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Abstract

The purpose of this study was to investigate the effect of shoe type on muscles
electromyography while descending stairs. The population of this study was 15 students
aged 20 to 30 years. Co-contraction and peak muscle activity were recorded. The
repeated measure ANOVA test was used. The results showed that in both pre-activity
and eccentric phases, the peak activity of tibialis anterior, internal and external
gastrocnemius and soleus muscles significantly increased in the barefoot position
compared to normal shoes. The co-contraction of the peronaeus brevis and
gastrocnemius medialis muscles in the pre-activity phase had a significant difference
between normal and minimalist shoes. In the eccentric phase, there was a significant
difference between the co-contraction of the tibialis anterior and peronaeus longus
muscles in barefoot and normal shoe states. It seems that the increased co-contraction of
agonists and antagonists in barefoot and minimalist shoes compared to normal shoes
may be an effective factor in maintaining joint stability.
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Extended Abstract

Objectives

Descending stairs, which usually involves stepping down one foot per step, is a
common locomotor exercise in most sports and is usually designed in exercise
protocols to increase neuromuscular skills (1,2). Innovative footwear can
increase comfort and improve performance in professional and non-professional
athletes (3). Minimalist footwear has been shown to help activate leg muscles
and accelerate their loading during running as in barefoot exercise (4). Studies
have been carried out on walking, walking up and down stairs and even
comparing these tasks in terms of kinetics and kinematics. However, there is a
lack of research on muscle activity and muscle contraction in the task of
descending stairs in two different phases in various shoe types. The purpose of
this study was to investigate the effects of different shoes, especially minimalist
shoes, on the activity of the lower limb muscles while descending the stairs.
Materials and Methods: In this applied quasi-experimental study, fifteen subjects
with an age range of 20 to 30 years were selected via voluntary response
sampling. None of the subjects had a history of abnormalities in the structure of
their feet, surgery affecting the function of the neuromuscular system, and leg
length discrepancy of more than 5 mm. First, the subjects’ heights and weights
were measured and recorded. An Electromyography device (ME600-T16) made
in Finland was used to record the electrical activity of the limbs. A footswitch
was used to detect the exact foot-ground contact time and to separate the pre-
activity and eccentric phases. In order to reduce the electrical resistance of the
skin and easy transfer electrical impulses of the lower limbs muscles (tibialis
anterior muscle, fibularis longus muscle, fibularis brevis muscle, gastrocnemius
muscle (inner and outer), and soleus muscle), electrodes were installed
according to the European protocol, SENIAM (5). Step height in the current
study was 30 cm. The task of descending the stairs in 3 positions barefoot,
normal shoes, and minimalist shoes was performed by the subjects. At the end of
the task, the maximum voluntary isometric contraction (MVIC) test was used to
normalize the data. In the analysis of various movement stages, the duration
between 100 milliseconds before foot-ground contact and the contact was
considered as a pre-activity stage, and the duration between the foot-ground
contact and 100 milliseconds after the contact was considered as the eccentric
stage (6). Maximum voluntary isometric contraction (MVIC) and Root Mean
Score (RMS) were used to normalize the data. The following equation was used
to determine the values of directional co-contraction in the entire movement (7):

fttJEMG ant X dt

Cl= X 100

fttof[EMG ago+ EMG ant] X dt
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Shapiro-Wilk test was applied to check the normality of data distribution, and
repeated measures ANOVA was used to compare the three states of barefoot,
normal shoes and minimalist shoes.

Results

In the pre-activity phase, the results showed that the peak of tibialis anterior
muscle activity in the barefoot state was about 70% higher than the peak activity
of the muscle in the minimalist shoe state (P = 0.013) and 99% higher than the
normal shoes (P = 0.001). The peak activity of the tibialis anterior muscle in the
minimalist shoe state was about 45% higher than the normal shoe state (P =
0.001). The peak activity of fibularis longus muscle in the barefoot state
increased by about 30% compared to normal shoes (P = 0.023). The peak
activity of the fibularis brevis muscle in the barefoot state was about 45% higher
than in normal shoes (P = 0.002) and 30% higher than in minimalist shoes (P=
0.011). The peak activity of inner and outer gastrocnemius muscle in the
barefoot position increased by about 36% (P= 0.011) and 16% (P= 0.017)
compared to normal shoes (P= 0.011), respectively. The peak activity of soleus
muscle in the barefoot state increased by about 30% compared to normal shoes
(P= 0.020). In the eccentric phase of descending the stairs, the results showed
that the peak activity of the tibialis anterior muscle in the barefoot state
increased by about 26 compared to the normal shoe state (P= 0.019). The peak
activity of the outer gastrocnemius muscle in the barefoot state showed about
51% increase compared to normal shoes (P= 0.002) and 29% increase compared
to minimalist shoes (p= 0.021). The peak activity of the inner gastrocnemius
muscle and soleus muscle in the barefoot position had 16% (P= 0.022) and 24%
(P=0.037) increase compared to the position of the normal shoe, respectively.
There was a significant difference between muscle co-contraction in fibularis
brevis muscle and inner gastrocnemius muscle in the pre-activity phase in the
normal shoes and minimalist shoes states (P= 0.046). The results also showed
that there was a significant difference between co-contraction of the tibialis
anterior muscle and fibularis longus muscle in barefoot and normal shoe states
(P=0.040).

Conclusion

Minimalist shoes were ranked between barefoot walking and normal shoes in
terms of muscle activity. It appears that increased activity of the musculi
fibularis and the internal and external gastrocnemius muscles is related to plantar
flexion of the foot, which is mechanically less stable. The rate of co-contraction
increased in the fibularis brevis and internal gastrocnemius muscles in the pre-
activity phase and the tibialis anterior and fibularis longus muscles in the
eccentric phase during the barefoot running compared to minimalist and normal
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footwear. It seems that the increased mobility of the foot when running barefoot
compared to minimalist, and regular shoes reduces foot stability. In addition, the
increased co-contraction of agonists and antagonists in barefoot and minimalist
shoes compared to normal shoes may be an effective factor in maintaining joint
stability. Therefore, physicians or coaches should prescribe the most appropriate
trainers for each athlete depending on their needs.
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Abstract

The gastrocnemius muscle is one of the main muscles of the knee joint but its
neuromuscular adaptations after anterior cruciate ligament (ACL) injury are poorly
understood. The purpose of this study was to compare medial and lateral gastrocnemius
preparatory and reactive activity patterns in athletes with and without a history of ACL
rupture. Totally, 15 ACL deficient, 15 ACL reconstructed and 15 control subjects
participated in this cross-sectional study. The ACL injured groups (ACLD and ACLR)
had significantly lower lateral gastrocnemius muscle activity in the reactive phase
compared to the control group. The gastrocnemius muscle is an antagonist of ACL, and
it seems that lower lateral gastrocnemius activity in ACL injured groups is a
compensatory mechanism to decrease strain on ACL.

Keywords: Anterior Cruciate Ligament, Knee Joint, Gastrocnemius Muscle, Reactive
Activity

1. Email: kdr_140@yahoo.com

2. Email: mhalizadeh47@yahoo.com
3. Email: h.minoonejad@gmail.com
4. Email: dryazdi88@yahoo.com



Dashti Rostami: Comparison of Electromyography Activity... 38

Extended Abstract

Objectives

The medial and lateral gastrocnemius muscles are the main muscles of the lower
extremities (1). Neuromuscular adaptations following anterior cruciate ligament
(ACL) injury including the atrophy of quadriceps (2), reduction in voluntary
activation (3) and change in the muscle tightening time of the quadriceps and
hamstrings (4, 5) have been documented in previous studies. However, there is
limited information on the effects of ACL injury on gastrocnemius muscle
activity patterns. It has been demonstrated that the gastrocnemius muscle is an
ACL antagonist and its contraction could strain the ACL (6). However, it has
been stated that gastrocnemius muscle could increase knee joint stiffness and
help to joint stability(7). Klyne et al. have shown that patients with knee
instability rely more on active control of the gastrocnemius muscle(8). The
gastrocnemius muscle strategies, whether being compensatory or not, during
challenging tasks such as drop-landing, remain unknown. The aim of this study
was to compare medial and lateral gastrocnemius muscle activity between ACL
injured and healthy individuals.

Methods

Forty-five males participated in this study. Fifteen were 18 to 36 months post-
ACLR, 15 were 18 to 36 months after ACL rupture (ACL deficient, ACLD), and
15 were healthy, matched control subjects. A surface EMG system (ME6000,
Megawin; MEGA Electronics Ltd, Finland) with a 20-mm interelectrode
distance was used to measure the activation levels of the medial and lateral
gastrocnemius muscles during landing. Maximal voluntary isometric
contractions (MVICs) were recorded prior to landing. The landing task required
subjects to perform a single-leg vertical drop landing from a 30-cm box and land
on a single leg on a force plate (AMTI, Watertown, MA). Only the injured limb
of ACLR and ACLD individuals and the dominant limb of controls were tested.
The dominant limb was defined as the limb with which the participant would
kick a ball. Three good trials, defined as the proper limb landing completely on
the force platform, were analyzed. Dynamic EMG data recorded during the
landing task were normalized to the peak muscle activity recorded during the
MVIC. Preparatory muscle activity was extracted as the mean values in a 100-
millisecond window prior to initial ground contact (defined as the instant when
vertical ground reaction forced exceeded 10 N). Reactive muscle activity was
extracted from a 250-millisecond window following initial ground contact. In
order to compare the activity levels between the groups (ACLR, ACLD, and
controls), a 1-way analysis of variance with Tukey post hoc test was used.
Standard Cohen’s d effect sizes were calculated to assess group differences in
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significant dependent variables. The strength of the effect sizes was interpreted
using the guidelines described by Cohen with values less than 0.5 interpreted as
weak, values ranging from 0.5 to 0.79 interpreted as moderate, and values
greater than 0.8 interpreted as strong. The statistical analyses were performed
using SPSS.

Results

There were no significant differences (P > .05) in the preparatory activity of the medial
and lateral gastrocnemius activity between groups. During the reactive activity, ACL-
injured (ACLR and ACLD) participants demonstrated significantly lower lateral
gastrocnemius activity compared with controls (P = .001) (Table 1). There was no
significant difference in reactive activity of medial gastrocnemius muscle between
groups (P<0.05). Effect sizes for ACLR compared with control as well as ACLD
compared with control were strong with 95% confidence intervals (Table 1).

Table 1- Average EMG Values in Preparatory and Reactive Phases

Muscle ~Fhaseof ¢ b ACLR Controls P- FEffect
activity value size
MG preparatory 31.76+18.03 38.38+9.25 31.20+£14.01 0.27
reactive 28.59+11.82 25.45+9.9.49 29.90+3.83  0.37
LG preparatory 28.83+14.62 24.00+10.34 28.92+15.81 0.48
reactive 23.95+13.25 26.49+8.60  37.06£7.96  0.001* igg

Abbreviations: ACLD, anterior cruciate ligament deficient; ACLR, anterior cruciate
ligament reconstructed. MG, medial gastrocnemius; LG, lateral gastrocnemius.
*Analysis of variance significant difference. **Between-group significant difference for
ACLD versus controls and ***ACLR versus controls. Data are expressed as percent
maximum voluntary isometric contraction.

Conclusion

The purpose of this study was to compare medial and lateral gastrochemius
activity patterns between ACL injured (ACLR and ACLD) and healthy control
group during the single-leg landing. There was no significant difference between
groups in the preparatory phase; however, in the reactive phase, the results of the
ongoing study demonstrate that the ACL-injured (ACLR and ACLD) individuals
had significantly less lateral gastrocnemius activity compared with controls
following contact with the floor. It seems that lower reactive activity of the
lateral gastrocnemius in patients with ACL injuries is a protective strategy to
reduce ACL strain during landing (9). According to the present results, the
activity patterns of the gastrocnemius muscle should be considered in ACL
rehabilitation programs. Future studies can investigate the relationship between
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gastrocnemius muscle activity and kinematic data of patients with ACL injuries
during more demanding landing tasks (cutting and jump landings).
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Abstract

Most sports injuries occur during fatigue. The aim of the present study was to evaluate
the effect of fatigue protocol on lower limb muscular activities in individuals with genu
varus during running with agility shoes. In this study, 14 individuals with genu varus and
15 healthy control ones aged 20-30 years volunteered to participate. Muscle activities
were recorded using a Biometric system. Findings demonstrated greater gluteus medius
activity in the healthy group compared to the genu varus group. The main effect of
fatigue on tibialis anterior activity during the loading phase and mid-stance phase was
significant. Overall, because of different tibialis anterior and semitendinosus
performance in the genu varus group compared with the healthy group during running
before and after fatigue protocol, rehabilitation of these muscles is essential in genu
varus individuals.
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Extended Abstract

Objectives

The term fatigue though can refer to both physical and mental exhaustion due to
prolonged stimulation or exertion. As such, it is a phenomenon of interest to
many scientific disciplines, including the science of coaches and players, as it is
used in a variety of contexts. Most sports injuries occur during fatigue. Fatigue
can induce postural instability and even lead to falls. However, most current
methods and treatments to delay or reduce the fatigue process require long
preparatory time or large and expensive equipment. The aim of the present study
was to evaluate the effect of fatigue protocol on lower limb muscular activities
in individuals with genu varus during running with agility shoes.

Methods

In this study, 14 individuals with genu varus and 15 healthy control ones aged
20-30 years volunteered to participate. The research protocol was approved by
the Ethics Committee of the Medical Sciences University of Ardabil, Iran. All
participants provided their written informed consent to participate in this study.
All participants were right-footed. Both before and after the test, a wireless
electromyography system (Biometrics Ltd., Nine Mile Point Ind. Est, Newport,
UK) with eight pairs of bipolar Ag/AgCI surface electrodes (20 mm center-to-
center distance; input impedance of 100 MQ; and common-mode rejection ratio
of >110 dB) was used to record the activity of the tibialis anterior,
gastrocnemius medialis, biceps femoris, semitendinosus, vastus lateralis, vastus
medialis, and rectus femoris as well asgluteus medius muscles of the right leg.
For the running trials, participants were familiarized with the laboratory
situation by walking three times across the walkway. A force plate (Bertec
Corporation, Columbus, OH, USA) was used to collect ground reaction force
data of the right foot at 1000 Hz. ground reaction force data were low-pass
filtered using a 20 Hz. Specific gait characteristics (heel strike and toe off) were
extracted from the walking trials using the force plate. For this purpose, a 10 N
threshold was used to detect the stance phase of the gait cycle. A trial was
considered successful if the right foot landed in the middle of the force plate and
if electromyography signals were artefact-free upon visual examination of the
online screen. Three successful running trials were assessed for each condition
and used for further data analyses. Muscle activities were recorded before and
after the fatigue protocol. A separate 2 (groups: genu varus group vs healthy
group) x 2 (time: pre vs. post-test) ANOVA with repeated measures on time was
computed. Post-hoc analyses were calculated using Bonferroni tests.

Results: Statistical analysis indicated a significant main effect of group for
medial gastrocnemius activity during loading phase (p = 0.042). The paired-wise
comparison showed greater medial gastrocnemius activity during the loading
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phase in the healthy group than that genu varus group. Statistical analysis
demonstrated significant main effect of group for gluteus medius during loading
(p = 0.003) and swing (p = 0.012) phases. Findings suggested greater gluteus
medius activity in the healthy group compared to the genu varus group. Main
effect of fatigue on tibialis anterior activity during loading (p = 0.022) and mid-
stance phase (p = 0.031) were significant. The paired-wise comparison displayed
greater tibialis anterior activity during loading and mid-stance phases after
fatigue protocol compared with before fatigue protocol. Statistical analysis
demonstrated significant interaction effects of group and fatigue for tibialis
anterior activity during mid-stance phase (p = 0.039). Statistical analysis
represented significant interaction effects of group and fatigue medial
gastrocnemius activity during the loading phase (p = 0.018) and swing phase (p
= 0.014). Statistical analysis indicated significant interaction effects of group
and fatigue rectus femoris activity during loading phase (p = 0.014). Statistical
analysis exhibited significant interaction effects of group and fatigue
semitendinosus activity during swing phase (p = 0.016).

Conclusion

The aim of the present study was to evaluate the effect of fatigue protocol on
lower limb muscular activities in individuals with genu varus during running
with agility shoes. Overall, because of different tibialis anterior and
semitendinosus performance in the genu varus group compared with the healthy
group during running before and after fatigue protocol, rehabilitation of these
muscles is essential in genu varus individuals. However further study is needed
to better establish this issue.

Keywords: Agility shoes, Electromyography, Running
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Abstract

The purpose of the current study was to determine allometric equations for leg stiffness,
the main parameter of elastic behavior of the human body. Totally, 30 young healthy
men participated voluntarily in this study and performed a vertical hopping test on a
force plate and in front of a high-speed camera. Leg stiffness was calculated, and its
relationship with individual characteristics such as body mass, height, body mass index
and age was determined by Pearson correlation test, and the allometric equations were
formed by regression analysis. Positive significant correlations were observed between
leg stiffness of the controlled hopping test and body mass. Allometric scaling equations
were Kpiaera=190M* for bilateral leg stiffness, Kdominan=501M%8* for dominant leg
stiffness and Krnondominant=549M°€? for non-dominant leg stiffness. These equations can
help in the correct normalization of the elastic behavior of the human body and allow the
estimation of leg stiffness based on body mass.
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Extended Abstract

Objectives

Elastic behavior of the human body, an important factor for stretch-shortening
cycle efficiency, perturbation control and force transmission in the
musculoskeletal system, is measured by hopping test (1). Leg stiffness is the
most important parameter of this test, as it indicates the resistance of the leg
spring to compression. Various methods have been utilized by researchers to
normalize this variable to body size.. However, allometry could be a more
effective scaling method that has been usually neglected in human movement
studies (2). Furthermore, the formation of the allometric equations can be
helpful in the estimation of the leg stiffness from body size parameters. The aim
of the current study was to determine allometric equations for leg stiffness
during hopping in different styles and strategies.

Materials and Methods

Totally, 30 young healthy men participated voluntarily in this study and
performed vertical hopping test in three styles (bilateral, on dominant leg and
non-dominant leg) and three-movement strategy (preferred, controlled and
maximal) on a force plate and in front of a high-speed camera. The sampling
frequency was 300 Hz for video recording and 500 Hz for force acquisition.

The study was reviewed in the Research Ethics Committee of Sport Sciences
Research Institute of Iran and was approved in accordance with the ethical
principles as well as national norms and standards for conducting Medical
Research in Iran, with the code IR.SSRC.REC.1399.112. All procedures were
explained to each subject thoroughly before signing the informed consent. After
that, they were allowed to do a 5-minute warm-up and train adequately to adapt
to the test conditions.

As the leg behavior in the contact time of the hopping task is similar to a linear
spring, the leg stiffness (K) can be defined as the ratio of maximum ground
reaction force (Fmax) to maximum compression of the leg during the eccentric
phase of the contact time (AL). A self-written MATLAB code helped us to
calculate the leg stiffness in 9 (3 styles x 3 strategies) conditions.

Body mass (M), height (L), the ratio of height to mass (L/M), body mass index
(BMI) and age were considered as the predictive variables and leg stiffness was
the criterion variables. Pearson correlation test and regression analysis were
applied to determine the relationship between predictive and criterion variables.
Regression analysis was also done between log(predictive) and log(criterion) to
establish the allometric equations. If R? of the regression line were statistically
significant (p < 0.05), an allometric equation would be formed. The regression
line slope was considered as the allometric power.
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Findings

Based on the results of descriptive statistics, mean and standard deviation were
67.67+8.20 kg for body mass, 1.77+0.06 m for height, 0.026+0.003 m/kg for
height to body mass ratio, 21.69+2.63 for body mass index and 22.28+2.88 yrs
for age. The leg stiffness in all conditions was 17004+4608 N/m.

When applying the preferred or maximal strategy for the hopping test, there
were no statistically significant correlations between the leg stiffness and none
of the individual characteristics (p>0.01). However, significant relationships
were observed between leg stiffness during the controlled hopping test and some
predictive variables (p<0.01). In this case, correlation coefficients of Kyijaterar t0
M, L/m and BMI were relatively 0.53, -0.49 and 0.44, correlation coefficients of
Kdominant t0 M, L/m and BMI were relatively 0.59, -0.56 and 0.49, and correlation
coefficients of Knondominant t0 M, L/m and BMI were relatively 0.61, -0.60 and
0.51. Obviously, body mass was the most correlated variable to leg stiffness;
The negative and positive correlations of two other parameters are because of
the appearance of M in their calculation formulas. It wasn’t found any
significant relationships between leg stiffness and height or age.

In accordance with the Pearson correlation test, regression analysis parameters
were statistically significant just for the leg stiffness measured by the controlled
hopping test. Body mass was the only predictive variable entered into the
regression line equation. R?, B and C have been reported in table 1. The slope of
the M-K regression line was 323, 203 and 196 for bilateral, dominant and non-
dominant hopping relatively.

The most important findings of this study were the allometric equations
presented in Table 1. Regression analysis of log(predictive variables) and
log(criterion variable) was also successful just for controlled hopping and
log(M) was the only variable entered to it. B is the allometric power of M and
10° is the constant coefficient of M in the allometric equation. The equation
established for bilateral leg stiffness is clearly different from the two others. The
allometric power was more than 1 and less than 1 relatively for bilateral and
unilateral conditions. Allometric equations for dominant and non-dominant leg
stiffness were approximately identical, showing the lateral asymmetry between
two legs in a controlled hopping task.
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Table 1- the Results of Regression Analysis of Leg Stiffness Variables in Controlled
Hopping and the Allometric Scaling Equations

regression analysis of K and regression analysis to the formation of
. individual characteristics allometric equations
variables
R? B C R? B C allometric equations
. 323 -1961 1.10 2.28 n _ 11
Kbilateral 0.28 (0.00* (0.77) 0.29 (0.00)* (0.00) Kbilateral=190M
. 203 3750 0.84 2.70 o 084
Kdominant 0.35 (000)* (030) 0.36 (000)* (OOO) Kdominant=501M
. 196 4160 0.82 2.74 - 0.82
Knondominant 0.37 (000)* (022) 0.40 (000)* (OOO) Krondominant=549M
*p<0.05
Conclusion

The results of this study indicated that the scaling method for leg stiffness
normalizing was dependent on the task conditions. It seems when hopping is
performed maximal or preferred by subjects, leg stiffness is independent of
individual characteristics and do not need to normalize. However, the leg
stiffness measured during 2.2 Hz controlled hopping should be normalized to
body mass. Previous studies have typically utilized the absolute or
dimensionless values of leg stiffness or have normalized it to body mass. The
base of this normalizing is the research conducted by Farely et al. (1993) on
several species of mammals (3). They reported allometric equation of K o< m%67
for horizontal movement of mammals. Although our study can approve the
dependence of leg stiffness on body mass under certain conditions, the
allometric scaling parameter differs from the previous study and may be variable
depending on the assumed exercise styles. This study can be useful for
normalizing leg stiffness and estimating it from body mass. More extensive
allometric studies are required to make final decisions on the normalization of
the elastic behavior of the human body during different movements with body
size.
Keywords: Elastic behavior, Leg stiffness, Allometry, Body size, Normalizing
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Abstract

Performing dual task may impair balance and gait in cerebral palsy (CP). But the effect of
dual task on the electromyographic activity of CP patients has not been well studied yet.
The aim of this study was to investigate the electromyography (EMG) activity of the lower
limbs and erector spinae muscles in CP patients and healthy controls during walking with
and without a cognitive dual task. To do so, the EMG activity of biceps femoris (BF),
rectus femoris (RF) and erector spinae at L3 level (L3) muscles of 10 CP patients and 10
healthy controls were recorded using an EMG USB2+ system and bipolar electrodes
during walking with and without the cognitive task. Data were statistically analyzed using
SPSS 22 and ANOVA for repeated measures with a significance level of 0.05. Results
showed that during walking with the cognitive dual task, the EMG activity of the left L3,
BF and RF muscles and right L3 and BF muscles was significantly higher than that of the
normal subjects. The pattern of normalized EMG activity of L3, BF and RF muscles of
CP patients and healthy control subjects differed during gait with and without the
cognitive dual task, and there was a significant interaction between the group, muscle and
task factors. Based on our results, cognitive dual task increases EMG activity of CP
patients more than healthy subjects. This increase can be attributed to the effort of CP
patients to maintain posture and dynamic balance. Thus, it is recommended to pay
attention to the cognitive dual task when evaluating and designing exercise programs for
CP people with cerebral palsy.

Keywords: Cerebral Palsy, Cognitive Dual Task, Gait, Electromyography
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Extended Abstract

Objectives

Cerebral palsy (CP) is a distinct disorder of the nervous system that permanently
affects the movements and coordination of the muscles. People with spastic CP
can experience movement and balance problems, recurrent falls, and gait
disorders (4). Performing dual task can affect balance and gait in CP. However,
the effect of dual task on electromyographic (EMG) activity in CP patients has
not been well studied. The aim of this study was to investigate the EMG activity
of the lower limbs and erector spinae muscles in CP patients and healthy controls
during walking with and without a cognitive dual task.

Methods

The statistical population of this study was all women with hemiplegic CP in
Tabriz city, from which 10 people were selected. The EMG activity of biceps
femoris (BF), rectus femoris (RF) and erector spinae at L3 level (L3) muscles of
10 CP patients and 10 healthy controls were recorded using an EMG USB2+
system and bipolar electrodes during walking with and without the cognitive task.
Data were analyzed using SPSS 22 and ANOVA for repeated measures with a
significance level of 0.05.

Results

The results showed that during walking with a cognitive dual task, the EMG
activity of the left L3, BF and RF muscles and right L3 and BF muscles was
significantly higher than that of the normal subjects. The pattern of normalized
EMG activity of L3, BF and RF muscles of CP patients and healthy control
subjects differed during gait with and without cognitive dual task and there was a
significant interaction between the group, muscle and task factors.

Conclusion

Based on our results, cognitive dual task increases EMG activity of CP patients
more than healthy subjects. This increase can be attributed to the effort of CP
patients to maintain posture and dynamic balance. Thus, it is recommended to pay
attention to the cognitive dual task when evaluating and designing exercise
programs for CP people.

Keywords: Cerebral Palsy, Cognitive Dual Task, Gait, Electromyography
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Abstract

The aim of this study was to investigate the effect of eight-week dynamic neuromuscular
stabilization (DNS) training on dynamic and static balance, fall prevention and lower
limb strength in healthy elderly women. This quasi-experimental study was conducted
using pre- and post-tests. Thirty healthy elderly women (60-79 years old) were
purposefully selected and randomly divided into two groups of exercise (DNS training)
and control. Static balance, dynamic balance, fall risk and lower extremity strength were
measured by the Berg and Sharpened Romberg balance tests, Timed Up and Go test,
Shumway-Cook model and the Chair Stand test, respectively. Paired t-test and
independent t-test were used to analyze the data. The training group indicated a
significant difference between pre- and post-test and compared to the control group in all
factors. According to the present findings, the effect of DNS training in improving
research variables is confirmed, and its use in elderly care programs is recommended.

Keywords: Dynamic Neuromuscular Stabilization Training, Balance, Fall Risk,
Lower
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Extended Abstract

Objectives

Aging is associated with decreased physiological and functional capacities,
which can lead to disability, decreased balance, and increased risk of falls. One
of the latest sports rehabilitation techniques is the dynamic neuromuscular
stabilization (DNS) technique, which not only involves the muscular system but
also engages the nervous system (1). Balance has been used as a factor to
determine the degree of independence of the elderly. Despite the good
theoretical support about the effects of DNS exercises on the neuromuscular
system, the scarcity of research about the effectiveness of these exercises on
important factors such as balance in elderly people is surprising. Therefore, due
to the high prevalence of balance problems, risk of falling and decreased muscle
strength in the elderly, the aim of this study was to investigate the effect of
eight-week DNS training on dynamic and static balance, fall risk and lower limb
strength in healthy elderly women.

Methods

This quasi-experimental study was conducted using pre- and post-tests. The
population of the present study was all healthy elderly women (60-79 years old)
(2, 3) in Mashhad, who were purposefully selected according to the inclusion
and exclusion criteria. Thirty healthy elderly women (60-79 years old) were
randomly divided into two exercise (DNS training) and control groups. Static
balance, dynamic balance, fall risk and lower extremity strength were measured
by the Berg and Sharpened Romberg balance tests (4), Timed Up and Go test
(5), Shumway-Cook model (6-8), and the Chair Stand test (6, 9, 10)
respectively. The control group performed their daily activities and the
experimental group performed the DNS training protocol for 8 weeks, 3 sessions
per week, 50 minutes each session. The training protocol of the experimental
group included warm-up exercises (5 minutes), DNS exercises with respiratory
correction (40 minutes) and cool-down exercises (5 minutes). According to the
DNS approach, the exercise movements included diaphragmatic breathing, Baby
Rock (Supine 90-90), Prone, Rolling, Side Lying, Obliques Sit, Tripod,
Kneeling, Squat, Czech Get Up (1).

The experimental group did DNS training protocol in two nursing homes for 8
weeks, 3 sessions per week, 50 minutes each session. Paired t-test was used to
compare the mean of research variables before and after the training protocol in
each group, and an independent t-test was used to compare the variables
between groups at a significance level of P <0.05.
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Results

The aim of this study was to investigate the effect of eight weeks of DNS
training on balance, fall risk and lower limb strength in healthy elderly women.
The results of the independent t-test showed that there is no significant
difference in demographic characteristics between the research groups (P<0.05).
The normality of the data was determined using the Shapiro-Wilk test (P<0.05)
as well as independent t-test and paired t-test were used for between-group
comparisons ( static balance, dynamic balance, fall risk and lower limb
strength). Table 1 presents the results of paired t-test and independent t-test.

The results of paired t-test showed that there was a significant difference
between pre-test and post-test of the training group in static balance, dynamic
balance, fall risk and lower limb strength (P<0.01)). But in the control group, no
significant differences were observed between pre- and post-test values in static
balance, dynamic balance, fall risk and lower limb strength (P>0.05). In
addition, based on the results of the independent t-test, no significant difference
was observed in the pre-test of training and control groups in static balance,
dynamic balance, fall risk and lower limb strength (P>0.05), while in the post-
test, the difference was significant in static balance (P=0.018), dynamic balance
(P=0.032), fall risk (P=0.001) and lower limb strength (P=0.001).

Table 1- Results of paired t-Test and Independent T-Test for Comparison
within and Between Groups in Intervention and Control Groups in Pre- and Post-

Tests
Variable Group Pre-Test Post-Test t P value
Intervention 36.78+3.64 3.24+2.71 2.94 0.001
static balance Control 7.61+4.39 39.37+2.58 0.28 0.692
t 0.51 2.37
P value 0.869 0/018
Intervention 13.05+1.17 10.86+1.41 3.67 0.001
dynamic balance Control 12.63+2.04 12.03+£1.79 -1.58 0.379
t 0/094 -1.15
P value 0.726 0.032
Intervention 87.91+2.68 59.41+2.37 5.12 0.001
fall risk prediction Control 86.73+1.62 84.23+2.05 1.85 0.583
t 0.24 2.51
P value 0.984 0.001
Intervention 8.46+2.18 12.4+1.62 -7.156 0.001
lower limb Control 9.1+£1.7 9.72+1.68 -0.802 0.469
strength t 0.54 3.46

P value 0.726 0.001
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Discussion

The training group indicated significant improvement in static balance, dynamic
balance and lower limb strength, as well as a significant reduction in fall risk.
DNS training is one of the rehabilitation techniques that have recently been used
in the literature to promote the neuromuscular system. According to the results
of the present study, DNS training seems to reduce the risk of falls and improve
static balance, dynamic balance, and lower limb strength enhancement, so
trainers and therapists could use DNS exercises according to the special needs of
the elderly.

Keywords: Dynamic Neuromuscular Stabilization Training, Balance, Fall
Risk, Lower Extremity Strength, Elderly
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Abstract

The aim of the present study was to compare sensory and motor performance in female
runners with and without medial tibial stress syndrome (MTSS). According to the
objectives and content, the present study was descriptive and comparative. Fifty female
endurance runners with the age of 20 to 30 years were divided into two groups of 25 people
with MTSS (mean age 23.04 years, weight 60.40 kg and height 164.56 cm) and without
injuries (Mean age 23.36 years, weight 61 kg and height 162.52 cm). Yates criterion was
used to diagnose the injured group and to assess sensory function and motor function,
measurement of sense of knee and ankle joint position, and the functional movement
screening (FMS) test was applied, respectively. The results of the analysis of variance
showed that there was a significant difference between the two groups in the subscales.
Moreover, the overall score of the FMS test in the sense of joint position (P <0.05) and
individuals in the group with MTSS had more deviation in the reconstruction of the target
angle. Therefore, it is recommended that endurance runners with MTSS should pay
attention to their weaknesses in their exercise program.

KeyWords: Medial Tibial Stress Syndrome, Female Endurance Runners, Sensory
function, Motor Function, Shin Splint.
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Extended Abstract

Objectives

Running is an effective exercise for training large muscle groups and has been
shown to improve health and prevent cardiovascular problems, but it can have a
potential risk of injury (1). Medial tibial stress syndrome (MTSS) (shin splint) is
a common injury caused by overuse of the lower leg, known as exercise leg pain.
This injury was first defined as a set of symptoms observed in athletes who
complained of severe training pain in the posterior-medial margin of the tibia (2).
This injury is very common in runners and the military, and the prevalence of this
injury in runners is reported to be between 13.2% and 17.3% (3). With these
interpretations, no study has been conducted to specifically examine and compare
sensory function and motor function in female endurance runners with and
without MTSS. Considering the sports goals and the need for physical health
among athletes, the small number of studies performed on female endurance
runners, consequences and costs of injury, recognizing the factors associated with
this injury and preventing injury, the aim of the present study was to investigate
the sensory and motor function in female endurance runners with and without
MTSS.

Materials and Methods

According to the objectives and content, the present study was descriptive and
comparative. The statistical population of the present study was 20-30 years old
female runners who had at least three years of regular exercise experience. The
subjects were endurance runners from Khorasan Razavi province who engaged in
regular physical activity for three sessions per week for two hours each session.
Among these athletes, based on the inclusion and exclusion criteria of the study,
the examiner selected 50 subjects in two groups of 25 runners with MTSS and 25
runners without MTSS to participate in the study and purposefully divided into
two groups. Inclusion criteria include: Females aged 20-30 years, no fracture or
surgery on the lower limb, no obvious injuries or deformities of the lower limb,
such as ankle sprains that affect a person's performance, volunteered to participate
in the research and had MTSS injury which diagnosis by the Yates criterion
(injured group). A gyroscope was used to measure the joint position sense of the
ankle and knee. Each movement was repeated three times and finally, the average
of the three joint reproduction angle errors obtained was considered as the main
record for each movement (4). In addition, the functional movement screening
(FMS) test was used to evaluate performance (5). The obtained information was
collected and entered into SPSS software for analysis. we used Shapiro-Wilk,
independent t-test and ANOVA for analyzing data at the alpha level of 0.05.
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Results

Descriptive information was reported in the group with injury (mean age 23.04
years, weight 60.40 kg and height 164.56 cm) and without injury (mean age 23.36
years, weight 61 kg and height 162.52 cm). The results of the independent t-test
showed that there was no significant difference between the two groups in terms
of descriptive information and the two groups were identical in all cases (P>0.05).
Runners in both groups had well scores in the Cooper test, which was a
confirmation of endurance (score above 2350 at the age of 20-29).

The results of analysis of variance indicated that there was a significant difference
between the subscales of FMS test including the deep squat, hurdle step, in-line
lunge, active straight leg raise, rotary stability and overall score between the two
groups (P < 0.05), which the athlete with MTSS had a lower score. However, this
difference was not significant in the trunk stability push-up and shoulder mobility
(P >0.05). The results of analysis of variance represented that the joint
reproduction of plantarflexion of dominant and non-dominant foot was
significantly different between two groups as well as dorsiflexion. Besides, the
result suggested that there was a significant difference between the two groups in
knee joint position sense (P <0.05), indicating that the athlete MTSS had a higher
error rate in the reproduction of the target angle.

Conclusion

Most researchers in their studies evaluated the usefulness of FMS tests to identify
damage and reported a combined cut-off score of 14 or 17 (25, 27). Furthermore,
the results of this study demonstrated that people with MTSS scored less than 14
(13.04) and healthy people more than 14 (15.44) in the FMS test, which was
consistent with the previous research. Moreover, endurance runners with MTSS
had lower joint position sense in the ankle and knee. Researchers believe that the
pain caused by shin splints in the posterior and inner regions of the leg, in addition
to reducing function, reduces the proprioception; As stimulation of pain, receptors
cause disturbing reports from the sensory receptors to the central nervous system
and erroneous analysis of sensory information. Due to the possibility of injuries
such as MTSS in endurance runners and the negative impact of this injury on
motor and sensory function of lower limb joints, it is recommended that this defect
be identified frequently in these athletes and if there is a defect in the lower limb
joint, these athletes can be referred to rehabilitation centers.

Keywords: Medial Tibial Stress Syndrome, Female Endurance Runners,
Sensory Function, Motor Function, Shin Splint
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Abstract

Frozen shoulder syndrome is one of the most common causes of shoulder pain and
disability, which can be associated with poor posture and limited mobility of the
shoulder girdle. The study compared upper body posture and shoulder range of motion
in women with frozen and healthy shoulders. This study was conducted on 30 women
with frozen shoulders and 30 healthy women in Ilam. In the present study, the head and
shoulder angle was measured using imaging, the range of motion flexion, abduction and
external rotation of the shoulder was measured through the goniometer and curvature of
the thoracic kyphosis and a flexible ruler was used to evaluate the results of independent
t-test at a significant level 0.05. The results showed a significant difference between
head and shoulder angle in front, kyphosis, range of motion flexion, abduction and
external rotation in patients with frozen and healthy shoulders. Findings indicated that
people with frozen shoulders were more likely than healthy individuals to have anterior
shoulder angle (P = 0.001), anterior head (P = 0.044) and kyphosis (P = 0.016). External
Rotation Range of motion, flexion, abduction had less shoulder (P = 0.001). Therefore, it
is suggested that in order to improve the range of motion of the shoulder in people with
frozen shoulder, the posture of the upper body should be examined and a correction
program should be considered to correct the anomaly of these people.
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Extended Abstract

Objectives

Stiff shoulder disease is a progressive loss of shoulder motion due to fibrotic
inflammation of the shoulder joint capsule. This disease is characterized by
limited shoulder motion and pain. This injury negatively affects the shoulder
joint and is one of the most common causes of shoulder pain and disability,
which can be associated with poor posture, muscular imbalance and limited
shoulder girdle mobility. Repetitive movements or continuous postures can lead
to modulations in length, strength and muscle stiffness. Therefore, these
adaptations may be triggered by movement disorders. Hence, the aim of this
study was to compare upper body posture and shoulder range of motion in
women with stiff and healthy shoulders. This comparative causal study was
performed on 30 women with stiff shoulders, referred to medical clinics in llam
and 30 healthy women aged 40 to 60 years. The patients were referred to Red
Crescent Clinics, Imam Khomeini Hospital, Taybi and Shafa Ilam, of which 30
subjects were selected as a statistical sample. The inclusion criteria for the study
were female gender, idiopathic stiff shoulder at the discretion of the physician,
significant loss of mobility of the shoulder joint during active movements and
pain. Exclusion criteria included a secondary disorder of stiff shoulder, a history
of disease and underlying injuries affecting stiff shoulders such as diabetes,
hyperthyroidism, arthritis, fractures, dislocations, joint instabilities, muscle tears,
previous surgeries, neurological problems and a history of using any type of
medication or pain medication and treatment interventions to resolve stiff
shoulder problems (1). In this study, the angle of the head and shoulders forward
was measured by imaging, the range of motion flexion, abduction and external
rotation of the shoulder was measured by a goniometer, and the curvature of the
thoracic kyphosis by a flexible ruler, and the pain was used by using the scale
VAS and evaluating the results of the independent t-test at a significant level
0/05. The evaluation of each study sample was performed in one session by one
subject at a specific time of day in a situation where only the upper limbs and
shoulder girdle of the samples were uncovered and in a similar position
according to the standard protocol. The subjects participated in the assessments
by completing the consent form and participating with full satisfaction. The
results demonstrated that people with stiff shoulders were more likely than
healthy individuals to have anterior shoulder angle (P = 0.001), anterior head (P
= 0.044) and kyphosis (P = 0.016). External Rotation Range of motion, flexion,
abduction had less shoulder (P = 0.001). The results suggested that there was a
significant difference between head and anterior shoulder angle, kyphosis, range
of motion flexion, abduction and external rotation in patients with healthy and
stiff shoulders. Shoulder range of motion was not established in women with
stiff shoulders compared with healthy individuals, and most previous research
on stiff shoulders was focused on treatment and rehabilitation. Therefore, the
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background for the present study was very small. In addition, changes in upper
body posture associated with stiff shoulders in women are very unknown. On the
other hand, recent research on movement chains has shown that changes in the
posture of one chain can also affect adjacent chains. Ghamari et al. (2011) in a
study comparing the thoracic kyphosis and scapulae position of wrestlers and
non-athletes, found an increase in thoracic kyphosis followed by an increase in
scapulae distance and a decrease in retractor muscle strength(2). The kyphotic
position causes the scapula to rotate downward and compressing the humerus.
This causes the tissues that provide static stability to become inefficient and the
dynamically stabilizing tissues such as the rotator cuff and trapezius muscles, to
fail. Take measures to compensate for this. This causes the muscles to enter the
operation at the wrong time, and the normal function of the capsule cannot be
performed, so that the capsule gradually becomes glued (3). Therefore, if
muscular imbalance is cited as the main reason for the onset of symptoms of
early frozen shoulder, the kinesiopathological approach of Sarman (2017)
suggests that the cause of the pathology should be sought in locations further
away from the site of injury (4). Kotis Verne et al (2012) pointed out the effect
of increasing shoulder protection on reducing the range of motion of shoulder
external rotation. They showed that stretching the extensor muscles and
strengthening the muscles of the scapula and external rotators of the shoulder
were effective in reducing shoulder protrusion (5). On the other hand, the
glenohumeral joint is the junction of the humerus with the distal cavity of the
scapula. Moreover, in the anterior shoulder position, due to the altered position
of the shoulder and that the distal cavity is tilted forward, the range of motion of
the glenohumeral joint, especially the range of motion of external rotation, is
limited. This problem can be cited as one of the reasons for the significant
difference in the position of the shoulder to the forearm and the range of motion
of shoulder external rotation in people with stiff and healthy shoulders. This
problem can be mentioned as one of the reasons for the significant difference in
the position of the shoulder to the forearm and the range of motion of external
shoulder rotation in people with stiff and healthy shoulders. In summary, the
alignment of the upper spine affects the normal position of the scapula and both
factors influence shoulder function. In general, it can be concluded from the
results of the present study that in people with abnormal posture, the normal
position of the scapulae changes and moves away from the spine, which is likely
to limit the range of motion of the shoulder. Accordingly, it is recommended to
consider the posture of the upper body and the position of the scapulae as
significant and interrelated variables when dealing with symptoms of a stiff
shoulder, and to examine the status of kyphosis, head forward and shoulder
forward in these people and apply the necessary combination of corrective
exercises.
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Abstract

Multiple sclerosis (MS) is a progressive disease associated with the destruction of the
myelin sheath of the central nervous system. The most common problems in these patients
are muscle fatigue and balance disorders. Therefore, the aim of this study was to
investigate the effect of 12-week yoga practice on fatigue and balance in male and female
patients with MS. In this study, 22 men and women with MS, members of the Fars MS
Association, were randomly divided into equally experimental (yoga exercises) and
control groups. Muscle fatigue was measured by electromyography and balance index was
measured by leaf balance test before and after yoga exercises. Data were analyzed using
independent and paired t-tests. The results showed that after 12-week yoga practice, it had
a significant effect on the amount of electromyography signal from muscle fatigue.
Moreover, the results related to balance indicated an improvement in balance indices after
12 weeks of balance exercises in the experimental group compared to the control group.
According to the results, this exercise method can be used to improve muscle fatigue and
balance in these patients.
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Extended Abstract

Objectives

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system
characterized by loss of myelin and nerves (1). Common symptoms of this disease
are balance disorders and muscle fatigue. These symptoms significantly affect the
performance and quality of life of MS patients. To manage this disease and
alleviate symptoms, researchers have used many training methods, one of which
is yoga. Despite a growing number of clinical research studies and some
systematic reviews on the therapeutic effects of yoga, there is still a lack of solid
evidence of its clinical relevance for many symptoms and medical conditions.
There is conflicting evidence for many specific indications and conditions. Some
studies report positive effects of yoga interventions, but other studies are less
conclusive. In some cases, these discrepancies may be due to the differences
between study populations (e.g., age, gender, and health status), details of yoga
interventions and follow-up rates.

So far, many studies have examined the effects of yoga exercise in patients with
MS (2, 3, 4), but studies that have examined the effects of yoga exercise accurately
and with valid laboratory tools such as electromyography on fatigue in patients
with MS are very limited. Therefore, the aim of this study was to investigate the
effect of yoga exercise on muscle fatigue and balance in patients with MS.

Materials and Methods

The statistical population of this quasi-experimental study was 35-45-year-old
men and women with MS, referred to Shiraz MS Association. From the statistical
population, 22 men and women were selected according to the inclusion and
exclusion criteria and randomly divided equally into experimental (yoga
exercises) and control groups. Muscle fatigue and balance were measured through
quantitative electromyographic signal data through surface electromyography and
Berg Balance Scale, respectively.

All instructions and protocols related to special electromyographic measurements
were followed by the researcher during the research measurements. Yoga
exercises were performed weekly in 3 sessions of 45 to 60 minutes for 12 weeks
under the supervision of an experienced sports instructor. All practiced in Easy
Level Yoga (Physical Yoga) including exercises for relaxation, breathing,
strength and posture and posture improvement (5, 6). Since the yoga exercises in
this study were performed in groups, all exercise instructions for MS patients were
followed by the researcher and physical education instructor, and individuals who
could not perform some movements were prevented from performing the
exercises by the instructor. During the exercises, aids such as Swiss balls, chairs
and walls were used for the exercises. The final data obtained in the current study
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were analyzed using Kolmogorov-Smirnov statistical tests to check the normality
of the data and to interpret the data and differences within and between groups.
Paired and independent Student t-tests were applied, and the significance level
was set at P <0.05.

Results

The demographic characteristics in the experimental and control groups in terms
of age, height, body mass index and Expanded Disability Status Scale (EDSS)
score were homogeneous, and there were no statistically significant differences
between these variables. The results indicated that endurance training in the form
of yoga was able to reduce the fatigue index in the experimental group.
Moreover, the results suggested that endurance and balance increased
significantly after yoga exercises in the MS experimental group (p = 0.02), but in
the control group this variable was not statistically significant. Finally, regarding
the differences between the experimental and control groups, a significant
difference was found between endurance (p = 0.03) and balance index (p = 0.02)
after the end of the yoga class.

Based on the results of this study, yoga endurance training has a great effect on
improving muscle activity and reducing fatigue indices, improves the balance
index in MS patients and can be considered as one of training for these patients.

Conclusion

The general conclusion is that a 12-week yoga exercise program could have a
positive effect on reducing muscle fatigue and increasing balance indices in MS
patients. Therefore, it can be recommended to coaches and MS patients use the
yoga training program to improve muscle fatigue indices and increase balance
ability.

Keywords: Multiple Sclerosis, Yoga, Balance, Muscle Fatigue,
Electromyography
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Abstract

The trunk and its muscles play an important role in maintaining walking mechanics.
Fatigue and weakness of these muscles could affect walking mechanics adversely. The
trajectory of the center of pressure (COP) reflects whole body mechanics. The aim of
this study was to investigate the effect of trunk muscles fatigue on the trajectory of the
COP during walking. Totally, 20 female academic students participated in this study.
Participants were asked to walk on the walkway before and after trunk muscles fatigue
with self-selected speed. In the midway of the walkway, a footscan pressure mat was
mounted. The COP trajectory, relative timing of stance phases and foot progression
angle were recorded using footscan in pre- and post-fatigue conditions. After fatigue, the
relative time of the initial contact phase increased and the relative time of forefoot
contact phase decreased. Trunk muscle fatigue lateralized the COP trajectory in the
Forefoot Flat Phase and Forefoot Push-off Phase and decreased foot progression angle.
According to the results of the current study, it can be concluded that fatigue and
weakness of trunk muscles lead to changes in walking mechanics. These changes could
expose people to the risk of injury.

Keywords: Trunk Muscles, Walking, Center of Pressure Trajectory, Foot Progression
Angle
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Extended Abstract

Objectives

Walking is a complex activity that requires the successful performance of
different biomechanical and cognitive tasks. During walking, the foot is the sole
source of contact of the body with the ground and plays an important role in
shock absorption, adaptation to irregular surfaces and generation of propulsive
force (1). The trajectory of the center of pressure (COP) reflects the overall foot
and body dynamics. COP is the instantaneous force acting on the plantar surface
of the foot and is a component of the vertical force under the foot (2). To
maintain optimal function in walking, several factors are involved. The trunk
muscles play a special role in this. The trunk muscles are considered the bases
for balance, and the neuromuscular system is believed to provide adequate spinal
stability under various conditions through the co-contraction of the trunk
muscles (3). Any change in trunk position or inefficiency of the trunk muscles
will negatively affect the mechanics of movement. Teng and Powers have shown
that small changes in trunk position can decrease energy absorption by up to
23.3% and energy production in the knee by up to 13.3% (4). Hart et al. and
Raabe et al. also showed that trunk muscle fatigue alters running mechanics (5,
6). However, because the assessment of COP trajectory reflects overall running
mechanics, the effect of trunk muscles on running mechanics is less well known.
The aim of this study was to investigate the effect of trunk muscle fatigue on
COP trajectory and foot progression angle during walking.

Materials and Methods

Twenty young female students (age = 19.95 + 1.57; weight = 60.45 + 9.53;
height = 163.95 + 8.26) of Isfahan University participated in this study. The
inclusion criteria were as follows: no history of surgery, fractures,
neuromuscular problems, and no use of prostheses.

Participants were asked to walk barefoot at least 6 times at self-selected speed to
record their plantar pressure characteristics. Then, participants performed a trunk
muscle fatigue protocol. After fatigue, participants repeated the tasks performed
prior to trunk muscle fatigue and the effects of trunk muscle fatigue on the
measured variables were investigated. A Footscan pressure mat (RsScan
International, Belgium, 578mmx418mx12mm, 4096 sensors, 253 Hz) clearly
placed in the central part of a 15m long walkway was used to record plantar
pressure.

The ABT’s trunk muscle fatigue protocol was used for trunk muscle fatigue in
all planes of motion (7). The isokinetic strength test for trunk muscles
demonstrated its validity and ability to fatigue trunk muscles (7). Footscan 7
Gait 2" generation was used to analyze plantar pressure data. The relative time
(%stance) of roll-over process phases, mediolateral trajectory of COP in the four
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subphases of stance and foot progression angle during walking was calculated
and analyzed.

An average of six trials in the pre-test and an average of six trials in the post-test
were considered for further analysis. One-way repeated measures MANOVA
was used to investigate the effects of trunk muscle fatigue on the timing of roll-
over subphases and COP trajectory in stance subphases. Paired samples t-test
was used to investigate the effect of trunk muscle fatigue on foot progression
angle. All statistical analyzes were performed using SPSS 18 at a significance
level of p<0.05.

Results

The results indicated that trunk muscle fatigue increased relative time of Initial
Contact Phase (p=0.008) and decreased relative time of Forefoot Contact Phase
(p=0.026). However, trunk muscle fatigue did not affect the relative time of the
other subphases. Trunk muscle fatigue lateralized the COP trajectory in the
Forefoot Flat Phase (p=0.007) and Forefoot Push-off Phase (p=0.007). COP
trajectory in the other subphases was not affected by trunk muscle fatigue.
Finally, trunk muscle fatigue reduced foot progression angle during walking
(p=0.040).

Discussion and Conclusion

The aim of the current study was to investigate the effect of trunk muscle fatigue
on the trajectory of COP during walking. The results of the present study
indicated that after trunk muscle fatigue, the relative time of Initial Contact
Phase increased and relative time of Forefoot Contact Phase decreased.
Moreover, the results of this study suggested that the foot progression angle
decreased with trunk muscle fatigue and the trajectory of COP lateralized in
Forefoot Flat and Forefoot Push-off Phases. These results are in line with those
of Raabe et al. and Hart et al. showing altered locomotion mechanics after trunk
muscle fatigue (5,6).

Changes in the timing of the subphases of stance are associated with changes in
foot loading (7). The observed increase in Initial Contact Phase timing is a
compensatory mechanism to better absorb shocks in the fatigued state of trunk
muscles. It has been shown that during heel contact, the trunk muscles increase
the spinal stiffness through their activity to better transfer the load (8). However,
in the fatigue state of these muscles, the time of shock absorption increases, and
finally the relative time of the Initial Contact Phase enhances.

The results of the ongoing study demonstrated that trunk muscle fatigue reduced
foot progression angle. A decrease in progression angle could reflect the internal
rotation of the lower limbs. Weakness in trunk position control has been shown
to be involved in lower limb internal rotation and is considered to be a major
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factor in internal rotation (9). In the present study, a decrease in the foot
progression angle was associated with a lateral shift in the trajectory of COP. In
a previous study, a decreased foot progression angle was shown to be associated
with a lateral shift in foot loading (10), which is consistent with the results of the
current study. This increased loading in the lateral parts of the foot can be
transmitted to higher areas and can lead to injuries in higher parts than the foot,
as shown by Koblauch et al. (11).

In summary trunk muscle fatigue results in changes in running mechanics. These
changes include the increased lateral trajectory of COP, reduced foot
progression angle and altered Roll-over subphases timing. These results suggest
that fatigue or weakness of trunk muscles can affect running mechanics, and
weak trunk muscles make people vulnerable to biomechanical problems and
injuries.

Keywords: Trunk Muscles, Walking, Center of Pressure Trajectory, Foot
Progression Angle
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Abstract

The aim of this study was to investigate the effect of lumbopelvic control (LPC)
weakness on the symmetry of foot pressure distribution, vertical ground reaction force
(GRF) and postural sways of athletes with frequent landings. In this case-control study,
34 professional players participated. The LPC was assessed by Knee Lift Abdominal,
Bent Knee Fall Out, Active Straight Leg Raising and PRONE tests by Pressure
Biofeedback Unit. Based on the results, participants were divided into two groups:
appropriate LPC (n=17) and poor LPC (n=17). Foot pressure data were collected using
PT-scan. The results showed that there was a significant difference between the mean
scores of the foot pressure distribution symmetry, depth force, second peak force, area of
sways, anterior-posterior and medial-lateral sways. Thus, poor LPC affects the
symmetry of the foot pressure, GRF and the postural sways of athletes with frequent
landings; therefore, it can be a risk factor for lower limb injuries.

Keywords: Motor Control, Biofeedback Pressure, Lower Extremity Injuries,
Kinematic
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Extended Abstract

Objectives

Lumbopelvic control is the ability to move or stabilize the lumbar-pelvic-thigh
area in response to internal or external disturbances (1). The use of
strengthening, stabilizing and controlling the lumbopelvic set is suggested in
injury prevention programs (2). It has also been reported that the stability of the
body in the central region affects the function of the lower extremities and the
weakness of this region can predict the occurrence of lower extremity injuries
(3). Hence, the lumbopelvic region has been considered to be a central area of
the body with the possibility of poor production, transmission and control of
force and movement throughout the motor chain (4). Therefore, the study
hypothesized that poor lumbopelvic control could potentially affect lower
extremity injury indicators including percent force distribution, pressure
symmetry index. The vertical force of ground reaction and postural sway in
athletes, especially in athletes with frequent landings.

Materials and Methods

In this cross-sectional case-control study, 34 professional female athletes in the
sports of basketball, volleyball and handball from the professional and second
leagues of Kermanshah city participated in the study as a statistical sample. The
statistical sample size of the current study was based on the study of Almazan et
al. using G*Power software considering a statistical power of 0.80, a
significance level of 0.05, an effect size of 1.19 and as sampling loss of 20%.
The total number of subjects was 34 (5). To avoid evaluator bias, subjects were
purposefully, rather than randomly, divided into two case groups based on the
results of four lumbopelvic control tests after the floor pressure distribution tests
were performed i.e. the group with poor lumbopelvic control (n=17) (pressure
change > | i8| from the prespecified baseline pressure (40 or 70 mm Hg) in
lumbopelvic control tests) and the control group, i.e. the group with good
lumbopelvic control (n = 17 ) (pressure change< |i8| of baseline pressure,
with similar mean age, height and weight. After each subject entered the
laboratory, the procedure was explained to her in detail. Next, each test was
performed three times to become familiar with the study tests. Lumbopelvic
control was assessed using a high-pressure biofeedback device through four tests
(Knee Lift Abdominal (KLAT), Bent Knee Fall Out (BKFO), Active Straight
Leg Raising (ASLR) and PRONE. To collect the data for foot pressure
distribution, postural sways and vertical ground reaction force, PT scan foot
pressure distribution device was used (Paya-Mashhad technologists-made in
Iran). Then, a T-independent sample test was used to compare the means
between the two groups in terms of homogeneity of demographic characteristics
and study variables.
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Findings

The results showed that the means of four lumbopelvic control tests were
compared between the two groups using an independent t-test. It was found that
there was a significant difference between the two groups in terms of
comparison of mean score for KLAT test (P = 0.05, t (32) = 34.13, lower =9.71,
upper =13.27), BKFO test (P = 0.05, t (32) =6.61, lower =4.43, upper =8.37),
ASLR test (P =0.05, t (32) = 7.79, lower = 5.25, upper = 8.97) and PRONE test
(P =0.05, t (32) =9.28, lower =8.91, lupper =13.91).

Moreover, the results of the independent sample t-test indicated that the mean
percentage of force distribution and symmetry index in both legs and in the
static position was significantly different between the subjects in the two groups
with proper and poor lumbopelvic control (p=0.05, t (32) =13.12 lower =6.21,
upper =13.67); Individuals with poor lumbopelvic control had a higher
percentage of pressure distribution on the superior leg. Also, the percentage of
symmetry index in people with poor lumbopelvic control was less than the
average of 50%, which indicates an increase in pressure distribution on the
superior leg (P =0.05, t (32) = 6.51, lower =8.91 upper= 294.27)

In addition, the results of the independent t-test in the study of the vertical force
for the ground reaction between the two groups with proper and poor
lumbopelvic control demonstrated that there was a significant difference
between the two groups in the superior leg (P>0.05) as the mean peak of depth
force (P = 0.05, t (32) = 2.35, lower = -15.71, upper = -219.27) and the second
force peak (P = 0.05, t (32) = -2.22, lower = -25.31, upper = -29427)

Another finding of the research in the study of postural fluctuations between the
two groups with proper and poor lumbopelvic control in three positions: open-
legged pair, closed-legged pair and open-eyed single-legged represented that
there was a significant difference in the mean anterior-posterior oscillations
between the two groups in the internal-external oscillations in the position of
open-eyed both-legged (P<0.05). Besides, the mean range of internal-external
fluctuations in the position of the pair of feet with closed eyes was significantly
different between the two groups (P<0.05). In addition, the mean range of
anterior-posterior oscillations, in the open-eyed single-legged, was significantly
different between the two study groups (P<0.05).

Conclusion

The aim of the present study was to evaluate the status of lumbopelvic control in
professional athletes and to compare the pressure symmetry index between
dominant and non-dominant legs, vertical ground reaction force and postural
sways in athletes with good and poor lumbopelvic control. The findings
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represented that poor lumbopelvic control could disrupt the symmetry of
pressure and force distribution in professional athletes and expose them to lower
extremity injuries. Poor lumbopelvic control can also increase the vertical force
of ground reaction, impair lower limb function and affect a professional athlete's
performance. In addition, poor lumbopelvic control increases postural sways in
three-legged standing positions with open and close eyes; this ultimately impairs
lower limb function and exposes athletes to lower limb injuries.

Keywords: Movement Control, Biofeedback Pressure, Lower Limb Injury,
Kinematics
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1. Almazén
2. G*Power (Ver. 3.1, Heinrich Heine University, Dusseldorf, Germany)
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1. Biofeedback Pressure (Stabilizer®, Chattanooga Group, Inc., Hixson, TN, USA)
2. PT-Scan

3. Knee Lift Abdominal (KLAT)

4. Bent Knee Fall Out (BKFO)
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1. Active Straight Leg Raising (ASLR )
2. PRONE
3. ASIS
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1. PT-Scan
2. Zebris
3. Symmetry Index (SI)
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1. SPSS (SPSS Inc., Chicago, USA)
2. P>-/-0, Shapiro-Wilks Test, P>+/+2 ¢ Levin’s Test
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Abstract

The purpose of this study was to determine a biomechanical profile of wrestling holds
based on a fuzzy logic algorithm of 57 elite freestyle wrestlers in Joybar city. Dynamic
posture stability index, time to stability, linear momentum, upper limbs mechanical power
were determined as biomechanical variables for the analysis of wrestling holds. Findings
were: (1) The skill fitness profile of elite wrestlers were prepared in six weight classes by
designing new tests for analysis of rear throw, crotch lift, bridge, double leg pickup, flying
mare and over-under holds as well as three types of postures (right, left, and Japanese) (2)
The fuzzy logic algorithm and principal component analysis could be used to score the
skill fitness of each wrestler. Generally, the results emphasize the necessity for the analysis
of wrestling holds using the standard tests and designing a scoring algorithm to compare
the skill fitness of wrestlers in each weight class.
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Extended Abstract

Objectives

Previous studies on wrestling have focused only on physiological and
anthropometric determinants, while biomechanical aspects have been ignored in
the analysis of wrestlers' performance. Thus, the aims of this study were: (1) to
develop new tests for analyzing wrestlers' holds and to profile the fitness of elite
freestyle wrestlers of Mazandaran province in six weight classes; (2) to evaluate
the fitness of individual wrestlers using fuzzy logic algorithm and principal
component analysis method.

Methods

Fifty-seven elite male freestyle wrestlers of Joybar city in six weight classes A to
F with mean body weights of 42.63, 53.22, 60.85, 71.46, 78.25, 94.30 kg were
selected for the present study.

The simulation of the holds in two separate protocols was defined as follows:
Dynamic stability

The dynamic posture stability index (DPSI) and time to stability (TTS) variables
were determined as measures of dynamic stability index. To measure these
variables, wrestlers had to perform three types of postures (right, left, and
Japanese) in 30 seconds.

Linear momentum and mechanical power of upper limbs

Rear throw, crotch lift, bridge, double leg pick up, flying mare, and over-under
holds were selected to measure linear momentum and upper limb mechanical
power variables. To simulate the wrestling holds, a cart with wheels and a rope
attached to it was designed.

To establish the skill fitness profile, the results of the calculation of each variable
were reported as mean and standard deviation. In order to evaluate the fitness of
each weight class, the wrestlers' results for each variable were normalized to the
Z standard value. After normalization, the fuzzy logic algorithm and principal
component analysis method were used to evaluate the skill fitness of each weight
class.

Results
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Skill Fitness Profile of Elite Freestyle Wrestlers of Joybar City in Six Weight
Classes (Means + Standard Deviation)
Weight class Weight class Weight class  Weight class  Weight class ~ Weight class
A B c D E F

variables

DPSI in right Stance  0.65 = 0.10 0.63 + 0.05 0.62 + 0.09 0.61+0.03 0.56 + 0.05 0.53+0.08
DPSI in left Stance 0.64 +0.07 0.64 + 0.03 0.60 + 0.08 0.60 = 0.03 0.57 =0.04 0.55+0.03

DPSISi'm‘::Ie'“m 061£008 066:006 0622007 060£005 056:005  054+006

TTS in right Stance
(s)

TTS in left Stance
(s)

TTS in Japanese
Stance ()
Linear momentum
in rear throw hold 081=019 115+028 112:024 1.25+022 136=0.18 148026
(Kem/s kg?)
Upper limbs
mechanical power
in rear throw hold
(Wkg?)
Linear momentum
in crotch lift hold 119 £025 127+ 026 1.43+023 157+0.29 1.50+0.36 1.61+041
(Ez.m/fs.kg!)
Upper limbs
mechanical power
in crotch lift hold
(Wkg)
Linear momentum
in bridge hold (Kg. =~ 1.04=0.13 129+ 021 133024 1.57+028 161024 1.539+026
miskg)
Upper limbs
mechanical power
in bridge
hold(W.kg1)
Linear momentum
in double leg pickup ~ 1.16= (.15 125033 147+042 1.35=036 1.36 =039 1.80=030
hold (Kz_m/s.kg™)
Upper limbs
mechanical power
in double leg pickup
hold (W.kgh)
Linear momentum
in flying mare hold ~ 0.93 = 0.06 1.12+026 118025 1.26=023 1.43£033 133028
(Ke.miske?)
Upper limbs
mechanical power
in flying mare hold
(Wkg?)
Linear momentum
in over — under hold 126024 1.24+022 149+ 039 146034 1.50 =045 1.76+0.19
(Ezm/skg!)
Upper limbs
mechanical power
in over — under hold

(W.kg?)

0.20=007 0.19=0.10 0.18+007 020008 024z0.09 025 =0.09
021007 0.17£ 003 022006 014008 020009 0.18=0.09

0.14 = 0.03 0.12=0.03 0.16=0.06 0.15= 006 0.16=0.04 0.13=0.03

=

0.06 = 0.04 0.18+0.14 0.15+0.10 0.26=0.14 0.

[

-
1}

=
—
—

035 £017

0.19+0.13 0.23+0.13 0.32+0.14 051017 0.40+028 0.49+038

0.12+0.035 0.23+0.11 0.26+0.12 042+021 0.45+022 0.43+0.17

0.16+0.06 0.23+0.19 0.39+0.27 043024 0.45+0.38 0.63+0.26

0.08+0.01 0.l6=0.11 0.18+0.11 022x012 034025 0.26=0.16

012009 0.20=0.10 0.39+0.21 036022 0.43+043 0.57+0.18
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Skills fitness score of six weight classes (higher score = better fitness)
Weight  Weight  Weight  Weight Weight  Weight
classA  classB class C class D class E class F

Skill fitness
score (Oto 49.65 46.36 58.03 55.60 44.43 51.14
100)

Conclusion

The results indicated two major findings: (1) by developing new tests for
analyzing holds such as rear throw, crotch lift, bridge, double leg pickup, flying
mare, and over under, as well as for left, right and Japanese stances, the skill
fitness profile of elite wrestlers in six weight classes was established; (2) fuzzy
logic algorithm and principal component analysis could be used to evaluate the
skill fitness of individual wrestlers in different weight classes. Generally, the
results have highlighted the need for analyzing wrestlers' holds using standard
tests and developing a scoring algorithm to compare the skill fitness of wrestlers
in different weight classes.
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