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ABSTRACT

This study aims to assess the kinetic parameters and muscle activation involved
in the anticipatory postural adjustment (APA) phase of gait initiation in individuals with and without
chronic ankle instability (CAl).

[VETELE Twenty participants, evenly divided into 2 groups of 10, voluntarily took part in this study.
They were asked to initiate gait after the auditory cue while standing on the force plate. The muscle
activity of the tibialis anterior (TA), soleus (SL), biceps femoris (BF), rectus femoris (RF), peroneus longus
(PL), gluteus medius (Gmed), and gluteus maximus (Gmax) in both (left and right) legs, along with force
parameters (in 3 directions) and center of pressure (in 2 directions) were measured for the 2 groups. The
dependent variables were analyzed by using the independent t tests.

[T The findings revealed significant differences in the kinetic parameters and the activations of the
TA_r (P=0.04), BF_L (P=0.04), and SL_L (P=0.03) muscles between the 2 groups. No statistically significant
differences were observed in the other muscles (P>0.05). The outcomes suggest that during the APA
phase, individuals with CAl exhibit decreased muscle activities in TA_r and SL_r, and increased muscle
activities in BF_L muscle compared to the control group. These changes, which aim to maintain body
stability, may reflect alterations in neural transmission patterns originating from the central nervous
system (CNS).

Since the APA phase is regulated by the secondary motor area, alterations in motor control
observed in those with CAIl could be attributed to changes in supraspinal. Neuromuscular training
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Introduction

nkle sprain is the most common musculo-

skeletal injury in sports and physical ac-

tivities. Following an initial ankle sprain, a

significant portion of individuals, approxi-

mately 40%, may progress to experiencing
chronic ankle instability (CAI), characterized by impaired
proprioception, strength, postural control, and neuromus-
cular control without ligamentous laxity secondary and re-
peated ankle sprain. Alterations in sensory, reflex, and motor
control strategies have been documented in individuals with
CAL Specifically, researchers have observed a heightened
inversion of the foot prior to heel strike among CAI patients
compared to control (CON) group, and this increase is due to
a dysfunction in the normal function of the peroneus longus
muscle. One of the factors attributed to CAlI is altered pos-
ture control. A critical aspect of postural control is center of
pressure (COP), whereby injury to the lateral ligaments of
the ankle leads to alterations in COP.

People with CAI exhibit altered muscle activations and
posture control during challenging tasks like gait initiation
(GI), which represents a transition from a steady static to a
continuously unstable gait. It has a specific neural pattern
within the central nervous system (CNS). This task is more
challenging than steady-state walking because initial separa-
tion of COP and center of mass (COM) requires a higher lev-
el of dynamic balance control and neural adaptation. GI can
be segmented into 2 phases: an initial postural phase occur-
ring prior to the lifting of the swing leg heel, characterized by
anticipatory postural adjustments (APAs), and a subsequent
phase involving the execution of the step, ending at the time
of swing foot contact. Given the presence of postural control
deficits and altered muscle activation patterns in individu-
als with CAI, examining muscle activation patterns during
APA could offer insights into the modified movement con-
trol strategies employed by individuals with CAL This study
aimed to assess the kinetic parameters and muscle activation
involved in the APA phase of gait initiation in individuals
with and without CAI.

Methods

The population of this quasi-experimental study comprised
20 men who live in Tehran and volunteer to participate. The
sample size was determined using G*power software, tak-
ing into account a test power of 0.80, effect size of 0.5, and
significance level of 0.05. So, 20 individuals were divided in
two groups: 10 men (mean+SD age:23+1.68 years, height:
177.45+6.26 cm, weight: 70.45 +6.93 kg) in the control
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group and 10 men (mean+SD age: 22.30+2.97 years, height:
175.60+7.23 cm, weight: 66.80+9.51 kg) in chronic ankle
instability group. For the CAI group, inclusion criteria were
based on the Cumberland ankle instability tool and FAAM
questionnaires scores [23] (Appendix 1, 2, 3) and for the
CON group was being free from a history of lateral ankle
sprains. Also, the participants were physically active (more
than 120 minutes of exercise per week). The study protocol
was approved by the Research Ethical and Approval Com-
mittee of Shahid Beheshti University of Medical Sciences
and each participant gave their informed consent before
participating in the study. Calibration was performed into
dynamic and static procedures. Following the calibration
process, the height and weight of each participant were mea-
sured, and the skin was prepared by shaving and cleaning
with isopropyl alcohol. On dominant limb, the electrodes
were placed according to the SENIAM protocol, and mark-
ers were positioned based on the plug-in gait model. The
dominant limb was ascertained by querying participants
about the limb they would employ to kick a ball. Following
a 15-min warm-up period, the participants were instructed to
maintain a constant stance on the force plate for 10 min. Sub-
sequently, they initiated gait at a normal speed while stand-
ing on force plate, in response to an auditory cue given by
the dominant limb. Three systems, motion capture (Vicon),
Force plate (Bertec) and EMG (Megavin) were registering
signals at the same time. Sample frequencies of motion cap-
ture system and EMG system were 100 Hz.

The data were used in OpenSim software for simulating the
musculoskeletal model. Muscle activation of 14 muscles were
extracted. Analyses were conducted using the SPSS software.
The dependent variables were analyzed by using independent
t tests. A statistical significance level at P<0.05 was chosen.

Results

No differences were noted in participant demographics
(P>0.05). There were significant differences in kinetic pa-
rameters (Table 1) and muscle activation of TA r, BF L, and
SL_L muscles (Table 2) (P<0.05). Muscle activation in the
TA r and SL r muscles was lower in the CAI group com-
pared to the CON group, whereas the BF L muscle showed
increased activation in the CAI group.

Conclusion

The findings of this study indicate alterations in supraspinal
motor control strategies and use ankle strategy among indi-
viduals with CAI during APA phase of gait initiation. Spe-
cifically, individuals with CAI demonstrate increased kinetic
parameters and decrease muscle activation in TA and SL to
adapt and prevent further injuries.
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Table 1. Independent Samples T-Test results for force and Center of Pressure Variables (Force: 3 Directions; CoP: 2 Directions)

Variable Group MeaniSD P*
(cAl) 0.7242.30
Fx (N) 0.001
Control 2.4618.13
(cAl) -4.28+3.78
Fy (N) 0.001
Control -4.13+13.76
(cAl) -710.66+1.35
Fz(N) 0.009
Control -831.1745.38
(CAI) 6.22+8.009
COPx (MM) 0.001
Control 6.71£16.90
(cAl) 144.27+3.57
COPy (MM) 0.02
Control 110.35+4.89
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Table 2. Independent Samples T-Test results for muscle activity of the target muscles

Variable Group Mean1SD P
(CAI) 0.20£0.23
Gmed_r 30.0
Control 0.38+0.32
(CA) 0.18+0.24
Gmax_r 48.0
Control 0.3710.28
(CAI) 0.2310.20
BF_r 0.57
Control 0.36+0.24
(CAI) 0.22+0.21
RF_r 0.64
Control 0.27+0.20
(CAI) 0.17+0.21
SL_r 0.17
Control 0.22+0.32
(CAI) 0.46+0.18
TA r 0.04*
Control 0.50+0.33
(CAI) 0.30+0.29
PL_r 0.13
Control 0.65+22
(CAI) 0.31+0.20
Gmed_L 0.13
Control 0.28+0.34
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Variable Group Mean1SD P

(CAI) 0.42+0.32

Gmax_L 0.55
Control 0.20+0.27
(cal) 0.3240.26

BF_L 0.04*
Control 0.1440.13
(cal) 0.2740.20

RF_L 0.49
Control 0.33£0.29
(cal) 0.2240.19

SL_L 0.03*
Control 0.27+0.33
(cAl) 0.40£0.21

TA L 0.41
Control 0.4510.28
(CAI) 0.42+0.25

PL_L 0.59
Control 0.37+0.28

* Scientific Journal of
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Appendix 1. Please mark only one option for each item that best describes your condition during the past week. If the activity is
limited by something other than your foot or ankle, please indicate this in the “Other” column.

Variables Re::';\;ely ;:Ifi:ﬂ}lt Difficult Very difficult L::a;l)e Other
Standing 4 3 2 1 0
Walking on a flat surface 4 3 2 1 0
Walking on a flat surface without shoes 4 3 2 1 0
Walking uphill 4 3 2 1 0
Walking downhill 4 3 2 1 0
Going up stairs 4 3 2 1 0
Going down stairs 4 3 2 1 0
Walking on uneven ground 4 3 2 1 0
Stepping up and down from a curb 4 3 2 1 0
Squatting 4 3 2 1 0
Rising up on your toes 4 3 2 1 0
Initiating walking 4 3 2 1 0
Walking for 5 minutes or less 4 3 2 1 0
Walking for about 10 minutes 4 3 2 1 0
Walking for about 15 minutes or more 4 3 2 1 0
Household activities 4 3 2 1 0
Performing daily activities 4 3 2 1 0
Personal care activities 4 3 2 1 0
Light to moderate work (standing, walking) 4 3 2 1 0
Heavy work (pushing, pulling, lifting, carrying) 4 3 2 1 0
Recreational activities 4 3 2 1 0

Scientific Journal of
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Appendix 3. Foot and Ankle Ability Measure — Sports Subscale

Variables ReI:;\;ely ;:E::Yt Difficult Very Difficult L:za;(l)e Other
Running 4 3 2 1 0
Jumping 4 3 2 1 0
Landing 4 3 2 1 0
Starting and stopping quickly while performing 4 3 ) 1 0

squatting movements
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Variables ReIEa;\;ely ;:ﬁ:tl:}'t Difficult Very Difficult Ut:a[l;(l)e Other
Cutting / lateral movements 4 3 2 1 0
Lowimpact activities 4 3 2 1 0
Ability to perform acﬁviﬁes with normal 4 3 ) 1 0
technique
Ability to participate in desired sports activities 4 3 ) 1 0

for as long as desired

Scientific Journal of
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Appendix 2. Please mark only one option for each question that best describes your condition

Variables left Foot Right Foot Score
Never 5
During sport 4
When running on uneven surfaces 3
| have pain in my ankle
When running on level surfaces 2
When walking on uneven surfaces 1
When walking on level surfaces 0
Never 4
Sometimes during sport (not always) 3
| feel unstable in my ankle Frequently during sport (always) 2
Sometimes during daily activities (not always) 1
Frequently during daily activities (always) 0
Never 3
| feel unstable in my ankle Sometimes when running 2
when making sudden Often when running 1
When walking 0
Never 3
| feel unstable in my ankle If1 go quickly 2
when going down stairs Sometimes 1
Always 0
Never 2
wﬁzlnusrl;t:;::gir;?;/::g Z When standing on my toes 1
Even when standing on a flat foot 0
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Variables left Foot Right Foot Score

Never 3
When hopping from one foot to the other 2

| feel unstable in my ankle
When hopping in place 1
When jumping 0
Never 3
When running quickly on uneven surfaces 2
| feel unstable in my ankle When running gently on uneven surfaces 1
When walking on uneven surfaces 0
When walking on level surfaces B
Immediately 3
Often 2

When | begin to roll my
ankle, I am usually able to Sometimes 1
stop it

Never 0
I never roll my ankle 3
Almost immediately B
Within less than one day 2

After a typical incident of
my ankle rolling, my ankle Within 1-2 days 1
returns to normal
More than 2 days 0

I never roll my ankle 3

Scientific Journal of
Rehabilitation Medicine
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11. Plug-In-Gait
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10. Foot and Ankle Abilitv Measure (FAAM)
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13. Butterworth
14. OpenSim
15. Scale

16. SCALE
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19. Computed Muscle Control (CMC)
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17. Inverse kinematics (IK)
18. Reduce residual (RRA)
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