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Abstract 

This study aimed to identify the clinical and biomechanical factors of subjects with 

excessive foot pronation who are not responsive (i.e., “non-responders”) to medially 

wedged insoles to increase knee adduction external moment. Ankle dorsiflexion range 

of motion, forefoot-shank alignment, passive hip stiffness, and midfoot passive 

resistance of 25 adults with excessive bilateral pronation were measured. Also, lower-

limb angles and external moments were computed during walking with the participants 

using control (flat surface) and intervention insoles (arch support and 6º medial heel 

wedge). A comparison between “responders” (n = 34) and “non-responders” (n = 11) 

was conducted using discrete and continuous analyses. Compared with the responders, 

the non-responders had smaller forefoot varus (p = 0.014), larger midfoot passive 

internal torque peak (p = 0.005), and stiffness measured by the torsimeter (p = 0.022). 

During walking, non-responders had lower angle peaks for forefoot eversion (p = 0.001), 

external forefoot rotation (p = 0.037), rearfoot eversion (p = 0.022), knee adduction (p = 

0.045), and external hip rotation (p = 0.022) and higher hip internal rotation angle peak 

(p = 0.026). Participants with small forefoot varus alignment, large midfoot passive 

internal torque, stiffness, small knee valgus, hip rotated internally, and foot-toed-in during 

walking did not modify the external knee adduction moment ("non-responders"). 

Clinicians are advised to interpret these findings with caution when considering the 

prescription of insoles. Further investigation is warranted to fully comprehend the 

response to insole interventions among individuals with specific pathologies, such as 

patellofemoral pain and knee osteoarthritis (OA). 

 

Keywords: foot orthoses, foot pronation, gait, knee adduction moment, clinical 
measurements 
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Introduction 

Excessive foot pronation alters the kinematics and kinetics of the lower limb during 

weight-bearing activities, promoting changes such as excessive shank, knee and thigh 

internal rotation, and dynamic knee valgus (Cheung et al., 2011; Chuter and Janse de 

Jonge, 2012; Farahpour et al., 2018a). These altered biomechanics are related to some 

pathological conditions at the knee, such as patellofemoral pain (Neal et al., 2014) and 

osteoarthritis (Jani et al., 2012; van Tunen et al., 2018). One risk factor for knee 

osteoarthritis is a high external knee adduction moment (KAM) associated with 

excessive foot pronation (Sawada et al., 2016a). Excessive foot pronation may increase 

the external KAM (Farahpour et al., 2018b), thus overloading the knee’s lateral 

compartment (Wang et al., 2021a). 

External KAM has been used as a biomechanical marker to evaluate the risk of knee 

osteoarthritis development and progression (Andriacchi, 2013; Hinman et al., 2008). 

Increased or decreased external KAM may overload the medial or lateral compartments 

of the knee, respectively (Andriacchi, 2013). For instance, individuals with medial knee 

osteoarthritis demonstrate an increased likelihood of a higher external knee adduction 

moment (KAM) (van Tunen et al., 2018). Consequently, interventions to modify this 

altered KAM may benefit the patient (Wang et al., 2021b), particularly as conservative 

treatments designed to restrict foot motion have been shown to influence the external 

KAM and potentially alleviate knee pain (Mendes et al., 2020; Rodrigues et al., 2013). 

However, further investigation is required to fully ascertain the extent to which these 

interventions targeting KAM modification can effectively benefit patients. 

Orthopedic insoles may be an effective clinical conservative intervention that can 

modify some kinetic parameters of the ankle and knee joints (Jafarnezhadgero et al., 

2017; Jones et al., 2014; Sawada et al., 2016b; Ulrich et al., 2020). However, a 
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systematic review revealed that orthopedic insoles do not improve pain and functionality 

in patients with knee osteoarthritis (Yu et al., 2021). Moreover, recent studies showed 

that the biomechanical effects of the insoles were minimal (Jafarnezhadgero et al., 2018) 

or deleterious in some individuals (Jones et al., 2014; Kim et al., 2018). The 

musculoskeletal characteristics of those subjects may partially explain this minimal or 

adverse effect (Bonifacio et al., 2018; Ohi et al., 2017), showing the necessity of 

subgroup analyses. For example, Kim et al. (2018) showed that individuals with a lower 

external hip rotation range of motion and higher internal/external rotation ratio of the hip 

rotators strength did not display the expected decreases in external KAM with a specific 

shoe (laterally wedged). This result indicates that the effectiveness of an intervention to 

produce clinically desired mechanical changes may depend on the individual's 

musculoskeletal characteristics (Chapman et al., 2015; Kim et al., 2018). However, the 

efficacy of rearfoot wedges on the external KAM has been limited to the effects of lateral 

wedges. 

Medially wedged insoles, customarily designed to decrease foot pronation, have 

been shown to increase the external KAM (Bonifacio et al., 2018). Foot pronation is 

associated with an increased knee valgus alignment (Ohi et al., 2017), overloading the lateral 

compartment of the knee (Felson et al., 2013). Thus, an increased KAM may be a desirable 

protective effect against lateral knee OA. Likewise, as observed for the laterally wedged insoles 

(Chapman et al., 2015; Jones et al., 2014; Kim et al., 2018), the biomechanical effects of laterally 

wedged insoles may vary according to the patient's clinical characteristics. As a result, different 

individuals may exhibit greater or less responsiveness to such insoles. 

Therefore, the present study aimed to investigate (a) whether some subjects with 

excessive foot pronation are not responsive to using medially wedged insoles and (b) to 

identify clinical and biomechanical factors that may help explain this possible lack of 
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response. The present exploratory study investigated only young asymptomatic adults 

with excessively pronated feet, so no specific hypothesis is proposed a priori. 

Methods 

Twenty-five (17 females and 8 males) participated in the present study and signed 

an Informed Consent Form before data collection. The University Ethical Research 

Committee approved this study (CAAE: 50164515.7.0000.5149). The inclusion criteria 

were age between 18 and 50 years, body mass index (BMI) < 30 Kg×m-2, Foot Posture 

Index (FPI) ≥ +6 (bilaterally)(Redmond et al., 2006), footwear size between women's 6 

and men's 11 (US standard), no neurological or orthopedic conditions, no history of lower 

limb or back surgery, and no use of foot orthotics during the last year. These criteria 

were determined to homogenize the subjects for the clinical measurements described to 

avoid confounding factors during the analysis. Table 1 presents participants' age, height, 

mass, BMI, and FPI. During data collection, reporting any pain or discomfort was an 

exclusion criterion. A sample size of 24 participants was calculated considering an effect 

size (d) of 0.6, statistical power of 80%, and significance level of 0.05 for single t-tests 

(difference between means and two tails) using the software G*Power version 3.1 (Faul 

et al., 2007). 

Clinical measures were obtained to identify musculoskeletal factors that may 

influence the response to intervention. Because of the known associations between foot 

pronation and lower limb movement patterns, we measured ankle dorsiflexion range of 

motion (Fig. 1A), forefoot-shank alignment (Fig. 1B), passive hip stiffness (Fig. 1C), and 

midfoot joint complex passive resistance (Fig. 1D). Three valid trials of each test were 

acquired and transferred to the web-based application REDcap (Harris et al., 2019), 

where the mean values were computed for all clinical measures.  
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Detailed information about the clinical measures can be found in the 

Supplementary Material. The FPI score was obtained to certify inclusion criteria and 

performed according to Horwood and Chockalingam (2017). Only subjects with FPI > 5 

in both feet participated. The weight-bearing lunge test measured the ankle dorsiflexion 

range of motion (ROM) (Dill et al., 2014; Kang and Oh, 2017). The higher the shank 

angle, the higher the ankle dorsiflexion ROM. The forefoot-shank alignment test was 

used to measure the angle between the forefoot and shank, referred to as the varus 

angle (Araujo et al., 2020; Cruz et al., 2019); the greater the angle, the greater the 

forefoot varus. The hip passive internal rotation mobility test assessed the passive hip 

stiffness (Cardoso et al., 2020; Fajardo et al., 2021), with greater internal rotation ROM 

indicating a lower hip stiffness. Finally, the passive torque of the midfoot joint complex 

(MFJC) was assessed using the Foot Torsimeter (Magalhaes et al., 2020b), and the 

mean passive stiffness (Nm×deg-1×kg-1) between 20º and 25º of inversion (MFJC 

inversion mean stiffness) was calculated from the average of the instantaneous slope of 

the internal passive torque-angle time series using the 4th-order polynomial method 

(Magalhaes et al., 2021; Magalhaes et al., 2020b).  
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Figure 1: Musculoskeletal assessment tests and measurements description 

 

Kinematic and kinetic analysis was conducted during standing and walking. Fifty-

seven spherical 12-mm retro-reflective markers were attached to the pelvis, thighs, 

shanks, and feet. One trial was recorded in the standing position to define the segments' 
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coordinate systems with the subject using the insoles before each condition (Fig. 2A and 

2B). Each participant walked at a self-selected speed on a split-belt instrumented 

treadmill (Bertec Corp., 120Hz, USA) synchronized with a 9-camera optoelectronic 

system (Oqus 5+, 120Hz, Qualisys, Sweden). Participants determined their self-selected 

speed during the familiarization trial by indicating to the treadmill operator whether the 

current speed felt faster or slower than their natural pace. Speed adjustments were made 

until they were confident that the selected speed closely matched their natural walking 

pace. After five minutes of familiarization with each pair of insoles on the treadmill, 

several walking trials were conducted over a period of 90 seconds. All trajectories from 

all markers and the ground reaction forces (GRF) were identified for each trial, and the 

participants stepped the right and left feet on the right and left force plates, respectively. 
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Figure 2: Top: segment definition and marker description. Bottom: anatomical and 

tracking markers' positions (A and B). Marker type: anatomical (A) and tracking (T). 
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The insoles used in the present study were modeled using the software OrthoFoot 

3D (version 1.0.5912, DeepSoft, Brazil) and 3D-shaped sandals by a CNC (Computer 

Numerical Control) milling machine on ethylene-vinyl-acetate (EVA, shore A 40). Two 

full-length insoles were used: a control insole with a flat surface (Fig. 3A) and an 

intervention insole with a medial longitudinal arch support and a 6º medial heel wedge 

(Fig. 3B). Tipnis et al. (2014) and Costa et al. (2021) demonstrated that the external 

KAM is influenced significantly when using wedges angled up to 6º. This insole 

configuration was adopted because it is frequently prescribed for individuals with 

excessive pronation (Bonifacio et al., 2018; Braga et al., 2019; Telfer et al., 2013). 

Furthermore, the insoles had a 2-cm non-slip sole fixed directly to the participants' feet 

with elastic bands (Fig. 2A and 2B). The order of the two insole configurations was 

randomized among the participants during the walking trials. 

 

 

Figure 3 – A) Control insole (flat surface). B) Intervention insoles with medial longitudinal 

arch support (height standardized and proportional to the footwear’s size) and medial 

heel wedge with a 6º inclination. 
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The kinematics and kinetics during the stance phase of gait were computed in 

Visual 3D (version 2021, C- Motion Inc, USA). Kinematic data were filtered with a 4th-

order Butterworth low-pass filter at 6 Hz (Winter, 2005), whereas kinetic data were 

filtered at 15 Hz. Heel contacts and toe-offs were determined using the vertical GRF with 

the threshold set at 50 N (Weart et al., 2020). Midstance was defined as the phase 

between the forefoot contact to the ground (± 11% of the stance) and heel-off the ground 

(± 63% of the stance) (Araujo et al., 2019). The biomechanical multisegmented foot 

model was proposed by Bruening et al. (2012a) and Bruening et al. (2012b), but with the 

forefoot tracking markers modified by Magalhaes et al. (2020a), as presented in Fig. 2. 

The other segments were modeled following ISB recommendations (Wu et al., 2002). 

MFJC motion was computed as the forefoot positions relative to the rearfoot, while 

ankle motion was the rearfoot positions relative to the shank. Knee motion was the shank 

position relative to the thigh, and hip motion was the thigh position relative to the pelvis. 

Joint net external moments were computed using the inverse dynamics method. The 

following variables were calculated during the midstance phase of walking for the three 

planes of motion: joint angles (in degrees) for the forefoot, rearfoot, MFJC, ankle, knee, 

and hip, as well as the ankle and knee external moments (Nm×kg-1). The analysis 

included the peaks of the following variables: forefoot eversion angle, rearfoot eversion 

angle, knee adduction angle, ankle eversion moment, hip external rotation angle, and 

hip internal rotation angle. 

Forefoot, rearfoot, and knee angles, as well as the ankle moment, were calculated 

as the difference between control and intervention conditions to measure the effect of 

the intervention; positive values mean that the control condition presented higher values. 

Forefoot and hip transverse plane angles were calculated only for the control condition 

during the midstance, where negative and positive values represent the external and 
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internal rotation, respectively. In addition, the knee coronal plane positioning was 

computed while standing to document the participants' valgus alignment. The angles of 

MFJC, ankle, and knee were used to explore the immediate effects of the insoles, Fig. 

4. Peak values of the other angles were also calculated. All data were time-normalized 

and extracted using the following Cardan sequence: sagittal (Y), coronal (X), and 

transverse (Z) planes. The average values of the five valid trials were used for analysis. 

Data from all measurements were imported to Matlab® (2021a, The MathWorks, 

Inc., USA), where they were merged and analyzed. Participants were categorized into 

two groups based on the impact of the intervention insoles on the external knee 

adduction moment (KAM): biomechanical responders and non-responders. This 

assessment relied on the mean difference between the control and intervention insoles 

time series, as depicted in Figure 4D. To establish distinct groups, we utilized one 

standard deviation from this difference as the threshold (0.022Nm×kg-1), a value 

consistent with previous studies indicating its clinical significance in identifying 

noteworthy changes in the external KAM (Arazpour et al., 2014; Kim et al., 2018). As 

five participants had one foot allocated in the group “responders” and another in the 

group “non-responders,” their data were removed from the group with a higher sample 

size (i.e., “responders”), so 45 lower limbs were analyzed. Hence, 34 lower limbs were 

allocated to the group "responders," while the other 11 were to the group "non-

responders." Therefore, "responders" or "non-responders" refer to the group of 

participants that significantly altered or not the KAM due to the use of the intervention 

insoles, respectively. 

Inferential and descriptive analyses were conducted for the participants' 

characteristics, FPI, and walking speed. Data normality was verified using the 

Kolmogorov-Smirnov test. The mean, standard deviation (SD), 95% confidence interval 
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(CI95%), and independent t-test were used for normally distributed data. Otherwise, the 

median, interquartile range (IQR), percentiles 25% and 75% (P25-75%), and Wilcoxon 

signed-rank test were used. 

A time-series analysis was performed using statistical parametric mapping (SPM) to 

compare the knee's pronation-related angles and external moments to the control and 

intervention insoles before the group division. This method has been employed in recent 

studies (Gontijo et al., 2023; Lourenco et al., 2022). As the data were normally 

distributed, paired t-tests along the normalized time series were conducted to establish 

the presence of any significant differences using the open-source spm1d codes 

(www.spm1d.org). The technical details of the SPM methods have been previously 

reported (Pataky, 2010; Penny et al., 2011). 

Independent t-tests or Wilcoxon signed-rank tests compared the musculoskeletal and 

walking-related measures between the responders and non-responders. Cohen's effect 

size and statistical power were also calculated for each comparison. Before the 

analyses, outliers were detected and removed using the "median absolute deviation." 

Therefore, the number of participants in each group could differ slightly among the 

comparisons. The test-retest intra-rater reliabilities for the musculoskeletal measures 

were verified through the Intraclass Correlation Coefficient (ICC3,1). All present study 

analyses were performed in Matlab®, considering a significance level of 0.05. 

Results 

The participants' characteristics, FPI, and walking speed showed no significant 

differences (p > 0.05) between the responders and non-responders (Table 1). Across all 

subjects, the SPM analyses revealed that the intervention insole altered the kinematics 

of the MFJC in the sagittal plane (p < 0.001, fig. 4A) and the ankle in the sagittal and 

coronal planes (p < 0.001, fig. 4B), as well as the knee kinetics in the sagittal (p = 0.007, 
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fig. 4C) and coronal planes (p < 0.001, fig. 4C), compared with the control insole. 

Additionally, fig. 4D shows the curves depicting that the intervention and control insoles 

differed (p < 0.001) between the groups, mainly in the midstance and propulsion 

subphases of stance. 

 

 

Table 1 Participants’ characteristics, FPI, and walking speed 

Variable Descriptive Responders 
(n=34) 

Non-Responders 
(n=11) 

Age (years) Mean (SD) 
CI95% 

24.53 (7.13) 
22.14 – 26.92 

23.82 (6.79) 
21.68 – 25.96 

Height (m) Median (IQR) 
P25-75% 

1.65 (0.03) 
1.65 – 1.68 

1.63 (0.13) 
1.58 – 1.71 

Mass (kg) Median (IQR) 
P25-75% 

64.8 (16.6) 
59.2 – 75.8 

57.4 (17.98) 
49.23 – 67.2 

BMI (kg⋅m-2) Median (IQR) 
P25-75% 

24.4 (3.3) 
22.9 – 26.2 

22.5 (3.33) 
20.93 – 24.25 

FPI (score) Mean (SD) 
CI95% 

7.94 (1.87) 
7.31 – 8.57 

7.45 (2.42) 
6.02 – 8.88 

Walking 
Speed (m⋅s-1) 

Mean (SD) 
CI95% 

1.04 (0.13) 
1.00 – 1.08 

1.06 (0.14) 
1.02 – 1.10 

BMI: body mass index. FPI: foot posture index. SD: standard deviation. CI95%: 95% confidence 
interval. IQR: interquartile range. P25-75%: percentiles 25% and 75%. For variables with normal 
distribution, it was used the mean (SD), CI 95%, and two-sample t-test; otherwise, the median (IQR), 
P25-75%, and two-sample Wilcoxon signed-rank test were used. No statistical differences existed 
between the groups for all variables (p > 0.05). 
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The ICC3,1 (CI95%) was 0.98 (0.91-0.99) for FPI, 0.98 (0.94-0.99) for ankle passive 

dorsiflexion ROM, 0.96 (0.85-0.99) for forefoot varus, and 0.99 (0.97-0.99) for passive 

hip stiffness. The test-retest reliability of the torsimeter’s measurements has been 

previously shown to be 0.98 (0.93-0.99) (Magalhaes et al., 2020b). 

Table 2 shows the comparison between groups for the musculoskeletal and walking 

measures, including mean values for each group, IC 95%, effect size, Power, and p-

value. Compared with the responders, non-responders had smaller forefoot varus 

(median difference = -5.51° [30.9%], p = 0.014), higher MFJC internal passive torque 

peak during inversion (mean difference = 0.02 Nm×kg-1 [40.0%], p = 0.005), and higher 

MFJC inversion passive stiffness during inversion (mean difference = 3.20e-04 Nm×deg-

1×kg-1 [23.2%], p = 0.022).  

During walking, Table 2 also shows that the non-responders had lower forefoot 

eversion angle peak (median difference = -2.75° [52,7%], p < 0.001), lower forefoot 

external rotation angle peak (median difference = -3.64° [117.8%], p = 0.037), and lower 

rearfoot eversion angle peak (median difference = -2.63° [56.3%], p = 0.022). Moreover, 

considering only the control condition, the non-responders had higher knee adduction 

angle peak (median difference = 1.68° [46.1%], p = 0.045), hip external rotation angle 

(median difference = 4.25° [750.6%], p = 0.022), and hip internal rotation angle (median 

difference = 3.92° [105,7%], p = 0.026). 
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Table 2 Comparisons between responders and non-responders for the musculoskeletal and walking measures 
Variable Descriptive Responders Non-Responders d Power p 

Ankle Passive Dorsiflexion  
ROM (deg) 

n 
Mean (SD) 

CI95% 

34 
34.27 (4.8) 

32.66 – 35.88 

10 
37.08 (3.04) 

35.20 – 38.96 
0.63 0.98 0.09 

Forefoot-Shank  
Alignment (deg) 

n 
Median (IQR) 

P25-75% 

34 
17.84 (6.00) 

15.33 – 21.33 

11 
12.33 (4.09) 

11.42 – 15.50 
0.9 1 0.014* 

Hip Passive  
Stiffness (deg⋅kg-1) 

n 
Mean (SD) 

CI95% 

34 
0.65 (0.25) 
0.57 – 0.73 

11 
0.77 (0.25) 
0.61 – 0.93 

0.49 0.89 0.164 

MFJC Inversion  
Torque (Nm⋅kg-1) 

n 
Mean (SD) 

CI95% 

34 
0.05 (0.01) 
0.05 - 0.05 

11 
0.07 (0.03) 
0.05 - 0.09 

1.03 1 0.005* 

MFJC Inversion  
Stiffness  

(Nm⋅deg-1⋅kg-1) 

n 
Mean (SD) 

CI95% 

34 
1.38e-03 (3.05e-04) 
1.28e-03 – 1.48e-03 

11 
1.70e-03 (6.05e-04) 
1.34e-03 – 2.06e-03 

0.83 0.99 0.022* 

Knee Frontal Plane 
Alignment in Standing 

Position (deg)  

n 
Mean (SD) 

CI95% 

33 
3.01 (3.02) 
2.06 – 4.14 

11 
1.6 (3.5) 

-0.48 - 3.68 
0.48 0.87 0.177 

Forefoot Eversion  
Angle Peak during stance 

(deg) † 

n 
Median (IQR) 

P25-75% 

34 
5.22 (3.05) 
3.83 – 6.88 

11 
2.47 (2.34) 
1.78 – 4.12 

1.46 1 0.001* 

Rearfoot Eversion  
Angle Peak during stance 

(deg) † 

n 
Median (IQR) 

P25-75% 

34 
4.66 (3.38) 
2.58 – 5.96 

11 
2.03 (3.33) 
0.58 – 3.91 

0.79 0.99 0.022* 

Knee Adduction  
Angle Peak during stance 

(deg) † 

n 
Median (IQR) 

P25-75% 

34 
3.64 (3.29) 
2.05 – 5.34 

10 
1.96 (1.27) 
1.39 – 2.66 

0.74 0.99 0.045* 

Ankle Eversion  
Moment Peak during 
stance (Nm⋅kg-1) † 

n 
Median (IQR) 

P25-75% 

34 
0.04 (0.04) 
0.02 – 0.06 

10 
0.03 (0.04) 
0.00 – 0.04 

0.90 1 0.022* 

Forefoot External Rotation 
Angle Peak during 
midstance (deg) ‡ 

n 
Median (IQR) 

P25-75% 

33 
3.09 (3.94) 
0.73 – 4.66 

11 
-0.55 (4.32) 
-1.87 – 2.45 

0.83 0.99 0.037* 

Hip External Rotation 
Angle Peak during 
midstance (deg) ‡ 

n 
Median (IQR) 

P25-75% 

34 
-0.57 (7.78) 
-4.21 – 3.58 

10 
3.68 (8.14) 
0.11 – 8.24 

0.89 1 0.022* 
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Hip Internal Rotation 
Angle Peak during 
midstance (deg) ‡ 

n 
Median (IQR) 

P25-75% 

34 
3.70 (9.14) 
-1.42 – 7.72 

10 
7.62 (7.34) 

5.92 – 13.26 
0.78 0.99 0.026* 

* p < 0.05. SD: standard deviation. CI95%: 95% confidence interval. IQR: interquartile range. P25-75%: 
percentiles 25% and 75%. For variables with normal distribution, mean (SD), C95%, and independent t-test were 
used; otherwise, median (IQR), P25-75%, and independent Wilcoxon signed-rank test were used. d: Cohen’s effect 
size. Power: Statistical power. p: p-value. n: number of participants in each group. ROM: range of motion. Deg: 
degrees. Nm: newton-meters. Kg: kilogram. MJFC: midfoot joint complex. †: The difference between control and 
intervention conditions was used for the forefoot eversion angles, rearfoot eversion angles, knee adduction angles, 
and ankle eversion moment, where positive mean higher values for the control condition. ‡: Only the control 
condition during the midstance was considered for the forefoot external rotation angles and hip transverse plane 
angles, where negative and positive values represent the external and internal rotation, respectively. 

 

 

Discussion 

The present study identified clinical and biomechanical factors that influenced the 

effects of the pronation-controlling insoles on the external KAM. Individuals who did not 

increase the external KAM (i.e., non-responders) showed musculoskeletal factors 

related to less foot pronation. Specifically, they had lower forefoot varus and higher 

midfoot internal passive torque and stiffness during forefoot inversion. Also, during 

walking, the non-responders had foot kinematic patterns indicative of less pronation than 

the responders (i.e., lower forefoot external rotation and eversion, lower rearfoot 

eversion, and lower ankle eversion external moment), even though all participants had 

similar excessively pronated postures according to the FPI. Interestingly, the non-

responders had a more internally rotated hip and a less adducted knee in walking, 

suggesting that their excessive foot pronation during walking could be due to the 

proximal factors in the hip (Resende et al., 2015). Thus, having a more internally rotated 

hip had a role in the absence of changes in the external KAM. 

Although all participants were overpronators, factors contributing to pronation differ 

by group. While the non-responders had proximal causes of pronation (i.e., increased 

hip internal rotation during walking), the responders had foot-related causes of pronation 
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(i.e., higher forefoot varus and lower midfoot internal passive torque and stiffness). The 

non-responders had increased hip internal rotation and decreased external rotation 

during walking. A consequence of increased internal hip rotation at the knee is the 

reduction in external KAM due to a medial shift in the knee joint center position (Shull et 

al., 2013). This tendency to reduce KAM may have caused the lack of KAM increases in 

the non-responders. 

In the present study, the non-responders had less forefoot varus (Table 2). 

Individuals with less forefoot varus may have the GRF positioned more medially (Cobb 

et al., 2004), thus producing a lower external pronation moment (Gross et al., 2007). As 

the external KAM calculations consider the GRF magnitude and knee-GRF force lever 

arm (Lewinson et al., 2015), people with less forefoot varus have a reduced knee-GRF 

force lever arm and, thus, lower external KAM peaks (Hinman et al., 2012). Therefore, 

non-responders had less forefoot varus, consequently moving the GRF medially under 

the foot, reducing the knee-GRF force lever arm, and minimizing the effects of the 

intervention insoles on the knee. 

In addition, the non-responders also presented higher MFJC passive internal torque 

and stiffness during forefoot inversion. Paes et al. (2019) demonstrated a moderate 

correlation between forefoot varus and MFJC internal passive torque, showing that the 

lower the forefoot varus, the greater the MFJC passive internal torque. Therefore, lower 

forefoot varus and higher MFJC internal passive torque and stiffness seem to reduce the 

effect of the insoles on foot pronation and external KAM. A novel aspect of our study 

was the measurement of MFJC passive torque and stiffness using a Foot Torsimeter, 

which has yet to be included in previous studies considering foot orthoses.  

The intervention insoles produced the desired effect of increasing KAM only in 

subjects with pronation causes related to the foot-ankle complex, as the responders had 
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higher forefoot varus and lower midfoot internal passive torque and stiffness during 

inversion. Therefore, the efficacy of insoles may vary based on individual 

musculoskeletal characteristics, suggesting a need for careful consideration before 

prescription. This study is an exploratory investigation, indicating the necessity for further 

research to substantiate this assertion. The intervention insoles, as expected, could 

control foot pronation during stance (Fig. 4A and Fig. 4B) in all participants (Bonifacio et 

al., 2018; Braga et al., 2019). Moreover, the insoles also promoted an increased external 

KAM in most participants (Fig. 4C), which was also expected (Bonifacio et al., 2018; 

Telfer et al., 2013). Thus, overall, the orthotics influenced foot pronation and KAM, as 

assumed, but that effect was more significant in people with foot-related pronation 

causes. 

Another factor that can influence external KAM is knee malalignment. A standard 

measure of knee alignment is the angle between the thigh and shank in an 

anteroposterior radiograph. In the present study, no specific measurement for knee 

alignment was performed. However, the angle between the thigh and knee was 

calculated in the coronal plane standing position. The foot and hip positions were not 

standardized during this standing position once the participants were asked to assume 

their relaxed position. In addition, altering the loading in either medial or lateral knee 

compartments by using insoles may benefit patients with knee OA. A recent review and 

meta-analysis ￼shows that the prevalence rate for single-compartment knee OA is 50%. 

Thus, balancing the loading between the knee compartments is desirable to equalize 

this risk factor. Future studies should investigate this further.  

Some limitations to this study should be considered. A clinical measurement for the 

knee alignment is absent. Five subjects were categorized as having one lower limb as a 

"responder" and the other as a "non-responder." Given this condition, the lower limb 
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labeled as a "responder" was excluded from the analysis. Consequently, three 

participants had both lower limbs, and five had one lower limb allocated to the “non-

responder” group. Future studies should ensure consistency by selecting subjects with 

both feet allocated to the same group. No adjustments were made to the p-values to 

allow for multiple comparisons. Still, by calculating the percent error rate recommended 

by Ottenbacher (1998), we found that 92% of the comparisons (twelve out of thirteen) 

are likely due to non-chance factors. Finally, the methods used in this study should be 

extended to investigate further the response to insoles used by elders, people with 

pathologies, such as patellofemoral pain and knee OA, as well as during other daily 

activities, such as running, squatting, and stair ascent and descent.  

Our results have shown that most people with excessive foot pronation had an 

external KAM increase due to the arch-supported insoles with a 6º medial wedge. This 

effect may influence the overload on the lateral compartment of the knee (Bonifacio et 

al., 2018; Felson et al., 2013), which may prevent the onset or progression of lateral 

knee osteoarthritis. However, participants with low forefoot varus angles, large MFJC 

internal passive torque, greater stiffness during forefoot inversion, low knee valgus 

angles, hip internal rotation, and toed-in feet during walking did not significantly change 

the external KAM. During assessments, clinicians should consider these measurements 

when prescribing medially wedged insoles in people with excessive pronation. 
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