








showed an increase whereas the non-fatigued side showed a decrease in the RMS of the EMG signal.
The MF of the fatigued side showed a decrease before and after the exercise whereas there was no
change for the non-fatigued side. Subjects also displayed a 15-20% decrease in MVC both
immediately after the fatigue exercise which persisted on day three after the exercise. Previous
studies have found that this force loss is closely related to the degree of injury present in the muscle
(e.g. Faulkner et al. 1993). On day three after the exercise most subjects displayed highly localized
pain on the right L2 to L5 level with reddening and edema indicating an inflammatory reaction in
the muscle. There appeared to be a gradual increase in the MF of the non-fatigued side on the day
three and seven. It was concluded that induced muscle soreness may be a good model to study
effects of muscular pain on the interaction between synergistic muscles of the lumbar back.

J

Figure 1. Mean RMS and MF for one subject over the four different test occasions.
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SMU Directed Neuromuscular Retraining of Chronic Low Back Pain
S. Donaldson, G. Sella, D. Corey

Myosymmetries and Health Recovery Group, Calgary, Alberta, Canada, and
Ohio Valley Disability Institute, Martins Ferry, OH, USA

Introduction
Through biofeedback procedures muscle activity may be either increased or
decreased depending upon the desired goal. The rationale for the use of these
procedures came from research studies involving the Single Motor Unit (SMU)
with the pioneering works by Basmajian ( 1963, 1967, 1972, 1979) and others
(Carlsoo & Edfeldt, 1963; Harrison & Mortensen, 1962; Scully  & Basmajian,
1969; Simard & Basmajian, 1966) confirming the efficacy of SMU training in
motor control. Johnson (1976) examined several aspects of this training and
concluded that: a) on-off control, b) rhythm control and c) SMU isolation control
(maintenance of the picket fence pattern) were the best predictors of success.
Despite this success there has been no application of these training protocols to
muscle interactions or muscular based chronic low back pain.
Price et al (1948) suggested that chronic low back pain was due to biomechanical
factors operating upon the vertebral bodies. Several authors (i.e. Janda, 1978;
Wolf & Basmajian, 1978) have agreed with Price suggesting that an imbalance of
muscle activity during standing and when moving produces a biomechanical
imbalance of the vertebral bodies leading to activation of the pain receptors.
Surface electromyography (SEMG) techniques allow for the examination of the
electrical activity of the muscles. Donaldson & Donaldson (1990) suggested, that
within certain limits, muscle activity on one side of the body may be compared to
that of the other side establishing which muscle is increased or conversely
decreased in activity while performing movements, thus allowing for the
assessment of biomechanical imbalances. The concept of imbalances has been
replicated by numerous authors including Sella (1993a,  1993b) and Cassisi
(1993).
Psychology has traditionally focused on the higher side reading using relaxation
training techniques to reduce this activity. However longitudinal studies have
indicated that these techniques lose their efficacy over time (usually due to
diminished practice) (Nigel & Fischer-Williams, 1980).

300



The question posed is “can muscle imbalances be corrected by uptraining
those muscles which show decreased activity using SMU techniques, and if
they can what is the effect upon chronic low back pain?“.
Methods
Thirty six medically screened subjects (average age of 38 years) suffering from
chronic low back (T12 - Sl) pain (average duration of pain 7.8 years) were
randomly assigned to 1 of 3 treatment programs; a) biofeedback, b) relaxation
training, c) education program. The biofeedback program consisted of increasing
the electrical activity of the lower side using SMU protocols (holding an
isometric contraction for 10 seconds, relaxing the muscle for 50 seconds -
producing a picket fence pattern). The relaxation group received a form of
Jacobson’s relaxation training, while the education group received education on
balancing muscle activity in the back. All subjects were treated 10 times.
Blinded assessments were conducted pre and post treatment and 90 days post
treatment. Two measures of pain (McGill Pain Questionnaire and a VAS), 2
psychological tests (MMPI, behavior checklist), a postural evaluation, and SEMG
readings in 4 positions (lying, sitting, standing and movement) were completed at
each assessment. Daily recordings of pain and change in levels of pain were
conducted using VAS techniques. Telephone contact was established with the
subjects 4 years after the study to determine the long terms effects.
Results
The results showed the muscle imbalance was quickly corrected (within 3
sessions) for the biofeedback group. This corresponded to a significant decrease
in pain for this group which was maintained in the 4 year follow up. The
relaxation group did not show significant changes, while the education group
showed changes after 90 days which were partially maintained 4 years later.
Discussion
The rapidity of the improvement and changes in the muscle imbalance suggest a
neural involvement in the changes although alterations of joint positions could
not be ruled out. Possible neural mechanisms are proposed. The use of SMU
training principles appears to be a useful method for directing neuromuscular
retraining and correcting muscle imbalances associated with chronic low back
pain. Limitations of the study conclude the paper.
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Development of EMG Parameters for Identifying Temporal Excitation
Patterns of the Trunk Muscles in Low-Back Pain Patients

J.-Y. Kim, M. Parnianpour, W.S. Marras
Hanyang  University, Ansan, Korea, and The Ohio State University, Ohio, USA

INTRODUCTION
EMG signal has been used to represent a different activation pattern of injured muscle during ballistic

or controlled trunk movement (Ahern et al, 1989; Pacquet et al, 1994; Roy et al, 1995). Studies have shown
that EMG signal from the back of LBP patients with neurologic problems resulted in a phasic  abnormality
(Knutsson and Richards, 1979; Woltering et al, 1979). On the other hand, the EMG pattern between
flexors and extensors of the back and hip muscle in healthy subjects showed a good reciprocal excitation
pattern (Oddson  and Thorstensson, 1987). These studies collectively demonstrated that there could be a
different temporal pattern of EMG signals between LBP patients and healthy subjects. Yet, no quantitative
technique has been developed for measuring such temporal excitation patterns of the trunk muscles.

METHOD
Subjects:  Ten healthy subjects (five male, five female) with no history of low-back disorders and ten patients
(six male, four female) with on-going LBP were recruited. In order to minimize the variability due to age, 18
to 50 years old male and 18 to 40 years old female were recruited (Marras et al, 1995). The average weight
and height are 67.4 kg and 169 cm for healthy subjects, and 79.1 kg and 171 cm for patients respectively.
Apparatus: Lumbar motion monitor (LMM) was used to record the flexion/extension  motion of the trunk and
hip. Noraxon 2000 EMG system with surface electrode was used to collect the EMG signals from eight
different muscles: erector Spinae (ES) at L5 level, rectus abdominis (RA), external oblique (EO), internal
oblique (IO), rectus femoris (quadriceps:QUD), biceps femoris (hamstringsHAM), tibialis anterior (TA), and
gastrocnemius (GAS) on the right side only.
Experirnental design: A ‘group’ including healthy subjects and LBP patients was used as an independent
variable. The temporal differences of peak EMG between flexors and extensors at the back (RA-ES), hip
(QUD-HAM), and the knee (TA-GAS) were used as dependent variables. Also, the duration of coexcitation
between flexors and extensors such as RA-ES, QUD-HAM, TA-GAS, EO-IO was used as dependent
variables. Graphical definition of dependent variables are shown in Figure 1.
Procedure: EMG surface electrodes were applied to the eight muscle sites. LMM was fitted with subjects and
a brief instruction was given to perform a free dynamic flexion/extension motion for ten seconds.
Normalization: A normalization of EMG was performed based upon a maximum filtered IEMG value in each
muscle within individual subject. Thus, no additional MVC value was measured. This normalization
technique was able to reduce inter-subject variability of the EMG signal.

Average IEMG profile of RA and ES
after processing

Figure 1. Average EMG profile of flexor and extensor muscles during a single cycle

Definition of active muscle: Active stage of muscle was defined as the duration when the amplitude of
IEMG was 30 percent and above in a normalized scale. In fact, the separation between healthy subjects and
LBP patients could be observed between 10 and 40 percent of threshold value in this study.

302



RESULTS

Table 1. ANOVA table

*significant at p<O. 1, **significant at p<O.05, ***significant at p<O.01

Peak timing differences of the hip flexor-extensor pairs of muscle and the duration of coexcitation of
trunk muscle pairs showed a significant difference between healthy subjects and LBP patients. This showed
that the parameterized EMG variables in this study were very effective in identifying LBP patients from
healthy subjects.

DISCUSSION
The peak timing difference of hip flexor/extensor muscle was found to be the most effective

parameter in identifying LBP patients in this study. It was interesting to see the significant change of hip
muscle activity pattern compared to the back muscle activity pattern. It could be said that LBP and the hip
dynamics have a notable causal relationship even though the exact neural mechanism was not yet identified.
Also, LBP patients showed a longer coexcitation pattern of the back muscle during the bending movement.
This could be related to hesitation or slowing down of bending motion, that resulted in a simultaneous
activation of flexor and extensor muscles. This phenomenon also explained the absence of relaxation
pattern during trunk flexion motion observed by Pacquet  et al (1994) and Ahern et al (1990). Regarding
inter-subject variability, it was the main obstacle in increasing the accuracy of diagnosis in this study.
Therefore, additional efforts should be made in advancing the test protocol or data processing technique to
minimize the variability in the future.
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Effects of 4-aminopyridine on Motor Evoked Potentials and
EMG Interference Patterns in Spinal Cord Injured Patients

KC. Hayes, J. Oiao, J.T.C. Hsieh, D.L. Wolfe, P.J. Potter, G.A. Delaney
University Western Ontario, and Parkwood Hospital, London, Ontario, Canada

INTRODUCTION
4-aminopyridine (4-AP) is a K+ channel blocking drug that has been shown capable of reversing

conduction block due to demyelination in axons of the central nervous system. 4-AP is now
undergoing clinical trials for its therapeutic efficacy in multiple sclerosis and spinal cord injury
(scI).‘,2,3,4

The present open label study tested the hypothesis that 4-AP enhances maximal voluntary EMG
interference patterns in paretic muscles of patients with chronic incomplete SCI. Central motor
conduction deficits were also examined and those results have been reported elsewhere.3

METHODS
Subjects

Twenty (n=20) patients with stable SCI participated as experimental subjects and 13
able-bodied adults served as controls for the determination of normal height-adjusted
conduction time values.

Sex

Table 1. Clinical Characteristics of SCI Subjects

Lesion Level Frankel

healthy
cen tral

M F Age(yrs) C5 C6 C7 T7 T8 T12 A B C D Years since
iniurv

14 6 37k10.9 5 7 4 1 1 2 4 1 6 9 65(1-28yrs)

Protocol
SCI subjects were administered 10 mg oral 4-AP (gelatin capsule with lactose). Their maximal

voluntary EMG interference patterns were assessed prior to the drug administration and at 2 hours
and 4 hours post drug. Some subjects were further examined at 24 hours.
Maximal Voluntarv EMG

Maximal voluntary EMG interference patterns were recorded bilaterally from Tibialis Anterior
(TA), Lateral Gastrocnemius (LG) and Extensor Digitorum Brevis (EDB) muscles. Contractions
were initiated following the appearance of a green light, sustained for 3 secs where possible, and
terminated after a red light. The myoelectric signals were full wave rectified and the average EMG
(AEMG = j | EMG | dt/T) calculated using 2 different methods (a) visual detection of onset and offset
(b) integration over a fixed time interval.

RESULTS
Ten mg 4-AP caused significant (p< .05) increases in the amplitude of lower limb MEPs, and

significant decreases in CMCT, MEP,,,, cortical stimulation threshold. 3
Voluntary EMG patterns were recordable from 12/20 subjects with incomplete SCI. The effects

of 4-AP on LG AEMG are illustrated in Fig. 1 and the results obtained from all muscles are
summarized in Table 2. All 12 subjects exhibited increased AEMG (Sign test:p< .05) and this was
evident in the mean values of all 6 muscles examined. The same results were obtained independent
of the method of analysis.
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Left Lateral Gastrocnemius Right Lateral Gastrognemius

light on light off light on hght  off

Pre-drug 0.8 mV 2mV

Fig. 1 Effects of 4-AP on maximal voluntary EMG

Table 2. Effects of 4-AP on MVC Average EMG Interference Patterns

Muscles n Pre-drug Post-2 hrs Post-4 hrs

Left Tibialis Anterior 8 0.11 [O.ll] 0.14 [O. 161 0.13 [O. 1 5 ]

Right Tibialis Anterior 9 0.12 [0.07] 0.14 [0.08] 0.12 [0.07]

Left Lateral Gastrocnemius 8 0.06 [0.03] 0.07 [0.03] 0.07 [0.04]

Right Lateral Gastrocnemius 7 0.07 [0.04] 0.10 [0.02] 0.09 [0.02]

[ ] Standard Deviation units = mV
CONCLUSIONS

This study demonstrated that 4-AP enhances central motor conduction in SCI patients and this
is associated with increased voluntary EMG activity. These observations assist in understanding the
physiological basis for the reported therapeutic effects of 4-AP. The K+ channel blocking action
of the drug most likely leads to enhanced conduction through demyelinated internodes, enhanced
neural transmission, and may cause an increase in extracellular K+ in the motor cortex leading to
heightened excitability of pyramidal tract neurons.
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Surface Electromyography: An Early Indicator of Recovery After
Facial Reanimation Surgery

J.S. Brach, J.M. Van Swearingen, E.K. Manders
University of Pittsburgh, Pittsburgh, PA, and

University of Pittsburgh Medical Center, Pittsburgh, PA, USA

INTRODUCTION: Facial nerve grafting and free muscle transplantation (reanimation surgeries) are
acceptable methods for dealing with the often devastating condition of facial paralysis. Recovery after
reanimation surgery is a prolonged process. Patients are always looking for some sign of recovery and
are at times frustrated by the long waiting period. Several studies have reported the outcomes of facial
nerve grafting.lm3 The outcome measures have typically been designated as poor, fair, good or excellent
and in a few cases a categorical scale, the House-Brackmann rating of facial nerve disorders, has been
used.*-’ Less common are studies tracing the recovery process using needle EMG.3 Surface
electromyography (SEMG) is a noninvasive technique which can be used to monitor changes in muscle
activity. The process of recovery can be described in terms of changes in facial impairment, but also in
terms of the patients experience (facial disability). We define the recovery after facial reanimation
surgery, using specific clinical measures of facial impairment and an index of psychosocial disability
related to facial nerve disorders. The purpose of this study is to describe the natural process of
recovery after facial reanimation surgery using an observer based rating scale of facial movement and
posture, surface electromyography (SEMG) recordings of facial muscle activity and self report of
psychosocial disability.
METHODS: Eight adult outpatients who underwent a facial reanimation surgery to address unilateral
facial paralysis were studied (mean age = 50.6 SD=15.4). The most common cause of facial paralysis
was tumors of the cervicofacial region (n= 4) followed by acoustic neuroma surgery (n=3) and Bell’s
palsy (n=l). The duration of paralysis prior to reanimation surgery ranged from 0 to 96 months (mean
duration = 16.4 months SD=32.7). The facial reanimation surgeries included: primary facial nerve
grafting (n=4), hypoglossal nerve to facial nerve anastomosis (XII-VII anastomosis) (n=l), and cross
facial nerve grafting and XII-VII anastomosis (n=3). One of the patients with cross facial nerve
grafting and XII-VII anastomosis also had a free muscle transfer. All subjects were referred for
physical therapy evaluation at the Facial Nerve Center after their surgical procedure. Patients were
evaluated using the Facial Grading System (FGS), an observer based scale of resting posture, voluntary
movement and synkinesis, SEMG bipolar recordings of facial muscle activity and self-report of
psychosocial function, the Facial Disability Index social well-being subscale (FDI social). Surface
EMG recordings were primarily collected from the zygomaticus muscle group during smile. Surface
EMG quantification of muscle activity using the NeuroEducator II (Therapeutic Alliances, Inc,
Fairborn, OH) involves full wave rectification, real time processing and a 100 msec time constant of
integration. Pregelled Ag-AgCl electrodes, 1 cm in diameter, were used to record from the muscles.
Standardized electrode placement was used for all of the measurements. Evaluations were conducted
at regular follow-up visits over at least a 12 month time period. Descriptive statistics were calculated
to describe the interval of time from surgery to change in selected outcome measures, FGS rating of
movement in smile, SEMG muscle activity of the zygomaticus muscle group and the FDI social. Rank
order of the initial recovery of the outcome measures was determined for each patient.
RESULTS: The first indicator of recovery of facial muscle function was the SEMG activity recorded
from the zygomaticus muscle group during smile (n=5, Table). Improvement in SEMG of zygomaticus
muscle activity occurred on average at 5.2 months (SD=4.2).  Changes in muscle activity proceeded the
changes in observable voluntary smile as determined by the FGS movement ratings, by an average of

306



two months. With a few exceptions, resting facial posture as measured by the FGS resting posture
subscale, was the last measure to demonstrate change. The data for the FDI social was limited, but for
subjects who reported social disability the score was one of the earlier measures to change (Table).
The group mean for time until change (months) for each of the measures indicated the following order
of recovery: zygomaticus muscle activity with smile, observer based rating of smile, social disability
and resting posture (Table).
Table Rank Order of the Onset of Recovery in Outcome Measures

Subject Zygomaticus FGS Movement FGS Rating of FDI Social;
Muscle Activity, Rating for Smile; Resting Posture;

SEMG; n=8 n=8 n=8 n=4

1 1 2 3

2 1 2 3 1

3 1 2 2 2

4 1 3 3 2

5 1 2 1

6 2 1 3

7 1 1 1 2

8 2* 2 1

Mean (SD) 5.2 (4.20) 7.4 (4.10) 9.0 (3.82) 3 (7.41)
* Change in muscle activity for levator labii muscle group proceeded all measures.
DISCUSSION: For the patients studied, SEMG recordings of facial muscle activity were an early
indicator of recovery following facial reanimation surgery. The time frame of change in muscle
activity as recorded by SEMG appears similar to that identified by needle EMG.3 Changes in the
zygomaticus muscle group activity usually occurred prior to observable facial movement in smile. The
changes in muscle activity provided the patient with an early sign of their facial nerve and muscle
function well before observable signs of facial motion. The early information may be an encouraging
factor for the patient during what is often, long and psychologically demanding recovery process.
Interestingly, for the patients in which we had completed self-report measures of social disability,
changes in social-well being either occurred with the changes in muscle activity or as the next indicator
of change.
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The Dynamic Response to Unloading in the Hemiplegic Arm is Related to
Functional Impairment
M.F. Levin, C.M. Cirstea

University of Montreal, Montreal, Quebec, Canada

INTRODUCTION
Deficits in the control or coordination of movement following central nervous system injury or disease
may result from altered descending commands and segmental reflex mechanisms. At the segmental
level, magnitudes of H- and stretch reflex responses are significantly increased and vibratory inhibition
of the H reflex is depressed in spasticity (Ashby and Verrier 1976; Levin and Hui-Chan 1992) While
muscle stretch allows us to study the effects of excitation of muscle afferents, unloading of a tonically
active muscle (the unloading reflex), examines the response to deactivation of these afferents. When a
steadily activated muscle is suddenly unloaded, the arm moves to a new position at which the residual
load is balanced. The normal phasic reaction is a silent period, followed by a large burst or rebound of
activity in the same muscle (Angel 1973). The phasic responses are followed by a decreased level of
tonic EMG related to the magnitude of the residual load (Feldman 1986). At the same time, due to the
lengthening of the antagonist muscles during unloading, a stretch reflex response is evoked in these
muscles. It has been hypothesized that the silent period results from the cessation of the excitatory
drive from Ia spindle afferents resulting in a reduction of muscle action potentials when the muscle is
suddenly shortened (Struppler et al 1973; Burke et al. 1978). Mechanisms to explain the termination of
the silent period are less clear. In spastic hemiplegic subjects, the latency of the unloading response is
reportedly normal but the response is prolonged and the rebound or after-volley is markedly reduced
in amplitude compared to normal (Angel 1973). The goal of this study was to investigate the response
to sudden partial and complete unloading in the arms of spastic hemiparetic subjects in order to gain
further insight into how segmental mechanisms may contribute to motor deficits in these subjects.

METHODS
Unloading reflexes in the elbow flexor muscles were evoked by the sudden removal of a constant load
from the pre-activated flexors in 6 healthy and 10 hemiparetic subjects. The initial load (20-30%  MVC)
was decreased in a step-like manner resulting in residual loads varying from trial to trial (10 trials for
each of S-6 levels of the residual load).The procedure was repeated from two starting positions of the
elbow (130’ and 100'; i.e. when initial muscle length was changed). EMG activity from two elbow
flexors (biceps and brachioradialis) and two elbow extensors (long head of triceps brachii and
anconeus), as well as torque, velocity and joint position were recorded. In each session, the level of
clinical spasticity and residual motor function in the affected limb of the hemiparetic subjects was also
evaluated. The latency of the silent period in biceps or brachioradialis EMG activity was calculated as
the time between the beginning of the unloading (as seen from the torque trace) to the beginning of the
EMG decline. The offset of the silent period was defined as the time at which the EMG signal
surpassed and was sustained at more than two standard deviations (SD) of the baseline activity.

RESULTS
The latency of the SP did not vary with initial muscle length and was not significantly diierent in the
two subject groups (27.8 f 5.2 ms in healthy compared to 32.8 f 5.3 ms in stroke subjects for
unloading performed from the initial arm position of 100’).  However, the SP was significantly
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prolonged and the after-volley was decreased in magnitude in stroke compared to healthy subjects. For
all levels of unloading, the overall SP duration was 148.3 f 75.6 rns in stroke compared to 57.5 f 16.4
ms in healthy subjects. Neither the initial muscle length nor the amount of partial unloading had an
effect on the duration of the SP in healthy subjects. However, SP duration increased from 68.5 f 23.4
ms to 212.5 f 57.8 rns with increasing amounts of unloading (from 100” ) in stroke subjects. This
effect was most apparent in patients with moderate to severe motor symptoms. There were no
significant differences between the SP durations measured from the two initial muscle lengths whereas
the correlation between the amount of unloading and duration of the SP was present at both initial
muscle lengths. The peak velocities of unloading varied with the amount of unloading in both subject
groups. It ranged from 43.4 to 259.8 deg/s in the healthy subjects and from 32.5 to 153.8 deg/s in the
hemiparetic subjects for decreases in load ranging from 2 to 12 Nm. The differences in velocity of
unloading were significant between the subject groups only for decreases in load of 2 and 6 Nm. A
subgroup of 4 stroke subjects was identified in whom SP durations, although prolonged, did not vary
with the amount of unloading. These subjects had almost full functional recovery of the upper limb as
measured by the Fugl-Meyer Upper Limb Motor Assessment Scale (62-66 / 66). In the remaining
subjects, there was a significant correlation between the duration but not the onset of the silent period
and level of clinical spasticity.

DISCUSSION
Silent periods were prolonged in stroke compared to healthy subjects despite the lower peak velocities
of unloading in stroke subjects. In hemiparetic but not healthy subjects, the duration of the SP varied
with the velocity of shortening. In hemiparetic subjects, higher velocities and magnitudes of unloading
resulted in longer silent periods. One explanation for the abnormal prolongation of the SP may be an
increased dynamic sensitivity of the stretch reflex. Our data also suggests that the process of motor
recovery following stroke may be associated with a decrease in dynamic stretch reflex
hyperexcitability.
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Factors Affecting the Contribution From the Lower Limbs During Seated
Reaching Tasks in Healthy and Stroke Subjects

C.M. Dean, R. Shepherd, R. Adams
The University of Sydney, NSW, Australia

INTRODUCTION The purpose of this series of studies was to develop and test the efficacy
of a task-related training program aimed at reducing the disability associated with poor
sitting balance following stroke. Three studies were undertaken, the first two sought to
determine the biomechanical characteristics of performance of seated reaching tasks in
healthy subjects. The findings from these studies were integrated with existing knowledge
to develop a 2 week intensive training program designed to improve sitting balance and
maximum distance reached following stroke. Efficacy of this program was tested in the
third study using a randomised placebo-controlled design.
METHODS In the first two studies, hand movement time, vertical ground reaction force
(VGRF) through the feet and activity in leg muscles were recorded as healthy subjects
performed self-paced reaching tasks under varied conditions. In the first study, three
reaching distances (60%, lOO%, 140% arm’s length) and two tasks (reaching to grasp a
glass, and reaching to press a switch) were examined. In the second study, three reach
directions (ipsilateral: 45 deg to the right, forward and across: 45 deg to the left) and three
thigh support conditions (25 %, 55 %, 85 % thigh length) were examined as subjects
reached over a standardised distance (140% arm’s length). Planned comparison ANOVAs
were used to analyse force and hand movement time data.

In the third study, twenty subjects at least one year after stroke were randomly assigned to
an experimental or control group. Both groups participated in standardised training
programs for two weeks. The experimental group had training designed to improve their
sitting balance which involved emphasis on loading the affected leg while practising
reaching beyond arm’s length. The control group had sham training. In pre and post-tests,
sitting balance was measured by examining the hand movement time, VGRF through each
foot and EMG activity in VL, SOL,TA bilaterally as subjects reached with the unaffected
hand to pick up and drink water from a glass under the same three reach direction
conditions used in Study 2. In addition, the maximum distance reached in each direction
was measured. Change scores from pre to post test in peak vertical force through each foot,
hand movement time and reaching distance were analysed using T-tests. EMG data in all
studies were analysed descriptively.
RESULTS It was found that reaching beyond arm’s length required not only coordinated
motion of the trunk and arm segments but also active contribution of lower limbs to
support, balance and propel the body mass. Peak vertical ground reaction forces through
the feet increased as reaching distance increased (p<O.Ol).  There was no significant
differences due to task. Peak VGRF through each foot was significantly affected by reach
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direction (p<O.Ol),  with the maximum loading on the right foot arising from reaches to the
right, and the maximum loading on the left foot arising from right hand reaches across the
body. Peak vertical GRF was also significantly affected by the extent of thigh support
(p<O.Ol), with peak GRF increasing as the extent of thigh support decreased. In the first
study, at the short distance (60% arm length) none of the leg muscles monitored were
activated while at the long distance (140% arm length) at least one leg muscle was activated
in all trials. The muscles most commonly activated were tibialis anterior (TA) and soleus
(SOL). In the second study, all subjects activated TA, SOL and vastus lateralis (VL)
bilaterally in all trials in all conditions. In the third study, following training, experimental
subjects were able to reach faster and further, increase the load through the affected foot
and increase the number of trials in which affected leg muscles were activated compared
with the control group (p<0.01).
CONCLUSIONS The results provide strong evidence of the efficacy of task-related
training in improving the ability to balance in sitting after stroke. The challenge for stroke
rehabilitation is to take advantage of the potential for neural plasticity by providing
appropriate intervention to drive and shape the reorganisation in order to maximise
recovery. This research highlights the value of developing and testing scientifically based
rehabilitation procedures.
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Evaluation of Postural Muscle Responses in Spinal Cord Injured People
Using Different Chair Configurations

Y. Potten, H. Seelen, J. Drukker
Institute for Rehabilitation Research, Hoensbroek, and University of Maastricht, Maastricht,

The Netherlands

INTRODUCTION
A controllable sitting balance is very important for the optimal performance of activities of daily
living. This importance is reflected in the amount of therapy spent on training sitting balance in an
early stage of the rehabilitation process of people with a spinal cord injury (SCI). In SCI people
impairments of the sensorimotor system not only lead to a diminished balance control but also to a
poor task performance. Adaptations in seating may add to sitting stability and may thus improve
task performance in these people. In able-bodied subjects the effect of chair configuration on sitting
comfort, myoelectric back muscle activity, lumbar disc pressure and task performance has been
studied extensively, e.g. [ 1,4]. Little is known, however, about the relationship between sitting balance
and the ability to perform ADL or labour in people with a disability [2,3]. This is especially true in
people with a SCI who are confined to their wheelchair most of the day. Aim of this research is to
study balance control and task performance in different chair configurations in both SCI and non SCI
subjects.

METHODS
The study included ten people with a complete high thoracic SCI (T2-T8) and ten people with a
complete low thoracic SCI (T9-T12).  All subjects had finished their active rehabilitation process at
least six months before and had no secondary pathology. The SCI people were matched with a
group of ten able-bodied controls. The three groups were matched for sex, age, height, weight and
educational level. Sitting balance was systematically perturbed using a bimanual reaching task in
anterior direction, presented as a visual reaction time task. The forward displacement of the upper
limbs constituted a change in sitting balance which had to be accompanied by postural adjustments
affecting the rest of the body. Muscle activity was recorded bilaterally from the erector spinae (ES)
at level L3, T9 and T3, latissimus dorsi (LD), ascending part of the trapezius muscle (TPA), Serratus
anterior (SA), sternocostal head of the pectoralis major (PM) and the oblique abdominal muscles
(OA) by means of surface electromyography. Ag-AgCl electrodes with a contact surface of 1 cm’
were used. Preamplifiers were directly mounted on top of the disposable electrodes (CMRR > 110dB;
input impedance > 5OOMR; signal amplification 100; noise referred to input < 2 pV,,>. Inter-
electrode distance was 2.3 cm. An amplifier with a 3rd order Butterworth high pass filter (cut-off
frequency 20 Hz) was used. A sample rate of 500 Hz was used as spinal and other trunk muscles have
frequency components up to approximately 250 Hz. The skin was cleaned with alcohol and excess hair
was removed if applicable. The electrode arrangement was in the direction of the muscle fibres. A
ground electrode was placed in the anterior region of the lower leg. Sitting balance was monitored by
measuring the changes in the location of the centre of pressure (CP) using a AMTI force platform
mounted underneath a multi-adaptable chair. Five different chair configurations were used in this
study, viz.: A) 0” tilting and 10” reclining (standard chair), B) 7” tilting andl7” reclining, C) 12”
tilting and 22” reclining, D) 0” tilting and 22” reclining and E) a configuration similar to A but fitted
with a ROHO cushion instead of a standard foam cushion. Maximum CP displacements (CPmax)
and mean rectified EMG values were calculated per group and per reaching distance in a period of
submaximal balance perturbation.
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RESULTS
CPmax values for all chair configurations for ail groups are depicted in figure 1. The range in which
SCI people could move their CP during task execution was significantly smaller compared to able-
bodied subjects in all five chair configurations. The standard chair (A) was the only chair
configuration in which no significant difference in CP displacement was present between the high
and low SCI subjects. Those chair configurations that led to a significant difference in CPmax
compared to chair A, within one group, are marked with an *. EMG data revealed significant
Figure 1. CPmax values of the 90% reaching condition, differences in only a few cases when comparing
for all chair configurations, for all groups. the standard chair with the other four chair

high SCI low  SCI non SCI

i $___J$~  JIJ 1

configurations, within one group. High SCI
0 2 5 ’ subjects showed less activity of the LD in chair B

z / and less activity of the LD, ESL3 and OA in
chair C and D. Manipulation of the seat cushion
(chair E) did not lead to a difference in muscle
activity in this group. The low SCI subjects
showed a difference in muscle activity in chair D
and E. In chair D they revealed less activity of the

OA whereas in chair E they revealed more ESL3 and EST9 actvity. In the group of able-bodied
subjects significant less activity of the ESL3 was found in chair C but more activity of the SA. Chair
E led to more activity of the OA, SA and LD.

DISCUSSION
Although low SCI subjects showed a significant increase in CPmax when the chair was inclined
backwards 7” or 12” or when the backrest of the chair was reclined 22”, this did not lead to notable
differences in muscle activity, in the 90% reaching condition. In other words the extent to which
sitting balance could stably be maintained increased without a significant increase in muscle
activity. Similar conclusions can be drawn for the able-bodied subjects, except for the standard chair
fitted with the ROHO cushion. In the latter chair able-bodied subjects revealed more activity of the
OA, SA and LD. Most differences in muscle activity due to different chair configurations were
present in the high SCI group. Inclining the chair backwards 12” degrees or reclining the backrest of
the chair led to significant less activity of the ESL3, OA and LD. However, the range in which the
CP could activily be moved did not differ between the different chair configurations in this group.

1.

2.

3.

4.
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Neuromuscular Modifications Induced by Strength Training
M. Bernardi, F. Felici, M.F. Piacentini, F. Montellanico, S. Marino, M. Solomonow

Institute of Human Physiology University Lasapienza, Rome, Santa Lucia Rehabilitation
Hospital, Rome, Italy, and Louisiana State Medical Center, New Orleans, Louisiana, USA

INTRODUCTION
It is generally accepted that during the first 6 weeks of strength training there is no significant change
in muscle cross-sectional area although force increments are evident 3T4. Therefore, increments in
muscle strength must be mainly explained on the basis of a functional modification in the
motoneuronal activity. The purpose of the present research was to study this neuromuscular
adaptation. In particular, we wanted to evaluate the possible modifications of the motor unit (MU)
recruitment strategy induced by the strength training. To accomplish this purpose 6 sedentary
subjects performed a six week strength training protocol, working out 3 days per week. The subjects
underwent evaluation tests, before, during and after the training period. During each test
electromyogram (EMG), ability in increasing force from 0 to 100% maximal voluntary contraction
(MVC), and both isotonic and isometric strength improvement were recorded. The median
frequency (MF) of the power density spectrum (PDS) of the EMG was used as a tracking parameter
to describe MU recruitment lT2. I n  fact, it has been demonstrated that MF increases linearly with
orderly recruitment of the MUs and that the maximum MF is obtained when full recruitment is
achieved 5, Conversely, the MF is not significantly affected by increments in the MU firing rate, even
if additional force is obtained.
METHODS
Six healthy sedentary subjects (2 male and 4 female) with an average age of 28.5 + 5 years
volunteered to participate in this study. They performed five linearly increasing isometric
contractions (in a ramp fashion) from 0 to 100% maximal voluntary contraction (MVC) with the
dominant arm. The ramps had to last 3 seconds and were performed following a track displayed on a
computer screen. In order to quantify the subjects’ ability to track the ramp, the linearity was
estimated using the standard error of estimate (SEE) of the linear regression curve of the actual ramp
and the slope was estimated using the regression coefficients of the linear regression curve of the
current ramp compared to the ideal ramp. Surface myoelectric signals from the medial head of the
biceps brachii and the lateral head of the triceps brachii were detected with two sets of bipolar
silver/silver chloride electrodes. The MF, the frequency value that divides the PDS of the EMG into
two regions of equal power, was calculated by means of a standard Fast Fourier Transformation. At
the beginning of each test, the frequency content of the EMG signal was calculated averaging the
three MF values collected during the first 3 seconds of a preliminary trial of the MVC. For each
ramp, the force value at the highest MF (%MVC) was considered as full MU recruitment for the
biceps and as recruitment of all the needed MUs for the triceps. Each subjects’ typical full
recruitment was obtained averaging the result of the five ramps. After baseline measurements,
subjects performed a six week isotonic training protocol on a camm arm-curl machine (Technogym,
Top-XT). Subjects trained 3 days per week starting from an intensity of 70% of the maximal load
that they could lift only once (lRM), with a 5% weekly increment. Every two weeks subjects were
asked to repeat their 1RM in order to adjust their training workload. Every two weeks, at the end of
the second, fourth and sixth week of training, surface myolelectric  signals were collected as
previously. Of the 4 tests performed, we considered the baseline test and the test during which we
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measured the highest force increment in accordance with the MVC values obtained during each test.
All data were analyzed through paired student t tests (p<O.05).
RESULTS
After the training period. we noted that in 5 subjects the major isometric force increment was
achieved at the fourth week of training, and in the remaining subject the same increment was achieved
at the sixth week. On average, compared to the initial isometric force value, this increment was of
16% with a standard deviation of 5%. The isotonic force based on the measurement of the IRM
improved on average by 26.5% (+14%).  Four subjects obtained the highest improvement at the
fourth week of training and two subjects at the sixth week.
The analysis of the EMGs and of the ramp performance at the test before training (BTT) and at the
test with the highest strength improvement (HSIT) gave the following results. In the HSIT, fill MU
recruitment of the biceps was found at 6429% MVC. This percentage was significantly lower than
the value measured at the BTT (77_t6% MVC). In the triceps the full recruitment of the needed MUs
occurred on average at 67?8% MVC in the BTT and at 75+15%  MVC in the HSIT. This difference
was not significant. Training induced a statistically significant shit? towards higher frequencies in the
frequency domain representation of the EMG signal of the MVC measurement. The MF changed
from 81+12 Hz at the BTT to 99+13Hz at the HSIT. The SEE and the slope of the linear regression
curves of the actual ramps of the ramp showed that there was no statistical significant difference in
tracking ability with training, that is there was no learning effect in the way the subjects performed
the ramps.
DISCUSSION
The results of the present study demonstrate that the strength training performed was effective in
improving the isometric and isotonic force of each subject. The force increments observed after
training may be explained by a functional modification in the motoneuronal activity. In particular,
training would result in a facilitation of the recruitment of the large motor units. The earlier
recruitment of fast-twitch muscle fibers and therefore the earlier full MU recruitment would allow the
MUs to reach higher values of firing rate and to synchronize. Secondly, the frequency content of the
EMG also increased in four subjects. this could be explained either as the training induced ability to
recruit MUs, that were not previously recruited, or as a change in the biochemical characteristics of
the muscle fibers.
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Recovery of Shoulder-neck Muscles After Sustained Submaximal Effort
H. Ponnet, A.J. Spaepen, M. Wouters

Faculteit Lichamelijke Opvoeding en Kinesitherapie, Leuven, Belgium

INTRODUCTION
A muscle subjected to sustained exercise will be influenced by fatigue progressively until the
limit of endurance. The recovery of muscular effort after an endurance task depends strongly
on the preceding force production (amount of force, type of exercise: continuous or
intermittent, length of the cycle time, duty-cycle, etc . ..). In previous experiments, the recovery
of fairly high submaximal loads was investigated (e.g. Barnes and Williams 1987: 60% MVC,
Le Bozec and Rogier 1991: 50% MVC). However, many of todays occupational tasks are
characterised with very low efforts of neck and shoulder muscles. Therefore, the purpose of
the present study was to analyse muscular fatigue and recovery of neck and shoulder muscles
after submaximal static endurance tasks. Parameters extracted from the electromyographic
signal (EMG) represent objective information concerning the amplitude or frequency content of
the signal.

METHODS
Ten female subjects performed a sustained forward flexion of the right arm against a handle.
The task was performed at 20% MVC till endurance. After a 10 min ‘silent’ recovery period
(subjects remained seated, arms on the laps, no activity performance), the endurance task was
repeated. Maximal voluntary contractions were asked before and after the two endurance
tasks. EMG signals were obtained from the upper trapezius and anterior deltoid, RMS (root-
mean-square) values and MPF (mean power frequency) values were considered as amplitude
and frequency parameter respectively. The activity parameter (ACT, Spaepen et al. 1986) and
the ratio RMS/ACT were also calculated with the purpose of differentiating force from fatigue
changes (Hermans 1996).

RESULTS
Mean torque values of the four MVC’s (MVC1, MVC2, MVC3 and MVC4) were significant
different from each other (p < O.Ol), except between MVC2 and MVC3. Regarding the EMG
parameters, most significant differences were found for the deltoid between MVC1 and
MVC4.

.oo
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0

Figure I : Changes in EMG parameters (MPF, ACT and RMS) of MVC2, MVC3 and MVC4, relative to the values
of MVC1 for the trapezius (trap) and deltoideus (delt) muscle.
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In both endurance tasks, the increases in RMS and ACT and the decrease in MPF were
significant for both muscles (p > 0.01). Regression coefficients were not different between the
two tasks, except a larger trapezius ACT increase (p <0.05) and larger MPF decrease (not
significant) in the second test.

I
test1

t

I test2

delt

trap

delt

trap

MPF ACT RMS

-0.059** -0.017** 0.068**
(0.005) (0.006) (0.014)

-0.019** 0.056** 0.073**
(0.006) (0.005) (0.018)

-0.061** -0.014** 0.059**
(0.004) (0.005) (0.012)

-0.023** 0.073** 0.052**
(0.005) (0.006) (0.014)

Table 1. Mean slope constant. expressed in relative change per minute, for mean power frequency (MPF), activity
(ACT) and root mean square (RMS), after regression analysis of individual normalised values over the endurance
time. The results for deltoid (delt) and trapezius (trap) are given for both tests (testl, test2) and probability levels are
presented by **:P<0.01.

DISCUSSION
The difference in EMG recovery of trapezius and deltoid is due to the different muscle
function. Because of the relatively low stabilising  effort of the trapezius, it is not expected to
be affected to the same extent to fatigue as the deltoid, the prime mover of a forward flexion.
However, to delay the fatigue feeling, the deltoid transfers torque to other muscles: an
increased appeal on the trapezius is made. The small ACT decrease for the deltoid supports
this: subjects have difficulties in maintaining the initial force due to an increase of physiological
tremor (Garnet and Maton 1989). Because a 10 min recovery seems not to be enough to
completely relax the muscle (the initial values were not reachted), an increased appeal on the
trapezius is made during the second endurance task.
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Muscle Activity Patterns During Computer Mouse Work
C. Jensen, H. Christensen, L. Finsen, L. Birch

National Institute of Occupational Health, Copenhagen, Denmark

INTRODUCTION. High prevalences  of musculoskeletal symptoms among computer workers may
be associated with specific work tasks or ergonomic and psychosocial factors at the work place. In a
questionnaire survey involving 149 computer-aided design (CAD) operators musculoskeletal
symptoms in the shoulder and upper limb in the side operating the computer mouse were reported
more frequently compared to the Contralateral side (1). Surface electromyographic (EMG)
recordings on the upper trapezius muscles from a subsample of these CAD operators showed that
the levels of activity on both shoulder muscles were low (mean median levels: 4.6% vs. 2.7%
EMG,, (1)) and it seemed unlikely that the significant, but only slightly higher activity level of the
upper trapezius on the mouse side was an important risk indicator for the development of muscular
symptoms. Therefore, it was investigated whether larger differences in the activity patterns were
present expressed as the numbers of “silent” periods (EMG gaps) and as the patterns of
repetitiveness. Such analyses were also carried out on recordings from the extensor digitorum
communis muscle on the mouse side to investigate whether the activity patterns of shoulder and
forearm muscles on the mouse side were similar.
METHODS. Bipolar surface electrodes (Ag-AgCl) were used for EMG recordings for 20-25 min of
the m. trapezius descendens on the mouse side (n=14) and on the non-mouse side (n=7), and of m.
extensor digitorum communis (n=20) on the mouse side. Interelectrode distance was 20 mm. The
EMG signal was amplified, low-pass filtered (cut-off 400 Hz), sampled on a computer at a frequency
of 1024 Hz and high pass filtered (cut-off 10 Hz). The signals were full-wave rectified and RMS
converted within windows of 100 ms duration. The resting signal level was quadratically subtracted
from the EMG signal. The RMS amplitude was normalised in relation to the RMS amplitude
recorded during maximal isometric contractions (EMG,,). The RMS-converted EMG values were
analysed according to the gap analysis which quantifies the number and duration of “silent” periods
(level below 0.5% EMG,, for at least 0.2 s, (2)) and according to the exposure variation analysis
(EVA) which quantifies the EMG signal both in the level and time domain (3). The Mann-Whitney
test was used to test for differences at a significance level of p<0.05.
RESULTS. The number of EMG gaps and the total gap time of the upper trapezius on the mouse
side were significantly lower than the values for the other upper trapezius, but not significantly
different from the values for the extensor digitorum communis (table 1).

Table 1. Median values of no. of EMG gaps and total gap time (25-75 nercentiles).
gaps (min-‘) gan time (% time)

Upper trap, mouse side 1.6 (0.0-6.1) 2.9 (0.0-5.3)
Upper trap, other side 22.1 (2.4-43.1) 17.3 (6.2-32.8)
Ext digitorum communis 0.8 (O.O- 1 .O) 0.7 (O.O- 1.8)

The EVA analyses showed that the recorded activity typically stayed within the same level interval
for 1-3 s (fig. 1). However, the peak for the l-3 s period length was significantly higher for the upper
trapezius muscle on the mouse side (31% of the time) than for the other side (24% of the time). The
tendency of activity period lengths of l-3 s was even more prononunced  for the extensor digitorum
communis (36% of the time).
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DISCUSSION. The gap analyses indicated that more continous muscle activity was present in the
upper trapezius muscle on the mouse side than on the other side. The differences in the number and

L
5 0

3

Upper trap.

4 0 mouse side

.evel Period length

5 0
Upper trap.

4 0 non-mouse side

duration of periods with no or very little
muscle activity seemed much larger than the
previously reported differences in activity
levels. The relevance of registering the
duration of periods with no muscular activity
relies on the hypothesis that continous
activity of even a small number of motor units
may contribute to the development of pain
(4). Furthermore, the EVA analyses showed
that the activity pattern of the upper trapezius
on the mouse side was less variable, i.e. the
activity typically stayed within given level
intervals for l-3 s and less often for shorter or
longer period lengths. This repetitiveness in
period length was also present in the muscle
activity pattern of the forearm muscle during
computer mouse work.

Figure 1. EVA analyses of the RMS values.
Median values of duration within specific
level and period length intervals are shown.
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Fatigue-Induced Changes in Biomechanics and Muscular Activity
during Manual Wheelchair Propulsion

M.M. Rodgers, E. Gardner, P. Russell, R.E. Keyser, P.H. Gorman, J. Parker
University of Maryland, and Bridgewater State College, Baltimore, MD, USA

INTRODUCTION
Overuse injuries often limit the independence of long-term manual wheelchair users. Factors

predisposing musculoskeletal structures to these injuries include the imbalance of strength and
flexibility that can result from adaptation of muscles to constant use, and fatigue from the need to use
arms for locomotion in addition to other activities of daily living. The purpose of this study was to
identify changes in muscle activity, joint kinematics and kinetics and wheelchair handrim kinetics that
result from wheelchair propulsion to fatigue as a means of understanding risk factors for overuse
injuries among manual wheelchair users.

METHODS
After medical screening, 20 long-term manual wheelchair users without upper extremity

involvement participated in the study. Length of time in a wheelchair ranged from 3 to 38 years (16.4
+ 10.3), and age ranged from 21 to 68 years (43.7+ 11.1 yrs). Wheelchair propulsion mechanics were
measured during a submaximal exercise test to fatigue which was terminated when velocity could not
be maintained at 3 km/hr. Load for the fatigue test was that which corresponded to 75% of the peak
V02 that occurred during a graded maximal exercise test on the wheelchair ergometer.

The wheelchair measurement system included a prototype wheelchair ergometer, three Peak 3D
CCD cameras (Peak Performance Technologies, Colorado Springs, CO), a VCR/monitor assembly, an
image processing unit, a 3D force/torque transducer, a potentiometer, an amplifier, an analog-to-digital
unit, and a PC. The wheelchair ergometer was instrumented with a PY6-4 six-component force/torque
transducer (Bertec Corp., Worthington, OH) in its wheel hub which uses bonded strain gauges to
measure three dimensional (3-D) handrim forces and moments. A potentiometer monitored the angular
position of the wheel. For each subject, reflective markers were placed at the fifth metacarpal head,
styloid process, lateral epicondyle of the humerus, acromion, and greater trochanter. Data collected
during the fatigue test included 3-D motion analysis data (sampled at 60 Hz ) and 3-D handrim contact
forces and moments (sampled at 360 Hz). Joint kinetics were calculated using a three-dimensional
inverse dynamic model of wheelchair propulsion that employed the Newton-Euler method based on
body coordinate systems. This model assumed the arm to be three rigid segments (hand, forearm and
upper arm) connected by the wrist, elbow and shoulder joints.

Electromyographic (EMG) data was collected from an eight-channel telemetry system at 960
Hz (Noraxon USA Inc, Scottsdale, AZ). Pairs of surface electrodes were placed on the subject’s right
side over motor points of the pectoralis major, anterior and posterior deltoid, middle trapezius, biceps
and triceps brachii, flexor carpi ulnaris and extensor carpi radialis muscles. EMG signals were
processed using the RMS method then normalized to maximal isometric contraction activity. Peak
magnitude was determined from the average of three propulsion cycles for each trial. Timing of
muscle activity and integrated EMG were determined from a representative cycle for each trial and
related to propulsion and recovery phases.

Kinetic and kinematic data were averaged over three cycles (contact to contact) for each
condition (fresh and fatigued). A one way repeated measures ANOVA was used to evaluate effects of
fatigue state (fresh/fatigued) with a significance level of 0.05.
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RESULTS
Significant changes

resulting from fatigue were
observed in most measurement
categories. Temporally, stroke
frequency increased 6.5% with
fatigue. Joint kinematic changes

Figure 1. EMG changes with fatigue
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included an increase in trunk
flexion during propulsion (3.9%)
and at release (3.4%), increased
shoulder flexion at contact (4.6%)
and during propulsion ( 13.1%),
and increased elbow flexion at
contact (3.6%) and during
propulsion (1.7%). Elbow
extension moment decreased with
fatigue (8.9%) while shoulder
compression force (Fy) increased
(45.6%). Fatigue induced EMG
changes included a decrease in the
peak magnitude of flexor car-pi
ulnaris and biceps muscle activity (Figure 1) during propulsion, a later onset of extensor carpi radialis
muscle activity prior to contact (10.3% of cycle) and a decrease in the area of biceps activity during an
entire cycle (35.3%). There were no significant changes in handrim forces or moments related to
fatigue.

DISCUSSION
When fatigued, subjects maintained propulsion speed by increasing stroke frequency as

opposed to increasing propulsive moment. The latter would have been more difficult for fatigued
muscle. Shoulder and elbow kinematic changes can be explained by the increase in trunk flexion.
Leaning forward during the propulsion cycle may be advantageous since the shift in body weight can
be translated through the arms and applied to the wheel to gain propulsion moment when fatigued.
This kinematic adaptation to fatigue may explain the associated increase in shoulder compressive force.
Fatigue induced changes in the FCU and ECR activity may predispose the wrist to injury. Similarly,
the decrease in elbow extension moment and biceps activity with fatigue may be precursors of injury.
Since the peak magnitude of biceps activity occurs during propulsion at about 15% of the cycle, it may
act at its insertion with sufficient magnitude to become deleterious with fatigue. These findings
elucidate fatigue mediated alterations in propulsion mechanics in wheelchair users. These changes
may be related to chronic fatigue injuries and decreased independence. Analysis and interpretation of
the effects of fatigue and exercise on wheelchair propulsion is continuing.
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The Variation in Electromyographic Measures Obtained from the Erector
Spinae Muscles During Simulations of Workplace Tasks

M. Mientjes, R. Norman, R. Wells, P. Neumann
University of Waterloo, Waterloo, Ontario, Canada

INTRODUCTION: The reproducibility’** of the EMG signal is of great importance. Normalization3’4*5
of signals is used to reduce variation between individuals, introduced by the measurement system, and
to put various exposure measures on comparable scales.

The purpose of this study was to determine the reproducibility in several EMG measures of
simulated workplace tasks when measured at the same or different time slots in one day, and on different
days. It was also questioned if normalization of erector spinae (ES) EMG to spine compression force
reduces between participant variation introduced by the measurement system.

METHODS: Eleven males participated in this study. Three data collection sessions were done; one in
the morning and afternoon of the same day and one a week later. In every session a simulation of three
workplace tasks was performed, each task contained 20 cycles of 1 minute cycle time resulting in a task
duration of 20 minutes. Each task was divided into 4 blocks of 5 cycles.

Three tasks were performed; sagittal lifting of a 7.4 kg box from the floor to a table at waist
height and back; lifting of two boxes (4.0 kg and 7.4 kg) and carrying to a table 1.6 m behind the
participant; a right handed metal scrap pick up task in which eight 1.0 kg weights were lifted from the
floor to a bin at knee height. Participants were free to choose a technique to perform a task. Calibration
tests were performed to obtain a scale factor (spine compression force/EMG amplitude) for the
normalization procedure3 which is a linear calibration between the EMG amplitude and spine
compression force. The EMG amplitudes obtained during the simulations of workplace tasks were
multiplied by the scale factor to obtain spine compression forces.

EMG was recorded from the ES at the right side of the body at thoracic 9. After the first session
the electrodes were left on for several hours and re-used in the second session. For the third session
electrodes were reapplied (electrode spacing of 2.5 cm). Muscle activity was recorded with a portable
A/D convertor (Mega ME3000P). EMG signals were pre-amplified (CMRR>l30dB; Bandwidth 20-
500Hz).  EMG signals of the tasks and calibration tests were full wave rectified and then averaged over
0.1s successive intervals. EMG was sampled at 1000 Hz. The average EMG (AEMG) and the 90th
percentile of the amplitude probability distribution function (APDF) of the tasks were expressed in micro
volts and Newtons spine compression force.

The variation in EMG measures introduced by differences between blocks of cycles, tasks,
sessions, and participants is expressed as a percentage of the total variation. This percentage of total
variation was obtained by dividing the mean square of each source by the total mean square and by
multiplying this ratio by 100 percent. F-tests were done and a level of significance of 0.05 was used.

RESULTS: For 4 blocks of 5 cycles, the variation introduced within a task is very small and no
significant differences between the 4 blocks of 5 cycles were found. This indicates that these EMG
variables were very consistent during the simulations of all three workplace tasks (table 1). For tasks,
more variation was introduced for the 90th percentile of the APDF compared to the AEMG indicating
that the three tasks are similar in their AEMG estimates but have different “peak” characteristics.
However, no significant differences between the three tasks were found. For sessions, an expected
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increase in variation was introduced but again no significant differences were found between the three
sessions. And for participants, most of the variation could be explained by differences between
participants which were significant. Variation between participants introduced by the measurement
system was reduced using the normalization procedure.

Table 1. The percentages of total variation of the AEMG and 90th percentile muscle activity (unnormalized)  and spine
compression force (normalized) which are introduced by differences between 4 blocks of 5 cycles within tasks, between three
tasks, between 3 sessions and between participants.

4*5 cycles

Task

Sessions

Participant

The amount of variation introduced by differences within a day (between sessions 1 and 2) and by
differences between days (between sessions 1 and 3) was separated and is shown in table 2.

Table 2. An increase in the amount of variation from within day (between sessions l-2) to between days (between sessions l-3)
is shown for unnormahzed data.

DISCUSSION: AEMG and the 90th percentile of the APDF are reproducible for simulations of
workplace tasks with a duration of up to 20 minutes. The reproducibility of EMG measures decreased
for measurements done at two different times during a day without removal of the electrodes. When
recording on different days, which requires reapplication of electrodes, the measures were not
reproducible for the simulated workplace tasks studied. The EMG technique is able to distinguish
between some of the actual differences between simulations of workplace tasks but improvements are
needed by reducing the variation around the means so that the technique is more sensitive to actual
differences. The normalization procedure reduced between participant differences which were introduced
by the measurement system.
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Influence of Bed-height Adjustment on Muscle Activity During
a Nursing Task, Using Kinesiological Surface EMG and the Rating

of Perceived Exertion
D. Caboor, E. Zinzen, M. Verlinden, P. Van Roy, J.P. Clarys

Vrije Universiteit Brussel, Brussels, Belgium

INTRODUCTION

Kinesiologal EMG is used as a variable in several but specific ergonomical situations, in recent studies:
e.g. a study of static and dynamic lifing tasks (Yates and Karkowski, 1992), fatigue during repetitive
light work (Nakata et al., 1992), excessive drafts on shoulder muscles (Sundelin and Hagberg. 1992).
during typewriting and keybord use (Fernstrom et al., 1994),  effects of precision and force demands in
manual work (Milerad and Ericson, 1994), in symmetric and asymmetric lifting tasks in restricted
postures (Gallagher et al., 1994),  verifying spinal and abdominal muscle activity during garden raking
(Kumar, 1995), and during repetitive lifting tasks (Kim and Chung, 1995), assessing load on upper
Trapezius in jet pilots (Harms-Ringdahl et al., 1996), monitoring the influence of the operating
technique on muscular strain (Luttmann et al., 1996a) and on muscular fatigue of surgeons in urology
(Luttmann et al., 1996b). The measure of perceived exertion using the Borg scale is commonly used in
sports, training, exercices  and occupational circumstances, and supplementary to physiological
variables it is considered to be a standardised tool for describing the perception of physical efforts
(Noble and Robertson, 1996).

PURPOSE

The aims are to study the influence of individually chosen bed-height adjustments upon muscle activity
using kinesiological surface EMG and to study the rating of perceived exertion, performing a patient-
handling task at a standard and at an adjusted bed-height. This study is based on the effects of
individually chosen bed-height adjustments on peak values and time integrals of spinal compression
and shear forces in the low back of nurses using a dynamic biomechanical model (de Looze et al..
1994).

METHODS

The performed nursing task is lifting a hemiplegic patient from sitting position on the edge of the bed.
to erect position (Caboor et al., 1997). Twenty-two nurses volunteered for the study, including 14
female (mean age 3157.57  year, mean height 166.41k6.33 cm, mean body mass 61.95k5.28 kg) and 8
male nurses (mean age 32f7.48 year, mean height 175.18k5.60  cm, mean body mass 75.79k7.1 1 kg).
The active bipolar Ag-Cl electrodes were attached after standard skin preparation and were positioned
in a longitudinal direction above the bulkiest part of the contracted muscle belly of the M. obliquus
externus abdominis, the M. erector spinae and the M. biceps femoris both at the left and the right side
of the body. The raw EMG-data were recorded using a Teat-MR30, and A/D converted with a sample
frequency of 1000 Hz. The data were full wave rectified and the linear envelope was normalized to the
highest peak. The integrated values (iEMG) of the muscle activity during the task were compared for
standard bedheight (51.5 cm) and adjusted bedheight. At the end of each session they were asked to
rate the perceived exertion on the 15-graded Borg scale.
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RESULTS

The nurses could adjust the bedheight as in lowering as in raising it. The female nurses raised the bed
up to 54.67 cm (n=9), lowerd it down to 43.88 cm (n=4), or did not change it at all (n=l). The male
nurses raised the bed up to 53.13 cm (n=4) or lowered it down to 44.88 cm (n=4). Both for women as
men, the analysis of muscle activity shows an overall tendency of lower iEMG values in lifting the
patient out of the adjusted bed, but no significant differences are found (p<0.05). The measures on the
15-graded Borg scale were 12.85f1.95 for the standard bedheight and 12.93k2.13 for the adjusted
bedheight, so the perceived exertion shows no significant differences (p<0.05).

DISCUSSION AND CONCLUSION

The influence of bed-height adjustment on muscle activity depends on the capability of the nurses to
reduce this activity by bed height adjustment. According to de Looze et al. (1994) we can conclude
that the major factor interfering with possible favourable effects, is the restricted capacity of the nurses
to select an optimal bed position with respect to the specificity of the task. It is assumed that the
standard bed-height is already close to optimal for the majority of the subjects. These data suggest that
the adjustments of the bed-height are decided for other reasons than minimizing low back stress, or
that changing the bed-height created a psychosomatic placebo effect.
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Ergonomical Comparison Between Left and Right Back and Leg Muscle
Activity, Using Kinesiological Surface EMG, During a Typical Nursing Task

M. Verlinden, D. Caboor, E. Zinzen, P. Van Roy, I. Van Laere, J.P. Clarys
Vrije Universiteit Brussel - Exan, Brussels, Belgium

INTRODUCTION:
The present ergonomical study is a part of a European Biomed Program. According to
the study of De Looze et all (1994) it is proven that adjustable bedheights have a
preventive value in low back pain.

PURPOSE:
This study tries to find out whether there are changes in muscular activity (iEMG)
during the performance of a typical nursing task. The left side of the body (M.Erector
Spinae, M.Obliquus Ext., M.Biceps Femoris) is compared with the right side.
Adjustable bedheigts are introduced during the taskperformance.

METHODOLOGY:
A group of nursing personnel (Female: n=14, Male: n=12 all but two were
righthanded/left-footed) were trained to perform several typical nursing tasks while
EMG was registrated continuously. One of the tasks was the positioning of a right-
sided hemiplaegic  patient from the upright sitting position to the standing up position.
This task was carried out several times before the actual recording in order to decrease
the intra-variability of the EMG signals. Both standard bedheight conditions (5 1,5 cm)
and adjusted bedheight conditions were evaluated. Individually adjusting a bedheight
could result in both lowering and raising the bed. Bipolar active surface electrodes
were used and located upon the right and left sided M.Erector Spinae, M. Obliquues
Externus and the M. Biceps Femoris. The sample frequency was 1000 Hz.

RESULTS:
For woman, the muscular activity in standard bedheight conditions show a higher
integrated EMG-value (except for the M.Biceps Femoris) for the left side of the
registrated muscles when compared to the right side. In the adjusted bedheight
positions, data show the exact opposite, namely, left muscle activity is lower than the
opposite side of the body. These results however do not reveal a significant difference.
For men as opposed to women, right muscular activity shows a higher integrated
EMG-value (except for the M.Biceps Femoris) when compared with the left side of the
body, during standard bedheight conditions. In adjusted bedheight conditions the left
sided muscles produce a higher iEMG value, except for the M.Erector Spinae. The
only significant difference (p < 0.05) for men in iEMG is found in the M.Biceps
femoris during standard bedheight conditions.
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DISCUSSION & CONCLUSION:
During the standard bedheight conditions men seem to start (in this typical
nursingtask) in opposite contractions as opposed to women, by producing higher
iEMG values on the right side of the body as opposed to woman who produce higher
iEMG values on the left side of the body, both in back- and legmuscles (except for the
M.Biceps Femoris). When the bed is adjusted both men and women adapt by inverting
the left-to-right contractions, however not significantly (except for the M.Biceps
Femoris). The analysis supports the the need for adequate training of nursing personel
as the results show an overall decrease of the muscular activity. Left to right
comparison does not only show a non-significant difference in iEMG values but also a
difference in co-activation muscle patterns.

The  authors wish to acknowledge the BioMed  European Commission, Directorate
General XII, for their financial support.
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Referent Body Configuration for Multi-Muscle Control in
Complex Movements

A. Feldman
Universite de Montreal, Montreal, Quebec, Canada

It has been suggested (Feldman & levin 1995) that the coordination of the activity of
multiple muscles results from the comparison of the actual configuration of the body with a
referent configuration specified by the nervous system so that the recruitment and gradation of
the activity of each skeletal muscle depends on the difference between these two
configurations. Active movements may be produced by the modification of the referent
configuration. The hypothesis predicts the existence of a global minimum in electromyographic
(EMG) activity of multiple muscles during movements involving reversals in direction. This
prediction was tested in 5 subjects by analysing movements resembling the act of reaching for
an object placed beyond one’s reach from a sitting position. In such movements, initially
sitting subjects raise their body to a semi-standing position and then return to sitting.
Consistent with the hypothesis is the observation of a global minimum in the surface EMG
activity of 16 muscles of the arm, trunk and leg at a specific phase of the movement. When the
minimum occurred, EMG activity of each muscle did not exceed 2-7% of its maximal activity
during the movement. As predicted, global EMG minima occurred at the phase corresponding
to the reversal in movement direction, that is, during the transition from raising to lowering of
the body. The global EMG minimum may represent the point at which temporal matching
occurs between the actual and the referent body configurations. This study implies a specific
link between motor behavior and the geometric shape of the body modified by the brain
according to the desired action.
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Neuromuscular Effects of Exhausting Rowing Ergometry
A.J. Knicker, H. Bruning, U. Hartmann

German Sport University Cologne, Cologne, Germany

INTRODUCTlON. Rowing ergometry is routinely used in performance diagnostics of elite athletes.
Cardiorespiratory and metabolic parameters serve as standard measures for endurance capacity (1).
The recent study focussed on the effects of a 6-minutes  maximum power test on intermuscular
coordination between m.tibialis anterior, m.gastrocnemius medialis, m.biceps femoris and m.rectus
femoris. Timing of EMG-onsets as related to normalised stroke duration did not change over time. For
the rectus femoris typical fatigue effects such as increasing AEMG amplitudes and decreasing
MedianPF  content of the myoelectrical signal could be identified and attributed to the work load
distributed to the knee extensors during rowing.
METHODS AND PROCEDURES. Each of twenty male top level rowers (age: 17,8 +/- 3,3yrs,
height: 185 +/- 7cm, weight: 74,7 +/- 4,4kg) performed a six minutes maximum power test on a
Gjessing oar rowing ergometer. Eight minutes of rowing below the anaerobic threshold were used as a
uniform preloading procedure in order to ensure adequate warmup. All subjects have been well
accustomed to the ergometer before. Stroke force was measured between the oar and the steel rope
connecting to the ergometer with a onedirectional force transducer. Simultaneously surface EMGs
have been recorded for m.tibialis anterior, m.gastrocnemius medialis, m.biceps femoris and m.rectus
f’emoris. The interelectrode distance ranged from 1,8cm to 2,Ocm; the skin below the selfadhesive
electrodes (Medicotest type N-00-S) was shaved before electrode placement, which reduced skin
resistance below 20kR. To minimize movement artifacts the electrodes together with the preamplifiers
have been clued to the athletes skin with selfadhesive tape (Leukofleece). EMG output signals have
been preamplified directly behind the electrodes avoiding the amplification of artefacts due to cable
movements. EMG and force data have been gathered at the start and after every consecutive 50sec
after the start for always 10s at a sampling rate of 1OOOHz. All data have been stored online to a PC.
Before the maximum power test, directly after and 5 times within five minutes after the test blood
samples were taken from ear in order to measure blood lactate concentration. EMG data have been
rectified, integrated and time normalised according to the duration of the respective stroke cycle (one
cycle =lOO%)  as identified from the stroke-force time history. Data for 5 cycles out of each
measurement period for each and all of the athletes were averaged. Signal amplitudes and median
power spectra have been calculated for every measurement period and muscle. EMG-onsets were
related to the respective onsets of the stroke force in order to identify intermuscular coordination
patterns.
RESULTS. The external power output as given by the ergometer averaged 276,21 Watts; mean lactate
concentration directly after the test was l4,4mmol/1. The subjects reached a mean maximum heart rate
of 198bps.  After the start the stroke force decreased for every subject throughout the test with only
small increases during the final spurt (see fig.1). As external mechanical power output was nearly
constant over time with a small increase towards the end of the test the athletes must consequently
have increased their stroke frequencies with time. EMG patterns were not found to have changed
significantly over time eccept for the m.rectus femoris (p < 0.05). Mean AEMG amplitude increased
and median power of the m.rectus femoris shifted towards lower frequencies. These effects are
generally attributed to muscular fatigue (2). They additionally identify the knee extensors as the leg
muscles being predominantly involved in the stroke action. This can be supported by relating the
timing of muscle actions to the stroke-force time history. M.tibialis anterior is primarily active during
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the forward roiling action, when it dorsiflexes the foot to give mechanical support for the biceps
femoris flexing the kneejoint. The m.gastrocnemius is only active during the end of the stroke time
piantarflexing the foot and thus contributing to leg extension. The m.rectus femoris shows a two phase
action starting shortly before stroke force onset when knee extension is initialised. Towards the end of
the test this preactivation period is prolonged. While the force is still rising its electrical activity
decreases and increases again when stroke force already decreases (fig. 1). The m.rectus femoris now
acts as a hip flexor errecting the trunk and bringing it back to the power position. The m.biceps femoris
cocontracts with the m.rectus femoris in the first activation phase and the m.gastrocnemius until full
extension of the leg. With the rowers’ feet fixed to the foot stretcher the net effect of the biceps action
is a knee and hip extension as previously described for sprinting (3).

0,25
m e a n  r e c t i f i e d  a m  p l i t u d e  [ m  V ] s t r o k e  f o r c e  [ N ]
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Figure 1: Mean rectified m.rectus femoris AP amplitude [mV] and stroke force [N] to action duration (%of
stroke time) history for the very first (rectus 0, force 0) and the last measurement period (rectus 360, force 360)

Comparing the different muscles activation times reveals that the m.rectus femoris has considerably
longer been activated than any other of the muscles under investigation. As fatigue effects have only
been identified for this specific muscle we might speculate that also its work load was higher than for
the other muscles. For ail that the m.rectus femoris became fatigued the muscle coordination as given
by the order of the AP onsets did not change with time. The exhausting character of the six minutes
maximum power test as it is also reflected in the blood lactate concentrations suggests that local fatigue
effects might limit the performance more than it can be assumed from physiological measures alone.
Further investigations are necessary to additionally study the contribution of the other knee extensors
and hip flexors. To fully describe the accelerating rowing action the trunk muscles need to be included
as well. To relate our findings to the actual rowing performance the study needs to be repeated on the
open water.
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Muscle Fatigue in Male and Female Rowers
M. Di Spirito, D.M.M. St-Pierre

McGill University, Montreal, Quebec, Canada

INTRODUCTION
Little is known about possible differences in muscle fatiguability between gender. Older

women (260~) have been reported to fatigue less rapidly than older men of the same age (2,4)
whereas in younger age groups, studies have reported either no gender differences (3,4) or greater
endurance in women (5). Part of the difficulty in comparing gender differences in muscle endurance
and fatiguability lies in the difficulty of pairing individuals based on their level of physical fitness.
To circumvent this problem, we investigated male and female elite and novice rowers.

METHODS
A total of 24 rowers volunteered to participate in the study. During baseline evaluations

contractile properties of the quadriceps muscle were obtained to determine the unpotentiated peak
twitch (Pt), time to peak tension (TPT), half-relaxation time (1/2 RT), compound muscle action
potential (Mwave) and integrated electromyography (IEMG) of the non-fatigued muscle. The
Interpolated Twitch Technique (ITT)( 1) was administered to determine the ability of each subject to
maximally activate the quadriceps muscle during a maximal voluntary contraction (MVC). Rowers
then performed submaximal isometric contractions at 50 % of their estimated MVC until exhaustion.
Each cycle consisted of a 3s ramp-up, a 10s hold, a 3s ramp down and a 4s rest period. The muscle
was considered exhausted once the force could not be maintained at 50 % of the MVC for 10s. The
number of successive submaxima! contractions was recorded as a measure of muscle endurance.
Immediately following exhaustion, the quadriceps muscle was reevaluated along with subsequent
evaluations at 1, 2 , 5 and 10 min of recovery in order to monitor the recovery pattern of all
parameters tested.

RESULTS
Women were able to complete significantly more contractions than men during the fatigue

protocol (15.6 f 9.3 versus 9.8 f 5.3, respectively, p<0. .05S). The relative drop in MVC immediately
post-fatigue was less in females (29.9 f 14.0 % ) than males (38.1 f 5.7 %)(p<0.0008). Similarly,
Pt decreased less in the females (PO. 02). The effect of fatigue on all other parameters investigated
was similar across gender (table 1).

During the recovery period, the MVC recovered to the same extent in men and women.
Activation, as measured by the ITT, was significantly less during the recovery period in females than
males p < 0 .  05). Twitch tension remained significantly depressed by the end of the recovery period.
The pattern of recovery of TPT (p<0. 05) and ‘/z RT(p<0. 01), however, differed between gender. In
males, TPT decreased with fatigue and increased past baseline during the recovery period. In females,
TPT also decreased with fatigue but remained unchanged throughout the recovery period. The ‘/2 RT
was not influenced by fatigue in either gender; in the recovery period, however, it decreased in males
and was unchanged in females. The changes in quadriceps IEMG and Mwave were similar between
gender.
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Table 1. Fatigue (time 0) and 10 min recovery (Time 10) values for male and female rowers,
expressed as a percentage of pre-fatigue values.

MVC

Men Women-r
Time 0 Time 10 Time 0 Time 10

61.9h5.4 80.4k6.9 70.1*14.0 85.1k14.0

ITT

Pt

TPT

%RT

Mwave

IEMG
The underlined c
evels. The aster

94.4*5.8 98.4*2.5** I 94.5*7.0 I 92.8&10.1** I

34.5&l 9.6 46.4zk26.3 40.0*15.3 44.5&l 8.5

89.4&l  3.6 I 109.4*27.9** 92.0~15.0I I 93.6il6.5** I

102.8h74.2 I 76.4k54.3 * * I 112.Ok79.6 I 111.2*79.0** I

114.0*80.8 I 106.4h69.4 I 109.1*48.5 I 85.8&l  5.8 I

63.Ok24.0 I 67.7h29.3 I 76.6dz14.9 I 70.6ztl9.3 II I I

ata represent significant gender differences in the extent of decrease from pre-fatigue
sks represent significant gender differences in recovery profile.

DISCUSSION
Women were able to complete more contractions while sustaining a smaller decrease in MVC

than men. Fatigue had similar effects on the ITT, Mwave and IEMG indicating that differences in the
level of central fatigue or excitation were not factors contributing to the women’s superior endurance.
In contrast, Pt decreased more in males than females. This would seem to indicate that the greater
fatiguability in the men was due to greater impairment in excitation-contraction coupling (ECC).
During the 10 min recovery period, MVC recovered to a greater extent in males but activation levels
were lower in females. If activated to the same extent as the males, recovery of MVC would have
been similar. Similarly, there was a tendency for a greater recovery of Pt (p<0. 09) in men. The fact
that TPT remained faster in women may help explain why their Pt recovered to a lesser extent. In
conclusion, the greater endurance in women could be due to less impairment in ECC.
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Metabolic Effects of Exhaustive Rowing Ergometry
U. Hartmann, A. Knicker, A. Mader

German Sport University Cologne, Cologne, Germany

INTRODUCTION
Rowing performance is to a high degree influenced by the power which can be produced during each
stroke (S) of the average 230 S per race. Assuming a competition time of 6 to 7 min, 75% of the energy
are recruited aerobic, 15% are generated by anaerobic lactic, and 10% result from the anaerobic alactic
source. - To explain fatigue during exhaustive rowing it is not clear, whether primarily neuromuscular
effects during rowing (paper Knicker et al.: Neuromuscular effects of exhausting rowing ergometry) or
metabolic effects are mainly responsible. - Therefore the aim of this study is to explain the energy
delivery during simulated rowing using a computer simulation model, which allows the calculation of the
dynamic of the metabolic activity of glycolysis and oxidative phosphorylation as well as the
phosphorylation state of the ATP/CRPH-system as a function of power output.
METHODS AND PROCEDURES
During a 6 min maximal tests (6MMT) on a Gjessing rowing ergometer the average mechanical power
output of 20 male young talented rowers (18*3 years, 185&7 cm, 75*4 kg) was about 276 watt, heart
rate (HR) was 191 beats/min and maximal oxygen uptake (VO2max) could be calculated with 4400
ml/min (relative VO2max 60 ml/kg body weight (BW)), maximal post exercise blood lactate (PEBLA)
17,5 mmol/l.  - Tests were conducted with 2.75 kg brake load, stroke rate ranged from 30-35 S/min. The
ergometer was equipped with a strain gauge (Hottinger Baldwin Messtechnik, Darmstadt, Germany, type
U9, 5000 N), positioned in the pulling rope. An ultrasound echo system (self-construction) was used for
velocity measurement and was installed at the pulling grip. For further technical information see (1).
RESULTS
After the starting phase (12 s) a steady decrease of peak force (PF), peak velocity (PV), and peak power
(PP) was obvious. - Related to the PF of the 1st max S (1 OO%), PF was approximately 64% after the 1 0th
S, 63% at the end of the 2nd min, and 57% during the finishing phase of the 6MMT. - PV was lowest
during the 1st S (60% of max) and increased exponentially to the 5th S (100%). After 2 min PV was
approximately 85%, and at the finish of the test it corresponded to 86%. - PP was 73% in the beginning
and was 100% in the 5th S. During the 2nd min it was 77%, during the finish 74%.
THEORETICAL BASE OF MODELLING
According to those results a typical load situation was developed on the basis of the results during routine
laboratory testing: 230 rowing strokes; average 33 S/min, duration 7 min, every 1,85 s an active muscle
action performing a S. Load is characterised by an intermittent time course; occurring power is around
1700 w in the starting phase and 1400 w on average after 20 strokes at the beginning. - The model itself
is based on the assumption that the cytosolic phosphorylation state regulates the rate of oxidative
phosphorylation as well as the glycolysis. A decrease of CRPWATP-content by contraction increases first
at a low level of power output the rate of oxidative phosphorylation. At about 60% decrease of CRPH-
content which corresponds to about 65% of VO2max, glycolysis increases steeply leading to a net lactate
formation and lactate accumulation. - The change of the cytosolic phosphorylation state results from the
rate of ATP consumption and the total resynthesis. - Including a time delay of 02 transport of first order
this can be calculated with a system of two nonlinear differential equations (3). - The real power output as
given was used as input in the simulation model. - In the literature extensive explanations and clarification
of the purely theoretical foundations (3) and about the configuration of an ,,virtual athlete“ (2) are given.
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SIMULATION OF MAXIMAL LOAD DURING ROWING COMPETITION
The post-exercise simulation of the maximum load in rowing shows significant parallels to the parameters
measured in the practical experiments: Assuming an absolute O2-uptake of about 4400ml/min during a
336 watt maximal performance (276 watt plus 60 watt body shift performance) of young  talented rowers
lead to a gross VO2max of 129ml/kg for actively used muscle mass (MM). This corresponds to a net VO2
of 1 l5ml/kg per kg active MM and a mean performance of 1 l.5w/kg. - Because of the high initial
performance (see above), the CRPH content of 21 mmol/kg decreases by 13 mmol/kg or 62% within
25 s. During this period the calculated decrease of ATP is about 0.5 mmol/kg (17%). PeakVLass reaches
about 35%VLamax (= 0.5 mmol/s*kg), after about 25 s it decreases by about 25% and later again to
20%; from then it hardly does not change until the end of the test. - After an initial short-term delay of
VO2 there is a steep rise which comes to a maximum after about 90 s. Because of the initially short-term
activation (60s), the blood LA rises to about 4 mmol/kg, which corresponds to about 28% of the final
concentration. The maximal blood LA concentration occurs with delay after 8 min in the resting phase.
Even if the complete removal of CRPH at the end of the load of the 6MMT were assumed, a 83%
utilisation of VO2max at approximately 18 mmol/l PEBLA could be calculated. The utilisation of the
theoretically available VO2max could be increased through the reduction of VLAmax (glycolytic
performance). Because of the high start power output, a CRPH-concentration close to the level of ATP
was calculated already after 30 s. A steeper decrease would, however, make the continuation of exercise
impossible. - The behaviour of the individual metabolic parameters during the phase immediately
following the exercise will be presented.
CONCLUSION
From the metabolic performance available, no immediate inferences to competition velocity are possible,
not even if a corresponding motivation during competition is taken into account. Athletes can only to
some extent compensate for a low metabolic performance by using an excellent rowing technique.
Although a high metabolic performance is necessary, it is not a sufficient prerequisite for competition
success. - It becomes clear that the exercise simulation of metabolic conditions allow deeper insights and
further-reaching interpretation possibilities. - Beside the neuromuscular effects to explain the fatigue
during exhaustive exercise there are also massive influences by the given metabolic conditions.
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To Ergo or not to Ergo ? The Biomechanics of Ergonometric Rowing
K.L. Penney, C. Tanaka, R. Torres-Moreno

McGill University, Montreal, Quebec, Canada, and
Universidade Sao Paulo/FAPESP, Sao Paulo, Brazil

INTRODUCTION Since its conception, the sport of rowing has been viewed as an excellent athletic
discipline for increasing overall strength, endurance and power. In recent years, rowing simulators have
formed an integral part of on-land training programs and become an indispensable device for evaluation
and research purposes.(3V4) Due to the limitations of its design, however, athletes may sacrifice an effective
on-water rowing technique and still attain a competitive performance. With experience, rowers develop
alternative postural mechanisms which compromise technique while attempting to maximize& output scores
on the ergometer. These poor postural habits may adversely affect on-water performance and potentially
lead to injury. The incidence of lower back and knee injuries has grown very rapidly as the number of
participants in the sport tends to increase. To help reduce the risk of injury, physiotherapy, comprising
stretching and strengthening exercises, has been recommended. o**) The pelvis and the spine should be
stabilized to support the forces being generated during the rowing motion to further minimize the risk of
injury while maintaining an effective stroke.(I) Precise measurement of effective rowing technique may
greatly contribute to injury prevention for athletes rowing an ergometer. In some studies, muscle activation
and fatiguability characteristics have been found to differ significantly amongst novice and elite rowers.
Kinetic analyses have revealed more consistent peak force applications in elite than in novice rowers.(2g)
Elite rowers have also shown a distinct pattern of activation in muscles that are more resistant to fatigue.‘g’
At the moment when the oar is perpendicular to the boat, the hip and knee joint angular velocity of elite
rowers is greater and more consistent than for novice rowers, resulting in a more efficient stroke.“) Novice
rowers tend to flex their knees and hips before the completion of the drive phase creating a sudden
instability of the lower back and a decrease in power output.(‘) A more in-depth understanding of the
biomechanical factors which govern an effective rowing technique, both on and off the water, may reduce
injury-related stress.(lo) The objective of this study was to identify the biomechanical factors influencing
effective and safe ergonometric rowing technique. It has been hypothesized that providing biomechanic
feedback to the athlete may enhance rowing performance.@
METHODS A novice (NV) and an elite (EL) rower were evaluated during a single 2500 m race on an
instrumented Concept II model-C rowing ergometer (wind damper set at level 4). Performance data are
presented in Table 1. Kinetic data was recorded using a miniature load cell which measured the force
exerted on the chain. Kinematic data was recorded utilizing a motion analysis system Reflective markers
were placed on the left side of the ankle, knee, hip and shoulder joints, the mid-shank, mid-thigh, and the
ergometer handle. Ten consecutive strokes were recorded at the start, at each 500 m interval and during
the last 200 m of the race. Subjects rowed at a self-selected stroke rate.
RESULTS Kinetic data revealed a distinct force profile for each subject. The EL rower consistently
produced higher peak force, impulse per stroke and impulse per minute. This subject was quicker to begin
force generation, while the NV generated force further into the stroke. Kinematic data revealed similar

Table 1 Novice (NV) and elite (EL) subject’s data
. . . ..\....\.............. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . I . . .
~~ bAg)

Weight Height Experience Test-time Strokes per Stroke rate Split-time Impulse/min
c*o.4 N) (cm) (min:s) 25OO m test (strokes/min) (min:s).i . . ..i...  . ..i _I..  . . . (* 0.1 kNs/min),. ,. ,_ .,_,_,  .,. _,.

NV 22 758.7 178 8 months 8:21 241 28.7 1:39 10.8

EL 39 829.8 191 8 years 8:03 215 26.6 1:35 11.5
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Figure 1 Hip and knee flexion angle and force
profile of the elite rower at interval 4 as a function
of the stroke cycle.
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Figure 2 Force and handle velocity profiles of
the novice rower at the interval 4 as a function of
the stroke cycle.

knee and hip joint angles at the catch and finish of the
stroke for both subjects. At the end of the drive phase, a
knee joint bounce and initiation of hip flexion were
observed. This was more evident in EL, indicating an
out-of-phase knee and hip joint reversal (Fig. 1). Near
the onset of the catch, EL began to extend the knee
while the hip continued flexing. Similar horizontal handle
velocity curves were obtained from both subjects.
Vertical handle velocity curves, however, showed a bi-
directional oscillation, with greater amplitude in the EL
rower. The largest oscillation for EL was observed just
before the finish of the drive phase concurrently with a
“step” in the descending force curve (Fig. 2). At the
catch, the NV produced an upward displacement of the
handle whereas the EL had no movement.
DISCUSSION The analysis of rowing strategies at the
elite and novice level in this study has provided further
insight into the biomechanical factors influencing
ergonometric rowing. Both subjects had a similar knee
flexion angle at the moment of peak force occurrence;
this may correlate with an optimal muscle length-tension
relationship. The EL rower produced a consistently
higher peak force, impulse per stroke and impulse per
minute. The greater peak force generated by EL likely
resulted in high articular contact pressure. It would be

recommended to reach a lower peak force over a longer duration in the drive phase to minimize
mechanical stress at the joints. Both subjects expended unnecessary energy as demonstrated by sudden
vertical handle displacements. If made on-water, these movements may have compromised the stability of
the boat and stroke efficiency. The pronounced bounce of the knee joint, and the subsequent out-of-phase
knee and hip joint reversal may also have compromised the stability of the pelvis and spine. This may place
the rower at risk for injury during the lag phase. Although EL demonstrated a superior performance on
the ergometer, the NV exhibited a safer and more effective on-water technique. Possibly with experience
rowing an ergometer, EL has adapted a different postural mechanism to maximize stroke output. If this
poor postural habit had been used on-water, however, it would have radically diminished performance. To
prevent a carry-over effect of poor ergometer training habits to on-water rowing in the early stages of
learning, coaches must supervise and emphasize the use of on-water rowing technique during simulated
rowing. Further research will identify the crucial technical characteristics that are essential to enhance
athletic performance. With access to the instrumentation used in this study, coaches and rowers can obtain
quantitative biomechanical feedback on the technique of their rowers.
REFERENCES 1) Boland A, Hosen T. Clin Sports Med, 10:245-56,199l. 2) Cruetzberg T, Torres-
Moreno R, Melis E. Sport Med‘96 (2), Ontario Med Assoc, Toronto, Canada, 1996.3) Lamb D. Am J
Sports Med, 17:367-74,1989.4) McBride M. 13th Int Congress Biomechanics, Perth, Australia, 1991.
5) Nelson W, Widule C. Med Sci Sports Exercise, 15:535-41, 1983. 6) Spinks W, Smith R. Human
Movement Studies, University of Technology, Sydney, Australia, 1993.7) Stallard M. Br J Sports Med,
14:105-8,  1980.8) Thomas P. Practitioner, 233:446-7, 1989. 9) Torres-Moreno R, McKinley P, St-Pierre
D. Final Report, Sport Canada, Hull, Canada, 1996.10) Wajswelner H. Excel, 4:10,1987.
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Posturo-Kinetic Control During Forward Oriented Stepping Initiation on
Level Surface and During Ascent
N. Gantchev, L. Boneva, G. Gantchev

Bulgarian Academy of Sciences, Sofia, Bulgaria

INTRODUCTION
Forward oriented stepping (FOS) initiation is associated with important functional goal as far as it is
essential element of the gait initiation. FOS serves to orient and move the body to a given goal. The
position or alteration of the center of foot pressure (CP) beneath each leg, is a parameter of interest
because it is related to the trajectory of Center of gravity (CG) the main variable to be regulated during
posturo-kinetic coordination. Thus, better to gain inside in the mechanisms underlying bilateral
organization, it is essential to obtain a position of CP alterations during FOS initiation. In a recent
studies by means of two force platforms (Gantchev at al, 1996; 1997) bilateral leg organization during
stepping initiation on level surface was studied by CP profiles. To our knowledge there are no data
concerning the CP alterations beneath each legs during FOS initiation during ascent. If we assume that
the motor program for the FOS control on level surface is likely to be the same as for the FOS
initiation during ascent, however differences in the shape and the time course of the CP curves beneath
both legs could not be neglected. If they exist they might be associated with the specificity of the
motor tasks especially related to the influence of the gravitational forces. Thus the present study was
designed to compare CP alterations beneath both legs during FOS on level surface and during ascent,
to test the hypothesis that FOS is govern by one and the same motor program regardless of the mode of
initiation (Crenna & Frigo 1991) but specifically modulated (Gantchev et al 1996). The specific aim
was to analyze the CP beneath each leg, to gain inside of the bilateral leg organization of FOS
initiation during maintaining the body balance.

METHODS
Six male subjects with no history of neuromuscular disorders aged between 25 and 35 years old were
asked from initial quite stance on two force platforms to initiate a single step. The FOS started with the
right leg (leading leg) as soon as the tone appeared and was terminated with the left (trailing) leg
placed in parallel. Two mode of FOS were executed: a/ FOS on level surface; b/ FOS during ascent.
With each mode of FOS initiation eight consecutive steps were collected. The CP alterations beneath
both legs were recorded and analyzed. The onset, pure phase of initiation and phase of transfer
(Gantchev et al 1997) were compared among the two modes of FOS. The significance of mean values
was estimated by Student t-test.

RESULTS
With each mode of FOS initiation, based on CP alterations in saggital plane two phases mutually
connected were considered. Phase of pure initiation (PPI) starting with the onset of CP beneath each
leg and finishing with the maximal backward shift beneath the leading leg. During both modes of FOS
initiation the onset of CP beneath each legs was practically simultaneous. In general the shape of CP
alterations was similar among both modes of FOS. However, the duration of PPI of the leading leg was
significantly longer during FOS on level surface than FOS during ascent. The initial CP shift, always
directed backward, was significantly higher during FOS on level surface for the leading leg than during
FOS in ascent. Transfer phase immediately follows the PPI and ends when leading leg leaves the
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platform. Again there was similarity in the shape of the CP alterations. Interesting is to note that the
duration of this phase is the same for the two modes of FOS initiation. The maximum backward shift
beneath the trailing leg tend to be smaller than FOS during ascent. Total duration of postural phase for
the FOS up on level surface was significantly shorter as well. The forward CP shift maximum
following the postural phase in the FOS during ascent series was significantly larger.

DISCUSSION
The effective FOS initiation, which is a complex motor task, represented by transition from a quiet
standing position to a given position depends on precise coordination between the whole body posture
and subsequent movement. While during FOS the CG is displaced forward, during stepping up
(climbing a stair) the CG is displaced forward and upward against the gravitational forces. Thus, the
control of body posture and balance is supposed to be different, evaluated by PPI and TP in the present
study. Higher and lengthened EMG activity of Triceps surae and Quadriceps muscles responsible for
the body elevation was reported McFadyen & Winter (1988). It could be argue that the role of the
propulsive forces in saggital plane during FOS at level surface are higher compared to the that during
stepping up. That might be a reason PPI duration to be significantly longer during FOS on level
surface compared with the FOS during stepping up. Analyzing the CP alteration in saggital plane
beneath both legs during different modes of FOS, two main conclusions can be drawn. The observed
increase of PPI lengthening together with the higher initial CP shift directed backward represents
higher mechanical effectiveness needed for the subsequent forward propulsion necessary for the FOS
initiation on level surface. As for the smooth transfer of the body weight laterally, represented by TP
before unloading and advancing, it seems that the control is the same during both modes of FOS
initiation. However, the tendency for higher maximum shift for CP alteration beneath trailing leg and
the significantly larger forward CP shift maximum following the postural phase at FOS during
stepping up represented the need for adapted bilateral coordination associated with the increase effect
of the gravity force. The data lead to conclusion that the program for these motor activities is the same
but specifically modulated by the biomechanical constraints. Thus, it is more reasonable to accept the
hypothesis that one and the same motor program surveys to promote precise coordination between
initial posture and subsequent FOS initiation despite the specificity of the mode of initiation already
suggested during climbing the stairs (McFayden & Winter 1988). The approach used in the study is
adding additional information for the bilateral organization during different modes of FOS initiation.
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Determination and Sensitivity of Lower-Limb Muscle Lengths for use
in Clinical Gait Analysis

A.R. Morris, S. Naumann, J. Wedge, G.M.T. D’Eleuterio
Bloorview MacMillan Centre, Hospital for Sick Children, and University of Toronto,

Toronto, Ontario, Canada

INTRODUCTION
Gait analysis is now a frequently used diagnostic tool for
the analysis of pathological gait, especially for operative
planning of individuals with cerebral palsy. In
conventional gait analysis, angle-based kinematics and
kinetic data are typically presented. Data in this form
present a simplified picture of the gait pathology, where
other derived information such as muscle lengths and
velocities may be of clinical use. Aside from the obvious
clinical utility in knowing the changing muscle
kinematic patterns during the gait cycle, these values
may also have utility in the ultimate estimation of muscle
force. Results from a sensitivity analysis and a case-
study are presented.

METHODS
To provide an estimation of muscle lengths, the following
components are necessary: a means of recording three-
dimensional movement of the lower-limb during gait,
and a scaleable database of muscle origins and insertions.
A VICON V370 (Oxford Metrics Inc.) system utilizing
four-60Hz CCD cameras (system accuracy f6mm) was
used to record the unilateral movement of the lower-limb
via two wand and seven surface reflective markers (see
figure 1)[1].

Figure 1: Marker configuration

Local (segment-based) co-ordinate
systems were determined using
equation (1) to identify the segment
orientation vectors (e.g. Pelvis) and
a 4x4 trans.-formation matrix (2)
using the Denavit-Hartenburg
notation[2]:
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Ypel = /(Mz - MI) x (MJ - Mi)ll (l)
Zpel  = Xpel x Ypel
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Accurate skeletal dimensions and landmarks are essential
in determining musculotendon lengths. A recent survey
of skeletal landmarks by the NIH [3] was employed. This
database has as at least 50 samples in total of each
cadaver bone taken from different gender and race. The
database was used to map the origins and insertions of
some 41 muscles per side referenced to the pelvis, femur,
tibia-fibula, and foot. The NIH database’s bone co-
ordinate systems were based on the work of White et
a1.[4], and were transformed to align with our marker-
based co-ordinate system.

Common anthropometric measurements taken in the
laboratory were used to enable linear-scaling of bone
dimensions along three independent local (bone-based)
co-ordinate system axes. This scaling was necessary to
estimate subject-specific landmark (attachment) sites.

A software program was written in the MATLABTM  (The
Mathworks Inc.) interpretive language’ using the
aforementioned Denavit-Hartenburg notation to
simultaneously transform position and orientation vectors
and calculate muscle lengths via global co-ordinates of
muscle origin, pathway and insertion for each time step.

RESULTS
To ascertain the sensitivity of estimated muscle origin
and insertion sites, a limited sensitivity analysis was
performed on ten muscles of relative importance to
clinical gait analysis. Ten unilateral trials of the right-
side were taken from an able-bodied male (29 yrs, 81kg,
1.82m). Angle and muscle-length kinematics were
calculated for each trial and ensemble averaged. The
estimated origin sites for each muscle were then moved
lcm proximally and distally along the long axis of the
bone, and the errors in muscle lengths were calculated.
The amount of error derived from this change in muscle
length was dependent on the muscle involved and the
bones it crossed. Of the ten muscles surveyed, the
following changes in muscle length resulted:
semimembranosus (& 1.7%), adductor brevis (f3.5%),
rectus femoris (k 1.8%),  gluteus medius (f4.8%),  vastus
lateralis (f3.7%),  medial gastrocnemius (f2.0%),  lateral
gastrocnemius (f3.0%),  tibialis anterior t&1.6%),  tibialis
posterior (fl.g%),and  soleus (f2.5%).
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To demonstrate the utility of muscle-length estimates for
clinical analysis, clinical data were analyzed from a
single subject with spastic diplegic cerebral palsy prior-to
and following selective dorsal rhizotomy [5]. Normal
and pre-operative muscle lengths were normalized to the
post-operative levels by multiplying by a factor to account
for height differences.

Figure 2 depicts the pre-operative shortened state of most
muscles except for the longer-than- normal excursions of
the adductor  brevis gluteus medius. The post-operative
analysis indicates more normal data for all of the
muscles.

DISCUSSION
The documented use of muscle-length estimation for
clinical gait analysis is fairly limited [6][7][8][9].  The
difficulty in providing accurate estimates of muscle
length is because skeletal databases have limited subject-
size and demo-graphies, difficulty  in accurately
monitoring underlying skeletal movement, and the gross
estimation of muscle origin, insertion and pathway.
Straight-line approximations of muscle length result in
in underestimation of absolute length Our laboratory is. . .  
currently improving the level of accuracy in estimating
muscle pathways through developing a graphical user
interface to further enhance the NIH database [3], and
volumetric reconstruction of MRI images.

The sensitivity analysis indicated that a small error in
origin and insertion estimates can result in as much as
5.0% absolute error, depending on the muscle involved.
The absolute change in muscle length varied between

60% and 100% of the introduced error. Minimization of
estimate-error is important as indicated by this case-
study, where absolute muscle length differences between
the subject and normal profiles were as little as 6%, and
changes between pre- and post-operative lengths were as
little as 12%.

The application of this technique would provide more
information than current pre- and post-operative studies
in clinical gait analysis and, if used routinely, has the
potential to quantify the change in muscle length for a
range physiotherapy treatments, a n d  orthopaedic
procedures. This was demonstrated using results from a
single-subject case-study of a child with spastic diplegic
cerebral palsy, which indicated changes in muscle
excursion as a result of a surgical procedure.
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Figure 2: Case-Study -
Muscle length [cm] vs. %
stride (stance/ swing) for a
child with spastic cerebral
palsy pre- and post-dorsal
rhizotomy surgery and a
normalized able-body profile.
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Muscle Power Relationship in Able-bodied Gait
H. Sadeghi, P. Allard, M. Duhaime

University of Montreal, and Shriner’s Hospital, Montreal, Quebec, Canada

INTRODUCTION: Although gait asymmetry has been well documented (Sadeghi et al. 1997) little is
known about propulsion and control tasks performed by each limb and how these are managed between
the lower limbs. Our understanding of able-bodied locomotion improves by studying the interaction
among the many biomechanical gait descriptors (Lasko et al. 1990., Olney et al. 1994., Andrews et al
1996). We postulate that propulsion and control functions during able-bodied walking can be explained in
part by the relationship between the gait parameters developed within a limb and that these tasks are
responsible for the observed gait asymmetry.
PURPOSE: The purpose of this study is to demonstrate that limb propulsion is mainly associated to the
interaction between specific muscle power generation bursts developed throughout the stance phase while
control is mainly achieved by the Contralateral limb through power absorption bursts. Furthermore, these
muscle power generation and absorption activities are not independent but inter-limb related.
METHOD:  For two consecutive gait cycles, the gait of nineteen right handed and leg dominant subjects
with average age (25.3&4.1 years), height (1.77*0.057 m) and mass (80.6h13.8 kg) was assessed using an
eight camera video-based system (Expert Vision 3D system; Motion Analysis Corporation, Santa Rosa,
California) synchronized to two AMTI force plates (Advanced Mechanical Technology, Inc., Newton,
Massachusetts). Video data were recorded at 90 Hz while the synchronized force data were sampled at
360 Hz. The Direct Linear Transformation software of the Motion Analysis Expert Vision software was
used to reconstruct the image markers into three-dimensional coordinates. Noise in video and force data
were reduced by means of a fourth order zero-phase lag Butterworth filter, having a cut-off frequencies of
6 Hz and 30 Hz respectively (Winter, 1990). The temporal and phasic gait parameters were determined
from the force plate and video data. The muscle powers and their related mechanical energy were
calculated at each joint and in each plane of the lower limbs by means of the inverse dynamic technique.
The Principal Component Analysis method was applied to reduce and classify 44 power related gait
parameters for each limb (Sadeghi et al.1997). The interactions within a limb was determined by the
relationship between any two power and energy pairs using Pearson correlation. Then, a Canonical
Correlation Analysis was performed to establish the best linear correlation equation between all the right
and left limb data sets. The first Canonical Roots (CR) which presented the most significant correlation
coefficient between the weighted sum scores between propulsion and control parameters were chosen for
further analysis (R = 0.83, p<O.OOOl).
RESULT and DISCUSSION: The 3-D muscle powers curves developed at the right hip, knee and ankle
with their respective power peak activity were discussed in detailed by Allard et al. (1996), Eng and
Winter (1995) and Sadeghi et al. (1997).
For the right and left limb, the Pearson correlation method was applied between all pairs of the gait
parameters to determine how how their interactions contribute to forward progression.
The correlation for the first canonical root between the right and left limb data sets is shown in Fig 1, The
scatter plot indicates a high positive linear contribution of the highest weighted values having a coefficient
canonical root of 0.83 (p < 0.001). This supports a strong relation between the attributed functions of
right limb propulsion and left limb control measured in two consecutive steps. The canonical loading
values of the first canonical root are for the right and left limbs reflect the relative importance of each
parameter within a data set with respect to those of the contralateral limb were used to interprete the
nature of the interaction on gait parameters.
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Fig 2: The first canonical correlation for the right and left limb interact having a coefficient canonical root
of 0.83 (p<O.OOl).
CONCLUSION: The purpose of this study was to demonstrate that propulsion of the lower limb was
associated to the interaction between muscle power bursts developed throughout the stance phase while
control was achieved by the contralateral limb. For the right limb, propulsion was an activity initiated by
the hip shortly after heel-strike and maintained throughout the stance phase. These results do not support
the hypothesis that the ankle is a major contributor to forward progression. Control was the main task of
the left limb as evidenced by the power absorption bursts at the hip and knee. The left limb power
generations were generally secondary to control activities or possibly to correct for the right limb
propulsion. Canonical Correlation Analysis was used to determine the interactions between the right and
left lower extremity gait data sets. Inter-limb interaction further  emphasised the functional relationship
between forward progression and control tasks developed by each limb and highlight the importance of
the frontal and transverse plane actions during gait.
REFERENCE
Allard, P., Lachance, R., Aissaoui, R. and Duhaime, M, 1996. Simultaneous bilateral 3D able-bodied
gait. Human Movement Science. 15(3): 327-346.
Eng, J.J. and Winter, D.A, 1995. Kinetic analysis of the lower limbs during walking: What
information can be gained from a three-dimensional model? Journal of Biomechanics. 28, 753-758.
Kaiser, H.F. 1960. The application of electronic computers to factor analysis. Educational and
Psychological Measurement 20, 14 1 - 15 1.
Sadeghi, H., Allard, P., Duhaime, M, 1997. Functional gait asymmetry in able-bodied subjects. Human
Movement Science. 16: 243-258.
Winter, D.A, 1990. The biomechanics and motor control of human gait: Normal, elderly and
pathological. Second edition. Waterloo, University of Waterloo Press, 39p.

343



Head and Trunk Stabilization Strategies During Foward and Backward
Walking in Healthy Adults

S. Nadeau, B. Amblard, S. Mesure, D. Bourbonnais
Queen’s University, Kingston, Ontario, Canada,

Centre National de la Recherche Scientifique, Marseille, France, et
Universite de Montreal et Institut de readaptation de Montreal, Montreal, Quebec, Canada

INTRODUCTION
Human locomotion is a rhythmic activity that induces corresponding rhythmic oscillations of the trunk and
the head [ 1]. An analysis of these oscillations in the antero-posterior and lateral planes of movements may
provide information about how the nervous system deals with an increase in the level of equilibrium
difficulty. The aim of the present study was to assess the head and trunk equilibrium strategies while
walking forwards and backwards under different conditions. This was done using appropriate segmental
anchoring indexes [2]. The balance difficulty while walking has been experimentally increased either with
a soft support or with the eyes closed, in order to analyze the consequences of these constraints on speed,
head, spine and pelvic range of motion, and stabilization strategies of the considered segments.

METHODS
Eleven healthy subjects, 5 males and 6 females [mean age (&SD): 27.6 (h4.2) years] participated in the
study. The subjects were asked to walk forwards or backwards, either on a foam rubber support or on the
hard ground, and with eyes open or closed. The subjects’ locomotor movements were recorded using the
E.L.I.T.E. system [3]. 3D-kinematic measurements of seven reflective markers, taped onto the skin over
the head (right mastoid), the processus spinous of C7, T6, T12, L3, L5 and the right posterior iliac spine
were obtained by means of two video cameras. From these data, the lateral angular movements of six
segments around the antero-posterior axis (roll) were calculated: head segment (H) between head and C7;
first thoracic segment (,T) between C7 and T6; second thoracic segment &T) between T6 and T12; first
lumbar segment (,L) between T12 and L3; second lumbar segment GL) between L3 and L5 and pelvic
segment (P) between L5 and pelvis. For each walking condition, three parameters were calculated to
assess the head and trunk equilibrium strategies. First, the walking speed, which was obtained using the
marker taped on the fifth lumbar vertebra. Second, the absolute angular dispersion around the roll axis of
the different segments were computed each 10 ms during a trial. The mean dispersion gives a first
indication of the absolute angular oscillations of a given segment in the frontal plane while walking. Third,
the normalized anchoring index (Al) was used to compare the stabilization of a given segment with respect
both to external space and to underlying anatomical segment [2]. The results of 2 to 4 trials were averaged
in each experimental condition and subject. Descriptive statistics were calculated for all variables and a
three-way repeated measures analyses of variance [2 (backward vs forward) X 2 (foam vs hard ground)
X 2 (eyes open vs eyes closed)] were used to assess differences between the walking conditions. When
the ANOVAs revealed significant differences (P< 0.05), the paired t-test with adjusted probability values
were then performed to depict difference between the data.

RESULTS
The subjects walked at a faster speed when their eyes were open than closed (P<O.OOl).  The highest speed
(mean f SD; 1.10 f 0.21ms”)  was observed while walking under natural conditions (walking forward on
hard ground, eyes open) whereas the slowest walking speed (mean f SD; 0.79 f 0.15 ms“) was observed
for the most unusual condition (walking backwards on a foam, eyes closed). In general, the absolute
angular dispersion around the roll axis for the head and trunk segments revealed that walking backwards
reduced the angular dispersion of the spine segments; the smallest and highest angular dispersions were
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obtained for walking backwards on a hard ground, eyes open or closed, and walking forwards eyes closed
on a foam rubber support, respectively. The absolute angular dispersions of the head and the pelvis did
not vary significantly with any factors of the locomotor tasks with lateral oscillations lower than 2” for all
conditions. For the trunk segments ,T, ,T and rL, the angular dispersion vary significantly with both the
visual factor and the ground surface (p<O.OS). The roll anchoring index (AI) associated with the lateral
body oscillations while walking showed that walking backwards, instead of forwards, had, in general, little
or no effect on the preferred stabilization strategy. Results also indicated that in many conditions, the H
segment showed a positive roll AI indicating a good frontal stability of the head in space. The head
stability in space tended to increase when the subjects walked on a foam rubber. By contrast, the AI of
spinal segments showed a shift towards negative values indicating stabiion on the underlying segments.
In particular, the good stabilization in space of the first lumbar segment observed while walking forwards
disappeared during backward walking. Closing the eyes further decreased the AI of all spinal segments
when the subjects walked on the foam rubber. Increasing locomotor difficulty thus induced generally an
“en bloc” functioning of the spinal segments, and especially while waking backwards.

DISCUSSION
This study indicated that walking backwards generally reduces rather than increases the trunk angular
ranges of motion in roll. This may simply be due to the decrease in the walking speed, the first strategy
to occur when encountering locomotor diiculty. Similar decrease in locomotor speed has already been
described in humans while walking on a horizontal ladder or a narrow beam [ 1]. The fact that head and
pelvis ranges of motion in roll did not display any change with the experimental condition is a first
indication of their lateral stabiion in space while walking. Although there was no significant difference
between head anchoring indexes with eyes open and closed in any experimental condition, these indexes
became significantly di&rent from zero without vision, which was not the case with vision, except while
walking backwards on the soft support (the most unusual situation). There was thus no increase in
intensity of the head stabilization in space without vision, as was previously reported while walking on a
narrow beam [2], but an increase in the efficiency of this head stabilization strategy (less variability). This
result confirms that this strategy is specifically aimed at controlling balance, since locomotor equilibrium
difficulty is increased with eyes closed. At the spinal level, walking backwards mainly suppresses the
stabilization in space of the first lumbar segment and induces “en bloc” functioning of the other spinal
segments, although locomotor speed was reduced. This decrease in the efficiency of segmental
stabilization at the spinal level while walking backwards as compared to forward walking may be mainly
due to the fact that backward walking is less familiar and trained than forward walking. This supports that
segmental lateral stabilization strategies while walking need to be trained, especially during ontogenesis,
in order to be well mastered and efficient.
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Correlation Between the Neurological Findings and the Thermographic
Changes of Fingers in Diabetes Mellitus

I. Watanabe, Y. Mano, T. Chuma
Hokkaido University, Sapporo City, Japan

INTRODUCTION
T h e  c o l d  w a t e r  i m m e r s i o n  t e s t  h a s  b e e n  u s e d

f o r  i n d i c a t i n g  p e r i p h e r a l  c i r c u l a t i o n  d i s o r d e r s
a n d  d i s o r d e r s  o f  t h e  a u t o n o m i c  n e r v o u s  s y s t e m  i n
d i a b e t e s m e l l i t u s . T o  c l a r i f y t h e  e f f e c t  o f
a u t o n o m i c n e r v e f u n c t i o n , c h a n g e s  i n t h e
t e m p e r a t u r e s  o f  b o t h  hands were analyzed f o l l o w i n g
i m m e r s i o n  o f  o n e  h a n d  i n  c o l d  w a t e r .
METHODS

Thermograph ic  measurements  were  per fo rmed in
a n  a i r - c o n t r o l l e d  room(25”c, 45%, n o  w i n d )  o n  b o t h
hands of 6 0 d i a b e t e s m e l l i t u s p a t i e n t s a n d  1 2 n o r m a l
c o n t r o l s a f t e r o n e h a n d  (the left hand) was immersed
i n  1 5 ° C  w a t e r  f o r  3  m i n u t e s .  A n d  w e  c a l c u l a t e d  t h e
corelation r a t e s  b e t w e e n  t h e  t h e r m o g r a p h i c  c h a n g e s
-_ :-. .+ ,-I -,:,,.-In  e u r  u  i u  g i c  a , data( n n r v eUC_\  .iz. .  _ condi-11” ;. ‘2 : : ‘i J ct i QT \,’ 3 ! Q c ! t ”z I

a u t o n o m i c  n e r v e  f u n c t i o n  a n d  d i s e a s e  s e v e r i t i e s ) .
RESULTS/ DISCUSSION

T h e  f i n g e r  t e m p e r a t u r e o n t h e i m m e r s e d  ( l e f t )
s i d e  o f  t h e  d i a b e t e s  m e l l i t u s  p a t i e n t s  r e c o v e r e d
m o r e  s l o w l y  t h a n  t h a t  o f  t h e  n o r m a l c o n t r o l s .
Whereas t h e  f i n g e r t e m p e r a t u r e  o f t h e r i g h t
( n o n - i m m e r s e )  s i d e  o f  u i a b e t e s  m e l l i t u s  p a t i e n t s
r e m a i n e d  u n c h a n g e d , t h e  r i g h t  f i n g e r  t e m p e r a t u r e
o f  t h e  n o r m a l  c o n t r o l s  d e c r e a s e d  s i g n i f i c a n t l y
d u r i n g  t h e  i m m e r s i o n . I t  w a s c o n c l u d e d t h a t
d i s o r d e r s  o f  t h e  a u t o n o m i c  n e r v o u s  s y s t e m  i n
diabetes mellitus decreased the temperature change
i n  t h e  s i d e  n o t  u n d e r g o i n g  i m m e r s i o n .  W e  f o u n d  t h e
s t a t i s t i c a l  correlation between the temperature of
f i n g e r s  a n d  m a n y  c l i n i c a l  p a r a m e t e r s .
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The Effect of Oral Creatine Supplementation on Muscle Activity (iEMG) in
a Vegetarian and a non-Vegetarian Population: a Double Blind Study

E. Zinzen, P. Clarys, M. Verlinden, D. Caboor, J.P. Clarijs
Vrije Universiteit Brussel, Brussels, Belgium

INTRODUCTION:
PCr (phosfocreatine) plays an important role in muscular contraction, especially during
intensive short efforts. It acts as a buffer for the ATP/ADP ratio and as a mediator for
energy translocation from the mitochondria towards the ATP utilization sites (Meyer et
al, 1984). PCr is the limiting factor during maximum efforts. Literature nevertheless is
inconclusive about the influence of PCr supplementation upon physical performance.
Vegetarians who do not have external sources of Cr, are believed to have low initial
muscle Cr levels and are therefore believed to be weak performers in high intensity
exercise as opposed to non-vegetarians (Balsam et al, 1993, Casey et al, 1996).

PURPOSE:
This study tries to find out whether there are changes in muscle activity (iEMG) during
short-term concentric and eccentric isokinetic work in both vegetarians and non-
vegetarians.

METHODOLOGY:
A group of lacto(-ovo-)vegetarians  (n=lO) and a group of non-vegetarians (n=lO),
matched for age, gender and life-style (non competitive athletes) volunteered to
participate and were asked to refrain from caffeinated drinks on the day of the
experiment. The KinCom (isokinetic dynamometer) and Active Bipolar Surface
Electrodes (Sample Frequency 1000 Hz) were used to measure and calculate
integrated EMG of the quadriceps muscles. The subjects were positioned in a sitting
120 degrees angle between trunk and upper leg. A standardized warming up and
adaptation procedure was effectuated. The experimental procedure consisted of 5
bouts of 20 repetitions at 3.14 rad/s interspersed with 60 s rest intervals. Under double
blind conditions the subjects were given either oral Cr supplementation (20g Cr-
monohydrate) or placebo (glucose) for 6 days previous to the lab experiments. A 6
weeks wash-out period was respected before te second supplementation of 6 days
period started. The day after finishing the supplementation the tests were performed.

RESULTS:
The mean iEMG parameters calculated form the different bouts of 20 repetitions
showed no relation with the supplementation of Cr nor with placebo intervention, in
both vegetarian and non-vegetarian groups. There is no statistical significant difference
in iEMG after treatment with Cr or Placebo. Non-vegetarians compared with
vegetarians do not reveal any significant differences. Body weight in both the
vegetarian and non-vegetarian group was not significantly influenced by the Cr
supplementation.
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DISCUSSION & CONCLUSION:
No studies have been introducing EMG to measure the influence of PCr onto
vegetarian an non-vegetarian populations. The present study does not show any
differences of iEMG between a vegetarian or non-vegetarian group, both in concentric
and eccentric short maximum contractions. These findings do not indicate a substantial
shortage of Cr in vegetarions who solely can rely on endogenous biosynthesis of Cr.
This EMG study does not confirm the isokinetic torque results where a tendency to
produce higher torque values after the intake of PCr in both groups was noticed
(Clarijs et al, 1997).
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EMG Signal Parameters and Their Relation to Psychosocial Factors in
a Study of Muscle Tension Patterns Among White Collar Workers

L. Sandsjo,  R. Kadefors, M. Eklof, A. Vainikainen
Lindhohnen Development, Goteborg, Sweden

INTRODUCTION
High levels of stress and a high prevalence of shoulder/neck pain had been observed among office em-
ployees at a large industrial company. In an attempt to alleviate these problems, an intervention pro-
gramrne was initiated by the company, union representatives and the occupational health care centre.
As it was hypothesised that the ailments in part had a background in adverse muscular tension patterns,
monitoring of ElectroMyoGraphic  (EMG) activity was undertaken for entire working days.

Recently, much interest has been focused on EMG-gaps, i.e. short periods where the muscle is totally
relaxed. Both Veiersted (1995) and Hagg (1997) have found significantly fewer EMG-gaps among
female employees with complaints from the neck and shoulder region. Lundberg et al. (1994) have
shown that the EMG activity of the trapezius muscle is significantly increased when performing a test
contraction under psychologically stressful conditions compared to the same test in a non-stressful
situation. In the analysis, parameters representing these load and temporal aspects of the EMG signal
were applied.

METHODS
Measurements of myoelectric activity, psychosocial factors at work, neck/shoulder pain and a number
of stress related physical and psychological symptoms were carried out. A stress handling course was
offered to everyone interested, but those having high stress levels and/or unfavourable trapezius muscle
activity were requested to take part (n,=19). Those who did not participate in the course, were used as
controls (n,=29). The groups did not differ in terms of psychosocial factors and amount of computer
work. Six to eight hours of EMG were recorded from each employee before the intervention. In the
follow-up, only four hours were recorded, as it was seen that the muscle activity was practically the
same when morning and afternoon sessions from the first round were compared. Comparisons between
initial and follow-up data were made by comparing morning sessions to mornings and afternoons to
afternoons.

Surface EMG were recorded bilaterally from the trapezius descendens using the M y o G u a r d  moni-
toring device (Sandsjo, 1997), which presents averaged rectified values (ARV) and mean power fre-
quency (MPF) of the muscle activity once every second. The electrodes were placed 2 cm lateral to the
midpoint between C7 and the acromion, with an interelectrode distance of 20 mm. At the start of each
measurement, a normalisation procedure consisting of four, 20 seconds long, reference contraction
(arms held straight and horizontally in the frontal plane corresponding to about 15% MVC) and muscle
relaxation recordings, were performed. The normalisation procedure was also repeated at the end of
each measurement allowing comparisons of muscle fatigue. All data were normalised, where the most
stable reference contraction was used as reference and set to 100% (Reference Voluntarily Electrical
activation, RVE).

In order to evaluate if those of the employees taking part in the course, managed to change their
muscle activation during work, the outcome of a set of EMG parameters, applied on recordings made
before and after the intervention, were compared. Parameters applied included; MeanARV  , i.e. mean
muscle activity; MeanRestLth, i.e. mean length of muscle rest periods; and RestTime,  i.e. percentage
muscle rest-time of total time. The threshold used to discriminate between muscle activity and the mus-
cle at rest was individually set to the mean value of the best, i.e. lowest, initial relaxation registration
with 10% RVE added.

RESULTS
The work-load, as measured by MeanARV, RestTime and MeanRestLth, was significantly higher on the
right compared to the left side throughout the recordings (p<O.OOl). Before the intervention, attitude to
work (lust/no lust) correlated to MeanARV (p<O.Ol) and to RestTime and MeanRestLth (p<0.05).
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Follow-up results showed reduced neck/shoulder pain, lower self-reported stress and less stress
related psychosocial symptoms. Among the EMG parameters, significant change was found only in the
RestTime parameter of the left trapezius (p<0.05). RestTime did not change in the control group. The
groups did not differ in terms of psychosocial factors and no changes in this respect could be observed
during the intervention period. Signs of muscle fatigue, both as heightened ARV- and lowered MPF-
values, could be found before and after the intervention (Table 1). There was a tendency that the
intervention group had less pronounced fatigue signs then the control group after the intervention.

Table 1. Group mean values of the Mean ARV and MPF values from the four reference contractions
performed at the start of each recording and the test contractions performed at the end of each
recording. The table shows the outcome of these parameters and significance levels before and after
the intervention when tested with a 2-sided, paired student’s T-test. The ARV and MPF values were
normalised, where the most stable reference contraction of the four performed at the start of each
recording was used as the reference and set to 100% (Reference Voluntarilv Electrical activation).

Before intervention Afier intervention
Group Param. Reference Test D Reference Test D

All (n=48)

Intervention (ni=l 9)

Control (n,=29)

ARV right
ARV left
MPF right
MPF left
ARV right
ARV left
MPF right
MPF left
ARV right
ARV left
MPF right
MPF left

102% 114% <0.05 103% 111% <0.005
102% 101% - 101% 106% <0.05.
99.5% 98.0% <0.05 100% 99.8% -
99.7% 97.0% co.00 1 100% 98.6% <0.0 1
105% 114% - 104% 107% -
101% 97.0% - 101% 101% -
99.3% 97.9% - 101% 101% -
99.8% 97.4% <0.05 100% 99.1% -
100% 110% <0.1 103% 113% <0.005
102% 102% - 101% 108% <0.05
99.5% 98.4% - 100% 99.3% -
99.5% 96.8% <0.00 1 100% 98.6% <0.05

CONCLUSION
The results demonstrates that the used parameters, representing both load and temporal aspects of the
myoelectric activity, reflects workload, psychosocial factors as well as the intervention programme,
according to the hypothesis.
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Comparison of the Median Frequency of the EMG Power Spectrum During
Ramp Versus Step Isometric Contractions of the Biceps Brachii

P. Archambault, A.B. Arsenault, D. Gravel
Universite de Montreal et Institut de readaptation de Montreal, Montreal, Quebec, Canada

INTRODUCTION
The median frequency  of the EMG power spectrum as been related to muscle conduction velocity

and fiber recruitment. It has also been found to be proportional to muscle force, up to a level of 20-
30% (Hagberg & Ericson, 1982) or 80% (Moritani & Muro, 1987) of the maximal voluntary
contraction (MVC) when using either step or ramp contractions, respectively. Another finding is that
the median decreases during a steady contraction, which has been associated with fatigue (De Luca et
al., 1983). It is therefore possible that the discrepancy between studies of the median/force relationship
may be due to the time at which the measurement is taken, for step contractions. The objectives of this
study were therefore twofold: (1) to compare the median of EMG power spectra obtained during an
isometric ramp contraction to those obtained at diierent points in time during a step contraction; and
(2) to verify that the decrease in the value of the median is indeed due to fatigue.
METHODS

Ten male subjects, aged 34.0 (* 4.6) years, participated in the study after giving their informed
consent. Subjects were seated with their shoulder at 15’ abduction, their elbow flexed at 90’ and their
forearm in mid-pronation. Active bipolar electrodes with a 10 mm inter-electrode distance were placed
on the biceps brachii. A strain gauge was used to measure vertical force and visual feedback of the
exerted force was provided through a computer monitor. Maximum voluntary contraction (MVC) was
first measured by taking the highest value from two trials.

Subjects were instructed to produce muscle contractions by following a target trace on the
computer monitor, in the following order: (1) two ramp contractions of linearly increasing contraction
to 100% MVC (5 seconds). (2) two step contractions to 40, 20, 80, 10 and 60% MVC (8 seconds).
(3) two ramp contractions, as in (1).

EMG data were sampled at 2000 Hz then filtered using a l0-500 Hz bandpass filter. The RMS of
the signal and the median frequency  of its power spectrum were calculated every 50 ms using 256 ms
windows. Data for the median and RMS were then sampled for the ramp contractions at points
corresponding to 10, 20,40, 60 and 80% MVC. For the step contractions, the time at which the force
stopped oscillating was visually determined. This point, the stabilization time (ts), always occurred
within 1 second of the subject first reaching the target force level. Median and RMS were then
sampled at ts, at ts+3 seconds, and ts+6 seconds.
RESULTS

A good match between the median in ramp contractions and the median at ts in step contractions
was observed (Fig. 1). Both measures showed a linear increase with force up to 40-60% MVC. For
step contractions the median ts+3 and ts+6 did not vary or decreased with increasing force. Also, a
clear decrease of the median with time during 80% MVC step contractions was observed.

Subjects were then divided into 2 groups: subjects that displayed RMS increase during step
contractions for most to all trials (fatigue group; n=4); subjects with no RMS increase for none or few
trials (no fatigue group; n=4).  A good correspondence between the medians measured during ramp
contractions and the medians measured at ts during step contractions was observed for the no fatigue
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group, but not for the fatigue group (Fig. 2). The values of the medians for the no fatigue group were
lower than those of the fatigue group.
CONCLUSION

This study has revealed that the median varies during an 8 second step contractions and that the
point at which the measurement is taken is important. More importantly, fatigue may not be the only
factor causing a decrease in the median observed in step versus ramp contractions. Factors such as
muscle fiber type, involvement of synergists or biomechanical properties of muscles may possibly have
played a role.

100,

/v -

+ Ramp1
- Ramp2
0 Step at ts
n Step at ts+3s

1 0 Step at ts+6s 1

0 20 40 60 80
Force (%MVC)

20 40 60 80
Force (%MVC)

Fig. 1: Median values of EMG power spectra Fig. 2: Median values of EMG power spectra for
during isometric biceps ramp contractions, and at ramp and step contractions for subjects showing
stabilization time (ts), ts+3 and ts+6 seconds for signs of fatigue during step contractions (top,
step contractions; values are averages for 10 n=4) and subjects showing no signs of fatigue
subjects. (bottom, n=4).
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