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407 - Reduced Tonic Activity Of The Deep Trunk Muscle During 
Locomotion In People With Low Back Pain 

P W Hodges, S Saunders, M Coppieters 
Dept. of Physiotherapy, Uni. of Qld, Brisbane, Qld Australia 

Introduction: Locomotion involves coordinated trunk muscles activity to move and control the spine and pelvis 4. 
In general there are phasic bursts of activity in association with heel strike and in conjunction with movement of the 
lumbar spine and pelvis. Activity of the deepest abdominal muscle, transversus abdominis (TrA), is tonic with 
amplitude modulation in conjunction with locomotor and respiratory events 3. When people have low back pain 
(LBP) variable changes in control of the trunk muscles have been identified. Although variable changes in 
superficial muscle activity have been identified 5, a relatively consistent finding is that activity of deep intrinsic 
spinal muscles, such as TrA, is delayed or reduced 2. This study investigated the recruitment of deep and superficial 
trunk muscles in people with recurrent episodic LBP. 

Methods: Electromyographic (EMG) recordings of the abdominal (TrA, obliquus internus (OI) and externus (OE) 
abdominis, rectus abdominis (RA)) and paraspinal muscles (deep (DM) and superficial (SM) fibres of multifidus at 
L4) were made in 10 subjects with recurrent LBP while walking on a treadmill at 1 ms-1. All subjects were tested 
when they were in remission from symptoms. EMG activity was averaged over 10 step cycles. Onset and offset of 
bursts of activity and proportion of the gait cycle with activity were identified. 

Results: Activity of the trunk muscles was phasically modulated across the gait cycle. Unlike healthy controls, 
activity of TrA was not tonic, but was phasically active for 46 (18) % of the gait cycle. Other abdominal muscles 
were active for between ~14 % (RA) and ~82 % (OI) of the gait cycle, and were not different to control subjects. 
Notably the power of TrA EMG at the frequency of respiration was ~2.8 (range: 0.2-9.7) times that at the frequency 
of locomotor events, in contrast to healthy individuals in whom the ratio is ~0.7. 

Conclusion: The results of the this study indicate that people with LBP have changes in control of the deep trunk 
muscles and appear to have a shift in activity of TrA from locomotor to primarily respiratory activity. Considering 
the contribution of TrA to intervertebral control 1 these data would indicate that spinal control may be compromised 
during locomotion in LBP. 

References: 
1. Hodges P, Kaigle Holm A, Holm S, et al. Intervertebral stiffness of the spine is increased by evoked 
contraction of transversus abdominis and the diaphragm: in vivo porcine studies. Spine 2003;28:2594-601. 

2. Hodges PW, Richardson CA. Inefficient muscular stabilisation of the lumbar spine associated with low back 
pain: A motor control evaluation of transversus abdominis. Spine 1996;21:2640-50. 

3. Saunders S, Rath D, Hodges PW. Respiratory and postural activation of the trunk muscles changes with 
mode and speed of locomotion. Gait Posture 2004;in press. 

4. Thorstensson A, Carlson H, Zomlefer MR, et al. Lumbar back muscle activity in relation to trunk 
movements during locomotion in man. Acta Physiol Scand 1982;116:13-20. 

5. van Dieen JH, Selen LP, Cholewicki J. Trunk muscle activation in low-back pain patients, an analysis of the 
literature. J Electromyogr Kinesiol 2003;13:333-51. 

412 - Comparative Analysis Of The Trapezius Muscle Before And After 
The Use Of The Subcaptal Bar Through Surface Electromyography (EMG) 

Camargo, S. M.; Sartori, L.F.; Cyrillo, F. N.; Torriani, C.; Debessa, C.R.G. 
UniFMU - Brazil 

Introduction:  Posture can be defined as a position or attitude of the body, the relative disposition of the parts of 
the body for a specific activity, or characteristic ways of sustaining one’s body. The cranium is maintained in 
position by the muscles of the cervical spine.  For the head to be maintained in an erect position and so that one can 
look forward, since the weight of the head tends to make it lean forward, the muscles that insert in the posterior part 
of the cranium should contract against gravity, these muscles showing larger potentiality in relation to the flexors of 
the neck. There is a narrow relationship between the stomatognatic system and the cervical musculature, and it 
could be said that any alteration in this system can also cause disequilibria of the head.  One mode to evaluate and 
to diagnose the electrical activity that the muscle realizes in one contraction is through surface electromyography, 
through electrodes on the surface that interpret the bioelectric potential produced by the muscle revealing its 
activity in certain movements.  The objective of this work is to compare the electrical activity of the descending 
fibers of the trapezius muscle, during a march, through surface electromyography, before and after the use of the 
subcaptal bar in individuals that present a prevalence of anterior muscular chain. The subcaptal bar has as objective 
to minimize the projection of the center of gravity, and consequently to reduce the electrical activity of the 
subsequent musculature during the march.   

Methods:  For the selection of the research subjects, the following exclusion criteria was considered: male 
individuals and individuals that presented predominance of posterior muscular chain. The participants were 
photographed in an appropriated device for view their posture.  The pictures were analyzed by a computer program, 
called Fisiologic, to register the degree of anteriorization of the participants' head and to disqualify the individuals 
posteriorizated in the sagital plane. The descending fibers of the trapezius were evaluated for they had easier access 
and were superficial. The electrodes used were circular of silver chloride of the mark Skintact (T-601) between the 
motor point and the muscular insert.  For the capture of the electric activity of the muscle an electromiografic 
apparatus of the mark Pathway was used, model NMR400 of 4 channels linked to a computer, in which the 
muscle’s electromiografic activities was represented by graphs.  They were registered the maximum voluntary 
isometric contraction  (MVIC) and the muscular activity of the trapezius during the march before the use of the 
subcaptal bar and with the subcaptal bar.   

RESULTS:  As much in MVIC during the march the right and left trapeze, in a general way, presented a decrease 
in the electrical activity registered by EMGs after the application of the proprioceptive stimulus. The average of 
MVIC before the placement of the stimulus subcaptal was 311mV on the right side and 304mV on the left side.  
After the use of the subcaptal bar, the values decreased to 293mV and 277mV respectively.  In relation to muscular 
activity during the march, the average values also decreased after the use of the bar. On the right side the average 
activity was 32mV before the bar and decreased to 23mV, Already the right side decreased from 40mV to 35mV.   

CONCLUSION: The obtained results show that in the studied sample the use of the subcaptal bar reduced the 
muscular activity of the trapezius during the march, thereby demonstrating an intrinsic relationship exists among 
the muscular chains, proprioceptive stimulation and podoposturology.  Such a relation should be studied better and 
more profoundly, seeking to base in secure evidence in clinical practice.  
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416 - Excitabilities of Stretch Reflexes in Antagonistic Ankle Muscles 
While Maintaining a Bipedal Standing Posture in Human 

H. Obata1, N. Kawashima2, K. Nakazawa2, S. Yamamoto1, T. Komeda1, M. Akai2 ;  
1Graduate school of Mechanical engineering, Shibaura Institute of Technology, Fukasaku, 

Saitama, Japan ;2National Rehabilitation Centre for Persons with Disabilities, 
Tokorozawa, Saitama, Japan 

Introduction: Recent studies on reflex and voluntary control of human gait and posture have suggested that reflex 
excitabilities of even antagonistic muscles should be adequately regulated during those fundamental movements. In 
the present study, we aimed to reveal how stretch reflex excitabilities are tuned in the antagonistic ankle extensor 
soleus (Sol) and flexor tibialis anterior (TA) muscles in quiet standing. 

 Methods: Ten neurologically normal subjects were participated in this study. Stretch reflex electromyograhpic 
(EMG) responses were elicited by imposing mechanical perturbations to the ankle joint (dorsi-flexion direction for 
Sol and plantar flexion for TA) in standing (ST) and supine (SP) postural conditions. The stretch reflex 
excitabilities were evaluated for each short-latency (SLR) and long-latency component (LLR). In addition, motor 
evoked potentials (MEP) were recorded in the Sol and TA by transcranical magnetic stimulation (TMS) in order to 
evaluate cortico-spinal excitability. 

Results: In the Sol, the SLR was significantly larger in the ST compared to that in the SP condition (ST vs SP:  
3.40±0.52 vs. 3.08±0.51 mV*msec, p<0.01), whereas the LLR did not show such a difference (1.9±0.32 vs. 
1.8±0.39 mV*msec, n.s.). In contrast to the Sol, the LLR of TA significantly increased in the ST (3.61±1.02 vs. 
0.82±0.40 mV*msec, p<0.01), although background EMG activity was silent in both conditions. It was noteworthy 
that, as clearly shown in Fig. 1, the modulation manner of the MEP according to the postural conditions was very 
similar to those of the LLR in both muscles. 

Discussion: The present results revealed that the stretch reflex excitability of the TA muscle is dramatically 
enhanced in standing posture, whereas that of the Sol shows no remarkable changes. The similarity in the 
modulation manner between the LLR and MEP suggests that excitability tuning of stretch reflex pathway during 
upright standing is closely related to the cortico-spinal excitability.  

Standing Supine

Sol

TA

Sol

TA

400μV

200μV

50 msec

Onset of perturbation

TA tonic contraction

100μV

10 msec

Stim
ulus intensity

Stretch Reflex

MEP

Standing Supine

Sol

TA

Sol

TA

400μV

200μV

50 msec

Onset of perturbation

TA tonic contraction

100μV

10 msec

Stim
ulus intensity

Stretch Reflex

MEP

 

427 - Can Simple Biomechanical Tests Are Able To Identify Elderly 
Fallers? 

Melzer I, Benjuya N, Kaplanski J ;Ben 
Gurion University of the Negev and     Key Institute of Education, Beer-Sheva, Israel 

 

Introduction: The identification of specific risk factors for falls in community-dwelling elderly persons is required 
to detect early changes in postural stability and permit a preventative approach to management. The study 
determines the ability of various measures to identify fallers in the elderly population.  

Methods: 19 subject’s aged 65 and over (78.4±1.3 years old) who reported having fallen at least twice at the last 
half a year and the 124 non-fallers (77.8±0.53 years old), participated in laboratory experimental study. Stability 
was measured in up right standing using AMTI force platform, testing in six different visual and base of support 
conditions, Stability Limits Test was also measured. Static two-point discrimination (TPD) test to the skin of the 
sole of the feet was made to evaluate the innervation density of the slowly adapting receptors and maximal 
isometric strength (MVIC) at the lower limb musculature was measured using Isokinetic dynamometer.  

Results The results suggest that control of balance in up right standing in narrow stance condition may be an 
important tool to identify elderly individuals in risk of falling and for future fall-preventative interventions. The 
findings showed an increase in postural sway in narrow base stance especially in the medio-lateral direction of 
elderly individuals who experienced recurrent falls. Another pervasive effect of aging is increase in two-point 
discrimination, which appears to be impaired in old fallers. The MVIC findings show no significant differences 
between fallers and non-fallers.  

Conclusions: Simple and safe tests were able to identify elderly individuals under a risk of falling, suggesting a 
possible clinical application as a preliminary screening tool for predicting future falling risk in the elderly 
population. 

Fig.1  Typical example of the stretch reflex 
responses (top panel), and MEPs in the TA 
and SOL muscle in standing and supine 
conditions. 
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439 - On a Common Fractal Property of Body Fluctuations in Human Gait 
and Posture 

M. O. Abe1, K. Nakazawa1, K. Masani2, M. Akai1;  
1Research Institute, National Rehabilitation Center for Persons with Disabilities, 

Tokorozawa, Japan; 2Department of Life Sciences, The University of Tokyo, Tokyo, Japan 

Introduction: Both bipedal standing and walking in human need balance control to prevent the body from falling, 
which as a result induces a body fluctuation.  Previous studies have reported that the body fluctuation in standing 
subjects is not random in time, but has a long-range correlation (i.e. fractal correlation) presumably emerged by 
fractal characteristics of the underlying neural mechanisms of bipedal standing [1].  However, it is unknown 
whether the neural mechanisms controlling body balance during walking also posses the same fractal characteristic 
or not. The purpose of this study, therefore, was to test if the fractal correlations of body fluctuation were observed 
while subjects were standing and walking as well.  We used ground reaction force (GRF) as a common parameter to 
evaluate the fluctuations in balance control of these two movements. 

Methods: Seventeen healthy subjects (26.1±4.8 years, height 1.72±0.07m, weight 64.5±8.4kg) participated in this 
study.  Subjects were asked to stand (inter-malleolus distance 6cm) and walk (velocity 4.0km/h) on a treadmill that 
was equipped with two force platforms (ADAL3D, TECHMACHINE) in 10 minutes.  During these tasks, GRFs in 
antero-posterior, medio-lateral, and vertical directions were recorded at 100Hz.   A deviation force from the average 
(DS: Fig. 1) was calculated for each trial using these GRFs.   For walking, an average value of a stride cycle was 
used for the subsequent analysis.  We calculated the fractal scaling exponent of DS, using detrended fluctuation 
analysis (scaling exponent alpha) and power spectrum analysis (scaling exponent beta). 

Results: Fractal scaling exponents of both DSs while standing (DSstand) and walking (DSwalk) showed larger 
values than the level of white noise (alpha= 0.5) by surrogating tests.  In addition, there was a positive and 
significant correlation between the scaling exponents of DSstand and DSwalk (p<0.05, Fig.2).   

Conclusion: The present results demonstrated that the fractal correlations in the body fluctuations while standing 
and walking were larger than the white noise level, and were significantly correlated.  These results imply that a 
common balance control mechanism works while a human is standing and walking in an upright posture. 

Reference 
[1] Duarte M, Zatsiorsky VM. Neurosci Lett 283, 173-176, 2000 

 

 

448 - Influence of Audio Feedback on Structural Properties of Postural 
Sway 

L. Chiari1, M. Dozza1, A. Cappello1, F.B. Horak2 
1) Dept. of Electronics, Computer Sciences & Systems, University of Bologna, Bologna, 
Italy; 2)Neurological Sciences Institute, Oregon Health & Science University, Beaverton, 

OR, United States 

Introduction: Previous studies have shown that visual (Dault et al., Hum. Mov. Sci., 2003) and tactile (Wall et al., 
IEEE Trans. Biomed. Eng., 2001) biofeedback of self-motion can improve stance stability. Recently audio-
biofeedback (ABF) has proved equally valuable (Horak et al., Proc. SFN, 2003). Within the ABF paradigm we 
developed a portable system where trunk acceleration information recorded by biaxial accelerometers is used to 
reinforce self-perception in postural tasks of different complexity. Postural sway is encoded in real-time into a 
stereo sound by a sonification procedure. The aim of the present study is to investigate the structural changes in 
body sway following the administration of ABF. 

Methods: Nine healthy subjects were included in the study. Subjects were instructed to stand with eyes closed on a 
force plate with and without a foam cushion under their feet in two conditions: with and without ABF. Each 

condition was repeated three times for trials of 60 s. Trial order 
was randomized. Subjects wore a light-weight, small (3 x 3 x 1.5 
cm) acceleration sensing box fixed at their back at L5. A laptop 
computer acquired the signals from the sensor and generated a 
stereo sound encoding body sway information. Summary statistic 
scores were computed to quantify postural stability and 
stabilogram diffusion analysis (Collins & De Luca, Exp. Brain 
Res., 1993) was carried out to investigate structural properties of 
center of pressure (CoP) dynamics with a nonlinear model (Chiari 
et al., Hum. Mov. Sci., 2000)..  

Results: The presence of ABF largely increased postural stability 
(p<0.001) on both firm and compliant support surfaces. The 
stabilogram diffusion analysis showed a systematic reduction in 
both parameters, K and �Tc with ABF (p<0.01). The condition 
with the least sensory cues, i.e. eyes closed on foam, benefited the 
most from ABF: Examples of changes in CoP displacement and 
diffusion plots due to ABF are shown in the figure. 

Conclusion: Our results suggest that an audio-biofeedback system 
may help people control postural stability in stance in 
environments with inadequate surface somatosensory and visual 

information. Structural changes in postural sway due to ABF include a 
significant shortening of the short-term scaling region, unlike experiments 

with visual feedback (Rougier, Neurosci. Lett., 1999). This may reflect a larger role for conscious feedback control 
over feed-forward control of posture when using ABF. Future studies are needed to determine whether, with more 
practicing, subjects can use ABF without conscious control and hence how much this result is consistent over time.  

Fig.1 The definition of DS.  The upper figures are 
example while walking. 

Fig. 2  The relationship between the scaling 
exponent (in case of alpha). 
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462 - Generalizability of Stabilogram Diffusion Analysis 
Richard J. Doyle1, Brian G. Ragan1, Lindsay A. Melnyk1, Elizabeth T. Hsiao-Wecksler2, 

Karl S. Rosengren1 
Department of Kinesiology1, Department of Industrial and Mechanical Engineering2, 

University of Illinois, Urbana-Champaign 

Introduction: Force plate measures during quiet standing are commonly used in research. Stabilogram Diffusion 
Analysis (SDA) is one method that attempts to draw useful information from the center of pressure (COP) plot. 
Researchers in the past have varied methods of data collection, including different lengths of trials and number of 
trials conducted.   The purpose of this study was to establish reliability estimates for SDA force plate measures.   

Methods: Seven subjects (3 male, 4 female; age=19.9±1.3yr, ht=1.69±.04m, wt=72.2±12.5kg) completed this 
study.  All individuals were asked to stand as still as possible on a platform for 90 sec.  Subjects completed 10 trials 
with eyes open followed by 10 trials with eyes closed.  Subjects stood as still as possible with their arms to their 
sides while staring a spot on the wall approximately 5 meters in front of them.  An AMTI Force Plate was used to 
collect all data.  Short-term diffusion coefficients (Dxs) with eyes open and eyes closed in the anterior-posterior 
(AP) directions were calculated for the first 30 seconds, the first 60 seconds, and the entire 90 seconds of each trial.  
Generalizability theory through a G study and follow-up D studies were performed to estimate reliability 
coefficients (G-coefficients).  Generalizability theory allows us to investigate the reliability of a measure and the 
sources, or facets, that contribute to the variability.  A reliability coefficient of 0.80 or greater is desired.  The facets 
included were person (P), days of data collection (D), length of trials (L), and number of trials (T).  The 
measurement model used was person by days by length of trials by trial (P x D x L x T).  

Results: The G-coefficients for Dxs eyes open for 30 second trials ranged from 0.33 for one trial to 0.78 for ten 
trials; ranged from .38 to .80 for 60 second trials; and .55 to .81 for 90 second trials.  The G-coefficients for Dxs 
eyes closed for 30 second trials ranged from 0.39 for one trial to 0.86 for ten trials; ranged from .49 to .93 for 60 
second trials; and .67 to .93 for 90 second trials.   

Conclusions: Generalizabilty is an attractive reliability assessment tool because it allows us to investigate various 
sources of error that contribute to the overall error in a measure.  Through this study we investigated how 
participants, the length of a trial, number of trials, and number of days data collected contributed to the overall error 
in the short-term diffusion coefficient of SDA.  Our results indicated that multi-trial assessment is required for a 
reliable measure.  Another finding was increasing trial length did not enhance the reliability coefficients.  
Researchers and clinicians should be cognizant of the need for ten trials for reliable SDA results.    

References: 
Collins JJ, De Luca CJ. Upright, correlated random walks: A statistical-biomechanics approach to human postural 
control. Chaos 1994; 5(1): 57-63 

465 - Influences to Human Posture Control in Cooling and Stimulation 
Conditions of Foot Soles 

Kiyomi Takayanagi; School of Health Sciences, Sapporo Medical University, Akikazu 
Nakayana; Saitama Welfare University, Masataka Hosoda; Tokyo Metropolitan University, 

Japan 

Introduction: Foot soles are the only direct contact plane to the outside world during upright stance. Especially, 
foot sole sensory is an important informational source to maintain the upright stance and to prevent an accident 
from happening under the gravity. We investigated the changes of human posture control of upright stance which 
occur when somatosensory information are decreased or increased by the especially condition that was cooling or 
stimulation of foots soles. 

Methods: Fourteen male college students were participated in this experiment. This study was approved by the 
Ethics Committee of the Sapporo Medical University, and all subjects granted their informed consent before 
participating. Subjects were evaluated on a computerized dynamic posturography platform (Equitest, Neurocom Int 
Inc, Clackamas, OR, USA) with a sensory organization test and motor control test. Each subject was performed the 
balance test under a natural condition (NC), a cooling condition (CC) and a stimulus condition (SC) of the food 
soles to reduce or increase the sensory information. The Wilcoxon signed rank sum test was used to analyze 
changes within conditions. 

Results and Discussion: The equilibrium scores (ES) of the CC was lower than the ES of the NC, the ES of the SC 
was higher than ES of NC. The SC improved the degree of posture stability in upright posture, and the CC changed 
the static balance in upright posture unstably. The strategy score (SS) of the SC were higher than that of the CC and 
NC. It was suggested that the contribution of ankle strategy to the equilibrium was increased relatively by the 
stimulation to the foot soles compared to the hip strategy. It is suggested that the increase of the partial pressure to 
the foot soles stimulates the proprioception sense in the foot soles, and is increased the neural activation, and then is 
stabilized standing posture with frequent neural control. The CC inhibits the proprioceptive information from the 
foot soles, as a result the static equilibrium changes unstably with the confusion of neural control, however doesn’t 
prevent the activity of ankle joint.  

The reaction time (RT) in SC was shorter than that in the NC and the CC to the sudden forward sway during the 
standing position. There were no changes of the RT among the NC, the CC and the SC in the sudden backward 
sway. The reaction strengths (RS) of SC were no changed compared to that of the NC, however the RS of CC was 
increased in the sudden forward and backward sway compared to that of the NC. It was suggested that the 
proprioceptive information in the foot soles helps the prediction of sway strength in the sudden forward and 
backward sways. It was suggested that the proprioception in the foot soles doesn’t have a roll of the trigger in the 
reaction to the sudden forward sway, but the stimulation of posterior proprioception in the foot sole has the roll of 
the trigger of the reaction to the sudden backward sway. We concluded the decrease of the proprioceptive 
information from the foot sole and the muscles has a possibility to promote the accident falls, and an increase of the 
information from the heel sensory has a possibility to prevent from falling backward. 
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476 - Vibrotactile Display of Body Tilt: Progression from Standing to 
Walking Experiments 

 Wall III1,2,3,4C, Oddsson1 LIE, Sienko2,3,4 K, Kubert3 H,.  
1NeuroMuscular Research Center, Boston University, Boston, MA, USA. 2 Massachusetts 
Insititute of Technology, Cambridge, MA, USA, 3Massachusetts, Eye and Ear Infirmary, 

Boston, MA, USA, 4Harvard Medical School, Boston, MA, USA 

An analysis of balance and dizziness data from the 1994/1995 Disability Supplement of the National Health 
Interview Survey (Hoffman, et al. 2000) reveals that 6.2 million Americans report chronic (3+ months) problems 
with dizziness and/or balance, with significantly increased prevalence in the geriatric sector (9.1% compared to 
1.9% for young adults).  If prostheses could only help 5% of this population, more than 300,000 devices would be 
needed.  Non-invasive balance prostheses, as opposed to implantable devices, can provide both long term 
supplemental aid for chronic or permanently impaired vestibular systems or temporary assistance for acute traumas, 
rehabilitative programs, or balance training regimes.  Several devices that use externally applied stimulation for 
sensory substitution are currently being investigated.  These include vibrotactile, auditory, and electrotactile 
devices.  Experiments using vibrotactile display of body tilt, mostly with vestibulopathic subjects have 
demonstrated significant reduction in body sway when tilt feedback was available compared to the control 
conditions with no tilt feedback. Specifically, decreased sway during Computerized Dynamic Posturography 
Sensory Organization Tests 5 & 6, decreased responses to abrupt anterior-posterior translations, and reduction of 
body tilt during toes up pitch . 

The present study considers the transition from standing to locomotion-based experiments.  We have studied the 
body tilt during non-perturbed locomotion in healthy subjects, and body tilt during perturbations of locomotion.  
Our preliminary results, which just use tilt estimates designed for control of postural sway while standing, show 
significant reductions in body tilt when vibrotactile display of body tilt is provided.  We also consider alternative 
body tilt display schemes that are designed specifically for locomotion. 

484 - Vibrating Insoles Improve Balance in Patients with Stroke 
Attila A. Priplata(1), Ben L. Patritti(1), Richard Hughes(2), Joel Stein(2), Paolo Bonato(2), 

James J. Collins(1)  
1Center for BioDynamics, Boston University, Boston, MA; 2Spaulding Rehabilitation 

Hospital, Boston, MA 

Human balance relies, in part, on somatosensory feedback.  With stroke-related deficits, the inability to interpret 
afferent traffic from the periphery can impact the ability to perform seemingly simple tasks such as standing and 
walking.  Recently, it has been demonstrated that subsensory mechanical noise can improve somatosensation in 
healthy young individuals, older adults, patients with diabetic neuropathy, and patients with stroke.  Moreover, it 
has been shown that subsensory mechanical noise applied to the soles of the feet via vibrating insoles can enhance 
balance control in healthy young and elderly individuals.   

Purpose:  The goal of this study was to demonstrate that subsensory mechanical noise applied to the soles of the 
feet via vibrating insoles can be used to improve balance control in stroke patients.   

Methods:  Fourteen stroke patients who were at least six months post-stroke (aged 33-90 years) were asked to 
stand quietly, eyes closed, and barefoot on a pair of vibrating gel insoles.  The vibrotactile threshold of each subject 
to a band-limited white noise signal was determined for each foot independently.  The noise stimuli for the rest of 
the study were set to 90% of that threshold.  Ten 30-second quiet-standing trials (5 with noise and 5 without noise) 
were performed, and the time-varying displacement of a shoulder marker for each trial was recorded by a Vicon 
motion analysis.  To characterize balance during quiet standing, five traditional sway parameters (i.e., mean radius, 
swept area, maximum radius, anteroposterior (AP) range, mediolateral (ML) range), five sway parameters that are 
predictors of falls (i.e., ML RMS, ML sway, AP length, sway speed, area ellipse) and three sway parameters from 
random-walk analysis (i.e., critical mean square displacement, long-term diffusion coefficient, long-term scaling 
exponent) were computed for each trial.  Sway parameters were normalized to the height of the reflective marker 
for each stroke patient.  The mean value for each sway parameter was calculated for the noise and no-noise trials, 
respectively, for each stroke patient.  A Student’s paired t-test was used to compare the mean values of the noise 
and no-noise conditions of each sway parameter.   

Results:  All sway parameters decreased with the application of noise.  In addition, maximum radius (17.9 ± 1.8 vs 
15.6 ± 1.2), long-term diffusion coefficient (2.9 ± 0.5 vs 1.5 ± 0.3), and long-term scaling exponent (0.16 ± 0.01 vs 
0.09 ± 0.1) significantly reduced (p < 0.05).   

Conclusion:  Subsensory mechanical noise applied to the feet of quietly standing stroke patients leads to enhanced 
somatosensory feedback and reduced postural sway.  The use of randomly vibrating shoe insoles could provide a 
non-invasive technique for ameliorating somatosensory deficits and improving balance control in stroke patients. 
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499 - Reliability and Validity of a One-Leg Stance Protocol Using the 
Biodex Balance System 

Marc Perron PT, MSc, Luc J. Hebert PT, PhD, Bradford Mcfadyen PhD. National Defense 
of Canada, Valcartier, Canada and Laval University, Quebec, Canada. 

Introduction: Lateral ankle sprain (LAS) is a common sport injury that often leads to joint instability and alteration 
of proprioception.1 The impairment of joint receptors and neurofeedback mechanisms is likely to contribute to the 
high rate of recurrence of LAS. 2 Although standing balance training is commonly used to restore proprioception, 
no standard reliable and valid outcomes are readily accessible to assess the effectiveness of such training. The 
Biodex Balance System (BBS), made of a movable platform, allows to quantifying (8 levels of difficulty) the 
ability of a subject to maintain dynamic postural stability using a standardized outcome measure called the dynamic 
limit of stability (DLOS). The DLOS score varies from 0 to 100 (higher score = better outcome) and indicates the 
ability of a subject, while standing, to orient the platform by moving a cursor towards specific targets successively 
displayed in random order on a screen placed at the eyes level. The reliability and validity of the one-leg stance 
protocol using the BBS is unknown. The aim of this study was to investigate the test-retest reliability and construct 
validity of a one-leg stance protocol using the BBS with LAS. It was hypothesized that, based on DLOS scores, it 
would be possible to discriminate between the affected and contralateral non-affected limb as well as reference 
values, and that DLOS scores would decrease with the increase level of difficulty. 

Methods: To verify the reliability of a one-leg stance protocol, 12 healthy subjects were tested bilaterally at level 8 
(easiest) on two consecutive days. To verify the construct validity, 34 subjects with a grade II LAS (EXP) and 36 
healthy subjects (CTL) matched for anthropometric data were tested bilaterally using the same protocol at level 8, 6 
and 4 (L8, L6, L4). Intraclass correlation coefficients (ICC) were computed for the overall DLOS scores of the 
healthy subjects to assess test-retest reliability. The standard error of measurement (SEM) was also calculated to 
estimate the amount of random measurement error. T-tests were used to verify statistical differences in overall 
DLOS scores between affected and non-affected limbs and reference values. A repeated ANOVA was used to 
assess the difference in the overall DLOS scores between the three levels of difficulty. 

Results: ICCs were 0.77 and 0.78 with a SEM of 4.6 and 5.4 for the dominant and non-dominant limb, 
respectively. The mean overall DLOS score of the affected limb was lower than the non-affected one for the L8 
(p=0.003) and L6 (p=0.04) levels and than the non-dominant limb of the CTL group for the 3 levels (p<0.008). 
However, the magnitude of the overall DLOS score seen in the EXP and CTL group at L8 were clustered in the 
lower range of the theoretical score (below 28%). The mean overall DLOS score decreased (p<0.01) with the 
increase level of difficulty (Figure 1).  

Conclusion: The one-leg stance testing protocol using the BBS is 
reliable. Although the overall DLOS can discriminate between levels of 
difficulty, the present results question the relevance of having 8 levels of 
difficulty, the easiest level being already very challenging for healthy 
subjects. Although statistically significant, the small absolute difference 
of the mean DLOS values between groups, which is similar to the SEM, 
suggests a low responsiveness of this measure to clinically significant 
changes. Other studies using the same protocol should be conducted with 
other populations.  

References: 1. Lephart SM et al, Sports Med 1998; 2. Tropp et al, Med Sci Sports Exerc 1984 
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034 - Development of A New Motion Analysis System Using Gyroscopic 
Sensors 

LW Sun and Raymond YW Lee ; 
Department of Rehabilitation Sciences,The Hong Kong Polytechnic University, HKSAR, 

China 

Introduction: Non-invasive measures of joint movements are frequently employed in biomechanical studies of low 
back pain. Evaluation of the range and patterns of movement is also a key concern for a clinician in diagnosis and 
assessment for musculosketetal disease of patients. This study presents the novel development of  triaxial 
gyroscopes and its appropriated signal-processing algorithm to analyze the three-dimensional joint motion. The 
motion analysis system consists of three orthogonally mounted single axis piezoelectric gyroscope (Murata ENC03-
J) with its processing unit. It can be used to measure the angular velocities for determination of the three 
dimensional orientations by integrating of those processed data. The instrumentation were designed and fabricated. 
The aim of the study was to compare range of motion (ROM) determined by the new motion analysis device using 
gyroscopes and FASTRAK.  

Methods: A new method of determining orientation with gyroscopes, including the coning effect on rotation, was 
developed. The ranges of motions in joint motion were measured using the gyroscopic system and an 
electromagnetic motion tracking system (Fastrak). Since Euler angles are sequence dependent, the axes of the 
gyroscopes were aligned with those of the simulator so that the Eulerian sequences of the two systems were 
equivalent. In both planar and 3 dimensional motion measured by the two systems were compared. Regression 
analysis was performed to reveal the relationship between the angles determined by the two systems. 

Results and Discussion: The results showed that the gyroscope could provide reliable orientation information. The 
absolute values of planar and 3 dimensional motions determined by the gyroscopic and Fastrak systems were 
significantly correlated. The bias drift of the gyroscope was a limitation of the gyroscopic system. It was found to 
be dependent on its current orientation and velocity. The present study utilized a low pass filter which effectively 
minise the drift. The experimental results showed that it was valid to use the gyroscopic method for orientation 
determination. Further study was performed to investigate the feasibility of using this technique to measure lumbar 
spine motion for routine clinical use.  

035 - Validity of an Inverse Kinematic Model in Determining the 
Intervertebral Movements of the Lumbar Spine 

LW Sun; Raymond YW Lee 
Department of Rehabilitation Sciences, 

The Hong Kong Polytechnic University, HKSAR, China 

Introduction: The human body is provided with redundant degree of freedom, giving us great flexibility in the 
performance of a movement. Forward bending movement of the spine can be accomplished with an infinite number 
of combination of configurations of the various intervertebral joints. The purpose of the present study was to 
determine an optimal combination of intervertebral joint configurations of the lumbar spine when performing 
forward bending motion. The study had two parts: a mathematical model was demonstrated to predict the 
intervertebral movements of the lumbar spine; and an experimental study in vivo which used to valid the 
implementation of segmental angle prediction using inverse kinematic model.  

Methods: A human lumbar spine segment motion was modeled as an open-end, kinematic chain of a five-link 
system from the L1 to the L5 vertebra. An inverse kinematic model was proposed to determine an optimal 
combination of intervertebral joint configurations. Twenty-two subjects (mean age = 40 ± 14, range = 22 to 64) 
included in this study. Lateral radiographs of the lumosacral spines of subjects were taken in full flexion and 
extension while standing. Subjects with LBP diagnosis only were under analysis. The intervertebral movements 
predicted by the model were compared with those obtained from the radiographic measurements.  

Results: High Intra-tester reliability ICC (3,1) ensured good validity of the algorithm. The results of regression 
analysis between the measured and predicted three kinematics parameters were summarized on Table.1.  Large R-
value of angle of rotation prediction implied that the inverse kinematic model was valid in angle prediction. The 
relatively small values of R for translations indicated that the prediction of translations (almost <5mm) were not as 
good as angle determination. The inverse kinematic method would be very useful when intervertebral rotation 
cannot be determined clinically. However, the technique may have limitation in accessing pathologies such as 
spondylolisthesis. A satisfactory method should be developed to determine movements of the intervertebral joints 
based on the combination of simple surface measurement and an inverse kinematic model algorithm. The method is 
useful in biomechanical modeling research where knowledge of the intervertebral movements is required. This is a 
pioneering work, which uses a robotic approach to solve a significant clinical problem. 

Table.1. Regression between measured and predicted 
kinematics parameters among twenty-two subjects 
 

 L5/S L4/5 L3/4 L2/3 L1/2 

Angle of Rotation 0.948 0.965 0.87 0.912 0.832 

x-posteroanterior 
translation 

0.152 0.673 0.154 0.345 0.644 

y-posteroanterior 
translation 

0.591 0.083 0.311 0.218 0.638 
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096 - Wearable Conductive Fiber Sensors for Measuring Joint 
Movements 

Peter T. Gibbs and H. Harry Asada d‘Arbeloff  
Laboratory for Information Systems and Technology Department of Mechanical 

Engineering Massachusetts Institute of Technology 

Introduction: Although various methods currently exist for physical therapists and sports care professionals to 
observe and measure joint movement in rehabilitation patients, a truly wearable sensor that would allow a 
continuous, direct read out of measured joint range during daily activities would be ideal. In this paper, a novel 
wearable sensor design is presented in order to measure multi-axis joint motion continually for a long period of 
time. Conductive fibers incorporated into flexible fabrics that fit tightly around a joint can detect joint movement in 
a non-cumbersome, non-intrusive manner. 

Methods: Conductive fibers are incorporated into a form fitting fabric (see Fig. 1) in such a way that when a 
particular joint moves, fibers around the joint will either expand or contract.  As the fibers stretch and change 
length, the electrical resistance across the fiber will also change.  Acquiring signals from these fibers continuously, 
and processing the data appropriately, the changes in fiber resistance can be directly correlated to the changes in the 
orientation of the joint.  Furthermore, a mesh-type arrangement of conductive fabrics is used to measure multi d.o.f. 
joints.  Two arrays of conductive fibers crossing each other are arranged such that the two dimensional stretching of 
the skin may be measured and related to multi-axis joint motion. 

Results: To test the feasibility of this type of technology, preliminary tests were performed  

 

 

 

Figure 1  Conductive fibers are stitched into 
fabric covering knee joint to allow 
measurement of angle, φ. 

Figure 2  Joint angle measured with conductive fiber 
sensor, using two point calibration, compared with actual 
angle 

for single axis measurements of a knee joint.  Using a two-point calibration - reading the resistance across the 
conductive fiber at maximum and minimum joint angles - the joint was moved to various angles, and sensor 
measurements were recorded.  Figure 2 shows the results from this test.  Except for a few outlier measurements 
with the knee fully bent, this prototype sensor was quite accurate in predicting most single axis joint angles.  

Discussion: Based on the desire for a wearable joint movement sensor, a design has been presented that uses 
conductive fibers to make such measurements.  Preliminary tests have shown the feasibility of this technology.  
Through careful selection of design parameters, specifically fiber type and incorporation of the fibers into a fabric, 
single-axis or multi-axis movement can be measured. 

138 - Issues Surrounding the Design and Testing Of A Surface FES 
Stimulator with an Output That Is Proportional To Surface Measurements 

Of EMG Signals Collected Whilst Stimulating 
Rod Lane & Paul Taylor 

 Salisbury District Hospital, Wiltshire, England 

Introduction: The design of an EMG triggered stimulator presents a number of technical difficulties that need to 
be overcome. Collecting and conditioning the EMG signal amidst the noise generated by stimulation; Establishing 
suitable control algorithms to provide stable smooth operation; Deciding upon user controls and displays that are 
simple to use and impart information not confusion.  This technical paper details the solutions adopted along with 
the background to any decisions made. 

Methods: Analysis of EMG measurements taken at the surface of the skin shows that typically the amplitude of the 
signal can range from 0 to 10 mV (peak-to-peak) and the usable energy of the signal is limited to the 0 to 500Hz 
frequency range.  The stimulator was designed around the Microchip PIC 16F876 processor, which incorporates an 
analogue to digital converter (ADC) and supports the Serial Peripheral Interface (SPI) bus protocol. Digital 
potentiometers connected to the SPI bus controlled threshold and output levels.  The detected EMG signal was 
amplified and conditioned before being feed into the ADC.  Initial amplification done using an Instrumentation Op 
Amp (MAX4196).  The amp being shutdown during the stimulation pulse.  A 10 – 500Hz band pass filter followed 
by rectification carried out the initial conditioning, remaining conditioning used recursive filtering in software.  
Setting the lower reference voltage for the ADC of the microprocessor ensures that the threshold at which EMG is 
measured can be set above any noise on the signal; with the muscle at rest the threshold is lowered until a 
continuous background level is recorded. Then turned back until it just goes off, effort exerted by the muscle will 
then be registered as soon as the limb is moved.  The user interface consisted of an LCD display and input buttons, 
for navigating through a series of menu screens where options can be chosen and parameters set.  

Results: Early tests of the equipment have shown that it is possible to measure the EMG from a stimulated muscle 
between stimulation pulses, and use changes in the signal to alter the output of the stimulator in a way that is 
proportional to the voluntary effort exerted by the wearer.  This has been demonstrated at stimulation rates of up to 
30Hz. 

Conclusion: This device could have marked benefits for stroke rehabilitation patients, where the positive feedback 
of movement following voluntary effort on a fully mobile wearable device could speed up recovery 

References 
Taylor PN, Chappell P. FES-based training orthosis for hand function following stroke. . 6th IPEM Annual National 
Conference, Southampton, UK, September 2000. 

Heckmann, T Mokrusch, A Krockel, S Warnke, T von Stockert and B Neundorfer.  EMG-triggered electrical 
muscle stimulation in the treatment of central hemiparesis after stroke. Eur j phys med rehabil 1997; 7 No 5 pp138-
142 

Anon. Surface Electromyography: Detection and Recording. DelSys Incorporated©, 1996. 
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237 - Evaluation of BOTOX® Effect on Upper Limb of Stroke Patients by 
Portable Stretching Device Combined with EMG 

Yi-Ning Wu, Jia-Jin Jason Chen, Sheng-Chih Huang 
Institute of Biomedical Engineering, National Cheng Kung University. 

 No.1, Ta-Hsueh Rd., Tainan, Taiwan 

Introduction:  Spasticity, a complicate symptom, is usually seen in patients with central nervous system lesions, 
and defined as a velocity-dependent increase in the resistance to imposed movement. Botulinum toxin type A (BT-
A) offers the possibility of local treatment to spasticity. Several studies have suggested that BT-A injection can 
alleviate the muscle tone and thus improve the control of spastic limb. However, the treatment effects on muscle 
tone have been less documented and quantified. In our previous studies, we have developed a portable device for 
quantifying the velocity-dependent property of spasticity on upper limbs. The aim of this study is to utilize the 
portable muscle tone measurement device combined with surface EMG for investigating the changes in muscle tone 
after intervention of BOTOX® on the elbow flexors. 

Methods: 13 chronic stroke patients (onset > 6 months) with hemiparetic limbs were included in this study. The 
reactive torque and reactive EMG (biceps brachii and triceps brachii muscles) of elbow joint induced at different 
stretching velocities (1/3, 1/2, 1 and 1.5 Hz) in limited range (60 to 120 degrees of flexion) were recorded 
simultaneously in 2 weeks before BOTOX®, and then 14 days, 2 months, and 3 months after intervention. The 
velocity-dependent viscous component (Bω) of the elbow flexors was derived from angular displacement and the 
corresponding joint torque, according a commonly used second-order biomechanics model, as one of assessed 
parameters. The EMG signals were fed through linear envelope (LE) for determining the threshold. The threshold 
of EMG activity was defined as the angle at which the sustained EMG activity surpassed two folds of standard 
deviation of rest EMG prior to stretch. The threshold of EMG at varied stretch velocities was normalized to be the 
percentage of total range. The Bω and normalized EMG threshold for each subject at four different frequencies 
were compared.  

Results:  We found that the patients with severe spasticity had a lower threshold of EMG activity and a relatively 
greater viscous component (Bω) (Fig1). For each individual, the value of Bω increased but the threshold of EMG 
decreased with the increase of stretch frequencies (Fig2). 

 
Discussion:  This study employed a research design that used the experimental group subjects as their own control 
to record the time course changes after BOTOX® intervention and to minimize the errors induced by large 
variability among subjects. In current study, we demonstrated that the viscoelastic parameter as well as EMG 
threshold could be used for quantifying the degree of spasticity and thus for assessing the treatment effects of 
BOTOX® in stroke patients. Knowing the information of EMG pattern before and after intervention could be as an 
indicator for advanced guidance for BOTOX® injection in the future. 

238 - Design Of Implantable Cuff Electrode With Surface Modification For 
Chronic Stimulation And Recording Of Peripheral Nerve Activity 

Cheng-Hung Chang, Jia-Jin Jason Chen,  
Jiunn-Der Liao Department of Biomedical Engineering,  

Department of Materials Science and Engineering, National Cheng Kung University, No.1, 
Ta-Hsueh Road, Tainan 701, Taiwan. 

Introduction: Neural prostheses are devices that utilize electrical stimulation or recording technique to activate the 
damaged or disabled nervous system for function restoration. Among varied electrodes, nerve cuff electrodes have 
been used for sensing and stimulation in neuroprosthetic applications. Our research was in an attempt to minimize 
the protein absorption and elongate life of the implantable nerve cuff electrode by using the self-assembled 
monolayer (SAMs) surface modification technique. Gold electrode treated by SAMs permits the control of 
interactions of the biomolecule-electrode surface at the molecular scale. A thin film multi-polar spiral cuff 
electrode, composed of SAMs treated gold electrodes and flexible polyimide substrate, was designed and evaluated. 

Methods: The Multi-polar electrode is manufactured in clean room on 4-in silicon wafer by using MEMS (micro-
electrode-mechanical system) technology, composed of gold electrodes sandwiched in a flexible bi-layer polyimide 
insulating substrate. In order to improve the biocompatibility, we used biocompatible polyimide and gold as the 
materials of thin film electrode. Polyimide films of 25um thickness were used as substrate for E-beam evaporation 
of 2500Å thin gold layers. It consists of 12 nerve contact electrode on each multi-polar electrode which sizes were 
800um x 800um at 6mm distance. We utilizes two kind of SAMs with different carbon chain lengths, including 1-
Dodecanethiol (C12H26S) and 1-Octadecanethiol (C18H38S), in which the molecule with sulfur anchor group in 
solution can adsorb onto Au surface. The surface properties of electrode were evaluated by using water contact 
angle, high-resolution X-ray photoelectron spectroscopy (HRXPS), AC-impedance measurements and atomic force 
microscopy (AFM). 

Results: In-vitro measurement of the electrode-liquid interface impedance was achieved by immersing the multi-
electrode into a saline solution at room temperature. Impedance measurements were made by using LCR meter 
which allows for the assessment of impedance from 40Hz~15KHz testing frequency range. The electrodes 
remained low impedance after SAMs treatment, and exhibited stable impedance and low protein absorption rate 
during protein absorption test. An increase of water contact angle of SAMS treated surfaces was observed. The 
results of XPS demonstrated the C1s and S2p signal on the electrode surface, indicated the formation of SAMs on 
electrode. 

Discussion: We demonstrated an electrode-tissue interface based on the surface modification technique. The multi-
polar spiral cuff electrode exhibited stable impedance and low protein absorption rate after surface modification 
which was essential for implantable cuff electrode. 

References: 
  Nam Y, Chang JC, Wheeler BC, Brewer GJ. Gold-coated microelectrode array with thiol linked self-assembled 
monolayers for engineering neuronal cultures. IEEE Trans Biomed Eng. 2004;51:158-65. 

  Grill WM, Mortimer JT. Stability of the input-output properties of chronically implanted multiple contact nerve 
cuff stimulating electrodes. IEEE Trans Rehabil Eng. 1998;6:364-73. 

Fig1. EMG threshold and viscosity component 

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5
Patient No.

N
or

m
al

iz
ed

 T
hr

es
ho

ld
 (%

 o
f t

ot
al

 ra
ng

e)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

V
is

co
si

ty
 (B

W
)

Threshold
BW

Fig2. Threshold and Bω at four frequencies  



Rehabilitation Engineering Proceedings of the Fifteenth Congress of the International Society of Electrophysiology and Kinesiology  - 254 – 
 

 

349 - Network Technologies for Intelligent Modular Prostheses 
A S Poulton1, S Hill2, D Binnie2 

1The Open University, Milton Keynes, UK;  
2Napier University, Edinburgh, Scotland, UK 

Introduction: A controllable multiple degree of freedom prosthesis must allow for distributed intelligence across 
multiple joints. CAN (Controller Area Network) and LonWorks are two widely available technologies that can 
facilitate this, by allowing multiple modules to be plugged into one central network. The development of modular 
control electronics has been encouraged by recent interest in designing a prosthesis as a set of interchangeable 
components. This simplifies servicing and reduces stock keeping, while retaining the flexibility to produce 
prosthetic devices that will fit all or most users. A modular approach to the electronics can also result in reliability 
gains, and makes it easier to add and test new intelligent features. 

Methods: We have investigated LonWorks and CAN for use in modular prostheses in separate projects. They are 
mature technologies with wide application bases, and offer cost effective solutions to distributed applications. CAN 
was developed by Robert Bosch for critical automotive applications such as anti-lock braking systems (ABS) and 
engine management, which like prostheses require high reliability.  LonWorks is a standard that was developed by 
Echelon originally for intelligent building applications such as lighting, heating, air conditioning and security, and 
is also used in other areas such as industrial automation and transportation. Here we compare LonWorks and CAN 
as technologies for prosthetics, and we also consider other emerging technologies that could be candidates for 
similar applications in the future. 

Results: LonWorks and CAN both have features which are needed in a modular prosthesis. Each offers good 
immunity to electrical noise, adequate real-time performance, mechanisms for recovering from data errors, and 
widely available components which are energy efficient and have low weight and cost. They have different 
methods for dealing with network addressing, network configuration, data priority, error recovery, network 
robustness and a number of other issues.  

Discussion: A modular prosthesis requires the following from a network: predictable real-time performance, low 
power consumption, graceful degradation and simple installation, among other things. Both LonWorks and CAN 
have the real-time capabilities needed. Serial busses that are becoming common for PC use such as USB and 
Firewire may also have a place here. However, while these promise higher raw data rates, they were not designed at 
the outset for real-time control in electrically and physically demanding environments, unlike LonWorks and CAN, 
which are ideally suited to the practical implementation for reliable control of a multiple degree of freedom 
prosthesis. This has been demonstrated through limited trials of a LonWorks system, and forthcoming fittings of a 
CAN based system in Edinburgh. 

364 - Stimulation Current Waveform Shape Has No Influence on Motor 
Unit Activation During Transcutaneous Electrical Stimulation 

F Mandrile, D Farina, M Pozzo, R Merletti LISiN 
Dipartimento di Elettronica,  Politecnico di Torino, Torino, Italy 

Introduction: in this study we investigated motor unit activation as resulting from transcutaneous electrical 
stimulation by different stimulation waveform shapes. The aim was to establish if different waveforms produced 
different types of progressive motor unit activation. The study is based on the analysis of the M-wave. 

Methods: surface EMG signals were recorded during electrically elicited contractions of the dominant biceps 
brachii muscle of 11 healthy male subjects (mean ± SD, age: 25.2 ± 3.7 years; height: 176.4 ± 4.6 cm; weight: 70.5 
± 7.3 kg), using a linear adhesive array of 8 electrodes (5 mm inter-electrode distance). The arm of the subject was 
fixed at 120° (being 180° the full extension of the arm) in an isometric brace for torque measurement. Electrical 
stimulation was applied with monopolar technique. Six stimulation waveforms (mono and biphasic triangular, 
sinusoidal and rectangular), generated by a neuromuscular stimulator with hybrid output stage, were applied. 
During the stimulation, the peak current varied linearly between 0 mA and the maximum current tolerated by the 
subject (Imax). Both increasing and decreasing stimulation current pulse trains were delivered to the subjects. 
Stimulation frequency was 20 Hz and each contraction lasted 5 s, with a total of 100 stimuli. Measures were 
repeated on three non-consecutive days for each subject. The average rectified value (ARV) was computed as a 
measure of M-wave amplitude. The torque exerted during the contractions was measured to assess the mechanical 
outcome of the electrically elicited muscle. The ARV trend as a function of the stimulation current was normalized 
with respect to the respective values at 50% Imax in order to compare the trends without the effect of the energy of 
the waveforms.  

Results: the mean value of the maximum stimulation peak current level was (N = 11, mean ± SE) 47.5 ± 2.2 mA 
(day 1), 46.7 ± 1.3 mA (day 2), 47.1 ± 1.1 mA (day 3). Average values for torque were (± SE) 1.57 ± 1.01 Nm 
(triangular monophasic), 1.56 ± 1.03 Nm (triangular biphasic), 2.08 ± 1.11 Nm (sinusoidal monophasic), 2.00 ± 
1.14 Nm (sinusoidal biphasic), 2.76 ± 1.18 Nm (rectangular monophasic), 2.73 ± 1.26 Nm (rectangular biphasic). A 
four way ANOVA (factors: day, increasing/decreasing stimulation current envelope, waveform shape, stimulation 
current level) did not reveal any significant difference of ARV for M-waves elicited by isomorphic mono and 
biphasic waveforms. M-wave amplitude increased with the energy of the stimulus. Average values for ARV were 
(± SE) 381.60 ± 186.96 µV (triangular monophasic), 419.24 ± 283.55 µV (triangular biphasic), 453.81 ± 208.27 µV 
(sinusoidal monophasic), 473.74 ± 260.65 µV (sinusoidal biphasic), 527.44 ± 169.15 µV (rectangular monophasic), 
536.23 ± 207.71 µV (rectangular biphasic). ARV significantly depended on the stimulation waveform but this was 
an effect due to the different energies of the investigated waveforms. Indeed, when ARV data were normalized with 
respect to the amplitude at 50% Imax, there was no significant difference between the results obtained by the 
different waveforms (ARV : F = 17.38, p << 0.05; normalized ARV: F = 1.83, p > 0.05). This indicated that the 
trend of ARV was the same for all waveforms. The torque exerted also increased with the energy of the stimulation 
pulse.  

Discussion: motor unit activation is not altered by the specific waveform shape of the stimulation current pulse but 
by the energy of the pulse. The trends of both M-wave amplitude and force with increasing energy of the 
stimulation current pulse were comparable for the different waveform shapes by applying a scale factor in order to 
compensate for the different energies. These results can be useful for the design of neuromuscular stimulation 
devices. 
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365 - The Biphasic Waveform Compensation Technique Is Not Effective 
For Reducing the Stimulation Artifact in EMG Recordings 

F Mandrile, D Farina, M Pozzo, R Merletti LISiN 
Dipartimento di Elettronica,  Politecnico di Torino, Torino, Italy 

Introduction: M-wave recordings during transcutaneous electrical stimulation are always accompanied by the 
presence of the stimulation artifact (SA), that significantly affects the variables extracted from the EMG signal. It 
has been suggested that using waveforms with non-zero total injected current may be a strategy for minimising the 
SA amplitude [1]. In case of biphasic stimulation, however, the amplitude and duration of the second phase may 
influence not only the SA characteristics but also the number of motor units activated. The main aim of this study 
was to investigate if varying the amplitude and duration of the second phase is effective for reducing SA. 

Methods: surface EMG signals were detected during electrically elicited contractions of the dominant biceps 
brachii muscle of eight healthy male volunteers (mean ± SD, age: 25.2 ± 3.7 years; height: 176.4 ± 4.6 cm; weight: 
70.5 ± 7.3 kg) with a linear adhesive array (8 electrodes, 5 mm inter-electrode distance). The subject’s forearm was 
flexed at 120o (being 180o the full extension of the forearm) in an isometric brace. Stimulation was provided by a 
programmable neuromuscular stimulator with hybrid output stage. Twenty-one biphasic rectangular current 
waveforms were used. The amplitude of the second phase varied between 60% and 180% of the amplitude of the 
first phase (20% increments). The duration was 50%, 100%, or 200% of the duration T of the first phase (T=152 
µs). Stimulation was delivered for 5 s for each waveform at a frequency of 20 Hz. Three minute rest were given to 
the subject between each stimulation. The average rectified value (ARV) was used as an amplitude measure of the 
artifact. Artifact ARV was also normalized with respect to the M-wave ARV (ARVnorm). Results are reported as 
means and standard error (SE) of the mean. 

Results: the mean value of the maximum stimulation peak current level was (N = 8, mean ± SE) 43 ± 3.4 mA. A 
one-way ANOVA (factor: amplitude of the second phase of the stimulation pulse) of artifact ARV was significant 
for the biphasic waveforms with second phase of duration 100% and 200% of the first (F > 2.90, P < 0.05). In this 
case, the SNK test indicated pair-wise difference in artifact ARV between the amplitudes 120% and 180% of the 
first phase (P < 0.05). For 200% duration, there was a difference between 80% and 180% amplitude (P < 0.05).  On 
the contrary, ARVnorm did not depend on the amplitude of the second phase for any duration of the phase. On 
average (±SE) ARVnorm was, for the three durations respectively, 117.7 ± 11.5 (50% T), 108.6 ± 9.9 (100% T), and 
89.3 ± 7.4 (200% T). Moreover, a two way ANOVA (factors: amplitude and duration of the second phase of the 
stimulation pulse) of ARVnorm indicated that there was no interaction between the two factors. Comparison of the 
trends of ARV and ARVnorm indicated that the M-wave amplitude changed for different biphasic waveform shapes.  

Discussion: the results presented indicate that the biphasic stimulation can not be used to effectively reduce the 
relative weight of SA on the M-wave during transcutaneous stimulation. Indeed, although there was a minimum 
point for SA ARV for specific amplitudes of the second phase of the biphasic stimuli, this was masked when 
normalisation with respect to the elicited M-wave was applied. If the amplitude of the second phase becomes 
greater than that of the first, some MUs may be activated by the second phase and not by the first. Thus, the 
increase of amplitude of the second phase determines both an increase of SA and of M-wave amplitude. The effect 
of SA relative to the M-wave is comparable for the different waveforms. 

References: [1] J. Nilsson, J. Ravits, M. Hallet, ’Stimulus artifact compensation using biphasic stimulation’, 
Muscle Nerve, vol. 11, no. 6, pp. 597-602, 1988 

367 - A Novel Multichannel Programmable Neuromuscular Stimulator 
M Pozzo1, E Merlo1, A Bottin1, E Detoma2 

1 LISiN, Dipartimento di Elettronica, Politecnico di Torino, Torino, Italy 
2 Dipartimento di Elettronica, Politecnico di Torino, Torino, Italy 

Introduction: Electrical stimulation of the neuromuscular system is used in a number of clinical fields (e.g., the 
prevention of muscle atrophy) and in research. The detection of surface EMG signals during electrical stimulation 
of the muscle allows the detection of failures of the neuromuscular transmission due to fatigue or pathologies. 
Many issues of electrical stimulation need further investigation; it is not clear, for example, how the various 
stimulation parameters affect MU activation. In this work we describe a novel, versatile neuromuscular stimulator 
that has been recently designed for research purposes and can be used for the investigation of the effects of 
electrical stimulation, and for the assessment of the neuromuscular system during electrically elicited contractions. 

Methods: A prototype of programmable, neuromuscular electrical stimulator for trans-cutaneous stimulation was 
designed in our laboratory. The device features eight independent stimulation channels. The peak amplitude and 
time course of the stimulation intensity (envelope) and the shape of the stimulation pulse (waveform) can be defined 
independently for each channel. Waveforms and envelopes can be selected among two internal libraries of 16 
elements, eight of which can be defined by the user. 

All the stimulation parameters, including waveform and envelope durations and repetitions, stimulation frequency, 
maximum energy per pulse are displayed on a LCD screen and can be adjusted in a wide range by means of a user-
friendly interface. 

A hybrid, optically isolated output stage delivers current stimulation with a maximum amplitude of ±100 mApk, and 
turns into an active short-circuit at the end of each stimulation pulse to minimize artefacts on the electrically elicited 
EMG signals. An adjustable blanking circuitry is also available for interface toward external electromyographs. 

The stimulator can be used as a stand-alone device, or can be fully controlled by a PC through a proprietary 
software, which also allows to edit and download the user-defined waveforms and envelopes, and to store and recall 
from file the stimulation parameters. 

The stimulator features a series of advanced functions and working modes (including stimulation frequency sweep) 
that makes it suitable for use in a wide range of advanced research protocols. The device is equipped with built-in 
self-test and calibration, with an adjustable energy/charge safety limiter and complies with international safety 
standards for biomedical equipment. 

Results: The prototype has been successfully tested and has been used in a series of research protocols for the 
investigation of the effect of the stimulation waveform on motor unit recruitment [1], and on the stimulation artifact 
[2], within the framework of the project “Microgravity Assessment of Skeletal muscles investigated by surface 
EMG an mechanomyogram” (contract C15097/01/NL/SH), sponsored by the European and Italian Space Agencies. 

References:  
[1]  F Mandrile, D Farina, M Pozzo, Stimulation current waveform has no influence on motor unit recruitment 
during transcutaneous electrical stimulation, XVth ISEK Congress, Boston, MA (USA). 

[2]  F Mandrile, D Farina, M Pozzo, R Merletti, "Stimulation artifact in surface EMG signal: effect of the 
stimulation waveform, detection system, and current amplitude using hybrid stimulation technique", IEEE Trans. 
Neural Syst. Rehab. Eng., vol. 11, pp. 407-415, 2003. 
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Rafolt D. 1, Gallasch E. 2, Fend M. 2, Kinz G. 1, Hofer C. 3, Kern H. 3, Mayr W. 1 
1 Medical University of Vienna, Dep. of Biomedical Engineering and Physics, Vienna-

Austria; 
2 Medical University of Graz, Department of System Physiology, Graz-Austria; 

3 Department of Physical Rehabilitation, Wilhelminenspital, Vienna-Austria 

Introduction: To restore degenerated muscle tissue (m.quadriceps) in denervated paraplegics, high stimulation 
current is required resulting in co-contraction of the antagonist (hamstrings) with high level of joint stiffness, but 
small torque output. Therefore a conventional static torque measurement with a knee dynamometer is less suitable. 

Methods: To assess these FES-induced forces at the knee joint, a moving coil sensor-actuator with lever for leg 
manipulation was built. To sense stiffness with this actuator two approaches are discussed: direct sensing by 
recording the torque-angle curve in lateral position, and excitation of pendulum oscillations with frequency as 
stiffness indicator. As in the seated position hanging legs tend to oscillate in the field of gravity, the second 
approach seemed to be advantageous. 

To initial the oscillation the lever was deflected by a single sawtooth-shaped pulse from the actuator. The 
oscillations were recorded for different levels of stimulation amplitudes. 

As the muscle characteristic depends on the muscle length the pendulum test was performed at different knee 
angles (90°, 75°, 60°, 45°). This angle was set by adjusting the offset of the torque of the actuator. The actuator-
sensor system is designed to superpose artificial (negative) stiffness by using a LINUX controlled realtime 
hardware. This can be used to prolong the oscillations if the joint stiffness is very high.  

  
                                             1 s 

          Fig.1                                                                          Fig.2 

Results: The experiments showed that stable oscillatory responses are obtained during FES-stimulated thigh 
muscles. In Fig.1 oscillations during increasing tetanic el. stimulation are shown. Compensation of the torque is 
realized here stepwise.  The relative joint stiffness (c) as a function of the joint torque is ploted in Fig.2. The 
increased slope indicates co-contraction of the hamstrings.  

Discussion: This methode is suitable to measure muscle activity at the beginning of the FES training of long term 
denerated paraplegics where a torque is not yet detectable. In order to determine absolute stiffness and viscosity and 
to distinguish agonistic and antagonistic forces system identification by modelling is in progress.   

Acknowledgement: This work was supported by the EC-Proj.RISE EC/QLG5-CT-2001-02191.  
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402 - Presentation of a Low Cost Orthosis That Makes Feasible The 
Orthostatism Of Bearers Of Cerebral Palsy   

Monteiro, Carlos B. M.; Torriani, Camila; Werneck, Marcela S.; Andrade, Mário L. U.;       
Debessa, C.R.G  
UniFMU – Brazil         

Introduction: Cerebral palsy is characterized by alterations of posture and of movement, permanent, but not 
unalterable, resultants of a disorder of the encephalon, due to pre-, peri-, or postnatal factors, occurring during the 
first years of life.  Due to the musculor-skeletial alterations in Cerebral Palsy, physiotherapeutic attendance and 
accompaniment within a multidiscipline team is important.  Still, the physiotherapist can use different techniques 
and treatment approaches in agreement with his/her training or in agreement with the patient's needs.  Independent 
of the therapist's technical opinions, the orthostatic positioning should be used, whenever possible, in the treatment 
program to make muscular invigoration, maintenance of the movement amplitudes, adjustments of abnormal 
posture patterns and stimulation of the neuropsychimotor development possible. To make orthostatism feasible, 
some patients need the aid of ortheses adapted specifically for the acquisition and maintenance of such posture, that 
have a high fabrication and maintenance cost, which makes unfeasible its prescription for patients with low income, 
mainly in developing countries. The objective of this work is the presenting of an orthesis of orthostatic positioning 
with different devices adapted that makes possible the orthostatic positioning of bearers of Cerebral Palsy with a 
low fabrication cost.   

Methods: For the accomplishment of this work, studies of different orthopedic workshops and questionnaires 
applied to professionals of the area were used, in order to verify the need presented by the different bearers of 
cerebral palsy, to therefore propose an orthesis for positioning appropriate orthostatic.   

Results: After the research, it was observed that different materials of low cost and easy acquisition can be applied 
in the making apparatus of habilitation and rehabilitation, and for the finalization of this orthesis was used: wood 
for the main structure and as support for the adaptations, foam for contact points with the patient, and wheels to 
make possible the movement of the orthesis.  Differences this orthesis presents: support table with height 
regulation; triangle foot support to promote thigh abdution with the possibility of being elevated according to the 
patient's growth; and movable lateral support for the trunk and hip.   

Conclusion: Knowing of the importance of propitiating different positions for the bearer of cerebral palsy, as well 
as the emphasis in orthostatic positioning, the development of an orthesis with low cost that makes the standing 
position possible for needy children is fundamental. This work presented and developed a possibility for the 
physiotherapist to provide adequate orthostatic positioning, with low production and maintenance cost.  It is 
important to emphasize the need of works that make feasible the adequate attendance and physiotherapeutic 
prescription for children who live in developing countries, or are without the means to acquiring materials with 
elevated costs.  

431 - A New Method for Periodical In-Situ Re-Calibration of Force 
Platforms 

L. Chiari, A.Cappello, D. Lenzi 
Dept. of Electronics, Computer Sciences & Systems, University of Bologna, Bologna, Italy 

Introduction: Force plates are complex precision instruments and require an accurate calibration process that is 
usually accomplished by the manufacturer prior to delivery. Exposure and age, however, cause degradation of 
instrument’s sensitivity over time, undesired cross-talks between measured variables, and general lack of accuracy. 
This causes systematic errors which can drastically affect quantities such as joint forces and moments estimated 
through an inverse dynamics approach (WINTER, 1991), or the location of body center of mass when obtained by 
double integration of shear forces at the ground  (LENZI et al., J. Biomech., 2003). To this aim this study provides 
a new technique for the accurate estimation of a 6-component force platform calibration matrix, C, with the aid of 
an ad-hoc designed active device. 

Methods: An active device was designed as a ‘testing platform’ which allows the combined application of vertical 
and horizontal time-varying loads to the force platform under test over which it is placed with its instrumented 
pylon. The device is equipped with two high accuracy load cells and acted by a linear motor which translates back 
and forth its top surface. The vertical load component is due to a subject standing on it while the horizontal load is 
generated by the motor and transmitted to the pylon by means of a spring. Simultaneous recordings obtained by the 
testing and the tested platform in 5 different load conditions repeated twice provide enough data to estimate the 36 
elements of the calibration matrix. The estimation procedure consists of a robust calibration method (CAPPELLO 
et al., Med. Biol. Eng. Comput., 2004) including the angular errors (due to imperfect alignment of the applied loads 
with the axes of the platform) in the least-squares parameter vector thus reducing the bias in the estimated 
calibration matrix parameters.  

Results: To evaluate the performance of the new estimation method, the calibration procedure was first simulated 
on a hypothetical platform with a known calibration matrix. Simulations show as in the presence of random 
alignment errors of the loads (SD=3°) the new robust method takes to errors in the estimate of the elements of C 
(expressed as a percentage of the respective diagonal term) always less than 0.4%, compared to errors up to 13% 
obtained with a traditional least-squares approach neglecting misalignment. Experiments performed with the active 
device on a commercial platform (4060-08, Bertec) disclosed a residual cross-talk of the vertical force less than 
0.0002 N/N on the shear forces and less than 0.00005 Nm/N on the torque. Error on the estimate of the center of 
pressure after re-calibration is less than 0.5 mm. 

Conclusion: This study provided a new method for the accurate estimation of a force platform calibration matrix 
that can be accomplished by simple, manual procedures and is robust to moderate load misalignments, e.g. when 
the direction of the applied loads cannot be perfectly aligned with the axes of the platform. Since the applied forces 
can also vary in time, this avoids measurement errors introduced by static friction and supports dynamic patterns for 
the load that explore the ranges of gait and balance control dynamics. The proposed algorithm and the resulting 
design of the testing platform reduce the complexity of the rigs needed for quality assessment and recalibration of 
the force platform. They also permit the use of manual procedures that can be applied by non-technical personnel.  
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501 - Lower Leg Activity Monitor for Deep Vein Thrombosis Applications 
Derek T. O’Keeffe, Karol M. O’Donovan, Gerard M. Lyons 

Biomedical Electronics Laboratory, ECE Department, University of Limerick, Ireland 

Introduction: In the lower leg, through a process known as “venous return”, the blood circulatory system is 
assisted by what is called the "calf muscle pump". The process of contraction and relaxation of the calf muscle 
circulates blood through the venous network embedded in the muscle and back to the heart. Failure to exercise the 
calf muscle results in limited blood circulation in the lower leg. This may occur during long periods of inactivity, 
examples include long distance travel, an office environment, or elderly people with limited mobility. Such 
inactivity very often results in little or no movement of certain muscle groups, most notably in the lower leg. One 
consequences of poor blood circulation is deep vein thrombosis (DVT).  

Methods: An embedded system has been developed which, through the use of accelerometers (EMG calibrated for 
levels of calf muscle activity to movement) detects the level of movement in a patients leg. Using this feedback 
information and depending on predefined thresholds the system may activate a stimulator on the calf muscle. The 
movement of the calf muscle enables blood flow out of the leg thus greatly reducing the risk of DVT.  

Results: The control unit is programmed such that if there has been no significant leg movement in fifty minutes 
then a defined level of stimulation is applied to the calf muscle. An LED indicator notifies the user when there is 
ten minutes to stimulation should they wish to exercise their leg rather than receive the stimulation. The LED turns 
off when the leg has been exercised sufficiently.  

Discussion: Traditional DVT prevention focuses on counter acting sluggish blood flow by encouraging or 
enhancing the movement of the calf muscles. Compression stockings have been shown to reduce the risk of DVT 
and the use of exercise aids such as inflatable pillows is also an accepted practice1. These two means of DVT 
prevention require the patient to make a conscious effort to exercise at regular intervals. Patients at risk from DVT 
are recommended to exercise on a regular basis whilst on long distance flights. A portable movement monitoring 
electrical stimulation system has been developed which by monitoring lower limb movement the system will 
stimulate the calf muscle should the leg remain sufficiently inactive for an excessive period. The stimulation of the 
calf muscle increases blood circulation in the lower leg and greatly reduces the risk of DVT .The advantage of the 
lower leg activity monitor that no conscious effort is required by the user in order to ensure adequate leg movement. 

References: 
1  Scurr JH, Machin SJ, Bailey-King S, Mackie IJ, McDonald S, Coleridge Smith PD.     Frequency and prevention 
of symptom less deep-vein thrombosis in long-haul flights: a randomised trial. Lancet, 2001;May;1485-1489. 
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027 - Surface EMG Modifications in response to anterior Cruciate 
Ligament Creep Elicited During Cyclic Exercise 

P.S. Sbriccoli, M.S. Solomonow, B.H. Zhou 
Occupational Medicine Research Center, Bioengineering Laboratory 

New Orleans, United States 

Introduction. Static and cyclic loads applied to various joints during occupational and sport activities can elicit a 
neuromuscular impairment consisting of changes observed within the electromyographic (EMG) signal, i.e. the 
presence of random spasms and a decrease in the EMG activity. The hypothesis of this work was that creep 
developed in the anterior cruciate ligament (ACL) due to cyclic load may have a relevant impact on the reflex 
activity of the musculature involved as well as on the viscoelastic structures, therefore increasing the risk of injury. 
This work was therefore aimed to test the effect of creep developed in the ACL on the function of knee flexor and 
extensors muscles in healthy males and females.  

Methods. Twelve subjects (six males and six females) participated in the experiment. Force and surface 
electromyographic (sEMG) signals were recorded from the right quadriceps (RQ) and hamstrings (RH) during 
maximal voluntary knee flexion (MVCflex) and extension (MVCext) before and after a 10-min cyclic load 
(frequency: 0.1 Hz) was applied to the proximal tibia with the knee angle fixed at 90 degrees. The peak load 
imposed during the 10-min cycle was 200 N for males, and 150 N for females. The mean amplitude value (MAV) 
was computed over each EMG signal. The ACL displacement was also assessed during the 10-min cyclic load. The 
experimental protocol was repeated after two weeks with the knee angle at 35 degrees.  

Results. During the 90 degrees experiment, the MVCext decreased significantly (p<0.05) after the 10-min cycle in 
both males and females; this was associated to a decrease in EMG MAV in both RQ and RH. The mean ACL 
displacement was significantly (p<0.05) higher in females (8.7 ± 0.8) than in males (7.2 ± 1.2) (p<0.05). Similar 
results were obtained for the 35 degrees experiment. Frequent EMG spasms were observed within the EMG signal, 
especially in the RH. No difference for all considered parameters was detected between the two experimental 
conditions (35 and 90 degrees).  

Discussion. These results, though preliminary, suggest that sustained cyclic load results in neuromuscular changes 
that associated with the increased laxity of ACL ligament may increase the risk of ACL injury. 

071 - A New Method of Quantifying The Bilateral Limb Deficit 
Phenomenon Using The Myoelectric Signal 

Usha Kuruganti, Philip Parker, Maureen Tingley Institute of Biomedical Engineering, 
University of New Brunswick, Fredericton, NB, E3B 5A3 

Introduction: The bilateral limb deficit (BLD) represents the difference in the maximal force generating capacity 
of corresponding muscles when contracted alone or together (1, 2, 3). The bilateral limb ratio (BLR) is the measure 
of the total bilateral force over the total unilateral force produced (3). The goal was to examine the use of 
myoelectric signals (MES) in the calculation of the BLR and to determine its relationship with the BLR calculated 
using torque (BLRTorque). The role of antagonist muscle coactivation, age, training status, voluntary activation and 
fatigue were examined during dynamic knee extensions and flexions and during isometric knee extensions. 

Methods: Experiment 1 consisted of a six-week strength training session using an isokinetic dynamometer (33 
subjects). Torque and MES data were collected during knee extension and flexion prior to and after the training 
program. Experiment 2 consisted of a series of isokinetic knee extensions and flexions including maximal voluntary 
contractions (MVCs) and submaximal contractions (15 subjects). Experiment 3 (12 subjects) consisted of a series of 
voluntary and stimulated isometric knee extensions as well as bilateral and unilateral fatigue. 

Results: It was found that antagonist muscle coactivation and the physiological differences between the agonist and 
antagonist muscles affected the BLRMES. The results of Experiment 1 lead to the development of a new formula, 
which was further tested in Experiment 2. The new measure of BLRMES was well correlated with BLRTorque. 
Results from Experiment 1 also showed an improvement in BLR and muscle coactivation after strength training. 
Experiment 3 involved a series of isometric unilateral and bilateral knee extensions with and without stimulation of 
the quadriceps muscle. Voluntary (non-stimulated) data showed little or no BLD and a lack of antagonist muscle 
activity. These results support the findings of Experiments 1 and 2, which indicated that the BLD in dynamic 
contractions is largely due to antagonist muscle coactivation. Data collected from stimulation trials of Experiment 3 
showed that, while activation is not complete for either unilateral or bilateral isometric knee extensions, there is 
little difference between conditions (bilateral versus unilateral). Measures of muscle fatigue detected no difference 
between unilateral and bilateral contractions. 

Conclusion: The results from the three experiments showed that the new formula developed for calculating BLD 
using MES (BLRMES) is a robust measure. In addition, the BLD can be improved with training.  

References: 
1. Howard, J.D., and Enoka, R.M., (1991). Max. bil. contractions are modified by neurally mediated interlimb 
effects. Journal of Applied Physiology, 70, 306-316. 

2. Jakobi, J. and Chilibeck, P. (2001). Bilateral and unilateral contractions: possible differences in maximal 
voluntary force. Canadian Journal of Applied Physiology 26(1), 12-33. 

3. Ohtsuki, T. (1983). Decrease in human voluntary isometric arm strength induced by simultaneous bilateral 
exertion. Behavioural Brain Research, 7, 165-178. 
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076 - Control of Torque-Assisted Bicycle Based On Physical Activity 
During Repetitive Prolonged Cycling Exercise 

Tohru KIRYU1, Shinya KATO1, Takao MORIYA2, Yasufumi MIZUNO2;  
Graduate School of Science and Technology, Niigata University, 8050 Ikarashi-2, Niigata 

950-2181, Japan 
Yamaha Motor Co., Ltd., 2500 Shingai, Iwata, Shizuoka 438-0026, Japan 

Introduction: Our final goal is to design custom-fitted control for the torque-assisted bicycles based on the 
individual relationships between physical activity and the performance of a vehicle.  Initially, we took ECG and 
surface EMG (SEMG) as biological data for thirteen normal subjects (20 ± 0.8 yrs) in addition to torque, speed, and 
cadence as the vehicle data.  The result showed effective assist control by monitoring muscular activity while 
climbing and the power ratio of the respiratory sinus arrhythmia, prRSA, trial by trial for repetitive prolonged cycling 
exercise. 

Methods: An experimental set consisted of six consecutive trials with or without the motor torque assist and each 
trial comprised about 2.5 minutes of cycling followed by a 2-minute rest.  The circuit path was approximately 840-
m long and included a steep uphill section near the middle of the route.  We represented the physical activity 
mainly by the time-frequency components of biosignals at each section with different path gradients, and then 
comparing them with the vehicle data.  In practice, the time-varying behavior of prRSA was used to classify the 
physical activity into two types of states at each trial.  Moreover, we focused on the difference in the short-term 
MPF of SEMG at the first and latter half of the first two strokes around the both ends of the corners while climbing.   

Results: In 67% of the total assist-on trials, prRSA demonstrated a temporal decrease while climbing and then 
recovered afterwards.  Such a clear prRSA change did not appear in 68% of assist-off and 33% of assist-on trials, and 
remarkable muscular fatigue was observed just before the hilltop by the short-term mean power frequency of 
SEMG.  Note that the two states were not distinguishable in the vehicle data. 

Discussion: It should be investigated further whether the lower torque and slower speed could create the prefarable 
state by torque-assisted bicycles, or whether the appropriate torque level would exist for individuals based on the 
physical work capacity.  Besides, for customizing the control of torque-assisted bicycles, it would be preferable to 
combine objective and subjective indices.  

085 - The Possibility of Anterior Cruciate Ligament Healing By 
Conservative Treatment Reinforced With Extra-Articular Artificial 

Ligament in Rabbits 
Kiyomi Takayanagi, Mitsuhiro Aoki 

School of Health Sciences, Sapporo Medical University, Hidetoshi Ihara; Kyushu Rosai 
Hospital, Japan 

Introduction: It is generally recognized that there is little ability for anterior cruciate ligament (ACL) to heal after 
disruption without surgical intervention. Although ACL ruptures under a certain condition can be healed by the 
conservative treatment with the special knee brace. This experiment was designed to devise an animal model for the 
conservative treatment of ACL injury. Surgically lacerated femoral side tears of the rabbit ACL was examined 
histologically for 12 weeks in the stabilized knees with extra-articular circumferantial atrificial ligaments.  

Methods: Twenty eight 30-weeks-old Japanese white rabbits were used. After the femoral attachment of the ACL 
laceration, two bone tunnels were made at the tuberosity of the tibia and posterior epicondyles of the femur. An 
artificial ligament was passed through these holes extra-articurally aligning the anatomical path of the normal ACL. 
The amount of anterior drawer was examined at four times by a side-to-side difference on the stress radiograph. 
Animals were sacrificed at 12 weeks after the surgery, then the historogical evaluation was examined. The oblique-
sagittal sections of ACLs were stained by standard hematoxylin and eosin procedure for subsequent examination. 
The Wilcoxon signed rank test was used among each the anterior drawer values. 

Results: There was no decrease in range of knee motion immaeidtely after surgery and at 12 postoperative weeks. 
The average value of anterior drawer (AV) was increased significantly by ACL cutting. Whereas, the increased AV 
was returned to normal immediately after the artificial ligament reinforcement. The AV had been maintained in 
normal range after 12 weeks cutting. The ACLs in sixteen rabbits out of 28 (57%) healed by bridging the gaps with 
hypertrophic “scar tissue”. The scar developed over the lacerated ligament in the inter-condylar space with the 
extension proximally to connect intercondylar notch of the femur. The some collagen fibers in the scar tissue 
showed oblique-sagittal orientation along with the original ACL fibers, however, its remodeling was not observed 
sufficiently.  

Discussion: We observed that the artificial ligament implanted outside a capsule in the ACL lacerated knee worked 
as a substitute of the knee brace in animal models for 12 weeks, because the anterior drawer of the tibia in X-ray 
examinations was controlled. In this model, hypertrophic scar tissue connected the ruptured ACLs in 57% animals. 
These results suggested that the conservative treatment of the ACL ruptured knee has potential to induce ACL 
healing. 
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088 - Weakness And Voluntary Activation Failure Of Knee Muscles In 
Patients With ACL Deficiency And Reconstruction 
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Introduction: The anterior cruciate ligament (ACL) functions not only biomechanically to restrain the knee joint 
but also as a neural resource to adjust the knee muscle stiffness and dynamic joint stability. Knee strength loss is 
frequently observed on patients with ACL insufficiency (ACL-D) and even on those who have gone through a 
repair, despite the efforts in surgery and rehabilitation. This study investigated the extent and time course of 
bilateral knee muscle weakness and activation failure before and after ACL reconstruction (ACL-R). 

Methods: With ethical approval, patients diagnosed with ACL-D and admitted for a reconstruction with bone-
patella tendon-bone autograft procedure were recruited for this study. They were tested bilaterally for their knee 
muscle performance before, three and six months after reconstruction surgery. The length-tension (10-90 degree of 
knee flexion, at 20 degree increment) and force-velocity (0-250 degree/sec, at 50 degree/sec increment) 
relationships of both quadriceps and hamstrings were investigated while sitting on an isokinetic dynamometer. 
Voluntary activation failure of both muscles was estimated with twitch superimposition technique using 1 Hz 
magnetic stimulation over quadriceps and hamstrings muscles at 70° of knee flexion. A group of healthy, age-
matched young adults were recruited for comparison; they were only tested once on their preferred knees.  

Results: Fifteen control (23 years ± 1) and 12 ACL-D (26 years ± 3, time since onset 19 months ± 7) subjects 
participated in this study. Compared with the controls (265.2 N ± 23.2 and 682.5 N ± 60.9 respectively), both knee 
flexors and extensors (208.8 N ± 29.2 and 549.0 N ± 69.3 respectively) were significantly weaker in the ACL-D 
knees; the length-tension and force-velocity relationships were essentially altered and activation failure evident 
(22.3% and 37.0% respectively). The contralateral knees were less affected after ACL injury and exhibited gradual 
improvement during the six months after reconstruction. At the ACL-R knees, hamstrings showed little changes in 
both isometric and isokinetic performance during the six months, however the quadriceps demonstrated even 
greater deficits (301.2 N ± 29.2) at the three-month retest with similar amount of voluntary activation failure 
(37.3% ± 5.3). By the sixth month, both quadriceps and hamstrings of the ACL-R knees still appeared weaker 
(435.8 N ± 34.4 and 210.4 N ± 17.6) and severer activation failure (27.1% ± 5.8 and 24.2% ± 7.5) than the 
contralateral knees and the controls.  

Discussion: ACL insufficiency causes long lasting failures in voluntary recruitment and weakness of knee muscles 
even after the reconstruction. It seems there should be an exclusive mechanism responsible for quadriceps weakness 
and activation failure, and this will undoubtedly compromise the knee function further. Mechanisms responsible for 
these long-term deficits should be investigated, and adequately addressed in post-surgical rehabilitation.  

122 - EMG Activity and Rearfoot Kinematics in Asymptomatic Persons 
with Low and High Arch Feet 
JC Garbalosa, T Gagne, D Catuccio 

University of Hartford, West Hartford, CT, USA 

Introduction: Abnormal foot structure has been implicated as a causative factor of lower extremity in injuries yet a 
paucity of evidence linking abnormal structure to altered joint and muscle function exists.1  Therefore the purpose 
of this study was to determine the effect of arch height on rearfoot kinematics and muscle activity during treadmill 
gait.  We hypothesized that arch height would have no effect on rearfoot motion or lower leg muscle activity.  

 Methods: A convenience sample of 43 healthy, asymptomatic individuals (age range: 18 - 55 years) was recruited.  
Of these subjects, 12 (9 males, 3 females) met the inclusion criteria and were assigned to either a low or high arch 
group based upon the extent of their navicular drop.  Subjects with a drop of less than 4 mm were classified as 
having a high arch foot while subjects with a drop greater than 13 mm were classified as having a low arch foot. 

Procedure: While walking on a treadmill at a speed of 112 cm/sec, the EMG activity of the tibialis anterior and 
posterior muscles was recorded for 20 seconds.  All subjects were afforded a 3 minute warm up period prior to data 
collection.  Tibialis anterior muscle activity was recorded using a pair of Ag-Ag chloride surface electrodes.  
Tibialis posterior activity was recorded using a pair of indwelling fine wire electrodes.  Coincident with the EMG 
data, 3D coordinate data of markers located on the lower leg and foot were acquired using a 3 camera motion 
analysis system as well as footfall data using footswitches attached to the plantar aspect of the foot.  The overall 
gain of the EMG system was 1000 with an input impedance of 10 GOhms.  The common mode rejection ratio at 60 
Hz was 115dB.  The video and EMG data were sampled at 60 and 2000 Hz, respectively.   

Data Analysis: Using the footfall data, each subject’s 20 second trial EMG and video data was divided into 
individual strides (producing 13 strides for each subject).  The EMG stride data was then rectified and filtered 
(using a 4th order, zero lag, low pass Butterworth filter with a cutoff frequency of 10 Hz). The EMG data were then 
normalized to an isometric maximum voluntary contraction (MVC).  The 3D coordinate, after filtering using the 
same Butterworth filter as used in the EMG processing, was employed to produce angular displacement histories 
for the rearfoot.  The angular and MVC EMG data were then time normalized to 100% allowing for intersubject 
comparisons (0% and 100% representing heel strike and toe off, respectively).  An independent samples t-test was 
used to determine what differences existed between the two groups in their mean integrated EMG and rearfoot 
angular motion from heel strike to foot flat and foot flat to midstance.   

Results: A statistically significant difference (p > .05) was not noted between the two study groups in their rearfoot 
motion or mean integrated EMG of either muscle.  Additionally, no differences were noted between the two groups 
in the onset of EMG activity or duration of that activity.   
Discussion: Differences in navicular drop do not appear to affect rear foot motion and muscular activity of the 
lower leg muscles.  Our findings, and those of other studies, suggest that traditional views of the impact of differing 
foot structures on normal and pathologic foot function need to be revised.2 
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Introduction:  Rehabilitation that includes perturbation training, a form of training involving support surface 
perturbations, has helped improve dynamic knee stability in certain individuals with ACL rupture (potential copers) 
(Fitzgerald et al., 2000b). Analysis of muscle activity during gait has shown changes in muscle activity recruitment 
post-training (Chmielewski et al., 2002).  The purpose of this study was to compare muscle activity patterns 
between potential copers and matched uninjured subjects before and after participation in perturbation training.   

Methods:  Sixteen individuals with acute, unilateral ACL rupture, categorized as potential copers, and 16 active, 
uninjured subjects were recruited for this study.  All subjects participated in five trials of free speed walking 
(undisturbed), and trials during which a platform translated horizontally (anteriorly or laterally) at heel contact, 
before and after completing ten sessions of perturbation training augmented rehabilitation.  Electromyographic 
(EMG) data from the gluteus maximus, vastus lateralis, medial and lateral hamstrings, medial gastrocnemius, soleus 
and tibialis anterior were collected. Electromyographic (EMG) data were collected at 960 Hz and band pass filtered 
from 20-350 Hz.  Maximal voluntary isometric contraction (MVIC) and resting EMG signals were collected from 
each muscle group.  All EMG data were post-processed and analyzed using custom written programs.  A linear 
envelope was created from the raw EMG signals by full wave rectification and low-pass filtering with a 2nd order, 
phase-corrected, Butterworth filter (cut-off frequency = 20 Hz). Trials were analyzed for the muscle onset, 
termination of activity, peak amplitude and time to peak amplitude.    Muscle co-contraction, the simultaneous 
activation of antagonistic muscles (lateral hamstrings-vastus lateralis and medial gastrocnemius-vastus lateralis), 
was calculated using the method of Rudolph et al (2001) for the following intervals: 100 ms prior to heel contact, 
weight acceptance (heel contact to peak knee flexion) and midstance (peak knee flexion to peak knee extension). 

Results: Before training, potential copers had significantly higher VL-LH and VL-MG co-contraction indices in the 
disturbed-lateral and disturbed anterior conditions compared to uninjured subjects (p<0.05) in preparation for plate 
movement, during the weight acceptance interval and during midstance.  After training, the cocontraction indices of 
the potential copers were significantly lower than before training (p<0.05) and no longer different from the 
uninjured subjects over all intervals.   

Discussion: When performing the challenging task of disturbed walking, potential copers used a strategy of 
increased co-contraction to dynamically stabilize the injured knee. Although this strategy may prevent tibial 
subluxation, it is unlikely to be successful long-term, as higher than normal co-contraction has been found during 
gait in patients with ACL rupture who experience knee instability (non-copers, Rudolph et al 2001). Normalized co-
contraction in potential copers post-training suggests that the program fine-tunes muscle recruitment, allowing 
individualized strategies for dynamic knee stability that are similar to the strategies seen in uninjured subjects.  

CONCLUSION:  Rehabilitation with perturbation training allows potential copers to recruit muscles for knee 
stabilization during challenging tasks in a manner that is indistinguishable from uninjured subjects.  

129 - Gender Differences in Muscle Activity Patterns During Disturbed 
Walking Before and After Perturbation Enhanced Neuromuscular 

Training 
Wendy J. Hurd, 1,2 PT, MS, Terese L. Chmielewski, PT,PhD1,2,*, Lynn Snyder-Mackler, 

PT, ScD, FAPTA1,2,3 

1) Department of Physical Therapy, 2) Program in Biomechanics and Movement 
Sciences, and 3) Center for Biomedical Engineering Research University of Delaware, 
Newark, DE 19716; *Current affiliation:  Department of Physical Therapy, University of 

Florida, Gainesville, FL 

Introduction: Female athletes involved in jumping and cutting sports injure their anterior cruciate ligament’s 
(ACL) 4-6 times more frequently than their male counterparts in comparable sports. Neuromuscular factors, 
including quadriceps dominance and decrease active knee stiffness have been incriminated as contributing to the 
higher rates of injury in women. Currently, the most effective form of intervention developed to reduce female 
ACL injury rates has been neuromuscular training.   The purpose of this study was to 1) identify gender based 
muscle activity patterns during disturbed walking that may contribute to ACL injury, and 2)  determine if a novel 
training program could positively influence patterns among healthy female athletes utilizing a disturbed gait 
paradigm.   

Methods: Twenty healthy athletes (female=10, male=10) were tested.  All subjects participated in five trials of free 
speed walking (undisturbed) and trials during which a platform translated horizontally in a laterally direction at heel 
contact before and after completing ten sessions of a perturbation training augmented neuromuscular training 
program.  Electromyographic (EMG) data from the gluteus maximus, vastus lateralis, medial and lateral 
hamstrings, medial gastrocnemius, soleus and tibialis anterior were collected. EMG data were collected at 960 Hz 
and band pass filtered from 20-350 Hz.  Maximal voluntary isometric contraction (MVIC) and resting EMG signals 
were collected from each muscle group.  All EMG data were post-processed and analyzed using custom written 
programs.  A linear envelope was created from the raw EMG signals by full wave rectification and low-pass 
filtering with a 2nd order, phase-corrected, Butterworth filter (cut-off frequency = 20 Hz). Trials were analyzed for 
the muscle onset, termination of activity, peak amplitude and time to peak amplitude.    Muscle co-contraction, the 
simultaneous activation of antagonistic muscles (lateral hamstrings-vastus lateralis, and medial gastrocnemius-
vastus lateralis), was calculated using the method of Rudolph et al (2001) as indicators of active knee stiffness in 
preparation for heelstrike, during weight acceptance and midstance. 

Results: Prior to training, women had significantly higher peak quadriceps activity and higher quadriceps integral 
during midstance than men.  Both medial and lateral hamstring integrals during midstance increased from pre to 
post training. Onsets time to peak activities for hamstrings and quadriceps were similar before training except for 
medial hamstring TTP which occurred after heelstrike in most women. Time to peak medial hamstring activity 
moved from after to just before heelstrike after training.  Women had higher medial gastrocnemius-vastus lateralis 
cocontraction indices in the preparatory and weight acceptance phases of gait than men after training. 

Discussion:   Prior to training the athletic women in our sample demonstrated characteristic quadriceps dominance 
and decreased active knee stiffness when compared to male athletes.  Modulation of activity and timing of ACL 
agonist musculature (hamstrings and gastrocnemius) from before to after training resulted in normal quadriceps 
hamstring balance and increased active stiffness.  These alterations in ACL agonist muscle activation patterns 
resulting from perturbation training may reduce the risk of biomechanical strain injury among a high risk 
population. 
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141 - Leg Muscle Recruitment During Cycling is Less Constrained in 
Triathletes than Cyclists 
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Introduction: Muscle recruitment during cycling is highly consistent and constrained in trained cyclists relative to 
novice cyclists1. This is consistent with previous evidence that adaptation of the neuromuscular system occurs with 
repeated performance of a motor task (e.g. Osu et al.2). Muscle recruitment in triathletes has not been investigated. 
Triathletes undertake similar cycling training loads to specialist cyclists, but must also undertake very high running 
and swimming training loads. The influence of these multidiscipline training demands on muscle recruitment 
remains unknown. This study compared patterns of distal lower limb muscle recruitment during cycling in 
triathletes, trained cyclists and novice cyclists. 

Methods: Participants were seven highly trained triathletes, nine highly trained cyclists and ten novice cyclists who 
had cycled 332.9 ± 47.3, 393.9 ± 32.5 and 36.1 ± 10.3 km per week in the preceding three months, and had been 
cycling for 8.9 ± 1.5, 9.4 ± 1.7 and 1.3 ± 1.3 years, respectively. Electromyographic (EMG) activity in tibialis 
anterior (TA), tibialis posterior (TP), peroneus longus (PL), gastrocnemius lateralis (GL) and soleus (SOL) was 
measured using intramuscular fine-wire electrodes. Three experimental conditions involving variations in cadence 
were investigated.  

Results: Differences were evident between triathletes and trained cyclists in recruitment patterns for all muscles, 
and patterns of muscle recruitment in triathletes were similar to those measured in novice cyclists. More 
specifically, triathletes and novice cyclists were characterized by greater variation in patterns of muscle recruitment 
between pedal strokes, more extensive and more variable muscle coactivation, and less modulation of muscle 
activity, i.e. in novice cyclists and triathletes, the relative amplitude of EMG was higher in periods between primary 
EMG bursts. In addition, EMG modulation decreased with increasing cadence in both triathletes and novice cyclists 
but was not influenced by cadence in trained cyclists. While group means for consistency of muscle recruitment and 
EMG modulation varied little between novice cyclists and triathletes, there was greater variability between novice 
cyclists for these measures, i.e. sample variance was greater. 

Conclusion: These data demonstrate that muscle recruitment is less constrained in triathletes than trained cyclists 
despite near equal training loads. Although group mean scores for consistency of muscle recruitment and EMG 
modulation did not vary between triathletes and novice cyclists, greater sample variance for novice cyclists 
indicates that triathletes are a population distinct from novice cyclists. These findings suggest that multidiscipline 
training demands may impair adaptation of the neuromuscular system in triathletes, or may stimulate changes in 
muscle recruitment which optimize performance in multiple disciplines but result in patterns of muscle recruitment 
which differ from those utilized by trained cyclists.  

References 
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185 - Quadriceps Femoris Function and EMG Power Spectrum Profiles 
after ACL Reconstruction 
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Introduction; Quadriceps femoris weakness is a common finding after anterior cruciate ligament reconstruction 
(ACLR) and can persist over many years. In addition to strength deficits, long term follow-up work has 
demonstrated reduced function in these patients (Pfeifer & Banzer 1999). It is thought that reduced voluntary 
activation, pain, and swelling may play a role in the failure to regain full function of the knee together with 
restoration of pre-injury levels of strength (Mangine et al. 1992). A reduction in activation is the inability to recruit 
all motor units to a maximum level during maximum voluntary isometric contraction (MVIC) and has been found 
in the knee extensors following chronic knee injury (Rutherford et al. 1990). Snyder Mackler et al. (1994) 
investigated activation levels in ACLR patients between eight and twelve weeks after surgery during which period 
the patients undertook a programme of intensive electrical stimulation and reported no loss of voluntary activation. 
The purpose of this ethically approved study was to monitor changes in strength and adaptation of the knee extensor 
neuromuscular mechanisms in the early stages following anterior cruciate ligament reconstruction (ACLR), and to 
explore the relationship of these changes with pain. The aim was to investigate whether levels of voluntary 
activation early after surgery would predict long term functional outcome after ACLR and to explore possible 
implications for therapeutic intervention.  

Methods; Thirty one patients (28 M, 6 F) recovering from bone patellar tendon bone ACLR (mean ± SD, age 30 ± 
8 yrs; body mass 76 ± 9 kg; height 1.75 ± 0.10 m) were tested one and three months after surgery. Muscle function 
tests included electrical twitch superimposition and a Fast Fourier Transform of the EMG recordings (5,000 cycles 
per second, filter 10-250 Hz) during 5-s MVIC to determine the median frequency of motor unit action potentials of 
rectus femoris at 100%, 75%, 50%, and 25% of MVIC. Knee pain was measured using a visual analogue scale and 
a self-report functional questionnaire was administered to patients at one, three and twelve months after surgery.   

Results; 31% of patients achieved full activation of the knee extensors at one month, and 86% achieved full 
activation three months post surgery. EMG frequency and amplitude levels were significantly (p < 0.05) lower in 
the involved compared to the uninvolved quadriceps at both one and three months. A significant (p = 0.01) negative 
relationship was found between pain and % of activation of the quadriceps femoris. Regression analysis showed the 
questionnaire and % activation of the knee extensors can predict knee function one year after surgery. 

Table 1. EMG median frequencies (Hz), MVIC (Nm), mean (±SEM) of rectus femoris after ACLR (n=22) 
Frequency (Hz)  MVIC(Nm) 100 % MVIC(Hz) 75 % MVIC(Hz) 50 % MVIC(Hz) 25 % MVIC(Hz) 
Uninjured leg (1 month) 210 ± 11* 82.99 (± 3.51)* 79.02 (± 3.49)* 68.62 (± 3.39)* 65.83 (± 3.43)* 
Injured leg (1 month) 83 ± 9* 64.14 (± 3.50)* 62.46 (± 3.61)* 58.43 (± 3.25)* 56.18 (± 3.93)* 
Uninjured leg (3 months) 202 ± 10* 82.48 (± 2.46)* 75.43 (± 2.21)* 73.26 (± 3.27)* 67.02 (± 3.11) 
Injured leg (3 months) 127 ± 10* 70.64 (± 3.39)* 64.40 (± 3.35)* 60.15 (± 2.99)* 57.89 (± 3.49) 

*P<0.05 or greater 

Discussion; Improvement in volitional activation of the quadriceps, and lowered firing rates were shown three 
months after ACLR. The lowered firing rates suggest changes in patterns of use and change in the recruitment 
patterns of Type 11b fast contracting muscle fibres. These findings provide insight into neuromuscular adaptations 
after knee surgery and provide a basis for development of specific muscle strength training that includes fast twitch 
motor units. 
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186 - Muscular Representation of Bi-Lateral Transfer in Children 
Acquiring a Novel Skill 
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Introduction.  The ability to perform a motor skill bilaterally is rudimentary in many competitive sports. Bilateral 
transfer phenomenon is based on a motor control theory. According to the schema theory (Schmidt, 1975), action is 
controlled by a generalized motor program mechanism (GMP) and can be produced by different muscles on either 
laterality. Another mechanism responsible for the selection of muscles is the recall schema, which can be enhanced 
by practice variability. Lai et al. (2000) suggested that for a stable GMP to be developed it is a prerequisite to start 
training by constant practice for developing, at some later time, an effective recall schema by means of variable 
practice. The purpose of the current study was to examine this argument by testing the effect of three distinct 
practice models (constant, variable, and combined) on bilateral transfer during the acquisition of a specific judo 
skill in children.  

Methods. 36 children (28 male, 8 females; ages 8-10) were selected by the coach as unskilled in the execution of 
the O GOSHI, a hip throw in judo. The subjects were divided randomly into 3 practice groups: 1) Constant practice 
(C); 2) Variable practice (V); and, 3) Mixed practice (M). Each group practiced the new skill in its own distinct 
practice modality, using the dominant arm and side. The coach taught the skill differently to each group: 

To the C group, he gave instructions to use an evenly paced rhythm (1-2-3), a constant “grab” height, and a single, 
fixed direction in approaching the opponent and executing the follow-through motion.  

To the V group, he gave instructions to use a varied, random pace (1--2-3, 1-2--3, etc.), a high and low “grab” 
height, and forward/backward/sideways directions in approaching the opponent and executing the follow-through 
motion. 

To the M group, he gave instructions to use C group conditions for the first 2 weeks of trials and V group 
conditions for the second 2 weeks of trials.  

Each group executed 120 practice trials over 4 weeks. Each group was tested three times, by means of a pre-test 
before the practice period, a post-test after the practice period and, on the day of the post-test, a transfer test on the 
non-dominant hand of the contra-lateral limb/side. Behavioral and physiological variables were measured: 
behavioral: time to completion of 6 throws in sequence (T), physiological: linear envelopes of the EMGs of the bi-
lateral Rectus Abdominis (AB) and Rectus Femoris (RF). 

Results. The transfer test revealed a significant positive effect on the V group with respect to the T variable. All 
groups showed significant improvement in the T variable from pre- to post- learning, as well. The transfer test also 
showed that, with regard to EMGs, the amount of muscle activation per muscle at any given time was more 
organized--more consistent, as well as more clustered for the V group.  

Conclusion. While acquiring the described novel skill, the V practice group achieved better bilateral transfer than 
the C or M group. This would indicate that children should be coached to perform variety of judo skills bi-laterally 
and V practice modality will give the fastest results.  
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Introduction: One may consider that mono-articular torque exertion is suitable for muscle strength training, 
because it is the simplest task requiring no skills and specifying the joint torque can control the activity level of 
muscle spanning the joint with a high reproducibility and without intersubject variability. However, our previous 
work has shown that muscle activity level is indefinite unless the neighbor joint torque is also specified. This 
uncertainty can violate its preferable aspects as the muscle training method. We investigate this problem during 
knee extension task by examining 1) to what extent the hip joint torque is unintentionally generated, 2) if there is 
intersubject or intertrial variability in the hip joint torque, and 3) to what extent the hip joint torque profile affects 
the knee joint muscle activity.  

Methods: Subjects (N=12) were seated on a chair with knee joint angle kept 70 deg and with right foot placed on 
custom made force measurement device. This device can measure the force acting at the ankle position in every 
direction. Subjects were asked to just exert isometric knee extension or flexion torque at various levels. No 
instruction on hip joint was provided (free condition). Not only knee joint torque (Tk) but hip joint torque (Th) 
generated unintentionally was calculated (extension torque was defined as positive). The activity of 10 lower limb 
muscles was quantified by the mean value of the rectified surface EMG. After the free condition, we requested 
subjects to exert Tk while controlling Th (controlled conditon). 

Results: There was a considerable intersubject variability in the Th vs Tk plot (Fig.1A). For example, the knee 
extending torque accompanied the hip flexion torque for subject #1, while no apparent hip joint torque was 
observed for subject #3. On the other hand, the intertrial variability was relatively small. The relationship between 
EMG level and Tk was affected by the strategy that the subject used: when the subject changed the strategy 
(Fig.1B), the vastus lateralis activity increased, while the rectus femoris activity decreased. Generally, the profile of 
Th vs Tk plot determined the balance between mono- and bi-articular muscles.  

Discussion: We show that, during Tk exertion, 1) the unintentional Th was often generated, 2) the Th vs Tk profile 
was different from subject to subject, and 3) the muscle activity was affected by the Th profile. Notably, even the 
level of mono-articular knee joint muscles was influenced by the torque of hip joint which they does not span. 
These results can be rationally explained by the fact that a part of joint torque is necessarily transmitted to the 
neighbor joint through the bi-articular muscles. Such inevitable torque interaction between adjacent joints during 
mono-articular torque exertion has been neglected so far. Our results suggest that the mono-articular torque exertion 
task conducted while monitoring only one joint cannot determine the muscle activity uniquely and requires a sort of 
“skill”. This drawback can be overcome by developing a new method to control both joint torques together. 
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Figure 1. A: The Th vs Tk plots for 
all subjects during isometric Tk 
exertion (free conditon). B: The Th 
vs Tk plot for free (open circles) 
and controlled condition (closed 
triangles) in subject #1 (Top). This 
modification of Th changed the 
relationship between muscle 
activity and Tk (Bottoms). 
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Introduction: In a recent study on healthy subjects we found that strength training (ST) of trunk extensor muscles 
decreased postural stability measured during upright standing, whereas balance training (BT) improved stability. It 
is not known, however, how these types of training affect automatic postural responses in muscles that are major 
postural stabilizers of the lumbar spine. This study investigated the effect of ST and BT on automatic responses of 
lumbar paravertebral muscles following a controlled perturbation of the trunk in a prone position.  

Methods: Twenty-six young healthy subjects (16 to 17 years old) were investigated at baseline, one and two 
months. Surface electromyographic (EMG) activity was monitored and recorded bilaterally from L1 and L5 levels 
to; 1) ensure muscle relaxation before the test; 2) detect onset of EMG activity following the perturbation; 3) 
measure EMG activity during a maximum voluntary contraction (MVC) during trunk extension. Subjects were 
randomly assigned to either daily ST or BT.  

Results: A cross-over of training modalities between the groups was performed after one month. At baseline, onset 
of automatic EMG responses occurred at both the right (75ms) and left (63 ms) L5 sites compared to the right (63 
ms) and left (66 ms) L1 sites (values are mean of both groups).  One month of ST led to significantly longer EMG 
onsets at both the right (90 ms) and left (80 ms) L5 sites recording sites, whereas L1 onsets remained unchanged. 
One month of BT significantly shortened EMG onsets and they occurred near simultaneously at the L1 and L5 sites 
with no differences between the left and right electrode sites (53 ms -57 ms). The EMG onsets remained similarly 
short at the end of two months when the BT was followed by one month of ST. If ST was performed before BT no 
changes in EMG onsets were seen as compared to baseline. MVC torque improved significantly in both groups.  

Conclusion: These findings suggest that onset of automatic EMG responses can be influenced by training and that 
these responses are highly dependent on the training modality. We recommend including motor skill and balance 
training already in the early phases of back pain prevention programs. 
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213 - Reliability of Electromyography and Peak Torque During Maximum 
Concentric Knee Extensions 
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The aim of this study was to investigate the reliability of peak torque (PT) and surface electromyography (EMG) 
variable’s root mean square (RMS) and mean frequency (MNF), of each of the subject’s best performance during 
10 maximum concentric knee extensions. Keeping in mind that EMG interpretation of dynamic contractions might 
become difficult, based on the fact that movement itself introduces additional factors which could affect it’s signal 
characteristics, we also aimed to examine RMS and MNF reliability, without electrode removal, after a 1 hour 
resting period, and the same EMG variables reliability, with electrode removal, after a 1 week resting period.   

EMG signals of Vastus Lateralis (VL), Rectus Femoris (RF) and Vastus Medialis (VM) muscles were recorded in 
ten subjects (five males and five females) using surface electrodes. This data was analyzed considering RMS and 
MNF of each muscle and its corresponding intra-class correlation coefficient (ICC), presented in table 1. 

Table 1 - Mean, Standard deviation (SD) and ICC of PT and EMG variables (RMS and MNF) in VL, RF and VM 
muscles, after 1 hour and 1 week resting periods. 

 1 hour rest without electrode 
removal 

1 week rest with electrode 
removal 

 Test 1 Test 2 ICC Test 1 Test 3 IC
C 

 Mean SD Mean SD  Mean SD Mean SD  
PT (Nm) 172.4

0 
38.38 172.7

0 
42.78 0.98 172.4 38.38 177.6

0 
38.76 0.9

9 

RMS - VL 
(mV) 

0.70 0.31 0.66 0.31 0.97 0.70 0.31 0.73 0.31 0.8
1 

RMS - RF 
(mV) 

0.57 0.19 0.59 0.36 0.85 0.57 0.19 0.59 0.26 0.8
3 

RMS - VM 
(mV) 

0.67 0.38 0.63 0.30 0.98 0.67 0.38 0.75 0.35 0.9
4 

MNF - VL 
(Hz) 

138.3
0 

22.19 133.7
0 

19.98 0.97 138.3
0 

22.19 136.8
1 

17.15 0.8
7 

MNF - RF 
(Hz) 

156.5
5 

13.95 157.5
8 

13.83 0.96 156.5
5 

13.95 160.8
1 

17.22 0.8
6 

MNF - VM 
(Hz) 

139.3
2 

18.32 134.2
9 

16.81 0.95 139.3
2 

18.32 135.8
6 

14.60 0.9
4 

The results of this study show that PT, RMS and MNF obtained high reliability without electrode removal, after a 1 
hour resting period (PT results indicated an ICC of 0.98; RMS results demonstrated an ICC between 0.85 and 0.98; 
MNF results revealed an ICC between 0.95 and 0.97). We also observed high reliability in all of the variables 
regarding the results obtained with electrode removal, after a 1 week resting period (in this case PT results indicated 
an ICC of 0.99; RMS results demonstrated an ICC between 0.81 and 0.94; MNF results revealed an ICC between 
0.86 and 0.94). 

In conclusion this study demonstrated that after a 1 hour resting period without electrode removal, PT and EMG 
variables reveal high reliability, and after a 1 week resting period with electrode removal, although results appear to 
be lower, they still indicate good reliability of PT and EMG variables. 
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234 - Evaluation of Quadriceps Femoris Median Frequency after Anterior 
Cruciate Ligament Injury 

D. BEVILAQUA-GROSSI, J.C. ARAKAKI, R.A. VASCONCELOS, A.P. SIMAO, A.S. 
OLIVEIRA 

Ribeirão Preto School of Medicine - University of São Paulo, Ribeirão Preto, Brazil 

Introduction: Electromyographic muscle fatigue is defined as a failure to mantain the required or expected force 
accompanied by changes in muscle electrical activity parameters (root mean square and median frequency). 
Frequency analysis of EMG signals using median frequency of the power spectrum (MDF) have been widely used 
to characterize peripheral muscle fatigue during isometric contractions. The ACL plays a sensory role in control of 
knee stability and recent studies have shown that ligament injury is associated with desensitization of the 
mechanoreceptors, reducing reflexive muscle activity and exposing the knee to instability. The aims of the present 
study were to evaluate the MDF of the vastus lateralis longus (VLL), rectus femoris (RF) and vastus medialis 
obliquus (VMO) muscles after ACL injury during maximal voluntary isometric contraction (MVIC) of knee 
extension at 30 and 60 degrees and verify whether was any difference in this parameter in: 1) ACL injury limbs 
(ACL-L), 2) ACL injury contralateral limbs (ACL-CL), 3) dominant control limbs (DC) and 4) non-dominant 
control limbs (NDC).  

Methods: This study was approved by the Ethical Committee and all volunteers had sign the informed consent 
letter before participation. Twenty male volunteer subjects participated in this study, ten patients (10 ACL-L, 10 
ACL-CL) and ten control healthy subjects (10 DC, 10 NDC). The subjects performed 3 MVIC of knee extension 
using a isokinetic dinamometer chair at 2 different knee degrees (30° and 60°) with duration of 5 seconds each. 
Surface EMG were recorded from quadriceps femoris muscle (VLL, RF, VMO) using surface differential 
electrodes (silvers bars 10mm apart, 10mm long, 2mm wide, 20x gain, input impedance 10GΩ and 130dB CMRR). 
The EMG signal were analogically amplified with gain of 200x, no filtered and sampled by 12 bits A/D covert 
board with a 2KHz frequency. The MDF (PSD, FFT, Hamming window processing) were normalized at MVIC of 
knee extension at 90 degrees.  

Results: There were no significant differences of MDF values among the four groups (p>0.05 Kruskall Wallis 
ANOVA independent). However the VLL and RF MDF values (p<0.05 Wilcoxon Matched Pairs Test) at 60° were 
significantly shorter than 30° to ACL-L group (p=0.021), ACL-CL group (p=0.005), DC group (p=0.005) and NDC 
group (p=0.021). 

Conclusion: The results suggest that ACL injury has not a significant effect on MDF values when compared with 
contralateral and control healthy limbs in these experimental study. 

269 - Knee Musculature Response Strategies During Self-Initiated 
Vertical Jump Landings 

R.V. Croce1, P. J. Russell2, Swartz, E.E.1, Decoster, L.C3  
1) University of New Hampshire, Durham, N.H., 2) Bridgewater State College, 

Bridgewater, MA, 3) New Hampshire Musculoskeletal Insititute, Manchester, NH. 

Introduction. Females suffer from disproportionately higher incidence of anterior cruciate ligament (ACL) injuries 
than males, particularly non-contact ACL injuries. Among other factors, research indicates this gender disparity 
may be due to intrinsic mechanisms, such as differences in neuromuscular stabilization of the knee. This study 
investigated differences between pre- and post-pubescent male and female quadriceps (vastus medialis; VM) and 
hamstrings (medial hamstrings and biceps femoris; HAMS) muscular activation patterns during self-initiated 
vertical jump landings.  

Methods. Fifty-eight subjects (grouped by age and gender) who were recreational participants in jumping and 
landing activities and who demonstrated a mature vertical jump pattern, signed an approved consent to participate. 
Motion analysis, force plate, and surface electromyographic (SEMG) data were collected from all subjects as they 
jumped to reach a target (medium sized ball suspended on a retractable cord) then landed in a balanced position on 
the force plate. Root mean square of the SEMG (RMS) was determined for three landing stages: pre-landing (100 
ms before initial contact [IC]), post-landing (100 ms after IC), and IC to maximum knee flexion. Data were 
normalized to within-trial peak values and averaged across 3-4 trials/subject before group means were calculated. 
Multilevel repeated measures ANOVA tests compared: 1) SEMG values during each landing stage; and 2) co-
contraction ratios (CCR), that is the ratio of normalized hamstrings' activity to normalized quadriceps' activity 
during each landing stage. A 2 x 2 (gender x developmental) ANOVA examined differences in knee angle at IC. A 
p value < .05 indicated significant differences.  

Results. Results showed significant developmental level differences, but no significant gender differences. Post-
pubescent subjects displayed significantly greater HAMS activity and CCRs in the pre-landing stage relative to the 
post-landing stages. Conversely, pre-pubescent subjects displayed significantly greater post-landing and IC to 
maximum knee flexion CCRs. There were no significant differences in knee angle at IC. 

Table 1. CCRs During Three Landing Phases (Mean + SEM) 

Group Pre-CCR Post-CCR IC to Max-CCR

Pre-Pubescent Females 
(n=15) 

313.4 + 86.8 103.5 + 5.0 101.5 + 6.4 

Pre-Pubescent Males (n=15) 288.2 + 83.8 106.0 + 4.8 108.7 + 6.1 

Post-Pubescent Females 
(n=14) 

625.1 + 86.8 80.3 + 5.0 89.1 + 6.4 

Post-Pubescent Males (n=14) 652.6 + 90.0 81.1 + 5.2 95.2 + 6.6 

Discussion. The greater level of hamstrings' co-activation prior to landing by post-pubescent subjects indicated that 
they used a strategy of pre-tuning the hamstrings prior to landing (i.e., more central nervous system pre-activation) 
in anticipation of impact landing forces which create potential for anterior tibial translation during landing. On the 
other hand, pre-pubescent subjects controlled impact landing forces with greater hamstrings' co-activation just after 
and during landing. The pre-pubescent subjects’ strategy represented more reflexive activation as opposed to the 
pre-activation (CNS) strategy evident in the post-pubescent subjects. 



 

 Proceedings of the Fifteenth Congress of the International Society of Electrophysiology and Kinesiology  - 269 - 

286 - Variation of Muscle Activity Pattern between Actual and Simulated 
Ski Jumping 

Toshio MURAYAMA 1,2, Yukihiko USHIYAMA 3, Tohru KIRYU 1 
1)Graduate School of Science and Technology, Niigata University, 2)Kamimura 

Foundation hospital , 3)Faculty of Education and Human Sciences, Niigata University 

Muscle activity of ski jumping is composed of sustained contraction during gliding on the runway at high speed 
(80-90 km/h) and dynamic contraction with maximum power in order to take-off.  For training of ski jumping 
during off-season, simulation of performance is generally used.  The reasons why we introduce the simulation 
frequently are as follows: 

    1. The number of times for the actual field training is limited.  

    2. The training which is close to the movement of the ski jump Always and anywhere 

    3. To the minute movement Adjustment is easy  

However, there are no reports about the comparison between simulation of ski jumping and actual ski jumping in 
terms of muscle activity.  We measured muscle activity during ski jumping and during simulation by surface 
electromyogram (SEMG) and analyzed SEMG signals by time-frequency analysis.  We used two-bar active 
electrodes passed on the vastus lateraris, biceps femoris, tebialis anterior, and gastrocnemius muscles.  Measured 
SEMG signals of 1-minute were analyzed by the wavelet transform with the Gabor function. 

The results showed that muscle activity during ski jumping differed from muscle activity during simulation, 
although the performance at the take-off was the same with each other.  That is, the frequency component was 
higher during simulation than that during ski jumping.  Moreover, coordination of muscle activities at four muscles 
was different. 

Based on the feasibility study, we are considering that the performance simulation should introduce SEMG analysis 
to feed back the physiological data for players. Thus, it is important to develop the instruments and introduce 
information technology for field exercise. 

327 - Muscular Intensity Activation at Open and Closed Kinetic Chain 
Exercise  

CS Lima1, SH Roy2, MS Cheng2, AC Amadio1, C DeLuca2 
1)Scholl of Physical Education and Sports, University of São Paulo; 2) Neuromuscular 

Research Center, Boston University 

Introduction: Open and closed kinetic chain exercises can be used in exercise training programs for strengthening 
and coordination but there is little information available to indicate which exercise is preferred when targeting a 
specific muscle group. Furthermore, for an individual open or closed kinetic chain exercise, there may be 
differences in muscle activation across a joint. Under these circumstances, it would be advantageous to know 
whether the intensity of muscular activation is comparable among the exercises when the same percentage of 
maximal load is used in such training programs. The purpose of this study was to compare the muscular intensity 
activation between open and closed kinetic chain, during maximal load.  

Materials And Methods: The sample was composed of 5 males (mean age 37.2± 11.03) without history of 
musculoskeletal disorders. Initially (Day 1), a 1-repetition maximum (1RM) was measured during knee extension 
and hip extension (open kinetic chain) and squat (closed kinetic chain) exercises. Surface EMG was recorded 
(Day2) from vastus lateralis (VL), rectus femoris (RF) and biceps femoris (BF) in each of these exercise at 1RM. 
Activation intensity was calculated on the basis of the peak RMS of the signal.  

Results: There were no significant differences in muscle activation level for comparisons between open and closed 
kinetic chain exercises for the VL and RF muscles. However, such differences were present for the BF muscle, 
which was significantly more active in hip extension (open chain) than in the squat (closed chain) exercise. 
Comparisons between muscles for a given exercise resulted in significant differences, as summarized in Table 1.  

 Table 1: Comparison between muscle activities during each exercise 

Task Exercise type Significant  Findings (p<0.05) 

Knee extension 1RM Open Chain (RF and VL) > BF; RF > VL  

Hip Extension 1RM Open Chain BF > (RF and VL) 

Squat 1RM Closed Chain VL > BF 

Discussion And Conclusions:  
The results suggest that for training regimens targeting the BF, some open chain exercises such as hip extension are 
preferred over some closed chain exercises, such as squat, when the goal is to facilitate muscle activation. No such 
advantages for knee extensor muscles were found for comparisons between the squat and knee extension exercises. 
However, the results demonstrating that muscle groups are activated at different intensity levels for a given exercise 
may have implications for training. Kvist and Gillquist (2001) and Escamilla et al. (1998) had demonstrated it with 
some differences in the results. How variety of exercises of this kind are available in rehabilitation, further studies 
are needed to determine whether these findings are consistent among targeted patient populations.  
References: 

Kvist, J. and Gillquist, J. Sagittal plane knee translation and electromyographic activity during closed and open kinetic chain 
exercises in anterior cruciate ligament-deficient patients and control subjects. The American Journal of Sports Medicine, 29 
(1): 72-82, 2001. 

Escamilla, RF; Fleisig, GS; Zheng, N; Barrentine, SW; Wilk, KE and Andrew, JR. Biomechanics of the knee during closed 
kinetic chain and open kinetic chain exercises. Medicine Science of Sports Exercise, 30:556-569, 1998.  
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338 - Differences of Tibial Impact Acceleration during Running at 
Different Overground States 

Hiroshi Kurumadani 1, Tsuneji Murakami 1, Hideo Sasaki 2, Katsuji Miyake 3, Kunihiro 
Murakami 4, and Takamasa Yamashita 5 

1)Hiroshima University Faculty of Medicine, Institute of Health Sciences, Hiroshima City 
Health promotion Center, Hiroshima University of Economics, 4)Sera senior high school, 

5)Hiroshima University Health Sciences Major, Graduate School of Medical Sciences 

Introduction: The repetition of impact shock loadings of musculoskeletal system during running has caused 
overuse disorders of lower extremity. An overground surface state during running is one of the factors on lower 
extremity overuse disorders. The purpose of this study was to investigate the differences of the magnitude of impact 
shocks generated by heel strikes between grass condition [using on cross-country (XCY) race] and asphalt 
condition (using on marathon race) during running. 

Methods:  Eleven healthy, male long-distance runners [age: 19.9 (SD 1.0) years; mass: 59.1 (5.1) kg; height: 1.70 
(0.07 m)] participated in this study. No subjects had any disorders and injuries in lower extremity. All subjects were 
provided informed consent prior to this study. 

The subjects had two trials that one was grass state running (grass running) and the other was asphalt state running 
(asphalt running) and ran at 5.0ms-1 across two overground surface states. During testing, a piezoelectric 
accelerometer was used to measure acceleration of the distal anteromedial aspect the right tibia. Tibial peak impact 
acceleration (G) was recorded from the acceleration profiles. The peak impact acceleration was used to analyze that 
the difference between overground surface states. 

Results: In eight subjects out of 11, the peak impact acceleration was higher during asphalt running than during 
grass running. There was significant difference between asphalt running and grass running, and the ratio of peak 
impact acceleration during asphalt running for during grass running was 123% (89-171%). 

Conclusion: It was concluded that peak impact acceleration at tibia were affected by the overground surface states. 
It was considered that running in a soft overground surface like grass was at lower risk of developing tibial stress 
fracture than running in a hard overground surface like asphalt. 

384 - Differential Patterns of Muscle Activation in Patients with 
Symptomatic and Asymptomatic Rotator Cuff Tears 

SI Backus, BT Kelly, RJ Williams, FA Cordasco, JC Otis, MW Lenhoff, TL Wickiewicz, DW 
Altchek, B Pansy, RF Warren.  Hospital for Special Surgery, New York, NY 

Introduction: Some patients with 2 tendon, full thickness (large) tears of the rotator cuff present with pain and 
limited motion, while others have near normal function [6,7]. We hypothesized there were differences in muscle 
firing patterns during functional tasks 1) between patients with large tears and normal controls; and 2) between 
symptomatic (SYMP) and asymptomatic (ASYMP) cuff tears of the same size. 23 subjects were tested:6 controls, 8 
ASYMP and 9 SYMP rotator cuff tears. All subjects signed IRB approved informed consents. Subjects were 
examined and completed questionnaires (L’Insalata [4], ASES Shoulder Score Index [5]). MRIs documented 
supraspinatus and infraspinatus tendon tears and ultrasounds showed no cuff pathology in controls. Surface 
Ag/AgCl electrodes (1 cm spacing) were used for deltoid (ant, mid, post); trapezius (upper, mid, low); pectoralis 
major; latissimus dorsi; and serratus anterior. Wire electrodes (1 cm spacing) were used for supraspinatus, 
infraspinatus, and subscapularis [1]. Maximal voluntary isometric contractions (MVC) against manual resistance 
were performed [2,3]. A MA-100; (Motion Lab Systems) was used to collect EMG signals (1 kHz) which were 
filtered (20-350 Hz), rectified, linearly enveloped and normalized to MVC. Subjects completed10 tasks: 2 internal 
rotation tasks (touch small of back (sm) and mid back (mid)); 5 elevations (touch opposite shoulder (wash), lift a 
weight to shoulder level: 1 lb (1#S) and 8 lbs (8#S), lift a weight overhead: 1 lb (1#O) and 8 lbs (8#O)); a carrying 
task (20 lbs at the side (walk)); and 2 throws (softball underhand (toss) and overhand (throw)). EMGs were 
collected simultaneously with 3-D kinematics (60 Hz). Kinematic data delineated the phases of each task. The mean 
%MVC for each task and phase were calculated. ANOVA, two-sample t-tests and post-hoc tests were corrected for 
multiple measures (alpha = 0.05).   

Results: All three groups differed for the L’Insalata and Shoulder Score Index (p < 0.05). During internal rotation 
tasks, ASYMPs had greater (p < 0.05) subscapularis %MVC than SYMPs (Fig. 1). During the carrying task, 
ASYMPs demonstrated less (p < 0.03) upper trapezius %MVC than SYMPs (15 vs 48% MVC). During elevation 
tasks, SYMPs had greater supraspinatus (p < 0.03), infraspinatus (p < 0.05), and upper trapezius (p < 0.04) 
activation compared to ASYMPs. During 8 lb elevation, ASYMPs showed a trend toward increased activation (p < 
0.06) of the subscapularis compared to SYMPs (34 vs 21%).  

Figure 1: Subscapularis - All Tasks

0%

20%

40%

60%

80%

100%

sm mid wash 1#S 8#S 1#O 8#O walk toss throw

%
M

VC

Normal Asymptom Symptom

 
Discussion: Compared to ASYMPs, SYMPs have increased firing of their torn rotator cuff muscles; a lack of 
adaptive firing of an intact subscapularis; and exaggerated firing of upper trapezius when countering downward 
loads and during elevation that results in compromised function. Our data suggest that large cuff tears may benefit 
from increased emphasis on subscapularis strengthening during rehabilitation.  
References: 1. Cordasco FA: AJSM 1996. 2. Kelly BT: Clin Orthop 1997. 3. Kelly BT: JOR 1996. 4. L’Insalata JC: JBJS 
1997. 5.Richards RR: JSES 1994. 6. Sher JS: JBJS 1995. 7. Yamaguchi K: JSES 2001.  

Support: ISMR & OREF.  
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386 - Differences in Biceps Brachii Isometric Endurance and Isokinetic 
Torque Between Young And Older Men 
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CASTELLANO3, M. MARCHETTI1 

Post-graduate School in Sport Medicine, Fac of Medicine, Univ of Rome La Sapienza, 
P.le A. Moro, 5 00185, Rome, Italy; University Institute of Motor Sciences, Piazza L. De 
Bosis, 15 00194, Rome, Italy; 3) IRCSS Santa Lucia Foundation Rehabilitation Hospital, 

Via Ardeatina 306, 00179, Rome, Italy 

Introduction: The present study was aimed at further investigate the interplay between force and muscle 
shortening speed reduction as possible causes of the age related impairment of muscle performance in elderly (E) 
compared to young (Y) subjects. Muscle performance was investigated in terms of isometric endurance and 
torque/velocity relationship of the biceps brachii. This was achieved by assessing in the same subject, in separate 
experiments, the myoelectric and mechanical parameters of contraction. In order to avoid a possible confounding 
effect due to differences in absolute force between Y and E, subjects participating in the study were selected as such 
to have comparable values of maximal voluntary force (MVC).  

Methods: The elbow flexors performance was studied on 10 male subjects (5Y age 28.3±4.8 y and 5E age 71.3±0.8 
y). The following variables were measured: 1) the MVC and specific force; this latter was the force scaled by the 
muscle cross sectional area (PCSA). 2) the isometric endurance time (ET) at 80, 50, 30 %MVC . During the 
isometric contractions the average muscle fibres conduction velocity (3) of action potentials (CV) and (4) the 
median frequency (MDF) of the sEMG signals were assessed. Finally, 5) the torque-velocity curve was assessed by 
means of maximal isokinetic contractions at fixed angular velocities of 15, 30, 60, 90, 120 and 150 deg s.-1. The 
isokinetic dynamometer was used for isometric and dynamic experiments.  

Results: Comparable values of MVC were obtained (315 N in E, 290N in Y). Also PCSA values were comparable 
between E (18.4 cm2) and Y (17.5 cm2 ). All the above differences were not significant. ET, CV and MDF results 
are reported in the table below.  

%MVC ET [sec] CV decay [% sec-1] MDF decay [% sec-1] 

 Y E Y E Y E 

50 62±13 108±32 0.21±01 0.15±0.07 0.38±0.15 0.19±0.07 

80 17±6 29±14 0.89±0.16 0.46±0.24 1.46±0.37 0.82±0.33 

CV and MDF are scaled for the initial values. In bold are indicated the significant differences Y vs E; at 30%MVC 
were not significant differences in all variables (p<0.05). Both in E and Y the angular velocity was correlated with 
Torque (T). In fig. 1 the data are fitted by a similar exponential curve. The two curves diverged significantly at AV 
values over 30 degree sec-1 (p<0.05). 

Discussion: The greater ET in E vs Y is marked at higher MVC values only, i.e. when recruitment involves most 
powerful motor units (MU). MDF and CV decay have been considered as suggestive of a progressive impairment 
of fast twitch MUs. Thus the less marked decay of both variables in E vs Y at higher force demand is suggestive for 
a minor contribution of fast twitch MUs. The results of dynamic contractions are coherent with this statement: 
indeed, at low AV the torque is the same in the two groups but become progressively lesser in E vs Y when velocity 
is increased. In conclusion our results suggest that in subjects with the same MVC the real impairment of E vs Y is 
a lack of velocity that can depend on a minor percentage of type 2 MU. The relative preponderance of Type 1 MU 
seems in accordance with the lower fatigability in E. 

396 - Analysis Of Quadriceps EMG Activity In Counter Movement 
Jumping - A Comparative Study Between Eccentric And Concentric 

Muscle Contraction Phases.  
Alberto Carvalho; Paulo Mourão; Sílvia Fernandes; Rui Ângelo; Carlos Carvalho. 

Human Movement Laboratory; Higher Education Institute of Maia; Portugal. 

This study’s main goal was to verify the existence of differences in EMG signal activity between the eccentric and 
concentric phases of a counter movement jump. For this purpose we evaluated a sample of 27 youth volleyball 
players of both sexes (14 male and 13 female athletes). The best jump performance of each athlete was selected 
from 3 maximum counter movement jumps on the force plate, according to the higher time of flight.  

EMG signals of Vastus Lateralis (VL), Rectus Femoris (RF) and Vastus Medialis (VM) muscles were recorded in 
all of the subjects, using surface electrodes. The Average full wave rectified signal of each muscle as well as its 
integral, both isolated and over time, were selected as phase defining parameters. This selection was made bearing 
in mind that to compare EMG signal activity in muscle contractions of different time length we may use the ratio 
between iEMG and the time in which the same integral was recorded, as long as integration time effects are 
removed. Its corresponding results are presented below  

Table 1. Mean, Standard deviation (SD) and independent samples t test of eccentric and concentric phase’s EMG 
parameters.  

 Eccentric Concentric   

 Mean SD Mean SD t p 

AvgEMG VL  (mV) 0.22 0.14 0.65 0.33 -6.165 0.000* 

AvgEMG RF  (mV) 0.17 0.07 0.59 0.22 -9.604 0.000* 

AvgEMG VM  (mV) 0.26 0.12 0.72 0.31 -7.126 0.000* 

iEMG VL  (mV.s) 0.11 0.06 0.20 0.09 -3.978 0.000* 

iEMG RF (mV.s) 0.08 0.04 0.17 0.07 -5.671 0.000* 

iEMG VM  (mV.s) 0.12 0.06 0.20 0.08 -4.491 0.000* 

Duration of phase  (sec.) 0.51 0.10 0.30 0.07 8.915 0.000* 

VL AvgEMG / ∆t 0.46 0.32 2.37 1.39 -6.961 0.000* 

RF AvgEMG / ∆t 0.34 0.18 2.15 1.16 -8.014 0.000* 

VM AvgEMG / ∆t 0.53 0.30 2.65 1.74 -6.254 0.000* 

VL iEMG / ∆t 0.22 0.14 0.66 0.31 -6.729 0.000* 

RF iEMG / ∆t 0.17 0.07 0.59 0.22 -9.731 0.000* 

VM iEMG / ∆t 0.26 0.12 0.71 0.32 -6.935 0.000* 

*Existence of statistically significant differences with p<0,05. 

Our results indicated the existence of statistically significant differences in all of the EMG parameters analysed, as 
well as in the duration of each phase, between the eccentric and concentric phases of a counter movement jump. 
EMG signal appears to be stronger in the concentric phase, suggesting superior electrical power in the signal of 
quadriceps muscles in this phase, thus providing support to the differences found in EMG parameters between 
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phases. On the other hand, although we verified that the eccentric phase is longer than its concentric counterpart, 
this does not indicate superior EMG activity. 

In conclusion, it seems to be clear that there are significant differences in EMG average full wave rectified signal as 
well as in its integral, between eccentric and concentric muscle contraction phases in counter movement jumping.   

398 - Analysis of Quadriceps EMG Activity in Counter Movement 
Jumping - A Comparative Study between Eccentric and Concentric 
Muscle Contraction Phases Of Subject Groups with Different Sexes 
Alberto Carvalho; Paulo Mourão; Sílvia Fernandes; Rui Ângelo; Carlos Carvalho. 

Human Movement Laboratory; Higher Education Institute of Maia; Portugal.  

This study’s main goal was to verify the existence of differences in EMG signal activity on the eccentric and 
concentric muscle contraction phases of a counter movement jump between subjects of different sexes. For this 
purpose we selected from a determined initial population, a sample of 12 youth volleyball players of both sexes (6 
male and 6 female athletes), according to flight time (in this case the average flight time of each group was the 
same). The best jump performance of each athlete was selected from 3 maximum counter movement jumps on the 
force plate. EMG signals of Vastus Lateralis (VL), Rectus Femoris (RF) and Vastus Medialis (VM) muscles were 
recorded in all of the subjects, using surface electrodes. The Average full wave rectified signal of each muscle as 
well as its integral, both isolated and over time, were selected as phase defining parameters. The results 
corresponding to eccentric and concentric phase analysis between sexes are presented below in table 1.   

Table 1. Mean, Standard deviation (SD) and independent samples t test of eccentric and concentric phase’s EMG 
parameters between sexes.  

 Eccentric phase   

 Male Female   

 Mean SD Mean SD t p 

AvgEMG VL  (mV) 0.23 0.19 0.24 0.17 -0.081 0.937 

AvgEMG RF  (mV) 0.16 0.07 0.21 0.10 -1.061 0.313 

AvgEMG VM  (mV) 0.30 0.16 0.24 0.07 0.861 0.419 

iEMG VL  (mV.s) 0.10 0.08 0.12 0.08 -0.492 0.633 

iEMG RF (mV.s) 0.07 0.02 0.11 0.04 -2.148 0.057 

iEMG VM  (mV.s) 0.14 0.07 0.13 0.03 0.390 0.709 

Duration of phase  (sec) 0.46 0.08 0.54 0.08 -1.615 0.137 

VL AvgEMG / ∆t 0.53 0.46 0.47 0.37 0.262 0.799 

RF AvgEMG / ∆t 0.37 0.20 0.42 0.24 -0.402 0.696 

VM AvgEMG / ∆t 0.70 0.44 0.47 0.17 1.174 0.268 

VL iEMG / ∆t 0.23 0.18 0.24 0.17 -0.099 0.923 

RF iEMG / ∆t 0.15 0.07 0.21 0.10 -1.201 0.257 

VM iEMG / ∆t 0.31 0.17 0.24 0.07 0.876 0.410 

Flight time 0.50 0.02 0.50 0.02 0.136 0.894 
 Concentric phase   

AvgEMG VL  (mV) 0.70 0.34 0.68 0.35 0.066 0.948 
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AvgEMG RF  (mV) 0.58 0.16 0.59 0.24 -0.100 0.923 

AvgEMG VM  (mV) 0.78 0.23 0.68 0.20 0.771 0.459 

iEMG VL  (mV.s) 0.21 0.11 0.21 0.09 -0.029 0.978 

iEMG RF (mV.s) 0.17 0.04 0.18 0.09 -0.302 0.769 

iEMG VM  (mV.s) 0.23 0.05 0.21 0.08 0.338 0.742 

Duration of phase  (sec) 0.30 0.06 0.32 0.06 -0.460 0.656 

VL AvgEMG / ∆t 2.44 1.32 2.30 1.67 0.156 0.879 

RF AvgEMG / ∆t 2.06 0.97 1.95 0.91 0.212 0.836 

VM AvgEMG / ∆t 2.79 1.32 2.21 0.80 0.908 0.385 

VL iEMG / ∆t 0.70 0.34 0.68 0.34 0.111 0.914 

RF iEMG / ∆t 0.59 0.16 0.59 0.24 0.029 0.978 

VM iEMG / ∆t 0.79 0.24 0.67 0.20 0.901 0.389 

Flight time 0.50 0.02 0.50 0.02 0.136 0.894 

*Existence of statistically significant differences with p<0,05. 

Our results indicate that there aren’t statistically significant differences in eccentric and concentric muscle 
contraction phases between sexes, in all of the parameters selected for analysis. In conclusion we determined the 
inexistence of differences in EMG signal activity between sexes when analysing the eccentric and concentric 
phases of a counter movement jump. 

 

400 - Relationship between Exercise-Related Interleukin-6 Production, 
Mechanical and Myoelectric Manifestations of Fatigue 

Minetto M.1, Paccotti P.1, Ventura M.1, Rainoldi A.2,3, Gazzoni M.2, Merletti R.2, Dovio A.1, 
Angeli A.1 

1Clinica Medica Generale, Dipartimento di Scienze Cliniche e Biologiche, Università di 
Torino, Italy; 2LISiN, Dipartimento di Elettronica, Politecnico di Torino, Torino, Italy; 

3Dipartimento di Scienze Motorie, Università di Tor Vergata, Roma, Italy 

Introduction:  Strenuous exercise is a well recognized physical stressor. Acute intense aerobic exercise that 
exceeds 60% of the maximum aerobic power and anaerobic exercise above the maximum oxygen uptake enhance 
the activity of the hypothalamic-pituitary-adrenal axis. During maximal exercise, muscular inflammation occurs 
with the consequent release of the inflammatory cytokine interleukin-6 (IL-6) from contracting skeletal muscles 
into the systemic circulation. 

This work aims to couple the mechanical and the myoelectrical manifestations of fatigue to the cytokine response 
with the following objectives: 1) to characterise the IL-6 response to the exercise in elite athletes of different 
disciplines, and 2) to determine the relationship between the IL-6 production and the manifestations of fatigue in 
both voluntary and electrically elicited contractions. 

Methods:  An evaluation of the muscular response to an acute bout of maximal isokinetic exercise (maximal 
contractions of the knee flexor and extensor muscle groups at 180°/sec angular velocity throughout  the constant 
range of motion of 100°) was made in a group of twenty elite athletes. Before, immediately after the isokinetic 
exercise and at different time points in the subsequent 120 minutes of recovery, serum lactate and serum IL-6 were 
determined and EMG signals were recorded from the dominant leg during isometric Maximal Voluntary 
Contractions (MVC) and electrically elicited contractions. Mean frequency (MNF) of the EMG signal spectrum, the 
average rectified value (ARV), and the muscle fiber conduction velocity (CV) were estimated. 

Results: In the entire athletes’ group the isokinetic exercise test elicited significant IL-6 and lactate responses 
(p<0.05 Friedman’s ANOVA). We used the peak levels and the Area Under the Curves (AUCs) to describe the IL-6 
responses among the subjects. The median values of these variables allow to distinguish two groups: “High IL-6 
Responders” (HR, 539.9±334.5 pg/ml*150 minutes) and “Low IL-6 responders” (LR, 52.4±69.5 pg/ml*150 
minutes, p<0.001 Mann-Whitney U test). The HR group showed higher lactate responses in comparison to the LR 
(831.6±187.2 mmol/l*150 minutes vs 478.2±160.9 mmol/l*150 minutes, p<0.01 Mann-Whitney U test).  

The rate of decrease of the maximal voluntary knee extension torque during the isokinetic exercise allows to 
distinguish seven power athletes and thirteen endurance athletes. Six out of seven power athletes were found HR, 
while nine out of the thirteen endurance athletes resulted LR. Consistently, a positive correlation was found 
between the IL-6 and lactate AUCs (r=0.81, p<0.001). Finally, in electrically elicited contractions, the CV estimates 
of the HR group required more time (+15 minutes post exercise) to return to values comparable to the baseline with 
respect to LR (immediately after the exercise). 

Discussion: The inflammatory cytokine IL-6 was significantly increased after the exercise, possibly as a function of 
the muscular release of this chemical, according to the literature. Our observations originally suggest that the 
exercise related IL-6 increase is higher in power than in endurance-trained athletes. Since the lactate responses and 
mechanical and myoelectrical manifestations of fatigue were found significantly greater in the HR than in the LR 
group, we suggest that the muscle fiber type composition is a possible determinant of the muscular inflammatory 
reaction to the exercise. Further studies are in progress aimed to confirm and extend, in a wider population of 
athletes, these preliminary observations. 
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411 - Analysis of M. Vastus Lateralis and M. Biceps Femoris Temporal Patterns 
During Gait of Transtibial Amputees Athletes 
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Introduction: The amputation condition and the prosthesis affect the patterns of myoeletric activity on gait during 
normal and sports movements (SANDERSON & TOKUNO, 2002; WINTER & SIENKO, 1988). Therefore, the 
aim of this work is to analyze the temporal pattern of m. vastus lateralis (VL) and m. biceps femoris during gait of 
amputees athletes.  

Methods: Three transtibial amputees (40±12 years old, 73±2 kg mass and 1.76±0.01 m height) were the subjects of 
this study. They wore endoskeletal prosthesis with dynamic feet. EMG system (Bagnoli-8, Delsys, Inc) and an 
instrumented treadmill (Gaitway- Kistler, Inc) with two force plates were the instruments used for data collection. 
Surface electrodes were placed 1 cm below the point motor of each muscle. Two horizontal gait velocities were 
chosen: 1) self-selected (1.50±0.33 m/s) and 2) fast (1.83±0.45 m/s). Data was low-pass filtered with 2 order 
Butterworth filter at 5 Hz and it was calculated ensemble average of each signal during one signal step to show the 
gait cycle (GC) behavior. One factor was studied: differences within subjects (between the amputee leg (AL) and 
intact Leg (IL)).  

Results: There was no effect of velocity on EMG pattern (Fig. 1). For IL, VL was activated from 0 to 30% GC. For 
AL, VL was activated from 0 to 40% GC. BF showed the same pattern for both legs during swing phase, from 80% 
to the end of GC, and it was different pattern during stance phase. For IL, BF was activated from 0 to 5% GC; and 
for AL from 0 to 20% GC. VL activation peak were earlier for AL (4% GC) than for IL (8%GC). BF activation 
peak were later for IL (97% GC) than for AL (90% GC).  

Discussion: According to RAB (1998), main muscular action was not affected by amputation. Moreover, increased 
time activation and earlier VL peak during the initial phase of AL support probably occurs to fix the knee. For BF, 
different time peaks may be due to prosthesis inertial characteristics.  

Conclusion: The movement control of the knee by VL and BF is different between AL and IL of transtibial 
amputee athletes. Such behavior may be due to joint stability and prosthesis inertial characteristics.  

References: RAB, G.T. Human locomotion. In: ROSE, J.; GAMBLE, J. Human walking, Baltimore Williams & Wilking, p. 
101-21, 1994. SANDERSON, D. J.; TOKUNO, C. D. Electromyography of knee-joint muscles in unilateral below-knee 
amputees during walking and running. In: World Congress of Biomechanics, Calgary. Proceedings [CD], 2002. WINTER, D. 
A.; SIENKO, S. E. Biomechanics of below-knee amputee gait. J. Biomechanics. 21: 361-67, 1988.  

438 - Coactivation in the Knee Joint after Anterior Cruciate Ligament 
Reconstruction and Rehabilitation 

A.C. Pássaro1,3, I.C.N. Sacco1; A.P. Marques1; A.C. Amadio2 
1 Physical Therapy, Speech and Occupational Therapy department - School of Medicine 
of the University of São Paulo - Brazil; 2 Laboratory of Biomechanics - School of Physical 

Education and Sport of the University of São Paulo - Brazil; 3 Centro Universitário 
Unicapital - São Paulo - Brazil 

Introduction: The literature shows evidences that the coactivation in the knee joint during isokinetic exercises is 
useful to protect and stabilize the joint specially during powerful contractions. This protection is achieved by 
pressure distribution through the joint resulting in fatigue reduction and smaller joint damages. In this context, the 
aim of the present study was to evaluate the coactivation mechanism in subjects that had undergone arthroscopic 
ACL reconstruction.  

Methods: The EMG activity of the vastus lateralis and long head of biceps femoris was recorded, using bipolar 
surface electrodes (Delsys-Bagnoli 8), during active extension of the knee. We evaluated 15 male subjects, five of 
them had undergone arthroscopic patellar tendon ACL reconstruction (Test Group - GT) and 10 healthy subjects 
constituted our control group (Control Group - GC). The Cybex 6000 system was used to load the knee while the 
subjects were sitting on the bench and extended their knee from 120 to 0 degrees at the rate of 100 and 300 
degrees/s. The electromyographic activity was collected simultaneously and synchronically with the torque, joint 
position and were sampled at 1000 Hz for periods of 10 s. In order to identify the thigh muscles coactivation, we 
developed a proportion variable: antagonist hamstring EMG activity was normalized by the percentage of agonist 
hamstrings EMG activity during the maximal flexion phase.  

Results and Discussion: Table 1 shows the EMG coactivation data results. The hamstrings was considerably more 
active during knee extension than the quadriceps during flexion. Two GT subjects showed lower value of 
coactivation in the injury limb and 3 of them showed the highest biceps femoris coactivation. The hamstrings would 
not normally be expected to be active during extension of the knee by the quadriceps, instead, reciprocal inhibition 
of the hamstrings might be expected. Our observations support the hypothesis that the activity of the hamstrings 
combined with the restraints of the ACL acts to prevent anterior displacement of the tibia. Although considered 
rehabilitated, 2 GT subjects did not show any coactivation. Besides hamstrings strengthening, quadríceps 
strengthening in the rehabilitation process appears to be important to induce coactivation. 
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440 - Peroneal EMG Onset Patterns During Laterally-Tilted Treadmill 
Running With and Without Ankle Orthoses 

David A. Wallace and Rod A. Harter  
Department of Exercise and Sport Science, Oregon State University, Corvallis, OR 

Introduction: Ankle orthoses are commonly used to prevent inversion ankle sprains. However, little is known 
about the neuromuscular recruitment patterns, or the protection offered by external devices against induced 
inversion compared to the dynamic stability provided by muscle activity alone. It has been suggested that ankle 
joint muscles must be activated 85-90 msec in advance of heel strike to provide the requisite dynamic joint stability. 
We hypothesized that subjects would rely on orthoses for support resulting in longer EMG onset durations prior to 
heel strike compared to a control. Our purpose was to determine if differences exist in peroneal longus/brevis EMG 
onset while wearing selected ankle orthoses when running on a laterally tilted treadmill.  

Methods:  Ten healthy volunteers (6 females, 4 males; mean age, 24 ±7 yr) with no history of ankle injury 
participated in the study. Bipolar EMG surface electrodes were applied over the peroneus longus/brevis muscle. 
Telemetered EMG (2400 Hz) and 2-D kinematic data (60 Hz) were collected as subjects ran at 8 mph on an 8.5 deg 
laterally tilted treadmill designed to induce inversion. Using a repeated measures counterbalanced ANOVA design, 
each subject was tested under 5 conditions: 3 ankle braces, closed basketweave taping, and control (no support). 
Peroneal muscle onsets were identified by EMG activity prior to heel strike that exceeded threshold for a duration 
of 20 msec. Threshold was defined as the mean quiet period of the signal plus three times the standard deviation. 
EMG onsets, expressed as the amount of time prior to heel strike (msec), were averaged across 5 strides within each 
condition.   

Results:  Peroneal muscle EMG onsets with the Swede-O condition were significantly later than the Control 
condition (p<0.05).  No statistically significant differences in onsets were found among any of the ankle orthoses 
(p>0.05). The Control condition tended to have earlier peroneal onset activity prior to heel strike than any of the 
ankle orthosis conditions. Conclusions:  These findings suggest that an ankle orthosis may alter the neuromuscular 
recruitment patterns in healthy subjects during a dynamic activity. Subjects wearing an orthosis recruited their 
peroneal muscles much closer to heel strike potentially diminishing muscular dynamic stability at the ankle. 
Therefore, individuals wearing ankle orthoses may rely on the orthoses for support, potentially weakening the 
surrounding ankle musculature with long-term use.   

                                        

 Group Control AirCast Swede-O Speed Tape 

Mean (msec) 105.8 95.8 71.8* 99.1 101.9 

± SD 35.3 48.3         44.9 51.8 48.9 

* statistically significant difference compared with the control (p<0.05) 

449 - Analysis of Force Perception and Electric Activity In Forearm 
Flexion Movements Through Dynamometry And Electromyography 

Luiz F G Silva1, Thiago R Domiciano1; Aline S Silgueira1, Daniela C O Silva2, Gilmar C 
Sousa3, Alcimar B Soares3  

1Instituto Luterano de Ensino Superior, Itumbiara, GO, Brasil; 2Universidade de São 
Paulo, São Paulo, SP, Brasil; 3Universidade Federal de Uberlândia, Uberlândia, MG, 

Brasil.  

Introduction: In the everyday life when we transported or raised objects with different dimensions and masses, we 
have countless experiences with the environmental in which we are interacting. This frequent interaction is the 
result of a series of muscular contractions that guarantee to notice, in the daily situations, if a broom has more mass 
than a chair, if a body position is better than other to get up of the ground. For the athletes of high level that look for 
minimum improvements of performance, the application of a little more intense force than that necessary can mean 
mistake and, consequently, a performance fall. Electromyography (EMG), a method that involves capture and 
analysis of electric potentials of the muscles in activity, can supply important data about the effective participation 
of each muscle in the several voluntary movements of skeletal muscles, enlarging knowledge or modifying well-
established concepts. The aim of this study was to evaluate and to compare the force perception and electric activity 
of the Biceps Brachii (BB) and Brachiorradialis (BR) muscles in forearm flexion movements through the 
maximum isometric voluntary contraction in trained and untrained individuals in resisted exercises.  

Methods: Twenty male volunteers participated in this study and were equally divided in two groups: (1) trained 
volunteers (TV) and (2) untrained volunteers (UV). During the experiments, the volunteers stayed seating in a bank 
with support, with forearm flexion at 90o (90o ± 5o) in the supinated position. EMG signs were captured throughout 
the movement (3 s interval) in three series using a computerized 8-channel electromyography. Simple differential 
active surface electrodes and reference (ground) electrode were used, the latter being common to all the channels. 
Firstly, the electric activity was collected in rest; later, the one of maximum isometric voluntary contraction, 
together with the maximum load obtained as demonstrated by the dynamometer. After the identification of the 
maximum load, the percentages of 20, 30, 40, 50, 60, 70, 80 and 90% were calculated. Afterwards, it was requested 
to the volunteer to execute a force in the dynamometer according to the maximum load percentages in the 
increasing order. The volunteers did not possess any feedback on the load that had performed.  

Results: The results demonstrated that the electric activity of the BB muscle in TV were significantly higher in the 
maximum contractions (p = 0.0198), 80% (p = 0.0069), and 90% (p = 0.0194) as compared to that of BR muscle. In 
contrast, no significant difference was found in UV, but the BB muscle showed the highest electric activity. When 
analysing the electric activity of the BB muscle between the groups, TV always presented the highest electric 
activity, being significant in the maximum isometric load (p = 0.0265), 70% (p = 0.0471), and 80% (p = 0.0396). 
On the other hand, regarding the BR muscle, TV also showed the highest electric activity, being significant in the 
maximum isometric load (p = 0.0478), 40% (p = 0.0146), 50% (p = 0.0302), 60% (p = 0.0316), and 70% (p = 
0.0220). When analysing the results about force perception, we noticed that the error limit was significant only for 
TV and UV in the load of 90% (p = 0.0217 and p = 0.0334, respectively).  

Conclusion: It can be concluded that the BB muscle presents higher electric activity than the BR muscle, mainly 
over 80% of the maximum isometric voluntary load. We also observed that the electric activity of TV, for both 
muscles, is larger than in UV and that both groups presented the higher error limit for the estimated loads, the closer 
of the maximum load.    
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Superior, Itumbiara, GO, Brasil; 3Universidade Federal de Uberlândia, Uberlândia, MG, 
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Introduction: Prior to the advent of Electromyography (EMG), one of the features that allowed deducing the 
muscular action was the knowledge of their fixations. These anatomical aspects are important, but they do not 
supply any information on the action mode of the muscle, such as what muscle begins or stops its activity first and 
the degree of participation of each muscle and its sinergists and antagonists in a specific movement. EMG, as 
method of kinesiologic investigation encloses all these possibilities. The aim of this study was to analyse through 
EMG the simultaneous action of the muscles Flexor Carpi Radialis (FCR), Extensor Carpi Radialis Brevis (ECRB) 
and Pronator Teres (PT) in forearm flexion dynamic movements, considering 50% of maximum voluntary load 
(MVL) in supinated, semipronated and pronated positions.  

Methods: Ten untrained male volunteers, 21 ± 4 years old, with no history of diseases or anatomical alterations 
were used. The volunteers performed forearm flexion movements in two modes: (1) the apparatus handle fastened 
in the hand (closed hand) and (2) the apparatus handle fastened in the wrist (opened hand) in the dominant limb 
using a double-pulley apparatus. EMG signs were captured using simple differential active surface electrodes and 
recorded in a computerized electromyograph with simultaneous acquisition up to eight differential channels and 
ground electrode common to all the channels. Electric activity of the muscle was captured in 4 s and analysed using 
the Alc-EMG software, which supplied numeric values of RMS (root mean square). RMS values were statistically 
analysed by Student t test, with significance level at 0.05.  

Results: The results demonstrated that when analysing the opened hand, the electric activity of the studied muscles 
was lower than that seen with the closed hand, except for the PT and FCR muscles in the pronated position. The PT 
and FCR muscles exhibited higher activity in the pronated position and lower activity in the supinated position, 
with the opened hand. In contrast, the ECRB muscle showed higher and lower activity in the supinated and 
pronated positions, respectively. When analysing the closed hand, the highest electric activity occurred in the 
supinated position while the lowest was recorded in the pronated position for the PT and FCR muscles. For the 
ECRB muscle, the highest activity was shown in the pronated position and the lowest in the supinated position. It 
was also verified a small increment of electric activity of PT and FCR muscles in semipronated and supinated 
positions with the closed hand rather than the opened hand, whereas in the pronated position a decreasing of electric 
activity was found. The activity increment seen with the opened hand could be attributed to the simultaneous action 
of the muscles on the two articulations, being FCR a sinergist muscle and PT a articular fixer. The activity decrease 
of PT in the pronated position can be due to its shortening and thus having less importance in the elbow 
stabilization. In contrast, the ECRB muscle showed a great activity increment with the closed hand as compared to 
the opened hand, with the highest activity recorded in the pronated position and the lowest in the supinated position, 
where the muscle is more shortened.  

Conclusion: It can be concluded that these muscles have influence on the forearm flexion movements, particularly 
when some apparatus is held in the hand. Therefore, when prescribing resisted exercises that are performed through 
forearm flexion movements it should be considered the participation of these muscles in both the training session 
and the recovery therapy. 
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001 - Electromyographic Analysis of Masticatory and Facial Muscles in 
Individuals with Schwartz-Jampel Syndrome 
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H Regalo. 

1) University of São Paulo, Ribeirão Preto, São Paulo, Brazil 

Introduction:Schwartz–Jampel syndrome (SJS), also known as osteochondromuscular dystrophy or 
chondrodystrophic myotonia, is a rare genetic disorder (71 cases related in world-wide literature). The affected 
individuals have short stature, muscular stiffness, skeletal alterations, and a typical mask-like facies characterized 
by ocular adnexal changes, and contracture of the perioral muscles. The aim of this study was to evaluate the 
electromyographic (EMG) activity of the orbicularis oris, orbicularis oculi, masseter and temporalis muscles in 
brothers with Schwartz-Jampel syndrome, in different clinical activities, compared to normal individuals.  

Methods: An Electromyography K6-I EMG Light Channel Surface Electromyography (Myo-tronics Co. Seattle, 
WA, EUA) with eight channels was used. Applied electrodes were duotrodes, silver-chloride surface, disposable, 
diameter of 10 mm, and inter-electrode distance of 21 mm.  

Results and Discussion: The analyzed results (ANOVA), for the masseter muscle’s activity showed significant 
differences (p<0.01) among the groups. The individuals with the syndrome presented higher muscular activity 
(1.37µV) than the healthy volunteers (1.21µV). In the temporalis muscle, the difference was not significant for both 
groups. In both muscles significant differences occurred among the clinical activities and groups/clinical activities’ 
interactions (p<0.01). The orbicularis oris muscle did not show significant differences although muscular activity 
was greater in patients with the syndrome. The orbicularis oculi muscle presented significant differences in the 
groups, the clinical activities and the groups/clinical activities’ interactions (p<0.01), and the largest averages were 
found in patients with the syndrome (31.64µV) in comparison with the normal ones (15.82 µV). We concluded that 
individuals with Schwartz-Jampel syndrome showed higher masticatory and facial muscle activity. 

003 - Effect of Denture Quality on Perioral Muscle Activity During Speech  
M Vitti; C M Santos; M G C Mattos; M Semprini; H F O Paranhos; J E C Hallak; S C H 

Regalo 
University of São Paulo, Ribeirão Preto, São Paulo, Brazil 

The maxillary and mandibular fascicles of the orbicularis oris muscle, along with alveolar processes and dental 
arches, constitute a functional complex, which is in intimate contact with lips flanks, basis, and teeth of dental 
prosthesis. Any alteration of this system might produce disarrangement of muscular activity. This study aimed to 
evaluate the electromyographic activity of the orbicularis oris muscle in patients using clinically inadequate 
conventional dentures before and after the insertion of clinically acceptable new conventional denture. Six patients, 
using inadequate dentures, were asked to pronounce the syllables PAH, BAH, MAH, SAH, FAH, VAH, MEE and 
the word MISSISSIPI. During this activity, we analyzed the Electromyographic activity of the orbicularis oris 
muscle. This was done before and after changing the inadequate denture for a acceptable new denture. A K6-I EMG 
Light Channel Surface Electromyograph was used (Myo-tronics Co). Results were analyzed by repeated measures 
ANOVA, with 3 sources of variation (Syllables, Muscles, and Clinical Conditions). ANOVA revealed higher 
electromyographic readings in the mandibular fascicle of the orbicular oris muscle, as compared to those of the 
maxillary fascicle (F = 79.02; P<.01). The comparison regarding clinical conditions indicated higher 
electromyographic values after insertion of acceptable new denture (F= 32.64; P<.01).  
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116 - Comparison among Subjects with Different Occlusion Classes of 
With and Without Bruxism Angle  

IC Gadotti , D Biasotto-Gonzalez, F Berzin 
1Department of Anatomy – Faculty of Dentistry of Piracicaba FOP/UNICAMP – 

Piracicaba-SP, BRAZIL 

Introduction: Considering the need of further understand the relationship among occlusion, bruxism, posture, and 
muscle activity, the purpose of this study was to compare the cervical posture and the bilateral electromyographic 
activity of the anterior portion of temporal and masseter muscles in subjects with different occlusion classes of 
Angle with and without bruxism.  

Methods: Thirty-four female students participated in this study. The subjects were divided into two groups (Group 
1: with bruxism, Group 2: without bruxism). A dentist evaluated each subject and classified their occlusion 
according to the Angle method (class I, class II or class III). A clinical analysis of the cervical posture was 
conducted to determine head posture (forward, slightly forward, and normal position). Photos were taken and 
analyzed using a software quantifying the head posture angularly. The points used as reference to calculate the 
head-neck angle were mentus, accustic meatus and manubrium. An electromyographic analysis (Lynix Eletronics) 
was performed with active differential surface electrodes (Ag). The electrodes were placed in the masseter and 
temporal muscles perpendicular to the muscles fibers. The electromyographic data (EMG) was recorded during 
bilateral isotonic mastication using Parafilm material between the premolar and molar teeth. The EMG values (root 
mean square - RMS) were analyzed using the software Matlab (6.1 version).  

Results: The EMG data was different for each occlusion class of Angle. Subjects with class I showed a functional 
EMG pattern when compared with class II and class III. Differences were not present when the data was 
normalized. Thus, the normalization has hidden the muscles disorders in these subjects.  

Conclusion: The relationship among head posture, malocclusions and muscle alterations was stronger for subjects 
with Angle class II. Class II subjects presented higher muscle activity, head anteriorization, and head-neck angle. 

130 - Pattern of Electric Activity of the Masticatory and Cervical Muscle In 
Violinists and Violists   

E C Ribeiro1, F Bérzin2, J Milanesi1 
1) Federal University of Santa Maria,Santa Maria, Brazil; 2) Dental School of Piracicaba – 

Campinas State University, Brazil 

Introduction: The purpose of this study was to evaluate the electric activity of the masticatory and cervical 
muscles in violinists and violists. 
Methods:Thirteen musicians  (violin and viola players) with age of 17 to 45 years old, 06 female and 07 male, with 
average of  5 years of instrument’s practice, volunteered in this study.The musicians were submitted to a surface 
electromyographic (EMG) exam of the sternocleidomastoideus, upper trapezzi, masseter and  temporal muscles, 
bilaterally, in the rest, maximal voluntary contraction and chewing. The EMG was accomplished with Myosystem 
Br-1 equipment, of 12 acquisition channels, 12 resolution bites , amplified with gain of 5000, sampled at 2000 Hz, 
bandwidth of 10-500Hz.The sEMG amplitude processing used was the Root Mean Square (RMS) measured in µV.  

Results: Mean RMS values were higher in the temporal muscle in rest, during  chewing and  maximal voluntary 
contraction, than in the masseter muscle . About cervical muscles, the results showed the highest value of RMS in 
the right SCM muscle in the rest and, in the maximal voluntary contraction this muscle and the right trapezius 
showed higher values than  the same muscles in the left side. 

Conclusion: It is concluded that the musicians presented  prevalence of the temporal muscles activity, probably  to 
compensate the lowest participation of the masseter muscle. The highest activity presented in the trapezius and 
SCM muscles in the right side can be attributed to the head’s posture adopted during the instrument’s practice.  
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131 - Electromyography Evaluation of Chewing Muscles before and After 
Body Posture Treatment in Mouth Breathing Children 

EC Ribeiro2, A Ferla1, A T Silva1, Berzin, F2. 
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Campinas State University, SP, Brazil 

Introduction:The purpose of the present study is to evaluate the effect of body posture treatment  in the electrical 
activity of the chewing muscles in  mouth breathing children. 

Methods: Nineteen mouth breathing children, with 09 to 12 years old, 08 female and 11 male, volunteered in this 
study. The subjects were evaluated before and after body posture treatment with exercises in the Swiss Ball during 
03 months, twice a week. The evaluation consisted of bilateral electromyographic recordings of the masseter and 
temporal muscles, bilaterally, during three situations: relaxed , chewing and maximal voluntary contraction. The 
EMG was accomplished with Myosystem Br-1 equipment, of 12 acquisition channels, 12 resolution bites , 
amplified with gain of 5000, sampled at 2000 Hz, bandwidth of 20-1000Hz.The sEMG amplitude processing used 
was the Root Mean Square (RMS) measured in µV. 

Results: There were no statistically significant differences after treatment in relaxed situation. In maximal 
voluntary contraction, there was a significant increase in all studied muscle activity and an improvement in the 
symmetry of the muscular activity  after treatment. During chewing, there was a significant increase of the muscle 
activity (except, right temporal muscle) and a more symmetric activity of the temporal muscles. 

Conclusion: The body posture treatment interfered positively in the chewing muscles. 
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 Ribeiro, E.C. ; Marchiori, S.C. ; Silva, A.M.T. Electromyography analysis of trapezius and sternocleidomastoideus 
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149 - Electromyographic Study of Hyperactive Masticatory Muscles in 
Patients with Temporomandibular Disorders 

C.L. Duarte1, F. Bérzin2 
1 Department of Morphology, Piracicaba Dental School, State University of Campinas, 

Brazil., 2 Department of Morphology, Piracicaba Dental School, State University of 
Campinas, Brazil. 

Introduction- Electromyography can be used to analyse the resting status of masticatory muscles, and the static 
evaluation provides an objective measurement of chronically hyperactive muscles, which are used to be higher in 
TMD patients. When the craniofacial pain is associated with this syndrome, the treatment become complex and 
unspecific. So the purpose of this study is to investigate the relationship between muscular hyperactivity at rest and 
craniofacial pain in TMD patients. 

Methods- A total of 133 female patients with temporomandibular disorders and craniofacial pain, verified through 
anamnesis and clinical examination, had the electromyographic resting activities of anterior temporalis, superficial 
masseter and digastric muscles evaluated. Their ages varied between 20 and 60 years old. The EMG signal were 
acquired with Ag/AgCl surface electrodes and ECG conductive adhesive electrodes Meditrace® 200 by Kendall. 
The raw EMG signals were digitalized by a 12 bit A/D converter board, low-pass of 500 Hz and high-pass of 10 Hz 
filter. It was considered hyperactive muscles above 2.0 µV. 

Results- We found 97% of resting activity and 29 kinds of hyperactivity combination in the patients with 
craniofacial pain, and 27,8% of the resting activity was present in the three groups of muscles and the exclusive 
temporalis activity (10,5%) were higher than exclusive masseter (1,5%) and exclusive digastric activities (1,5%) 
like the findings of Cooper in 1997. 

Discussion- The results have shown that craniofacial pain, in the most of cases (97%), seems to be associated with 
muscular hyperactivity and electromyographic resting activity, wich needs of more studies. Attention must be paid 
to the complexity of the hyperactivity combinations, that take us the conclusion that the treatment of the 
craniofacial pain should be more personal, in accordance with the muscular activity got in the electromyogram of 
the patient. 
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155 - Effectiveness of Manual Therapy on the Electric Activity of the 
Chewing Muscles in Temporo-Mandibular Disordered Patients 

L G K Ries, C B Borini, E  C  Ribeiro,  F Bérzin 
Dental School of Piracicaba – Campinas State University, SP, Brazil   

Introduction: The purpose of this study was to evaluate the effectiveness of the manual therapy on the electric 
activity of the chewing muscles in temporomandibular disordered patients (TMD).    

Methods: Eleven female, with 19 - 40 years old (24,91 ± 7,76) with TMD volunteered in this study. The subjects 
were evaluated before and after application of the mobilization of TMJ, with an electromyographic exam (EMG) of 
the masseter and temporal muscles, bilaterally, in rest and during maximal voluntary contraction. After the 
evaluation, the subjects were submitted to the following mobilization: 1) joint de-coaptation synchronized with the 
breathing cycle (lower traction intra-oral of the temporo-mandibular joint), for 90 seconds (3 repetitions of 30 
seconds, with intervals of 10 seconds) for each side and, 2) stretching of the jaw elevating muscles through the 
buccal opening against resistance with 06 repetitions of 15 seconds of duration and 10 seconds of interval. The 
EMG was accomplished with Myosystem Br-1 equipment, of 12 acquisition channels, 12 resolution bites, amplified 
with gain of 5000, sampled at 2000 Hz, bandwidth of 10-500Hz.The sEMG amplitude processing used was the 
Root Mean Square (RMS) measured in µV. 

Results: For analysis of the obtained results the t Student statistical test was used. The results showed significant 
decrease of RMS (mV) in rest situation, after the mobilization in all the studied muscles. In the maximal voluntary 
contraction there was not significant difference after the mobilization.  

Conclusion: It can be concluded that the joint de-coaptation and muscles stretching promoted the muscular 
relaxation, demonstrated by the decrease of the studied muscles electric activity during rest.  
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183 - Electromyographic Analysis Of Chewing Muscles In Mouth And 
Nasal Breathing Children 
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Campinas State University, SP, Brazil 

Introduction: The purpose of this study was to analyze the electrical activity of the chewing muscles in mouth and 
nasal breathing children. 
Methods: Sixteen mouth breathing children, with mean age of 10,4 years old, six female and ten male, and twelve 
nasal breathing children, with mean age of 10,9 years old, four male and eight female, volunteered in this study. 
The subjects were evaluated by means of a bilateral electromyographic exam (EMG) of the masseter and temporal 
muscles, in rest, during  chewing and maximal voluntary contraction. The EMG was accomplished with Myosystem 
Br-1 equipment, of 12 acquisition channels, 12 resolution bites, amplified with gain of 5938, sampled at 4000 Hz, 
bandwidth of 20-1000Hz.The sEMG amplitude processing used was the Root Mean Square (RMS) measured in 
µV. 

Results: The data, statistically analyzed, showed no significant difference, among the groups, in rest. However, 
there was a significance difference among them in the left masseter and temporal muscles activity during chewing 
and maximal voluntary contraction, being the nasal breathing children group showed symmetric pattern of muscle 
activity in these situations. It was also verified, in both groups, a significant higher temporal muscles activity than  
masseter muscles. 

Conclusion: These results demonstrate that mouth breathing children present asymmetry in the activity of the 
studied muscles during chewing and maximal voluntary  contraction when compared to the nasal breathing 
children, which can be related to the masticatory lateral preference.  
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231 - The Effect of Cervical Mobilization on Electromyographic Activity of 
Masticatory Muscles in Patients with Temporomandibular Disordes 

C. R. Pedroni1, A. S. Oliveira2, F. Bérzin1. 
1) Piracicaba Dental School, State University of Campinas (UNICAMP), Piracicaba, SP, 

Brazil; 2) Ribeirão Preto Medicine School, São Paulo University-USP. 

Objective: The aim of this study was to determine the immediate effect of cervical mobilization on the 
electromyographic activity of the sternocleidomastoid and masseter muscles and the anterior part of the temporal 
muscles in patients with temporomandibular dysfunction (TMD).  

Methods: Twenty-two female volunteers participated in this study. The experimental and placebo groups were 
composed of patients with TMD and had rotation of at least one of the three first cervical vertebrae, while the 
control group was composed of TMD-free subjects without rotation of the cervical vertebrae. After analysis of an 
X-ray examination, the volunteers selected were submitted to a bilateral electromyographic examination of the 
following muscles: masseter, anterior part of the temporal, and sternocleidomastoid. Subsequently, a passive 
articular mobilization procedure of the cervical column was applied to the volunteers of the experimental and 
control groups, while placebo group volunteers received a simulation of the procedure. The electromyographic 
examination was carried out immediately and 24 h after treatment. Electromyographic signals were recorded 
utilizing the Myosystem I® (Prosecon Ltda), with a sampling frequency of 2KHz and 12-bit resolution. After 
digitalization, the signals were again passed through a digital filter with 10 to 500Hz bandpass. Pure silver (Ag) 
simple differential active surface electrodes (Lynx Tecnologia Eletrônica Ltda.) were utilized, with an input 
impedance of 10GΩ, and CMRR of 130dB and gain of 100 times. The electromyographic signals were determined 
with respect to time, for both the resting and isometric contraction positions, and measured in root mean square 
(RMS) values. Wilcoxon’s paired non-parametric test was utilized to compare separately the RMS values for the 
three times at which it was determined: before and immediately and 24h after the cervical mobilization procedure in 
each of the groups.  

Results: The results showed that there was an immediate increase in the electromyographic signal amplitude of the 
masseter and sternocleidomastoid muscles after the cervical mobilization procedure in the treated groups, without 
any alteration in the temporal muscles in any of the groups.  

Conclusion: This effect tends to diminish the imbalance of the abnormal pattern of activity between the muscles 
controlling masticatory force and the positional muscles of the jaw present in TMD patients. 

232 - The Direct Effect of the Functional Orthopedics Maxillary Treatment 
In Mastigatory Muscles´s Electromyographic Activity. A Case Report. 

C. R. Pedroni, E. Sakai, F. Bérzin 
Piracicaba Dental School, State University of Campinas (UNICAMP), Piracicaba, SP, 

Brazil 

Objective: The main of this work was to relate a clinical case which shows the direct treatment effect by a 
Functional Orthopedic Maxillary Appliance (named SN 6 : Simoes´s Network 6 ) over the electromyographic 
activity on the mastigatory muscles of an adult patient, who has malocclusion (teeth fill up and non occlusal 
equilibration), with a relate of pain in mastigatory muscles.  

Methods: Both sides of the masseter, right anterior temporalis and suprahyoid muscles were evaluated 
electromiographically before the installation of the Functional Maxillary Orthopedic Maxillary Appliance SN 6 and 
8 minutes after. Electromyographic signals were recorded utilizing the Myosystem I equipment from Prosecon 
Ltda, with a sampling frequency of 2KHz and 12-bit resolution, using a digital filter with a bandpass of 20 to 
500Hz. Simple differential active surface electrodes (pure silver by Lynx Tecnologia Eletrônica Ltda) with a gain 
of 100 times.  

Results: The electromyograms analysis shows a great improvement of the electromyographic signal, inspiring a 
decrease of the masseter and anterior temporalis muscles hyperactivity, with the decrease of RMS (Root Mean 
Square) signal of these muscles, in rest mandibular position as in isometric contraction in maximal mandibular 
elevation (Table 1).  

Conclusion: It's possible to conclude that the treatment by Functional Maxillary Orthopedics can gives a relaxation 
in the muscles with hyperactivity, which is possible to see by qualitative and as quantitative way. This relaxation 
runs to a normal muscle activity pattern, which is basic for the treatment goals, giving conditions to the 
Stomatognathic System repair its physiological capacity and reach equilibrium between form-function binomials, 
independently of the patient's age.  

Table 01. RMS (µV) values before and after installation of the appliance SN6, in mandibular rest position and in 
maximal intercupidation position (maximal mandibular elevation). 

 Rest Position Maximal Interscupidation 

Muscles Before After Before After 

Rigth Temporalis 19,4 4,4 65,6 52,8 

Rigth Masseter 32,0 14,1 186,6 72,2 

Left Temporalis 4,2 3,7 58,8 23,8 

Left Masseter 3,1 2,8 96,2 98,8 
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233 - Electromyographic Evaluation of Balance Function in Wearers of 
Complete Dentures  
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Brazil 

Introduction: Edentulous subjects even those with well-adapted dentures are considered as oral invalids with 
reduced capacity in various functions of the stomatognathic system. To compensating  for the loss of natural teeth 
with denture, the mechanical aspects of occlusion can be only partially restored. Balanced occlusion is an important 
factor associated with stability of complete dentures and the relationship between occlusion and behaviour of 
masticatory muscle already was described. Bilateral contacts during eccentric movements are well known and 
accepted technique. The lack of easily mensurable objective physiological activity parameters of the masseter and 
temporalis muscle during jaw movements in humans has led to the consideration to revise data of surface 
electromyographies (EMGs) by applying a computerized quantification method.  

Objective: The aim of this study was evaluate the activity electromyography in wearers of double complete 
dentures adjusted to obtain balance in the eccentric movements.  

Methods: Ten volunteers were selected, 3 men and 7 women, free from signs and symptoms of DTM with average 
age 64,7 years, for which total dentures were made and through the establishment of contacts interferentes during 
the accomplishment of the eccentric movements functional balance was provided. Electromyographic signals were 
recorded utilizing the Myosystem I equipment from Prosecon Ltda, with a sampling frequency of 2KHz and 12-bit 
resolution, using a digital filter with a bandpass of 20 to 500Hz. Simple differential active surface electrodes (pure 
silver by Lynx Tecnologia Eletrônica Ltda) with a gain of 100 times. The evaluations electromyography were 
accomplished in the dentures installation and with one month of use, planning realize more two evaluations, one 
with two and other with three months after the installation. The evaluations were accomplished at the moment of 
dentures instalation (T0) and one month after instalation (T1) throught of the electrical activity meansurament in the 
muscles masseter (RM and LM) and temporalis anterior (RT and LT) in the rest position and forced maximum 
closing. For each position were accomplish three evaluations with a time of collection of five seconds in each one. 

Results: The partial results (RMS) showed that the medium activity of the muscles was decresead at the rest 
position for LM (9.37 ± 10.7 to 7.1 ± 3.1), LT (9.04 ± 4.91 to 7.6 ± 2.5) e RT (9 ± 5.37 to 7.4 ± 2.6) after one 
month of installation with exception of the RM (7.49 ± 6.34 to 7.68 ± 4.17) and in the maximum closing in the 
same period the activity of the both muscles masseter incresed RM (48.48 ± 34.05 to 55.34 ± 31.17), LM (42.6 ± 
31.3 to 55.76 ± 29.76) and both temporalis decresed, for RT (63.5 ± 58.9 to 43.6 ± 33.3) and LT (40 ± 27 to 35.28 ± 
17). The results partial not permit any significant conclusion yet. 

235 - Study of Electromyographic Signs of the Masseter Muscle in Sleep 
Bruxism after Use of an Occlusal Splint 

FERREIRA, L.M.A; AMORIM, C.F; AMORIM, L. J.; SANTOS, C.; TAMBELINI, M.M.; 
OLIVEIRA; L.V.F. 

Introduction: The electromyographic (EMG) signal has been used broadly as an auxiliary method in the diagnosis 
and evaluation of the muscles of mastication in rest and also during the accomplishment of compression in several 
levels, mainly during the sleep. A review of the literature shows the existence of a correlation among the 
electromyographic activity of the masseter muscles in patients with dysfunction, such as bruxism. The purpose of 
this study was to examine the effect of an occlusal splint on masticatory muscle activity in sleep bruxism subjects. 
Sleep Bruxism is usually recognized as a parafunction and can be defined as unconscious activities of the 
masticatory system that is non-functional and  physiological.  

Methodology: Ten sleep bruxism subjects (mean age 25 + 5 years) participated in this study. The 
Electromyographic (EMG) activity of the masseter muscle was recorded  before and after use of an occlusal splint 
in the end of the work day.  The signals were captured by an electromyographic system composed of bipolar 
surface electrodes with pré-amplification of 20 times, amplifier with gain of  1000, filters with band of frequency 
20 to 1000 Hz, common mode rejection of 120 dB, a 12 bit A/D converter and sampling frequency of 2000 Hz. The 
electrodes were positioned bilaterally on the masseter muscles. The EMG signal procedures followed the  
recommendations of the  International Society of Electrophysiology and Kinesiology (ISEK). The signal was full-
wave rectified, band-passed through a  Butterworth of 4th order, lowpass filtered at a  frequency of  5Hz, 
normalized in the base of time and of the width, and the width was normalized by the average. The variability of the 
intensity of the EMG signalwas calculated through the variability coefficient (CV). The comparison among the 
signs of EMG of the different studied muscles was made through the test-t for parallel samples, and the level of 
adopted significance was set at  0,05.  

Results: In both muscles the maximal EMG activity decreased significantly by wearing the appliance using the 
splint during  the night when compared with muscle activity levels in the end of day.  

Conclusion: These findings suggest that nocturnal masticatory muscle activity is significantly reduce by wearing 
an occlusal splint and that the use of such an appliance at night could help to relax masticatory muscle.  
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Although the co-activation of the cervical muscles during the movement of the jaw has been studied in literature, 
this verification is still less studied when healthy subjects and patients with muscular dysfunction are compared. 
The aim of this study was verify by surface electromyography the bilateral co-activation of the sternocleidomastoid 
(SCM) muscle, regarding to chewing muscles in healthy and bruxism volunteers. To record myoelectric signs, it 
was used a 16 channel signal conditioner with 12 bits dynamic band resolution, Butterworth-type band pass filter 
(10,6-509 Hz) with gain of 100 times, and A/D converter board, placed inside of an Electrostatic Cage of Faraday. 
The myoelectric signs were displayed through Aqdados software, and showed simultaneous presentation of the 
used channels with frequency of sampling of 1000 Hz. The electrodes impedance of input was of 10G, 130 dB of 
CMRR and 2pF, with 100 times of gain. The data had been evaluated statistically by ANOVA-repeated measures 
and impaired T tests, on accordance with the studied situation. The results had evidenced the presence of SCM co-
activation in both groups and the analysis of RMS average values by chewing muscles showed significant statistical 
differences between groups referring muscles, sides and situations analysed. In healthy volunteers, the SCM co-
activation was significantly fewer during chewing that in clenching, while that in bruxism subjects, these 
differences had not been verified. During clenching, a reduction of SCM co-activation referred as temporalis 
anterior muscle was verified; besides the reduction of masseter muscle with an increase of temporalis anterior 
muscle activation was observed in bruxism subjects. Comparing the values of SCM activation on jaw movements 
with its maximal isometric contractions, was verified a significant reduction of muscular activity in right side on 
bruxism subjects. The results of this research had allowed concluding that the SCM co-activation during the jaw 
movements was verified in humans and that this seems to suffer influences from the neuromuscular alterations by 
bruxism. 

255 - Electromyographic evaluation of Masticatory Muscles Before and 
after Functional Orthopedics of Maxillary  Associated with Orthodontics 

Therapy in  a Patient with Absence of the Coronoid Process - Clinical 
Case Report 

M. J. Coelho-Ferraz, D. F. Nouer, C. R. Pedroni; F. Bérzin 
Dental Scholl, State University of Campinas (UNICAMP), Piracicaba, SP, Brazil 

Introduction: It’s widely spreaded that the muscular mandible processes, such as the angular and coronoid 
processes depend on the function of their muscles of insertion for the maintenance of their format and structure. 
The anatomical-functional importance of the coronoid process is justified for the insertion of the temporalis muscle 
in its border and medial face, having clinical importance due to its obscure etiology and the impact on the 
orthodontics treatment. With the intention of evaluate the electrical activity of the chewing muscles before and after 
the beginning of the therapy with Functional Orthopedics of Maxillary (BIONATOR) during six months followed 
by Orthodontics in the Tweed Merrifield technique, we were able to relate a clinical case with absence of the 
coronoid process on the  left side, female, 15 years-old. The patient showed Class I malocclusionI with  significant 
deviation to the left side, significant facial asymmetry, brachyfacial and without any painful symptoms.  

Methods: Electromyographic exams were taken of the Masseter muscle and anterior portion of the Temporalis, 
bilaterally, in the situation of mandible repose, bilateral chewing and maximum intercuspation, before (Pre) and 
after a month (Post) and also 1 year (Post 2) after the beginning of the treatment. Simple differential active surface 
electrodes were utilized (Lynx  Tecnologia Eletrônica Ltda.), pure silver (Ag) and a gain of 100 times. 
Electromyography signals were recorded utilizing the Myosystem I®  equipment from Prosecon Ltda, sampling 
frequency of 2KHz and 12-bit  resolution, digital filter with a band pass of 20 to 500Hz.  

Results: The analysis of the values of RMS of the electromyography signals suggests a decrease of the 
hiperactivity of the Masseter and Temporalis muscles, either in the situation of isometric contraction of maximum 
elevation of the mandible or during bilateral chewing, exception to the right Masseter muscle, which values of RMS 
increased because of the better occlusion relationship in this side, probably. Clinically, after 12 months, we could 
notice a better maxilo-mandibular relationship as well as the soft  tissues around, implying in more favorable 
esthetics.  

Conclusion: It can be concluded that the treatment done by the Functional Dentofacial Orthopedics  followed by 
the orthodontics correction could produce a relaxation of the hyperactive musculature. Those alterations in the 
electrical activities of the chewing muscles are important for a good performance during the  treatment, as well as 
give conditions for the craniofacial system perform properly. 
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261 - Electromyographical Analysis of the Masseter Muscle In Dentulous 
and Partially Toothless Patients with Temporomandibular Joint Disorders  

M A M R Silva, J P M Issa, M Vitti, A M R Silva, M Semprini,  S C H Regalo 
University of São Paulo, Ribeirão Preto, São Paulo, Brazil 

Stomatognathic system muscles perform an important function concerning mastication, deglutition, facial 
expression, posture, phonation, and breathing. These phenomena are essential to maintain the body as a whole. 
Some of the great concerns of dentistry nowadays are the functional disorders that affect the stomatognathic 
system, including the muscles spasms that accompany pain and the abnormal and pathologic conditions which are 
caused by physical stress and primary alterations of the muscles and temporomandibular joints (TMJ). This study 
had as objective  to analyze with computerized electromyography the masseter muscles bilaterally in twenty 
individuals with temporomandibular joint dysfunction (DTM), being: the group I consisting  of ten individuals with 
complete dentition and group II constituted by ten individuals with posterior dental absences; comparing nine 
clinical activities: rest before and after exercises, maximum habitual  intercuspation (MIH), right and left laterality, 
forced centric occlusion, protrusion, bilateral molar bite and chewing. It was utilized the Electromyography K6I-
Myotronics, with eight canals and surface silver electrodes. By means of the results analysis, we verified significant 
differences between the groups (p<0.01), being group I, presented greater electromyographic activity (32.98 
microvolts), than the group II (22.31microvolts), suggesting that this individuals presented low muscular activity. 
The interaction between the groups and the clinical activities was significant (p<0.01), as well as between the 
groups, clinical activities and muscles (p<0.05). To clarify which amongst the relative averages the clinical 
activities were different, calculated the critical value of Tukey, being that rest before and after exercises, MIH, right 
and left laterality, presented averages with similar distributions, with values below of the values of Tukey, as well 
as forced centric occlusion, protrusion, bilateral molar bite and chewing presented  higher values than Tukey. Based 
on this research’s data, we concluded that the electromyographical analysis of the masseter muscles in Individuals 
with TMD, dentulous and with dental absence showed that individuals with TMD, dentulous or not, presented 
elevated muscular activity in rest position and individuals with TMD, dentulous, presented higher 
electromyographical activity than the individuals with TMD and lacking posterior teeth.    

278 - EMG Analysis of the Orbicular Oris Muscle, In Edentulous Patients, 
Before and After Complete Denture Implantation  

Santos CM, Vitti M, Mattos MG, Semprini M, Paranhos HF, Regalo SCH. 
University of São Paulo, Ribeirão Preto, São Paulo, Brazil 

Introduction: The orbicular oris muscle, including its upper and lower fascicles, the alveolar processes and dental 
arches, constitute a complex functional system, located in the lower third of the face, which is very important for 
the clinical determination of the occlusal vertical dimension. Any alteration of this system, as in the case of 
edentulous patients, might produce esthetic problems and alterations in the muscular tonicity.  

Methods: This study was aimed to evaluate the electromyographic behavior of that musculature in patients while 
pronouncing the syllables PAH, BAH, MAH, SAH, FAH, VAH, MEE, and the word MISSISSIPPI. Edentulous 
patients were submitted to electromyographic tests under two clinical conditions: before and after the implantation 
of complete dentures. A K6-I EMG Light Channel Surface Electromyograph was utilized (Myo-tronics Co. Seattle, 
WA, USA).  

Results and Discussion: The Analysis of Variance, with 3 sources of variation (Syllables, Muscles and Clinical 
Conditions) and 12 repetitions, indicated statistically significant differences in the pronunciation of the different 
syllables. For the Muscles factor, the analysis revealed higher electromyographic readings in the lower fascicle of 
the orbicular oris muscle, as compared with those of the upper fascicle. The comparison among the Clinical 
Conditions indicated higher electromyographic values for the edentulous condition (i.e., before complete denture 
implantation), as compared to those recorded after denture implantation. 



Temporomandibular Dysfunction Proceedings of the Fifteenth Congress of the International Society of Electrophysiology and Kinesiology  - 286 – 
 

 

291 - Kinesiologic Analysis of Tempromandibular Joint in Pregnant 
Women 

TOSATO, J.P.; GONZALEZ, T.O.; BIASOTTO-GONZALEZ, D.A. University of Mogi das 
Cruzes. Mogi as Cruzes, São Paulo, Brazil. 

Introduction: The objective of this study was to realize the kinesiologic analysis of Temporomandibular Joint 
(TMJ) and the stomatognathic system in pregnant women and list the influence of changes in pregnancy on the 
TMJ.  

SUBJECTS: 22 pregnant women were studied and divided into first, second, third quarter and those who had baby 
until three mouths.  

RESULTS: We observed the dynamics of the mandible movements and the major amplitudes had been found in 
the third quarter. In the same group there was noted a systematic hypermobility and signs of Temporomandibular 
Disorders, including muscular pain and joint symptoms (deflections (45,45%), deviations (18,18%), opening or 
closed clicking (50%)). We also  observed postural alterations in the cervical area, which could be responsible for 
the presence of symptoms in the other quarters. Parafunctions also had been checked in all groups.  

CONCLUSION: The hypermobility joint, postural alteration and other modifications can influence the 
biomechanics of the joint and provoke Temporomandibular Dysfunction in  pregnant women and other personss 
who have similar disturbances.     

374 - Study of Postural Pattern and Muscular Activity in Temporo-
Mandibular Disordered Patients: Biophotogrametric and 

Eletromyographic Analysis 
A B F Peroni, A T Silva, E  C  Ribeiro,  S C Marchiori , F Bérzin 

Dental School of Piracicaba – Campinas State University, SP, Brazil   

Introduction:The purpose of this study was to study the  body posture and the muscle electrical activity of chewing 
and cervical muscles in  temporo-mandibular disordered patients (TMD).  

 Methods: Thirty seven volunteers , from both sexes, with 20 - 54 years old were evaluated, with an 
electromyographic exam (EMG) of the masseter, anterior temporalis, sternocleidomastoid and upper trapezius 
muscles, bilaterally. All muscles were monitored at rest an during maximal voluntary contraction (MVC). The 
EMG activity was also evaluated during chewing function for masseter and anterior temporalis muscles. The 
postural evaluation was accomplished with computerized photos and analyzed in a software (Alcimage).The study 
group was consisted of twenty two  subjects with TMD and the control group was consisted of fifteen subjects. The 
EMG was accomplished with Myosystem Br-1 equipment with 12 bites , amplified with gain of 5000, sampled at 
2000 Hz, bandwidth of 10-1000Hz.The sEMG amplitude processing used was the Root Mean Square (RMS) 
measured in µV. 

Results: For analysis of the obtained results the t Student statistical test was used. The results showed no significant 
differences among groups in all situations, but it was observed higher values in the anterior temporalis muscles then 
in the masseter for both groups. The digitalized photos showed  angles (mentum/acromium/ear) of 57,770 and 
53,730 for study and control group, respectively, which demonstrates head posture forward in DTM patients, with 
statistical significant difference. 

Conclusion: With the similar results of both  groups, it can be concluded that the control group also showed 
alterations in the EMG pattern and head posture, not caused by DTM.  

References: 
Zonnenbeck, A. J s. et al Body posturephotographs as a diagnostic  aid for musculoskeletal disorders related to 
temporomandibular disorders. J Craniomand Practice 14 (3): 225-232, 1996. 

Nikolakis et  al. Relationship between craniomandibular disorders and poor posture. J Craniomand Practice  18 
(2):106-112, 2000. 
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455 - Electromyographic Analysis of the Mouth's Orbicular Muscle in 
Individuals with Bucal Respiratory Patterns. 

AMORIM, C.F.; AMORIM, L.J.; CAMPOS, A.O.; FREITAS, T.H.;MACAU,H.N.; 
 OLIVEIRA,L.V.F.; ZÂNGARO,R.A. 

Introduction: Bucal respiration is believed to bring serious effects in cranio-facial development and occlusion, 
when there is no correlation among the internal and external forces of bucal musculature. This way, for a 
precocious diagnosis and the formulation of a suitable treatment plan it is fundamental to know whether the 
individuals' peribucal musculature has suffered ambient influences, to the point of altering its physiology. This 
electromyographic study's purpose was to compare the medial superior region of mouth's orbicular muscle in two 
groups : G1 (predominantly nasal respiratory pattern) e G2 (predominantly bucal respiratory pattern).  

Methods: 50 Brazilian children from 6 to 9 years old were evaluated, 25 boys and 25 girls with Angle's Class II 
division 1 malocclusion. Signals were acquired by an electromyograph composed of bipolar surface electrodes with 
20 times pre-amplification, amplifier with 1000 times gain, 20 to 1000 Hz band pass filters, commom mode 
rejection of 120 dB, 12 bits A/D converter and 2000 Hz sampling frequency. The electrodes were placed bilaterally 
over the mouth's orbicular muscle. All applicable recommendations from the International Society of 
Electrophysiology and Kinesiology (ISEK) regarding electromyography's applications were followed in all EMG 
signal's procedures. Signal handling consisted in full wave rectification, linear envelope through 4th order 
Butterworth filter, with 5 Hz cut off frequency, normalized in time base and amplitude, this one through average 
value. EMG signal's intensity variability was calculated through the variability coefficient ( VC ). The comparison 
between the EMG signals from the various muscles was made with the t-test , with significance level of 0.05.  

Results: Variations of around 20% were found among samples during the pronunciation of letters A and F, not 
found at rest.  

Conclusion: Other new observations to confirm these findings should be performed, specially with older children, 
to detect the time frame in which occurs a differentiation  (the time frame in which, for instance, the bucal habits 
are installed, and the time frame in which ortodontists or phono must interfere), resulting in labial incompetence. 
The deep knowledge of muscular dynamics gives the basis to the correct terapy. In this context, electromyography 
becomes a vast exploration field, with valuable contributions not only to Ortodonty, but also to Physioteraphy and 
Phonoaudiology. 

Bibliography: Angle, E. H. Classification of malocclusion. Dent. Cosmos,  Philadelphia, v. 41, n. 3, p. 248-264, 
1899. 

Baril, C.; Moyers, R. E. An electromyography analysis of the temporalis muscles and certain facial muscles in 
thumb and finger sucking patients. J. Dent. Res., Washington, v. 39, n. 3, p. 536-553, 1960. 

Basmajian, J. V. Muscles alive: their function revealed by electromyography.  3. ed. Baltimore :  Williams & 
Wilkins, 1974. 469 p. 

De Luca, C. J. O uso da eletromiografia de superfície em biomecânica. Conferência Comemorativa Wartenweiler, 
Soc. Int. Biomecânica, 1997. 

456 - Evaluation of Electromyographic Activities of Masseter and 
Temporal Muscles, Before and After the Use of Palatal Device in 

Individuals with Temporomandibular Dysfunction 
AMORIM,C.F.;AMORIM,L.J.;CAMPOS,A.O.; FREITAS, T.H.; MACAU,H.N.; 

OLIVEIRA.L.V.F.; PACHECO, M.T.T.; ZÂNGARO,R.A. 

Introduction: Electromyography (EMG) has been widely used as a method to help in the diagnosis of 
temporomandibular disfunctions (TMD) and to evaluate the functional behavior of mastication muscles at idle state 
and during jobs' execution, as mastication or tightening in some levels. The literature review shows the existence of 
a correlation between the electromyographic activity of anterior masseter and temporal muscles and the occlusion 
in patients with TMD. This study's objective was to evaluate the changes in electromyographic activity of anterior 
masseter and temporal muscles, before and after seven days of utilization of a modified Hawley device, linking 
these alterations with TMD's signs and symptoms and this way to verify the clinical effectiveness of this device.  

Methods: Twenty female patients, 25 + 5 years old, showing spontaneous pain in the region of mastication muscles 
or in temporomandibular articulation(TMA). Modified Hawley device: A palatal device made with acrylic resin, 
with circular holders adapted to the last teeth present in the superior arc and a vestibular front in the lip's portion of 
the anterior teeth with an anterior platform, for the contact in centric relationship with the antero-inferior teeth. 
Patient's electromyographic measurements  were made at rest and at maximum voluntary contraction. Signals were 
acquired by an electromyographic system  composed of bipolar surface electrodes with 20 times pre-amplification, 
amplifier with 1000 times gain, 20 to 1000 Hz band pass filters, commom mode rejection of 120 dB, 12 bits A/D 
converter and 2000 Hz sampling frequency. The electrodes were bilaterally placed over the anterior masseter and 
temporal muscles. All applicable recommendations from the International Society of Electrophysiology and 
Kinesiology (ISEK) regarding electromyography's applications were followed in all EMG signal's procedures. 
Signal handling consisted of full wave rectification, linear envelope through 4th order Butterworth filter, with 5 Hz 
frequency of cut, normalized in time base and amplitude, this one through average value. EMG signal's intensity 
variability was calculated through the variability coefficient ( VC ). The comparison between the EMG signals from 
the various muscles was made with the t-test , with significance level of 0.05.  

Results: The electromyographic signals before and after the seven day period showed a tendency for increase in the 
muscular activity, at rest as well as at maximum contraction, without statistically significant differences. Clinical 
evaluation showed an improvement in the patients' symptoms after the palatal device's use.  

Conclusion: The above results suggest that the palatal device's use can bring improvements for patients with 
temporomandibular dysfunction, being necessary to increase the number of observations and follow up time in each 
case. 

References: Angle, E. H. Classification of malocclusion. Dent. Cosmos, Philadelphia, v. 41, n. 3, p. 248-264, 1999. 

Baril, C.; Moyers, R. E. An electromyography analysis of the temporalis muscles and certain facial muscles in 
thumb and finger sucking patients. J. Dent. Res., Washington, v. 39, n. 3, p. 536-553, 1960. 

Basmajian, J. V. Muscles alive: their function revealed by electromyography.  3. ed. Baltimore :  Williams & 
Wilkins, 1974. 469 p. 
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474 - Orofacial Contraction Does Not Affect Neck Muscle Activity In A 
Clinical Test 

C.D.  Skaggs1, J.R. Gray2, S.M. McGill3, Ph.D., 
1) Logan University, College of Chiropractic, Chesterfield, MO, USA, 2) Department of 
Kinesiology, University of Waterloo, Waterloo, Canada, 3) Department of Kinesiology, 

University of Waterloo, Waterloo, Canada 

Introduction: Contraction of the orofacial muscles is often instructed to enhance clinical exercise for 
temporomandibular joint pain, yet evidence to support such a practice is very limited.  The purpose of this study 
was to determine the effect of orofacial muscle contraction on neck muscle activity during an endurance and 
reaction test for the head and neck. 

Methods: Five women and one man (age = 29.6yr., S.D. = 7.8; height = 1.74m, S.D. = 0.04; mass = 60.2kg, S.D. = 
6.84) were recruited from the university population.  All subjects were healthy with no history of 
temporomandibular joint pathology.  Subjects laid supine and held their heads isometrically in anatomic neutral 
slightly off of the support surface while SEMG of the suprahyoid (digastric), masseter, sternocleidomastoid (sternal 
head), suboccipital, and upper trapezius muscles was measured.  Three conditions were randomly assigned: no 
orofacial activity (NO), light orofacial activity which involved placing the tongue on the roof of the mouth, keeping 
teeth apart, and lips together (LO), and forceful orofacial activity which involved pressing the tongue into the roof 
of the mouth, keeping teeth apart, and pursing the lips (FO).  Three trials, each of 15s, were collected for each 
condition.  EMG was A/D converted at 12 bit resolution at 1024Hz.  Signals were full wave rectified and low pass 
filtered (single pass Butterworth) at 2.5 Hz, and then normalized to maximum activity recorded from isometric 
MVC trials taken in the test position.  Differences in average normalized activity (nEMG) between conditions for 
each muscle was assessed using a one-way ANOVA with Bonferroni correction (α = 0.01).   

Results: Level of orofacial activity did not have a significant effect on average muscle activity in the test position 
(F= 0.0076 to 0.4823, Fcrit= 6.359).  On observation of the results graphically,  many subjects exhibited significant 
left-right differences in EMG activity, especially for digastrics (mean = 24.4% nEMG; SD = 21.1) and 
sternocleidomastoid muscles (mean = 11.3% nEMG; SD = 10.9).  The absolute differences in nEMG between left 
and right muscles for each trial were then analyzed to determine if any asymmetries changed with contraction of the 
orofacial musculature.  A one-way ANOVA with Bonferroni correction (α = 0.01) did not reveal any differences in 
asymmetrical muscle activity present in each condition (F=0.0005 to 0.3967, Fcrit = 6.359). 

Discussion: We found that contraction of the orofacial muscles does not alter neck muscle activity, at least  in this 
clinical test. The digastric muscles had the highest level of contraction for an endurance and reaction test for the 
neck. This may highlight the digastric muscle as a potentially important muscle for clinical consideration in neck 
problems. Additional research on specific training for the orofacial muscles should be investigated.  

498 - Evaluation Of Masticatory Muscles In Deaf Subjects During 
Mastication 

Oliveira, AS1; Chaves TC2, Regalo SCH3; Vitti M3, Bevilaqua Grossi D1; Teixeira VR4 
1) Professor on Department of Biomechanics, Medicine and Rehabilitation of Locomotor 
Apparatus, Faculty of Medicine of Ribeirão Preto at the São Paulo University (USP), SP-
Brazil; 2) Postgraduate on Department of Biomechanics, Medicine and Rehabilitation of 
Locomotor Apparatus, Faculty of Medicine of Ribeirão Preto at the São Paulo University 

(USP), SP-Brazil; 3) Professor on Departament of Morphology, Sthomalogy and 
Physiology from Faculty of Odontology at the São Paulo University (USP), SP-Brazil; 

4)College student from Faculty of Odontology of Ribeirão Preto at São Paulo University  
(USP), SP - Brazil 

Introduction: In deaf subjects inadequate use of the masticatory muscles during phonation could lead to alterations 
in electromyographic (EMG) activity of those muscles however they were not found studies that have been verified 
such possible alterations. The purpose of this work was to evaluate the EMG activity and the variability of EMG 
sign of the right and left temporalis muscle (RT and LT) and right and left masseter muscle (RM and LM) during 
mastication activity in deaf subjects compared to a non-deaf control group.  

Methods: Participated in this study 32 subjects, 16 deaf (DG) and 16 controls (CG) pared according to age (DG: 
18,87 ± 7,2 years and GC: 20,94 ± 8,7 years), sex (5 men and 11 women), height (DG: 1,57 ± 0,09m and CG: 1,62 
± 0,1 m) and weigh (DG: 51,47 ± 9,4Kg and CG: 57,41 ± 11,2 Kg). The deaf subjects considered were not mute 
and adept to LIBRAS (Brazilian Language of Signs). EMG activity of RT, LT, RM, LM was evaluated during two 
situations: non-habitual bilateral chewing (NHBC) and during maximum dental clenching (MIVC) using 
differential electrodes (silver bars 10mm apart, 10mm long, 2mm wide, 20x gain, input impedance 10GΩ and 
130dB CMRR). The EMG signal was analogically amplified with gain of 200x, filtered and sampled by 12 bits A/D 
convert board with a 2KHz frequency. The volunteers performed two masticatory registrations during 5 seconds at 
1Hz of masticatory frequency, considering a resting period of 2 minutes between each cycle and 2 seconds of 
MIVC. In total time of registration 3 cycles were considered (windows of 250ms) initial, medium and final for 
analysis of Root Mean Square (RMS) and Median Frequency (MF) variability of EMG sign inter and intragroups. 
In the same way, medium values of RMS and MF among three windows of masticatory cycles were normalized by 
the values of MIVC and considered for statistical analysis. This study was approved by the Committee of Ethics in 
research from Faculty of Odontology of Ribeirão Preto-USP.  
Results: Comparing the medium values among the three windows of masticatory cycles from two collected registrations it 
was not observed differences for RMS and MF normalized values in DG and CG (Friedman ANOVA, p≤0.05). Significant 
differences in RMS and MF mean values among three cycles in two registrations were not observed (t-test, p≤0.05), however 
larger variability was observed for RMS mean values in DG (F- test, p≤0.05) for LM (p=0.002), RM (p=0.002), RT (p=0.003) 
and for MF mean values of RM (p=0.005). In intergroup comparisons of  normalized mean values of RMS and MF from each 
window of masticatory cycle, it was observed that RMS values of LM during initial phase of masticatory cycle showed 
significant reduced in DG in relation to CG (test-t, p=2.15275-E), and also MF values of LT during initial cycle (p=0.04) and 
MF values of RT during initial and medium cycles (p=0.008) according to t-test.  

Conclusions: Analysis of the data demonstrated there were not differences in EMG activity of the masticatory muscles when 
considering the cycles along a registration period, however, the variability between groups of RMS and MF values showed 
larger in the deaf than in control subjects, mainly for masseter muscle, suggesting that intergroup differences should take in 
account intragroup variability of EMG sign. Intergroup comparisons of the windows of each masticatory cycle it could be 
verified differences in RMS and MF values during initial and medium cycles of registrations suggesting differences in EMG 
activity that could be inconsiderate when an analysis of mean values of masticatory cycles were considered during a 
registration period. The results suggest possible alterations in deaf masticatory muscles when compared to non-deaf controls. 
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