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Abstract 

Background: Evaluating muscle activation patterns such as co-contraction and frequency content 

can help clinicians assess neuromuscular changes during gait rehabilitation in people with pronated 

feet. This research examined the impact of double-density insoles on muscular co-activation and 

the frequency characteristics during gait in individuals with flat feet, in comparison to those with 

a neutral foot alignment. 

Methods: Twenty males with pronated feet and 20 controls with normal feet participated. Muscle 

activity was recorded using surface electromyography (sEMG) at 1000 Hz while participants 

walked over an 18-meter walkway with and without foot orthoses. Co-contraction was calculated 

as 1 – (antagonist mean sEMG / agonist mean sEMG). Muscular frequency content was analysed 

at stance sub-phase. 

Findings: Group-by-condition interaction was significant for knee flexor/extensor co-contraction 

at mid-stance, with post-hoc analysis showing increased co-contraction in the normal foot group 

when using orthoses. Interactions were significant for tibialis anterior, vastus lateralis, rectus 

femoris, biceps femoris, semitendinosus, and gluteus medius at propulsion. Post-hoc tests revealed 

increased activity in these muscles in foot group when wearing orthoses. 

Conclusion: Foot orthoses did not change knee flexor/extensor co-contraction in the pronated feet 

group during the mid-stance. Foot orthoses improved muscular frequency content in the pronated 

feet group while walking. 

Keywords: Flat foot, Insole, Co-activation, Gait. 
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Highlights 

The insoles was found to enhance activation for several lower limb muscles including the TA, VL, 

and etc. in people with pronated feet. However, no such increase in muscle activity was observed 

in those with normal foot alignment. These results suggest that orthotic intervention may lead to 

meaningful alterations in muscle activation patterns among individuals with flat feet, potentially 

contributing to better joint stability during walking. 

Plain Language Summary 

This research explores how using FOs affects the muscles around the ankle and knee in pronated 

feet people. This study found that this type of FOs can improve muscle coordination and stability 

when walking. The findings suggest that using FOs could be beneficial for prevention and should 

be considered in prevention programs for these individuals. 
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1. Introduction 

 Pronated feet (PF) are marked by excessive rear foot eversion, forefoot dorsiflexion, and 

abduction relative to the tibia. In adults aged 18 to 25 years, the PF prevalence amounts to 11% 

(1). Individuals with PF experience greater rate of overuse injuries in the lower limbs (2), such as 

tibial stress syndrome (3). Were reported in PF individuals. Individuals with PF exhibit abnormal 

lower limb mechanics during walking. People exhibit altered foot movement patterns during 

walking. According to Farahpour et al. (4), individuals with PF demonstrate increased 

anteroposterior ground reaction forces (GRF) during the gait stance phase. 

According to previous research (5, 6) individuals suffering from PF demonstrate greater peak 

rearfoot eversion, inversion, and internal rotation during gait stance phase. Studies have also 

shown that those with PF exhibit greater activity in ankle invertor muscles at gait (5). Furthermore, 

due to the biomechanical link between PF and knee valgus, PF may lead to excessive internal 

rotation at both the knee and hip joints (7). The interaction between agonist and antagonist muscle 

activation is commonly assessed using surface electromyography (sEMG) (8). Muscle co-

contraction is defined as the concurrent activation of opposing muscle groups around a joint (9,10). 

While walking is widely accessible and beneficial, it can also lead to injuries if proper foot posture 

is not maintained (11). Therefore, rehabilitation or treatment methods should be regarded for 

individuals with PF.  

Electromyography (EMG) serves as a clinical tool for evaluating and recording the electrical 

signals produced by skeletal muscles during activity (12)  . The frequency spectrum of lower limb 

muscles pertains to the distribution of electrical activity across different frequencies generated by 

these muscles during various physical activities  (13).  As muscle recruitment patterns change with 

skill or fatigue, the frequency spectrum can provide insights into the neuromuscular coordination 
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of the lower limbs. Additionally, factors such as muscle fiber composition, age, and body status 

can influence the frequency spectrum. The frequency spectrum of EMG is typically characterized 

by its power density, revealing how the signal’s power is distributed across different frequency 

ranges  (12). High-frequency components, specifically above 50 Hz, correlate with the recruitment 

of fast-twitch muscle fibers and the firing rates of motor units  (13). These higher frequencies are 

indicative of rapid muscle contractions and vigorous activation  (13). Moreover, frequency content 

of an EMG signal can serve as an indicator of muscle fatigue. As muscles fatigue, there is often a 

notable shift in the frequency spectrum, characterized by a decrease in the power of higher 

frequency components and an increase in lower frequency activities. 

Foot orthoses (FOs) are widely utilized as a non-invasive intervention to minimize the likelihood 

of overuse-related musculoskeletal injuries in individuals exhibiting a PF posture (14). The 

primary goal of PF specific orthotic devices is to enhance dynamic foot function, which can be 

evaluated through changes in joint movement patterns, force distribution, and muscle activation 

during gait (15). Among various types, medial wedge orthoses are most commonly prescribed to 

reduce excessive PF and modify lower limb biomechanics in this population (16). Incorporating a 

rearfoot post within the orthosis facilitates better fit and comfort, whereas forefoot posting often 

presents challenges in terms of shoe accommodation and may cause irritation (17). To address 

these issues, double-density FOs have been introduced, featuring a softer lateral section and a 

firmer medial portion (Figure 1). However, it is still uncertain whether these orthoses have a unique 

influence on the frequency characteristics of lower limb muscle activity and co-contraction 

patterns in adults with PF during walking. As far as we are aware, no prior research has specifically 

examined muscular co-contraction responses during gait in individuals with PF versus healthy 

controls when using double-density FOs. Therefore, based on existing literature (16, 17), this 
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research aimed to compare muscular co-contraction during the gait stance phase in adults with PF 

and healthy controls, while wearing double-density FOs.  

2. Methods  

2-1. Participants 

A total of forty right-handed adult males who exhibited PF participated in the research. The 

subjects were allocate into PF (n = 20) and healthy (n = 20) groups. Number of samples was 

calculated through G*Power software (University of Kiel, Germany) (18), based on an estimated 

effect size of 0.65. A priori power analysis was carried out for a two-tailed independent samples 

t-test, assuming a power (1 – β) of 0.80 and an P value of 0.05. This analysis indicated a minimum 

required sample of 18 individuals per group. To allow for possible attrition and ensure adequate 

statistical strength, 20 participants were enrolled in each group. Participant baseline characteristics 

are summarized in Table 1. Right-foot dominance was confirmed for all participants using a ball-

kicking test. 

Inclusion criteria for the PF group were: (i) male gender; (ii) BMI < 25 kg/m²; (iii) rearfoot 

eversion angle > 4°(19, 20); (iv) navicular drop > 10 mm; and (v) a foot posture index > 10. The 

validity of this index has been previously supported in the literature (21). The FPI consists of six 

key indicators used to determine foot alignment (21, 22). Each item was scored using a 5-point 

scale ranging from -2 to +2, generating an overall score between -12 and +12. Negative values 

reflect a supinated PF, whereas positive values correspond to PF posture. Participants were 

categorized as having PF if their total FPI score ranged from 6 to 10 (21, 22). 

Exclusion criteria included: (i) a history of musculoskeletal surgery; (ii) orthopedic conditions 

(excluding PF); (iii) a lower limb length discrepancy greater than 5 mm (23), and (iv) engaging in 
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sport activities within two days ago. Informed consent were received from the subjects before 

participation. The procedures were affirmed by Ethics Committee (IR-BMSU-BAQ-REC-1403-

066). The study was also registered with the IRCT (IRCT20220129053865N1). 

 

Figure 1. Double density FO design. 

 

Table 1. Participant demographic details. 

Characteristics Healthy group PF group Sig. 

Height (cm) 177.26±7.24 181.66±6.37 0.883 

Age (years) 25.37±0.25 26.44±0.98 0.091 

Weight (kg) 73.21±14.83 84.61±13.24 0.407 

Notes: PF, pronated feet. * Stand for significant level P<0.05 

2-2. Double density foot orthoses 

Subjects were introduced to the tests and equipment that would be used. All participants were 

provided with double density FOs that were sized to fit their feet. The same model of double 

density FOs was used for both the PF and healthy foot groups. These orthoses were made from 

EVA, with the medial part having a stiffness of shore 60 and the lateral part having a stiffness of 

shore 30. Both parts featured the same height for medial longitudinal arch support. 



 

9 
 

2-3. Over ground walking 

All testing sessions were conducted between 10:00 AM and 12:00 PM to ensure consistency in 

circadian rhythm effects. Before each session, participants performed a warm-up lasting 10 

minutes (18). Data collection for lower limb muscle activity, including frequency spectrum analysis and 

co-contraction assessment, was carried out using an 18-meter walkway fitted with an EMG system 

(Biometrics Ltd., United Kingdom). Electrodes were placed on relevant muscles of dominant leg. 

Participants, who were already familiar with the lab environment and procedures, walked at a 

controlled speed of 1.2 m/s ± 5% throughout the test area. Each experimental condition involved 

six trials, preceded by three practice trials to help participants adjust to the required pace. A 

chronometer was used to measure the duration of each trial.  

2-4. Muscular co-contraction 

To assess lower limb muscle activity, an EMG system was employed. This system utilized eight 

pairs of surface electrodes placed on the dominant limb’s anterior tibialis (TA), medial 

gastrocnemius (Gas-M), biceps-femoris (BF), semi-tendinosus (ST), vastus-lateralis (VL), vastus-

medialis (VM), rectus femoris (RF), and gluteus medius (Glut-M). The distance between electrode 

centers was standardized at 25 mm. The median frequency of the EMG signals was determined 

using Biometric Data LITE software and served as the primary outcome variable for frequency 

analysis. Prior to electrode placement, the skin over each targeted muscle belly was shaved. 

Electrodes were then positioned on selected muscles using guidelines from the SENIAM project 

(5). EMG amplitudes using RMS values were assessed (5). For analysis, the stance phase of 

walking was divided into three pheses: loading, mid-stance, and push-off phases (24). To 

normalize EMG values, MVIC was measured. Three valid walking trials were collected under both 

orthotic conditions (with and without foot orthoses). MVIC assessments were conducted post-

walking trials for each muscle separately. Normalization was achieved by dividing the peak RMS 
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values obtained during walking by the corresponding MVIC peak values, then multiplying by 100 

to express results as a percentage of MVIC. 

Directed co-contraction (DCCR) were defined for specific muscle groups. These included 

comparisons between medial knee muscles and lateral knee muscles, referred to as MLDCCR, and 

between knee flexors and extensors, termed FEDCCR (25). The DCCR was calculated using the 

following equations:  

DCCR = 1 - (antagonist/ agonist) 

Otherwise: 

DCCR = (agonist/ antagonist) – 1 

In this model, positive DCCR values indicate greater agonist dominance, whereas negative values 

reflect stronger antagonist activation. A DCCR close to zero represents maximal co-contraction, 

while values approaching ±1 suggest minimal co-activation between opposing muscles (26). 

2-5. Statistical analyses 

The normality was assessed through Shapiro–Wilk. Two-way ANOVA [group (pronated vs. 

healthy) condition (with vs. without FO)] with repeated measures was performed for statistical 

analysis. Effect sizes, expressed as ƞ2, were obtained from the ANOVA output and converted into 

Cohen’s d (27,28).  

3. Results 

The significant impact of "group" was found for general knee co-contraction during loading (P = 

0.049) and push-off (P = 0.027). Pairwise comparisons revealed that the PF group exhibited greater 

general co-contraction in both loading and push-off phases compared to healthy group (Table 2).   
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The significant impact of "FO" was observed for general knee co-contraction at loading (P=0.002; 

d=1.226). Pairwise comparisons showed that general knee co-contraction was lower at loading 

when walking with FOs compared to without them (Table 2).   
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Table 2. Muscular co-contraction at the gait stance phase. 

Muscles Healthy group PF group Group 

(Eta 

square) 

FO (Eta 

square) 

Group-by-

FO 

interaction 

(Eta square) 

Pre Post Pre Post 

Loading 

phase 

General 

knee 

co-

contraction 26.45±8.62 20.04±6.91 32.89±14.26 27.09±11.26 

0.049 

(0.749) * 

0.002 

(1.226) * 

0.867 

(0.063) 

General 

ankle 

co-

contraction 714.8 ±8.67 11.64±4.91 15.15±3.86 15.95±4.64 

0.200 

(0.487) 

0.284 

(0.403) 

(0.670 )

0.082   

Mid-

stance 

phase 

General 

knee 

co-

contraction 37.08±10.74 34.78±8.55 42.39±14.87 43.31±13.15 

0.053 

(0.735) 

(0.090 )

0.786  

(0.230 )

0.531 

General 

ankle 

co-

contraction 28.88±10.05 26.70±9.50 28.15±10.62 30.35±10.10 

(0.180 )

0.624 

(0.063 )

0.994 

(0.397 )

0.284    

Push-

off 

phase 

General 

knee 

co-

contraction 50.58±19.87 41.95±12.98 56.88±22.16 60.06±18.01 

(*0.850  )

0.027 

(0.247 )

0.498 

(0.544 )

0.147  

General 

ankle 

co-

contraction .7142 ±17.23 35.10±12.23 40.32±12.62 43.72±14.20 

0.444 

(0.286) (0.255)0.491  (0.667)0.078  

Legends: PF, Pronated feet; FO, Foot orthoses 
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A significant impact of "group" was observed for knee flexor/extensor co-contraction at loading 

phase (p = 0.008), as well as at midstance (p = 0.012) and push-off phase (p = 0.015). Additionally, 

greater knee medio/lateral co-contraction was found in one direction during mid-stance (p = 

0.043). Results revealed that the PF group had higher values than the healthy group in all these 

measures. Specifically, the PF group showed increased knee flexor/extensor co-contraction at 

loading and mid-stance, greater medio/lateral co-contraction at mid-stance, and elevated 

flexor/extensor co-contraction at push-off (Table 3).  

Group-by-condition interaction was significant for directed knee flexor/extensor co-contraction at 

midstance phase (P = 0.037). Results revealed that the healthy group showed greater directed knee 

flexor/extensor co-contraction at mid-stance phase while walking with FOs compared to without 

them (P = 0.030), but no such effect was seen in the PF group. 
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Table 3. The averages and standard deviations of directed muscle co-contraction at gait stance phase. 

Muscles Healthy group PF group Main effect of 

Group (Eta 

square) 

Main effect of 

FO (Eta 

square) 

Group-by-FO 

interaction 

(Eta square) 

Pre Post Pre Post 

Loading 

phase 

Ankle  0.42±0.45 0.47±0.32 0.60±0.32 0.65±0.12 (6440.)0880.  0.406 (0.307) 0.987 (0.063) 

Knee 

flexor/extensor  

0.88-

±0.70 0.83- ±0.66 0.25- ±1.12 0.06- ± .660  (*1.040)0.008  (1550.)0.669  

 (3000. )

0.419 

Knee 

medio/lateral  

0.54-

±0.72 0.32- ±0.72 0.03- ±0.59 0.33- ±0.76 (4340.)0.243  0.793 (0.090) (7030.)0.064  

Knee vastus 

medialis/ 

vastus lateralis  

0.11-

±0.66 0.12- ±0.80 0.45- ±1.56 0.59- ±1.63 (3450.)0.309  (7120.)0.722  (1100.)0.749  

Mid-

stance 

phase 

Ankle 0.31±0.57 0.36±0.43 0.22±0.65 0.25±0.29 (2380.)0.514  0.654 (0.168) (0630.)0.928  

Knee 

flexor/extensor  0.66±0.20 0.55±0.20 0.33±0.41 0.42±0.24 

0.012 

(0.975) *  (0630.)8790.  

0.037 

(0.797) * 

Knee 

medio/lateral   

0.57-

±0.74 0.38- ±0.70 0.04- ±0.60 0.18- ±0.66 (*7730.)0.043  (0630.)0.869  (3750.)0.313  

Knee vastus 

medialis/ 

vastus lateralis  

0.36-

±0.97 0.27- ±0.96 0.20- ±1.11 0.04- ±0.55 0.406 (0.307) 0.595 (0.201) (0630.)0.878  

Push-

off 

phase 

Ankle 0.52±0.25 0.61±0.21 70.4 ±0.29 0.54±0.23 (2630.)0.482  (6960.)0.067  0.810 (0.090) 

Knee 

flexor/extensor  0.74±0.13 0.68±0.14 0.49±0.33 0.54±0.26 (*9470.)0.015  0.763 (0.110) (6170.)0.102  

Knee 

medio/lateral   

0.43-

±0.69 0.34- ±0.64 0.03- ±0.67 0.28- ±0.80 (4030.)0.279  0.539 (0.230) (4440.)0.231  

Knee vastus 

medialis/ 

vastus lateralis  

0.05-

±0.56 0.12- ±0.81 0.03- ±0.73 0.16- ±1.04 (0630.)0.967  0. 477 (0.263) (0900.)0.831  

Legends: PF, Pronated feet; FO, Foot orthoses. 
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Significant impact of "group" for Gas-M (P = 0.011), VL (P = 0.003), VM (P = 0.002), RF (P = 

0.018), BF (P = 0.001), ST (P = 0.001), and Glut-M (P = 0.010) activities at loading phase, and 

for BF (P = 0.002) and ST (P = 0.020) frequency content during the midstance phase were found. 

Results revealed that the PF group had lower frequency content in Gas-M, VL, VM, RF, BF, ST, 

and Glut-M muscles at loading phase, and in BF and ST at mid-stance phase, compared to the 

healthy group (Table 4). A significant main condition effect was found for Gas-M (P = 0.035) and 

RF (P = 0.030) at push-off phase. Findings showed that Gas-M and RF activities were greater 

during the push-off phase when walking with FOs than without them (Table 4). 

Interactions were significant for TA (P = 0.006), VL (P = 0.009), RF (P = 0.018), BF (P = 0.039), 

ST (P = 0.004), and Glut-M (P = 0.015) frequency content at push-off phase. Post-hoc analysis 

revealed that the PF group, but not the healthy group, exhibited greater TA, VL, RF, BF, ST, and 

Glut-M activities when walking with FOs compared to walking without them (Table 4). These 

results suggest that FOs may enhance muscle activity at push-off, specifically in individuals with 

PF, potentially supporting improved propulsion and stability during gait. 
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Table 4. Muscular frequency spectrum (Hz) at walking. 

Muscles Healthy group PF group Group (Eta 

square) 

FO (Eta 

square) 

Interaction (Eta 

square) Pre Post Pre Post 

L
o

a
d

in
g

 p
h

a
se

 

TA 

103.98±35.95 98.09±26.19 85.44±18.70 86.93±24.36 

 0.072 

(0.681) 0.679 (0.155) 0.488 (0.255) 

Gas-M 

91.26±31.59 92.86±30.46 67.83± 7322.  74.88±15.18 

0.011 

(0.991) * 0.396 (0.314) 0.294 (2.409) 

VL 

86.50±32.87 83.83±28.75 57.74±17.23 62.43±20.60 

0.003 

(1.161) * 0.796 (0.090) 0.390 (0.320) 

VM 

86.34±34.09 84.15±29.86 53.84±15.50 60.35±17.39 

0.002 

(1.272) * 0.592 (0.201) 0.284 (0.397) 

RF 

4.488 ±33.91 82.39±28.08 63.04±21.79 63.97±14.81 

0.018 

(0.912) * 0.894 (0.063) 0.727 (0.127) 

BF 

90.16±33.79 89.61±31.72 54.37±15.13 66.25±16.02 

0.001 

(1.391) * 0.235 (0.444) 0.194 (0.487) 

ST 

96.91±36.08 97.34±30.80 56.86±17.28 64.01±15.73 

0.001 

(1.630) * 0.402 (0.314) 0.456 (0.278) 

Glut-M 

91.83±37.92 87.58±28.74 63.36±18.96 68.49±21.35 

0.010 

(1.003) * 0.924 (0.063) 0.315 (0.375) 

M
id

-s
ta

n
ce

 p
h

a
se

 

TA 

85.47±27.60 85.25±20.24 89.24±24.62 80.04±19.85 

0.916 

(0.063) 0.331 (0.346) 0.354 (0.346) 

Gas-M 

88.29±18.03 92.28±26.54 82.34±22.44 89.56±21.89 

0.507 

(0.247) 0.235 (0.444) 0.729 (0.127) 

VL 

61.29±16.18 70.02±21.51 60.52±20.51 58.44±13.48 

0.184 

(0.496) 0.427 (0.263) 0.246 (0.434) 

VM 

70.03±60.80 69.12±23.55 55.15±14.50 54.11±10.45 

0.070 

(0.685) 0.914 (0.063) 0.994 (0.063) 

RF 

54.08±20.47 59.71±23.57 52.78±24.44 57.42±14.58 

0.756 

(0.055) 0.294 (0.392) 0.919 (0.063) 
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BF 

75.94±23.04 73.82±27.23 51.65±20.76 56.52±18.60 

0.002 

(1.263) * 0.796 (0.090) 0.513 (0.238) 

ST 

77.23±27.16 68.40±29.25 54.25±14.38 61.29±14.26 

0.020 

(0.899) * 0.860 (0.063) 0.125 (0.582) 

Glut-M 

68.68±16.47 71.11±23.72 71.67±16.86 66.05±25.53 

0.864 

(0.063) 0.717 (0.127) 0.363 (0.339) 

P
u

sh
-o

ff
 p

h
a

se
 

TA 

102.95±35.79 91.11±32.04 86.84±20.54 105.5±35.69 

0.931 

(0.063) 0.515 (0.238) 0.006 (1.078) * 

Gas-M 

93.11±32.10 108.45±35.06 97.13±30.18 104.07±34.67 

0.987 

(0.063) 

0.035 

(0.807) * 0.411 (0.307) 

VL 

79.39±29.39 75.90±28.80 57.95±9.47 74.78±21.63 

0.146 

(0.544) 0.078 (0.667) 0.009 (1.016) * 

VM 

76.88±31.86 76.55±26.76 60.56±12.11 73.37±22.56 

0.207 

(0.473) 0.145 (0.544) 0.126 (0.574) 

RF 

77.04±30.73 76.26±27.27 54.16±10.21 71.46±23.77 

0.085 

(0.648) 

0.030 

(0.830) * 0.018 (0.912) * 

BF 

98.91±66.79 84.36±37.49 59.82±11.28 76.83±26.67 

0.072 

(0.681) 0.868 (0.519) 0.039 (0.787) * 

ST 

84.73±36.78 76.63±27.87 0.156 ±10.93 79.23±20.51 

0.179 

(0.501) 0.224 (0.454) 0.004 (1.121) * 

Glut-M 

82.16±28.05 78.25±26.38 65.64±14.51 83.13±30.03 

0.473 

(0.263) 0.111 (0.598) 0.015 (0.943) * 

 

4. Discussion 

This study aimed to assess the impact of double density foot orthoses on lower limb muscular co-

contraction in adults with pronated feet during gait at a constant speed, in comparison to healthy 

group.  

 .
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4.1General muscular co-contraction 

The results showed higher general knee co-contraction, general ankle co-contraction at loading 

phase, and general ankle co-contraction at push-off phase in the PF group compared to the healthy 

group. In general co-contraction, both the agonist and antagonist muscles of the knee are activated 

to a similar extent, which may affect joint loading (29, 30). Importantly, our study found a 

significant increase in general knee and ankle co-contraction at loading and push-off phases in the 

PF group compared to the healthy group. Previous studies indicate the increased general knee 

muscular co-contraction elevates joint load (31, 32), and has also been associated with greater 

impact loads. Our findings showed reduced general knee and ankle co-contraction in both groups 

(especially in the PF group) at loading phase while running with FO than that without it. In 

alignment with our findings, several authors have advocated for the use of FO aimed at reducing 

co-contraction in order to minimize joint load, given the potential adverse effects on knee load (33, 

34). This reduction may signify an enhancement in neuromuscular efficiency and a potential 

alleviation of undue stress on the lower limb joints, enabling individuals with pronated feet to 

achieve a more biomechanically sound running form. Furthermore, the particularly marked 

decrease in knee co-contraction within the PF group while using foot orthoses underscores the 

orthoses' ability to facilitate improved movement mechanics.  

4.2. Directed muscular co-contraction 

The results showed higher knee flexor/extensor co-contraction at all phases, as well as greater knee 

medio/lateral co-contraction during the mid-stance phase, in the PF group compared to the healthy 

group. The increased directed knee flexor/extensor and knee medio/lateral co-contraction in the 

PF group may be linked to a higher risk of anterior cruciate ligament injury (35) and medial knee 

osteoarthritis (36), respectively. The subjects with PF exhibited greater knee extension angles at 
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walking stance phase. In consistent with our results, Powell et al. (37) reported that individuals 

with PF have instability and high mobility during dynamic loading tasks. Our results demonstrated 

greater knee flexor/extensor co-contraction in the healthy group (but not in the PF group) at mid-

stance while walking with FO than that without it. Therefore, it could be concluded that double 

density FO did not improve knee flexor/extensor co-contraction in PF individuals.  

The current study found no significant main effects of group, FO, or their interaction on directed 

ankle co-contraction during the gait stance phase. Previous research has suggested that increased 

directed ankle co-contraction can help reduce the risk of lower limb injuries and ankle instability 

in individuals with PF (38). No study has yet examined lower limb muscular co-contraction at 

walking in adults with PF compared to healthy controls while using double density FOs.  

4 3. . Frequency spectrum of lower limb muscular  

Results demonstrated lower frequency content of the Gas-M, VL, VM, RF, BF, ST, Glut-M (loading 

phase), BF and ST (mid-stance phase), muscles in the PF group than that the healthy group. This 

finding suggests a compromised neuromuscular system in the PF group, which may impede 

effective force generation and stability during weight-bearing activities (39). Such deficits in 

muscle recruitment could potentially predispose individuals to injuries or further functional 

impairments. The decreased frequency content observed in the PF group suggests a potential 

reduction in neuromuscular activation and coordination (5). Muscles with lower frequency content 

may exhibit impaired capacity to generate force and stabilize the knee joint, leading to altered gait 

mechanics and increased susceptibility to injury. For instance, the gastrocnemius and gluteus 

medius play critical roles in propulsion and stability; thus, their diminished frequency could 

adversely impact overall kinetic efficiency and postural control (40).  

https://www.sciencedirect.com/science/article/pii/S0167945710001570
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Results showed higher Gas-M and RF during push-off phase while walking with FO than that 

without it. This enhancement in activation may be attributed to the supportive nature of the FO, 

which likely aids in force transmission and propulsion, thereby optimizing gait mechanics (41). 

Consequently, this suggests that the application of FOs might serve as a beneficial intervention 

aimed at ameliorating functional limitations associated with PF dysfunction. The push-off phase 

of gait is critical, as it represents the transition from weight acceptance to propulsion (18). The 

observed enhancement in Gas-M and RF activity concomitant with the use of foot orthoses 

suggests that these devices facilitate more effective muscle engagement. Increased muscular 

activity in these key muscle groups may enhance the efficiency of locomotion by improving force 

generation and stability during the push-off, which is paramount for energy conservation and 

forward propulsion (42). FOs may also benefit individuals with abnormal gait patterns by 

improving muscle activity, which can lead to better walking stability and mobility. 

Results showed higher TA, VL, RF, BF, ST, and Glut-M activities while walking with rather than 

without FO (Push-off phase). This disparity indicates that FOs may not only enhance 

neuromuscular activation in individuals with PF dysfunction but also play a critical role in re-

establishing more typical movement patterns (34, 42). The reliance on these orthotic supports 

during push-off suggests a compensatory strategy employed by individuals with PF dysfunction 

to mitigate the loss of muscle efficiency and stability observed in the absence of the orthoses. The 

observed increased activation of the TA and VL muscles serves to illuminate the potential of foot 

orthotics in enhancing lower limb stability and propulsion (43). The TA, muscle plays a vital role 

in stabilizing the body during walking. It enables dorsiflexion, which enhances stability and 

conserves energy (44). Similarly, the elevated activity in the RF and BF, which are instrumental 

in knee extension and flexion respectively, underscores the compensatory mechanisms engaged 
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during the push-off phase (45). The interaction between these muscle groups, influenced by FOs, 

may contribute to improved neuromuscular control during gait in individuals with PF. 

We assessed acute effects of using FOs in males with PF, so our findings cannot be generalized to 

females. Future studies should explore whether FOs are effective as a preventive or therapeutic 

approach for women with PF. Additionally, the present study did not assess walking kinematics.  

5. Conclusions 

Individuals with PF exhibited greater levels of ankle and knee co-contraction at gait, which may 

reflect compensatory strategies to stabilize the lower limb and could be associated with increased 

joint loading and a greater risk of musculoskeletal injuries. In this study, we observed reduced 

overall knee co-contraction during the loading phase when participants with PF walked with FOs, 

suggesting a potential improvement in neuromuscular efficiency and a decrease in unnecessary 

joint stress. This change may support a more biomechanically efficient gait pattern in individuals 

with PF. 
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