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Proprioception plays a critical role in injury
prevention by affording the correct afferent message.
Therapeutic modality 1s often used for the treatment
of disorders in musculoskeletal system. Previous
studies indicated that the use of therapeutic
modality can effectively decrease pain and
inflammation. However, little is known about the
influence of therapeutic modality on the
proprioception. Therefore, the purpose of this study
was to investigate the effect of therapeutic modality
on proprioception in subjects with chronic ankle
instability. Thirty four subjects were participated
in this study. Cryotherapy, transcutaneous electrical
nerve stimulation (TENS) and ultrasound were used as
modality interventions. Ankle proprioception tests
were measured by Biodex isokinetic dynamometer and
star excursion balance tests were conducted. Data
collection was performed in pre-intervention,
immediately and 30-minute after intervention. Two-way
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ANOVA with repeated measures were used to compare the
differences between pre-intervention and post-
intervention, and between affected and unaffected
sides. The results showed that immediately after
cryotherapy showed a significantly lesser reaching
distance than pre-cryotherapy in star excursion
balance test. Immediately and 30-minute following
TENS program showed a significantly greater reaching
distance than pre-TENS in star excursion balance
test. Immediately and 30-minute following ultrasound
program showed a significantly greater reaching
distance than pre-ultrasound in star excursion
balance test. Affected side had a significantly
greater absolute error than unaffected side in ankle
proprioception test. Cryotherapy might have risky
effect on dynamic standing balance while TENS or
ultrasound program might have positive effect on
dynamic standing balance. The risk of injury
following a return to sports activity might be
enhanced immediately after cryotherapy.

cryotherapy, TENS, ultrasound



Effect of Modality Therapy on Proprioception in the Subjectswith Chronic
Ankle I nstability

I ntroduction

Proprioception is the body’s own sense of position and motion, including body segment
static position, displacement, velocity and acceleration (Reiman, 2002). Proprioceptive signals are
transformed into electrical impulses represented at conscious (cerebral cortex) and unconscious
(cerebellum) levels (Lundy-Eckman, 2007). In conjunction with visual and vestibular inputs,
proprioception provides the central nervous system proper somatosensory information and allows
people to move their body segments and maintain stability accurately and efficiently. With a
well-functioned proprioceptive feedback, a controlled and precise movement can be generated,
which is critical in the functional activities of daily living as well as the sports performance (Ogard,
2011).

There are numerous factors affecting proprioception, such as temperature, fatigue, injury,
disease, vibration and training (Rosker, 2010). If proprioception isimpaired as a consequence of the
affecting factors, poor body alignment, false posture or incorrect joint force production may result
in injury (Myers, 2008). Deficits in proprioception have been proposed to be associated with the
risk of injuries of the otherwise intact joints (de Noronha, 2006). There have been lots of reports in
literatures to quantify the proprioception change after ligament injury, such as knee after anterior
cruciate ligament injury (Beard 1994; Mir, 2008) and ankle sprain (Garn, 1988). Ankle sprain is a
common injury in the lower extremities, especialy in basketball (Dick, 2007) and volleyball (Agel,
2007). Chronic ankle instability frequently occurs following suffering acute ankle sprain and it is
prone to cause repetitive injury. The victims usually complain the feeling of suddenly giving way at

ankle (Anandacoomarasamy, 2005).

Therapeutic modalities have been widely used for the first aid of trauma or the rehabilitation
program for the injuries in muscul oskeletal system (Prentice, 2009). For the ligament injury at ankle,
cryotherapy, transcutaneous electrical nerve stimulation (TENS) and ultrasound therapy have been
used to reduce pain and inflammation (Prentice, 2003). However, little is known about how the
therapeutic modalities affect the ankle joint proprioception and balance. It is important to
understand their impacts on peripheral sensory feedback to ascertain the athletic safety throughout
using therapeutic modalities before resuming exercise in sports setting. Therefore, the purpose of

this study was to investigate the effect of therapeutic modalities on ankle joint proprioception in
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subjects with chronic ankle instability.

M ethods
Subjects

Thirty four subjects (24 male subjects and 10 female subjects) with chronic ankle instability
participated in this study (age: 21.2+1.9 years; body length: 171.4+8.9 cm; body weight: 66.9+12.9
kg). The subjects had no surgery history in the lower extremities and no other injury except
unilateral chronic ankle instability. The inclusive criteria were (1) having at least one ankle sprain
leading to swelling, pain and protected weight bearing and/or immobilization of the injured ankle;
(2) having episodes of the ankle suddenly giving way and at least two ankle sprains within the past
two years; (3) by now recovery from ankle sprain and no pain, swelling, or other inflammation
symptom in testing days; (4) going back to regular training in their sport speciaty. The excluded
criteriawere (1) they had a history of lower extremity fractures or any serious neuromuscul oskel etal
injury that would affect the proprioception or balance tests; or (2) they have any contraindication of
the therapeutic modalities used in this study. The subjects consisted of 13 soccer athletes, 5 field
and track athletes, 4 Frisbee athletes, 3 basketball athletes, 3 volleyball athletes, 2 baseball athletes,
1 badminton athlete, 1 table tennis athlete, 1 Taekwondo athlete, 1 Judo athlete. There were 18
subjects with right affected side and 16 subjects with left affected side.

Equipments

Biodex isokinetic dynamometer (Biodex Medical System, Inc., Shirley, NY, USA) were
used to measure the ankle joint proprioception, active and passive joint reposition sense.
Therapeutic modalities used in this study were cold pack, ultrasound (Electro-medical supplies Ltd.,
Oxfordshire, England) and the TENS modality (SJC Medical, San Gabriel, CA, USA).

Ankle Proprioception Tests

There were two tests in joint position sense in this study: active and passive. In each trial,
the foot was passively moved at avelocity of 10 degrees/sec to atarget angle (30 degrees of plantar
flexion) and the target position were maintained to memorize for 10 seconds. In an active test, the
subject actively reproduced the target angle with the best of his/her ability. In a passive test, the
lever arm of the dynamometer was automatically moved at the velocity of 10 degrees/sec. The
subject had a button in one hand so that he/she could stop the lever arm when he/she feels it to be at

the target angle. The subjects had to wear headphones and close their eyes to minimize the sensory
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information from hearing and vision. The subject would not get any feedback about the assessment

performance.
Star Excursion Balance Test

Tape was placed in diagonal patterns with 45-degree increment. Each subject stood on the
center of the grid and was then instructed to reach to the farthest possible point with the distal-most
part of the foot on the non-testing lower limb while balancing on the testing lower limb. The testing
direction was the anterior, posteromedial and posterolateral directions. Subject should not use the
reaching leg to provide any support in the maintenance of the upright posture and move the stance

foot from its original position (Reiman, 2009).
Experimental Procedures

There were three therapeutic modalities tested in this study, cryotherapy, TENS and
ultrasound. The tests for different modalities were conducted in three different days separated at
least 2 days. The testing order of different modalities was random for each subject. All application
skills of the modalities were referred to the published guideline (Prentice, 2009; Prentice, 2003).

There were six experimental sessions in each testing day: pre-intervention, immediately
post-intervention and 30-minute post-intervention for affected side and unaffected side. The ankle
proprioception test and the star excursion test were performed in each experimental session.

In intervention of cryotherapy, cold pack was applied on anterior lateral ankle area. Cold
pack was prepared and placed in the refrigerator at least 6 hours. The application time was 20
minutes. A flexible wrap was used to hold the cold pack in place. In intervention of ultrasound, the
direct skin application of ultrasound at continuous mode was used. The frequency was set at 1 MHz.
The diameter of the transducer was 1 cm to easily fit the irregular area of the ankle. The major
trestment area was at anterolateral ankle region. The intensity was set between 1 and 2 W/cm?,
dependent on the feedback of each subject. The treatment duration was 5 minutes. In intervention of
TENS, the auto mode of TENS modality was used with the frequencies varied within 5 — 200 Hz.
The pulse duration was 200 ms. The treatment duration was 20 minutes. The e ectrodes were placed
on superior and inferior regions of lateral ankle. The intensity was within 1 — 3 mA, dependent on
the feedback of each subject. The subject was instructed to have a feeling of electrical stimulating

but muscle contraction magnitude as low as possible.
DataAnalysis

The outcome parameters were the absolute errors in the active and passive repositioning
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sense tests. They were calculated through the computation of the difference between the target
angle and the angle chosen by the subject. The reaching distance in star excursion balance test
were reported and normalized by the leg length of each subject.

Statistical Analysis

Two-way ANOVA with repeated measure was used to compare the differences between
affected side and unaffected side, as well as the differences between pre-intervention, immediately
and 30-minute following intervention. The software SPSS V 12.0 was used to compute the stati stical
anaysis. The statistical significance of this study was set as 0=0.05.

Results

Cryotherapy

Star Excursion Balance Test

Reaching distance in star excursion balance test in cryotherapy intervention was shown in
Figure 1. Significant difference between different intervention time was found in anterior direction
(p<0.05) but not in posteromedia and posterolateral directions. Pre-intervention (65.8%) and
30-minute post-intervention (65.5%) showed a significantly greater reaching distance than
immediately post-intervention (64.2%). No significant difference was found between affected and

unaffected sides. There was no significant interaction.

Ankle Proprioception Test

The absolute errors in ankle proprioception tests were shown in Figure 2. Significant
difference between affected and unaffected side was found in active reposition sense test (p<0.05).
Affected side (4.4 degrees) had a significantly greater absolute error than unaffected side (3.3
degrees). No significant difference between pre-intervention and post-intervention. There was no

significant interaction in active reposition sense test.

In passive reposition sense test, there was no significant difference between pre-intervention
and post-intervention, as well as between affected and unaffected sides. There was no significant

interaction.
TENS

Star Excursion Balance Test

Reaching distance in star excursion balance test in TENS intervention was shown in Figure
4



3. Significant difference between different intervention time was found in posteromedial and
posterolateral directions (p<0.05) but not in anterior direction. In posteromedial direction,
pre-intervention (105.6%) showed a significantly lesser reaching distance than immediately
post-intervention (106.6%) and 30-minute post-intervention (107.8%). In posterolateral direction,
pre-intervention (96.1%) showed a significantly lesser reaching distance than immediately
post-intervention (98.6%) and 30-minute post-intervention (99.1%). No significant difference was
found between affected and unaffected sides. There was no significant interaction.

Ankle Proprioception Test

The absolute errors in ankle proprioception tests were shown in Figure 4. Significant
difference between affected and unaffected side was found in passive reposition sense test (p<0.05).
Affected side (5.2 degrees) had a significantly greater absolute error than unaffected side (3.7
degrees). No significant difference between pre-intervention and post-intervention. There was no

significant interaction in passive reposition sense test.

In active reposition sense test, there was no significant difference between pre-intervention
and post-intervention, as well as between affected and unaffected sides. There was no significant

interaction.
Ultrasound

Star Excursion Balance Test

Reaching distance in star excursion balance test in ultrasound intervention was shown in
Figure 5. Significant difference between different intervention time was found in anterior,
posteromedial and posterolateral directions (p<0.05). In anterior direction, pre-intervention (64.1%)
showed a significantly lesser reaching distance than immediately post-intervention (65.4%). In
posteromedia direction, pre-intervention (100.8%) showed a significantly lesser reaching distance
than immediately post-intervention (103.6%) and 30-minute post-intervention (103.7%). In
posterolateral direction, pre-intervention (91.8%) showed a significantly lesser reaching distance
than immediately post-intervention (94.7%) and 30-minute post-intervention (95.8%). No
significant difference was found between affected and unaffected sides. There was no significant

interaction.

Ankle Proprioception Test

The absolute errors in ankle proprioception tests were shown in Figure 6. In active
reposition sense test and passive reposition sense test, there was no significant difference between

pre-intervention and post-intervention, as well as between affected and unaffected sides. There was
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no significant interaction.

Discussion

The effect of modality therapies on proprioception and balance in the subjects with chronic
ankle instability has been documented. Cryotherapy is a common treatment in acute injury. The
dynamic balance of one-leg standing was affected by cryotherapy. Immediately after cryotherapy
showed a lesser reaching distance than pre-cryotherapy in anterior direction of star excursion
balance test. The findings suggested that cryotherapy might impair the dynamic standing balance.
The risk of injury following a return to sports activity might be enhanced immediately after
cryotherapy.

The therapeutic goa of the TENS program would be pain control with the theoretic
background of gate control theory. The dynamic balance of one-leg standing was affected by the
TENS program. Immediately and 30-minute following the TENS program showed a greater
reaching distance than pre-TENS in posteromedial and posterolateral directions of the star
excursion balance test. The findings suggested that TENS program might improve the dynamic
standing balance possibly due to the continuous transcutaneous nervous stimulation and the

corresponding muscle contraction at ankle.

The therapeutic goal of the ultrasound program would be deep therma effect and the
possible facilitation in the healing process of chronic ligament injury. The dynamic balance of
one-leg standing was affected by the therapeutic ultrasound program. Immediately and 30-minute
following the ultrasound program showed a greater reaching distance than pre-ultrasound in anterior,
posteromedial and posterolateral directions of star excursion balance test. The findings suggested
that ultrasound program might improve the dynamic standing balance possibly due to the thermal

effect at ankle and the enhancement of local circulation.

The affected side showed a greater absolute error than unaffected side in active reposition
sense test in the session of cryotherapy intervention. The affected side also showed a greater
absolute error than unaffected side in passive reposition sense test in the session of TENS
intervention. Previous history of ankle ligament injury or chronic ankle instability might affect the
ankle proprioception. It should be aware of the possible impairment of ankle proprioception when

performing the high-impact sportsin the athletes with chronic ankle instability.

Cryotherapy might have risky effect on dynamic standing balance while the application of
TENS and ultrasound might have positive effect on dynamic standing balance. The information
6



about the effect of modality therapy on proprioception at ankle and standing balance can be offered
for athletes, coaches and clinicians to decide the time back to play following using therapeutic
modality.
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Figure 1: Reaching distancesin star excursion balance test in cryotherapy intervention.
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Figure 2: Absolute errors in ankle proprioception test in cryotherapy intervention.
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Effect of Kinesio Taping on EMG Onset in Patellofemoral Pain Syndrome

BACKGROUNG AND AIM: Patellofemoral pain syndrome is a common sport injury at knee,

which is resulting from the abnormal tracking of the patella on the trochlear groove of the femur.
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Patellar malalignment occurs when the vastus medialis oblique (VMO) is weaker or has a delayed
onset of activation than vastus lateralis (VL). Kinesio taping has been clinically used for correcting
the patellar tilt. However, little is known about the effect of the kinesio taping on muscle activation
timing in the patellofemoral pain syndrome. Therefore, the purpose of this study was to investigate
the effect of kinesio taping on the electromyographic (EMG) characteristics in the subjects with
patellofemoral pain syndrome.

METHODS: Fourteen subjects with patellofemoral pain symdrome participated in this study (10
females and 4 males; age: 25.446.6 years; length: 162.3+8.7 cm; weight: 61.3+11.2 kg). Stair ascent
and descent were performed for each subject. Two taping conditions were used (no tape and kinesio
tape around patella). The surface EMG system was used (MA300, Motion Lab Systems Inc., USA)
and two surface EMG electrodes were placed on the VMO and VL. The onset time differences
between these two muscles were calculated. Positive value denoted an earlier onset of the VMO
than the VL. Paired t test was used for comparing the difference between no tape and kinesio tape.
RESULTS: Kinesio tape (1.1+7.4 ms) showed a significantly earlier onset of the VMO than no tape
(-5.6£3.5 ms) during stair ascent (p<0.005). Kinesio tape (-4.0£6.5 ms) showed a significantly
lesser onset time difference than no tape (-8.4+5.2 ms) during stair descent (p<0.005).
CONCLUSIONS: Kinesio taping could be used to €elicit an early contraction of the VMO for the
people with patellofemoral pain syndrome. Kinesio taping might help improve the patellar stability
in knee extension during stair ascent and descent.
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Profound distortions of body Image were reported when the GVS lagged the real motion by 902. Subjects described
these sensations as shearing and/or sliding of the top of the body over the bottom with the shear plane somewhere In
the mid-lower thoracic region. We conclude that altered vestibular input distorts perceived body image in addition to its

orientation in gravity.

E - Orthopedic diseases and injuries
P4-E-110  Effect of Kinesio Taping on EMG Onset in Patellofemoral Pain Syndrome

Yi-Wen Chang’, Shr-Ming Li', Hong-Wen Wu*
'National Talwan University of Physical Education & Sport

BACKGRQUNG AND AIM: Patellofemoral pain syndrome is a common sport injury at knee, which is resulting from the
abnormal tracking of the patella on the trochlear groove of the femur. Patellar malalignment accurs when the vastus
medialis oblique (VM) is weaker or has a delayed onset of activation than vastus lateralis (VL). Kinesio taping has been
clinically used for correcting the patellar tilt. However, little is known about the effect of the kinesio taping on muscle
activation timing in the patellofemoral pain syndrome, Therefare, the purpose of this study was to investigate the effect
of kineslo taping on the electromyographic (EMG) characteristics in the subjects with patellofemoral pain syndrome.
METHODS: Fourteen subjects with patellofemoral pain symdrome participated in this study (10 females and 4 males;
age: 25.4+6.6 years; length: 162.3+8.7 cm; weight: 61.3£11.2 kg). Stair ascent and descent were performed for each
subject. Two taping conditions were used (no tape and kinesio tape around pateila). The surface EMG system was used
(MA300, Motion Lab Systems Inc., USA) and two surface EMG electrodes were placed on the VMO and VL. The onset
time differences between these two muscles were calculated. Positive value denoted an earller onset of the VMO than
the VL. Paired t test was used for comparing the difference between no tape and kinesio tape. RESULTS: Kinesio tape
(1.1£7.4 ms) showed a significantly earlier onset of the VMO than no tape (-5.6+3.5 ms) during stair ascent (p<0.005).
Kinesio tape (-4.0+6.5 ms) showed a significantly lesser onset time difference than no tape (-8.4+5.2 ms) during stair
descent (p<0.005). CONCLUSIONS: Kinesio taping could be used to elicit an early contraction of the VMO for the people
with patellofemoral pain syndrome. Kinesio taping might help improve the patellar stability in knee extension during
stair ascent and descent.

P4-E-112  The effect of hip chondropathy on single-leg balance performance in adults

Anna Hatton', Joanne Kemp', Sandy Brauer’, Ross Clark’, Kay Crossley”
The University of Queensland, *The University of Melbourne

BACKGROUND AND AIM: Impaired balance control has been reparted in the elderly with advanced hip osteoarthritis
(OA), yet this relationship has not been explored in young adults with hip chondropathy, or early hip joint degeneration.
It is also unclear whether limitations in hip joint mobility and hip muscle strength are associated with balance
performance in adults with hip chendropathy. This study aimed to determine whether people with hip chondropathy
demonstrate impaired balance ability during a dynamic single-leg squat with eyes open (SquatEQ) and single-leg
standing task with eyes closed (StandEC), relative to controls. A secondary aim was to explore whether hip range of
maotion (ROM) and muscle strength were correlated to balance measures in the hip chondropathy group. METHODS: 63
adults (36 female, mean [SD] age: 37.6 [11.6] years) with hip chondropathy (diagnosed arthroscopically in the previous
12-24 months using the Outerbridge classification system for chondral damage) and 60 healthy contrals (41 female,
mean [5D] age: 35.7 [9.7] years) performed two single-leg balance tasks: SquatEQ and StandEC while standing on a
Nintenda Wii balance board. All tests were performed with the participant barefoot, on the surgical leg of hip

11
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Effect of Kinesio Taping on EMG Onset in Patellofemoral Pain Syndrome

13-Wen Chang!, Shr-Ming1#, Hong-Wen Wu'
"Department of Exerrize and Health Science, Department of Physical Education
National Tatwan University of Phywical Edueation and Sport, Taichune Taivan
-

Introduction

« Patellofemoml pam syndrome 19 o common sport mpwy af imee, which 15
resulting from the abnormal tracking of the patells on the trochlear groove
of the fenmr Patellar malalisnment occwrs when the wastus meadiaks oblique
(VMO) 15 weaker than vasms lateralis (VL) or has a delaved omser of
activation There are tome biomechnmical factors asocimted with the
patellofemoral pamn syndrome, such as the pronated foor and hip abductors
‘weakness.

Kinesio tapmg 15 a chmical treatment which has been often used in the
management of sport imury, such as the comection of the patellar
malalienment However, there were véry lirtle stodies addressing the effect
of Ionesic taping m the patellofemoral pam syndrome. Therefore, the
purpose- of fhis study was ro mvesugate the effect of the kanesio tapmg cn
the' electromvographic (EMG) ontet tmmg in the patellofemoral pam
syndrome

Methods

« Fourteen subjects with patellofemoral pain symdrome participated i this
study (10 females and 4 males: age: 25446 .6 vears; lensth: 162348 7 em;
weight- §1.3211 2 kg). The surface EMG system wns used (MA300, Monon
Iab Systems Inc:, USA) and two surface EMG electrodes were placed on
the VMO mnd VI

« Fow lnesio taping conditions were used, mcluding o tapmme,  patellnr
corrective tapine. up abductor taping and arch supporting tapme (lanesig™
tex tape. Fig 1), Five tnals in cach faping condition dunng stair ascent and
descent were collectad for sach sulyect (Fiz 2)

.

The EMG cnset differences between VL and VMO m the stance phase were
calculated Posstive value denoted an earher onset of the VMO than the VL
One-way ANOVA with repeated measures was used for companne the onset
differsnce among the four tapine conditions. Post-hoe analysis (LSI) was
usad of the withm-subsact factor was sznificant. The aigmificant level was

get as o =0.05.
i it
3

A

)

Fig i (4] Patellar comectrve tapme. (B) Hip shductor tapma. (C) Arch mpportme tapins

Results

+ Sionificant difference in oneet difference wa: found dunne stnirs ascenmt
(p=0.03, Table 1), No tapng (-5.2 ms) showed sipnificantly lesser onset
difference than hip abductor taping (0.3 mo) and patellar comrective taping
(2.3 ms) The kip abductor taping and patelln corrective taping could elicit
an early omset of the VMO duning stawrs ascent

« Sipnificant difference :n onset difference was found dunng stairs descent
(p=0.001. Table 1). No taping (-2 ms) showed significantly lesser onsat
difference than hip abductor faping (-1.0 ms), patellar comective taping (-
33 ms) and arch swpporting tapmg (0.4 ms), The hip abductor tping,
pateliar comrective tapmg and arch suppertive tapms could help decrense the
delaved onset of the VMO duning staim descent.

Table 1: EMG onzet difference (ms) mn four tapmg condstions.

Stairy
524313 03255 2363 2077
Ascent
Srairs
“B.2454 BN GE -3.346.3° ELLE
Dszeant

*Sipmficant difference compared 1o oo mpmg (oo 0.05)
Sizmficant difference compared to no tpme (p-0.001)

Discussion

+ Cowan et al (2002} mndicated that the onset difference between the VMO
and VL was decreased following MeConnell taping due to the modification
i patellar alignment propricceptive feadback and the pam modulation
The patellnr comective tapine used in this study could provide 5 medial
force on patelia and stabilize the patella wathout dimet compression on the
patedla

+ Cichanowsks et all (2007) mdicated that hip abductor weakmess was found
m the affected ude m the basketball plavers wath patellofemoral prin
syndrome but not in the unaffected side. The hip abductor taping used in
fhis study mashy facilitaie more g abductor activation to recduce the hip
adduction angle, decrease the Q angle mamtain the patellar alizmment and
decreaze the delayed onzet of the VMO

+ Cheung =t al (2009) mdicated that VMO would have ‘an sarly onset when
the anti-pronsted msole was used m munome The arch supportive taping
usedm thes stody could limut foot pronsticn and elicet the early onses of the
VO,

Conclusion

« Kinesmio taping mught help mmprove the patellar stability m kmee extension
and assist in ehiciting ‘an 2arly onset of the VMO for the people with
patellofemoral pain syndhome durme stairs ascent and descent.
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