriceps muscle to the insertion, stimulating an
increased concentric quadriceps torque production (Mostafavifar,
Wertz, and Borchers, 2012).

Recently, Kean et al. (2010) examined the test—rest reliability
and quantified the MDC of quadriceps strength in patients with
knee osteoarthritis having a Kellgren and Lawrence grade of OA
severity >2. At an angular velocity of 60° per second, baseline
quadriceps torque of 1.43+0.53nm/kg and a MDCgyyy of
0.27 nm/kg were obtained. However, in this study where subjects
were recruited with a Kellgren and Lawrence grade of OA
severity <2, the baseline concentric quadriceps torque values
at angular velocities of 90° per second and 120° per second
(Table 1) are lower than the reported MDCggyy of 0.27 nm/kg
(Kean et al, 2010). Also, the magnitude of increased peak
quadriceps torque observed post therapeutic KT deviates from
some previous studies (Aktas and Baltaci, 2011; Vithoulka et al,
2010). For example, the increase in peak concentric quadriceps
torque at 90° per second after therapeutic KT is 0.161 (95% CIL:
0.123, 0.198) in contrast to —0.004 (95% CI: —0.012, 0.004) after
same KT. The ICC’s for all the measures are given in Table 6 and
show a wide CI range for quadriceps torque. These findings
suggest that the positive changes observed in the quadriceps
torque post therapeutic KT seems to be partially as a result of a
testing bias rather than a real treatment effect and caution needs to
be exerted while interpreting the magnitude of the therapeutic
improvement obtained in the experimental group.

Strength of the quadriceps is important in knee osteoarthritis
as it has the ability to predict the level of functional disability
(McAlindon, Cooper, Kirwan, and Dieppe, 1993) and activities of
daily functioning (Mizner, Petterson, and Snyder-Mackler, 2005).
For subjects with knee osteoarthritis who are rehabilitated using
an isokinetic exercise training program, KT can be utilized as an
adjunct tool to improve the efficiency of quadriceps torque
production. Quadriceps function is important for stair climbing
activities (Asay, Miindermann, and Andriacchi, 2009) and the
increased quadriceps torque production seen in the experimental
group could have caused an immediate reduction in the time taken
to climb up and down the stairs during the SSCT. Although the
positive changes observed in the quadriceps torque post thera-
peutic KT seem to be partially as a result of a testing bias, KT can
be applied to cause immediate meaningful improvements in the
performance of stair climbing activities in subjects with knee
osteoarthritis, forming an implication for clinical practice. Future
studies need to substantiate this finding linked to the correlation
between increased peak quadriceps torque and the ability to
predict an improvement in the stair climbing activity among
subjects with knee osteoarthritis.

Even though improvements were noted in the quadriceps
torque production, performance of SSCT and reduction of pain
during SSCT in the experimental group, caution needs to be
exerted while interpreting the findings of this study. It must be
noted that subjects with a Kellgren and Lawrence radiographic
severity scale of <grade 2 and a mean onset of knee pain 8.40
months were recruited in this study. Thus, the effect of KT in
subjects with a Kellgren and Lawrence radiographic severity
>grade 2 having knee pain for a more chronic duration is
unknown. Also, generalization of the findings of this study across
various age groups is limited as the subjects recruited for this
study fell under a narrow age group of approximately 50 to 65
years. Further, it is unknown if the short rest period of 15 min
prior to assessing the SSCT had any negative carry over
influencing the subjects performance of the SSCT and VAS
(pain) in this study.

It must be noted that the beneficial effects of KT have been
shown to be observed 24 to 48 h after the tape application (Stupik,
Dwornik, Biatoszewski, and Zych, 2007; Thelen, Dauber, and
Stoneman, 2008). In this study, the immediate effects of KT on
isokinetic quadriceps torque were investigated. Hence, the ability
of KT to sustain the improvements seen in the quadriceps torque
production or SSCT in subjects with knee osteoarthritis is
unknown, forming an area for future clinical research.
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Furthermore, only the total quadriceps torque production was
measured in this study. In healthy subjects, even though no
improvement in the total quadriceps torque was found, the time
taken to generate the peak torque was found to be considerably
reduced (Wong, Cheung, and Li, 2012). Hence, in this study,
though improvements in the quadriceps peak torque production
was found in the experimental group when compared to the
control group, parameters like the time taken for generation of the
peak torque, the duration for which the peak torque is sustained,
the joint angle at which the peak torque occurs and the total work
done during five repetitions at angular velocities of 90° per
second and 120° per second is unknown, forming implications for
future clinical research. Future studies can also focus on
standardizing the tension exhibited by the tape onto the skin
during application of the tape by using a strain gauge. This may
improve the internal consistency of future studies when the tape is
applied to a variety of musculoskeletal conditions.

Conclusion

Subjects in the experimental group who received therapeutic KT
application showed significant improvements in the peak quad-
riceps torque production (concentric and eccentric at 90° per
second and 120° per second), SSCT and VAS (pain) when
compared to subjects in the control group who received sham
taping. Hence, from this study it can be concluded that when KT
is applied to facilitate the quadriceps muscle, it has an immediate
effect on improving the peak concentric and eccentric quadriceps
torque production in subjects with knee osteoarthritis. However,
the long term effects of KT on peak quadriceps torque and the
correlation between improvements in the peak quadriceps torque
and stair climbing ability is unknown, forming implications for
future clinical research.

Acknowledgements

The authors would like to thank Prof. Dr. Savita Ravindra, MSc PT PhD
for her help and guidance in conducting this study.

Declaration of interest

The authors report no declarations of interest.

References

Aktas G, Baltaci G 2011 Does kinesiotaping increase knee muscles
strength and functional performance? Isokinetics and Exercise Science
19:149-155.

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W,
Cooke TD, Greenwald R, Hochberg M 1986 Development of criteria
for the classification and reporting of osteoarthritis. Classification of
osteoarthritis of the knee. Diagnostic and Therapeutic Criteria
Committee of the American Rheumatism Association. Arthritis and
Rheumatism 29: 1039-1049.

Asay JL, Miindermann A, Andriacchi TP 2009 Adaptive patterns of
movement during stair climbing in patients with knee osteoarthritis.
Journal of Orthopaedic Research 27: 325-329.

Aytar A, Ozunlu N, Surenkok O, Baltac1 G, Oztop P, Karatas M 2011
Initial effects of kinesio® taping in patients with patellofemoral pain
syndrome: A randomized, double-blind study. Isokinetics and Exercise
Science 19: 135-142.

Baker KR, Xu L, Zhang Y, Nevitt M, Niu J, Aliabadi P, Yu W, Felson D
2004 Quadriceps weakness and its relationship to tibiofemoral and
patellofemoral knee osteoarthritis in Chinese: The Beijing osteoarth-
ritis study. Arthritis and Rheumatism 50: 1815-1821.

Benjamin M 2009 The fascia of the limbs and back — a review. Journal of
Anatomy 214: 1-18.

Berger MJ, Chess DG, Doherty TJ 2011 Vastus medialis motor unit
properties in knee osteoarthritis. BMC Musculoskeletal Disorders 12:
199.

Bitton R 2009 The economic burden of osteoarthritis. American Journal
of Managed Care 15: 230-235.

Physiother Theory Pract, Early Online: 1-9

Chen PL, Hong WH, Lin CH, Chen WC 2008 Biomechanics effects of
kinesio taping for persons with patellofemoral pain syndrome during
stair climbing. IFMBE proceedings, 4th Kuala Lumpur International
Conference on Biomedical Engineering 2008. Verlag Berlin
Heidelberg, Springer, 395-397.

Chen WC, Hong WH, Huang TF, Hsu HC 2007 Effects of kinesio taping
on the timing and ratio of vastus medialis obliquus and vastus lateralis
muscle for person with patellofemoral pain. Journal of Biomechanics
40: 318.

Cohen J 1988 Statistical power analysis for the behavioral sciences, 2nd
edn. Hillsdale, NJ, Lawrence Earlbaum Associates.

Fu TC, Wong AM, Pei YC, Wu KP, Chou SW, Lin YC 2008 Effect of
Kinesio taping on muscle strength in athletes:a pilot study. Journal of
Science and Medicine in Sport 11: 198-201.

Garnett R, Stephens JA 1981 Changes in the recruitment threshold of
motor units produced by cutaneous stimulation in man. Journal of
Physiology 311: 463-473.

Gonzalez-Iglesias J, Ferndndez-de-Las-Pefas C, Cleland JA, Hujibregts
P, Del Rosario Gutiérrez-Vega M 2009 Short-term effects of cervical
kinesio taping on pain and cervical range of motion in patients with
acute whiplash injury: A randomized clinical trial. Journal of
Orthopaedic and Sports Physical Therapy 39: 515-521.

Hortobagyi T, Garry J, Holbert D, Devita P 2004 Aberrations in the
control of quadriceps muscle force in patients with knee osteoarthritis.
Arthritis and Rheumatism 51: 562-569.

Kase K, Wallis J, Kase T 2003 Clinical therapeutic applications of the
kinesio taping method, 2nd edn. Tokyo, Ken Ikai Co. Ltd.

Kean CO, Birmingham TB, Garland SJ, Bryant DM, Giffin JR 2010
Minimal detectable change in quadriceps strength and voluntary
muscle activation in patients with knee osteoarthritis. Archives of
Physical Medicine and Rehabilitation 91: 1447-1551.

Konishi Y 2013 Tactile stimulation with kinesiology tape alleviates
muscle weakness attributable to attenuation of Ia afferents. Journal of
Science and Medicine in Sport 16: 45-48.

Kuru T, Yaliman A, Dereli EE 2012 Comparison of efficiency of
Kinesio® taping and electrical stimulation in patients with patellofe-
moral pain syndrome. Acta Orthopaedica et Traumatologica Turcica
46: 385-392.

Lee CR, Lee DY, Jeong HS, Lee MH 2012 The effects of kinesio taping
on VMO and VL EMG activities during stair ascent and descent by
persons with patellofemoral pain: A preliminary study. Journal of
Physical Therapy Science 24: 153-156.

Lehman LA, Velozo CA 2010 Ability to detect change in patient function:
Responsiveness designs and methods of calculation. Journal of Hand
Therapy 23: 361-370.

Lim BW, Kemp G, Metcalf B, Wrigley TV, Bennell KL, Crossley KM,
Hinman RS 2009 The association of quadriceps strength with the knee
adduction moment in medial knee osteoarthritis. Arthritis and
Rheumatism 61: 451-458.

Lins CA, Neto FL, Amorim AB, Macedo Lde B, Brasileiro JS 2013
Kinesio Taping(®) does not alter neuromuscular performance of
femoral quadriceps or lower limb function in healthy subjects:
Randomized, blind, controlled, clinical trial. Manual Therapy 18:
41-45.

Magee DJ 2006 Orthopedic physical assessment, 4th edn. St. Louis, MO,
Saunders Elsevier.

Mahajan A, Verma S, Tandon V 2005 Osteoarthritis. Journal of the
Association of Physicians of India 53: 634-641.

McAlindon TE, Cooper C, Kirwan JR, Dieppe PA 1993 Determinants of
disability in osteoarthritis of the knee. Annals of the Rheumatic
Diseases 52: 258-262.

Michael JW, Schliiter-Brust KU, Eysel P 2010 The epidemiology,
etiology, diagnosis and treatment of osteoarthritis of the knee.
Deutsches Arzteblatt International 109: 152-162.

Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, Shimada S 2002
Dynamic load at baseline can predict radiographic disease progression
in medial compartment knee osteoarthritis. Annals of the Rheumatic
Diseases 61: 617-622.

Mizner RL, Petterson SC, Snyder-Mackler L 2005 Quadriceps strength
and the time course of functional recovery after total knee arthroplasty.
Journal of Orthopaedic and Sports Physical Therapy 35: 424-436.

Mostafavifar M, Wertz J, Borchers J 2012 A systematic review of the
effectiveness of kinesio taping for musculoskeletal injury. Physician
and Sportsmedicine 40: 33—40.

Miindermann A, Dyrby CO, Hurwitz DE, Sharma L, Andriacchi TP 2004
Potential strategies to reduce medial compartment loading in patients



Physiother Theory Pract Downloaded from informahealthcare.com by Dorothy Cole on 06/24/14
For personal use only.

DOI: 10.3109/09593985.2014.896963

with knee osteoarthritis of varying severity: reduced walking speed.
Arthritis and Rheumatism 50: 1172-1178.

Oatis CA 2009 Kinesiology: The mechanics and pathomechanics of
human movement, 2nd edn. Baltimore, Lippincott Williams and
Wilkins.

Rejeski WJ, Ettinger Jr WH, Martin K, Morgan T 1998 Treating disability
in knee osteoarthritis with exercise therapy: A central role for self-
efficacy and pain. Arthritis Care and Research 11: 94-101.

Rice DA, McNair PJ 2010 Quadriceps arthrogenic muscle inhibition:
Neural mechanisms and treatment perspectives. Seminars in Arthritis
and Rheumatism 40: 250-266.

Ridding MC, Brouwer B, Miles TS, Pitcher JB, Thompson PD 2000
Changes in muscle responses to stimulation of the motor cortex
induced by peripheral nerve stimulation in human subjects.
Experimental Brain Research 131: 135-143.

Rutherford DJ, Hubley-Kozey CL, Stanish WD 2012 Knee effu-
sion affects knee mechanics and muscle activity during gait in
individuals with knee osteoarthritis. Osteoarthritis and Cartilage 20:
974-981.

Schmitt LC, Fitzgerald GK, Reisman AS, Rudolph KS 2008 Instability,
laxity and physical function in patients with medial knee osteoarthritis.
Physical Therapy 88: 1506-1516.

Segal NA, Glass NA 2011 Is quadriceps muscle weakness a risk factor for
incident or progressive knee osteoarthritis? Physician and
Sportsmedicine 39: 44-50.

Segal NA, Glass NA, Felson DT, Hurley M, Yang M, Nevitt M, Lewis
CE, Torner JC 2010 Effect of quadriceps strength and proprioception
on risk for knee osteoarthritis. Medicine and Science in Sports and
Exercise 42: 2081-2088.

Serrao PR, Gramani-Say K, Lessi GC, Mattiello SM 2012 Knee extensor
torque of men with early degrees of osteoarthritis is associated with
pain, stiffness and function. Revista Brasileira De Fisioterapia 16:
289-294.

Shelburne KB, Torry MR, Pandy MG 2006 Contributions of
muscles, ligaments and the ground-reaction force to tibiofemoral

Kinesio taping on isokinetic quadriceps torque 9

joint loading during normal gait. Journal of Orthopaedic Research 24:
1983-1990.

Stupik A, Dwornik M, Biatoszewski D, Zych E 2007 Effect of kinesio
taping on bioelectrical activity of vastus medialis muscle. Preliminary
report. Ortopedia Traumatologia Rehabilitacja 9: 644-651.

Staehli S, Glatthorn JF, Casartelli N, Maffiuletti NA 2010 Test-retest
reliability of quadriceps muscle function outcomes in patients with
knee osteoarthritis. Journal of Electromyography and Kinesiology 20:
1058-1065.

Thelen MD, Dauber JA, Stoneman PD 2008 The clinical efficacy of
kinesio tape for shoulder pain: A randomized, double-blinded,
clinical trial. Journal of Orthopaedic and Sports Physical Therapy
38: 389-395.

Vercelli S, Ferriero G, Bravini E, Sartorio F 2012 How much is Kinesio
taping a psychological crutch? Manual Therapy 18: 11.

Vercelli S, Sartorio F, Foti C, Colletto L, Virton D, Ronconi G, Ferriero,
G 2012 Immediate effects of kinesiotaping on quadriceps muscle
strength: A single-blind, placebo-controlled crossover trial. Clinical
Journal of Sport Medicine 22: 319-326.

Vithoulka I, Beneka A, Malliou P, Aggelousis N, Karatsolis K,
Diamantopoulos K 2010 The effects of Kinesio-Taping® on quadriceps
strength during isokinetic exercise in healthy non athlete women.
Isokinetics and Exercise Science 18: 1-6.

Williams S, Whatman C, Hume PA, Sheerin K 2012 Kinesio taping in
treatment and prevention of sports injuries: A meta-analysis of the
evidence for its effectiveness. Sports Medicine 42: 153-164.

Wong OM, Cheung RT, Li CT 2012 Isokinetic knee function in healthy
subjects with and without Kinesio taping. Physical Therapy in Sport
13: 255-258.

Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA, Arden NK,
Bresnihan B, Herrero-Beaumont G, Kirschner S, Leeb BF,
Lohmander LS, Maziéres B, Pavelka K, Punzi L, So AK, Tuncer T,
Watt I, Bijlsma JW 2010 EULAR evidence-based recommendations for
the diagnosis of knee osteoarthritis. Annals of the Rheumatic Diseases
69: 483-489.



	Efficacy of kinesio taping on isokinetic quadriceps torque in knee osteoarthritis: a double blinded randomized controlled study
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Declaration of interest
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


