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Background: Although the inverted technique was shown to be more effective compared to other orthotic designs for the treatment of 
flatfeet, the biomechanical mechanisms underlying the therapeutic effect of the inverted angle orthoses is still unclear. Therefore, the 
aim of this study was to examine the effect of different inverted angles of foot orthoses on walking kinematics in females with flexible 
flatfeet.
Methods: Thirty-one female adults with flexible flatfeet aged 18–35 years old participated in this study. Kinematic data of the hip, 
knee, and ankle were collected via BTS motion-capture system during walking under three test conditions in random order: with shoes 
only; with 15° inverted orthoses; and with 25° inverted orthoses.
Results: Compared to the shoes only condition, both the 15° and 25° inverted orthotic conditions significantly decreased the 
maximum ankle plantarflexion angle during loading response, maximum ankle dorsiflexion angle during mid-stance, maximum 
ankle external rotation angle, and maximum ankle internal rotation angle. The maximum ankle plantarflexion angle at toe-off showed 
a significant decrease with the 25° inverted angle orthosis compared to both the 15° inverted angle and shoes only conditions. No 
significant differences were found in the knee kinematic variables, maximum hip extension angle, and maximum hip adduction angle 
between test conditions.
Conclusion: Using inverted orthoses at 15° and 25° inverted angles resulted in significant changes in ankle joint kinematics during 
walking in female adults with flexible flatfeet. A 25° inverted angle orthosis significantly decreased ankle plantarflexion during push- 
off, potentially impacting gait mechanics. This suggests that a smaller inverted angle may be more effective for managing flexible 
flatfeet in female adults.
Keywords: flatfoot, foot orthoses, gait analysis, walking

Introduction
Flatfoot, also known as Pes planus, is a condition characterized by the absence of the medial longitudinal arch (MLA) of 
the foot, resulting in the full contact of the foot sole with the ground.1 It is classified as flexible or rigid based on the 
flexibility of the medial arch. The most common type is flexible flatfeet, in which the MLA collapses only during weight 
bearing.2 The typical presentation of flexible flatfeet includes subtalar pronation, which is associated with calcaneal 
eversion, midfoot pronation, and forefoot abduction/supination.3 These deformities have been shown to increase the risk 
of foot injuries and are associated with various symptoms, including pain in the plantar fascia, foot instability, ligament 
laxity, and discomfort in the knee, hip, and trunk.4–7 Flattening of the MLA and increased rearfoot eversion in individuals 
with flatfeet lead to excessive tension in the plantar fascia, contributing to conditions like plantar fasciitis and ankle 
pain.5,6 Additionally, excessive ankle movements during walking with flatfeet can reduce shock absorption ability and 
increase the load on the foot structure, leading to fatigue fractures in the forefoot, foot deformities, and degenerative 
arthritis in the knee.7–10
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Furthermore, the mechanical overload resulting from foot pronation in cases of flatfeet, transfers a chain of biomechanical 
deviations to the proximal regions, including the lower extremities and spine.11 This excessive foot pronation induces femoral 
and tibial internal rotation in a closed kinematic chain, subsequently leading to increased pelvic anteversion.12,13 This further 
leads to an increased lordotic curve, that is compensated by an increase in the kyphotic angle at the thoracic spine.14–17 As 
a result, these biomechanical deviations lead to more kinematic changes during weight bearing activities such as walking, 
running, climbing, and descending stairs, where the body is subjected to higher forces.18 Studies have shown that individuals 
with flexible flatfeet exhibit slower walking speed19 and specific alterations in their walking kinematics compared to 
individuals with normal arches. At the ankle joint, they demonstrate reduced peak dorsiflexion,20,21 plantarflexion,22 and 
abduction20 angles and increased eversion,21,23 and internal10 and external21 rotation angles during walking. Moving up to the 
knee joint, flatfoot individuals show decreased peak extension, external rotation, and knee abduction during walking, as well 
as increased flexion.20 At the hip joint, they exhibit higher peak values in hip flexion, hip internal rotation, and pelvic rotation 
with decreased extension and external rotation angles.20,24

Foot orthoses are considered the most commonly prescribed treatment method for controlling excessive pronation of 
the foot.25,26 These devices realign the collapsed foot arch, allowing for a more normal foot and lower limb function.27 

Previous studies have shown that orthotic insoles greatly improve foot alignment and posture, thereby affecting the 
biomechanics of the lower limbs and reducing both the foot pronation angle and tibial internal rotation.28–30

Several orthotic designs have been investigated across the studies and different designs had different effects on the 
kinematic data.25,26 For instance, Jafarnezhadgero et al28 investigated the use of forefoot medial posting insoles in patients 
with flexible flatfeet and found that they could decrease the peak rearfoot valgus movement. Tang et al31 evaluated the impact 
of medial arch support orthoses on walking kinematics and reported a reduction in ankle and knee internal rotation, as well as 
knee external rotation angles. A systematic review examining different orthotic designs revealed that insoles with medial 
postings were the most efficient in terms of controlling calcaneal eversion.25 However, this review indicated that the impact of 
foot orthoses is still not fully defined in terms of walking kinematics,25 as some studies reported significant reduction in 
rearfoot eversion,29,32 while others found no difference with the use of foot orthoses.33,34 The variation in findings may be 
attributed to the different orthotic designs and arch heights used in each study, as suggested by Banwell et al.26

Inverted orthosis is a type of rigid foot orthoses that was designed to aid in controlling high degrees of foot pronation.35 The 
positive mold of the inverted orthoses is poured with different degrees of inversion compared to the vertical alignment of 
a standard orthoses.36 According to Blake,35 a 5° of rearfoot varus post is required to achieve a 1° change in the static calcaneal 
position due to the soft tissue compression of the heel. As a result, a 5° rearfoot correction would require a 25° inverted orthotic 
device. The rearfoot mechanics of patients treated with both a standard and inverted orthoses were compared, and it was found 
that the inverted orthoses were more effective in correcting rearfoot pronation than the standard orthotic device.37 

Furthermore, inverted orthoses were shown to significantly decrease the inversion moment and work at the rearfoot, and 
increase knee adduction and abduction moment when compared with standard and no orthoses conditions. Bok et al38 tested 
the effects of inverted orthoses on the plantar pressure and force in children with flatfeet, and a significant reduction in peak 
pressure at the medial forefoot and rearfoot was achieved upon the use of the inverted insoles.

Although the inverted technique has been shown to be more effective compared to other designs, the biomechanical effect 
of these devices is not completely understood. Authors throughout the studies have used different inverted angles,36,39,40 

leading to a lack of evidence regarding the optimal angle for patients with flatfeet. To determine the proper angle for 
prescribing foot orthoses, it is essential to evaluate the different effects of inverted angles. This becomes particularly 
important considering that patients with flatfeet often experience discomfort and arch irritation when prescribed higher 
degrees of inverted angle orthoses, leading to poor compliance with foot orthoses.38 Bok et al38 concluded that foot orthoses 
with a lower inverted angle (ie, 15°) would be more effective, accommodating, and efficient for individuals with flatfeet in 
terms of plantar pressure distribution. However, despite some insights into plantar pressure, the specific kinematic changes 
associated with different inverted angles have not been investigated. This indicates the need for a comprehensive three- 
dimensional analysis of the effect of the inverted orthoses angles on the lower limb kinematics. Such analysis would provide 
clinicians with a clear justification for determining the most appropriate inverted angles, enhancing the effectiveness of foot 
orthoses prescription. Moreover, existing literature predominantly focuses on the effects of orthotic devices on foot 
structure,41–43 with limited attention given to the lower limbs. As a result, the broader biomechanical implications of 
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orthoses remain uncertain. Therefore, the aim of this study was to examine the effect of different inverted angles of foot 
orthoses on walking kinematics in females with flexible flatfeet. We hypothesized that the three-dimensional kinematics of 
the lower limb during walking would differ with different orthosis inverted angles and that an inverted angle of 15° or 25° 
would be most effective for females with flexible flatfeet.

Materials and Methods
Participants
An a priori power analysis using G*power 3.1.0 software revealed that for a statistical power of 0.80 and an effect size of 0.25 
with an alpha level of 0.05, a sample size of at least 28 subjects was required.44 Therefore, thirty-one female young adults aged 
between 18–35 years old, with flexible flatfeet were recruited for this study. Due to the biomechanical characteristics differences 
between males and females, participants were restricted to females to avoid gender differences.45 Flatfoot was defined when 
either of the feet had ≥4° valgus of resting calcaneal stance position (RCSP) angle.46 RCSP angle was measured based on Root47 

method. Subjects lay prone on a bed parallel to the floor with their feet over the edge of the bed. Three dots were drawn on the 
upper, middle, and lower sections of the calcaneus and connected together to create a bisection line. Then the subjects stood in 
a relaxed position with their feet apart and the angle between the bisector of the calcaneus and the vertical line to the ground was 
measured. Participants were excluded if they had any recent surgeries to the spine or lower limbs, lower limb injury within the 
previous six months, leg length discrepancy (>1 cm), or history of musculoskeletal or neurological conditions which might 
impair lower limb movement. Participants with a fixed flatfoot deformity were also excluded from this study. Interested 
participants underwent an eligibility assessment and were recruited accordingly. This study was approved by the Research 
Ethics Committee of the University of Sharjah, United Arab Emirates (REC-21-06-15-01-S) and was registered on 
ClinicalTrials.gov (NCT05316051). The study was conducted in accordance with the principles of the Declaration of 
Helsinki. All participants provided a signed informed consent after reading an information sheet explaining the study purpose 
and procedures prior to data collection.

Study Design
A randomized controlled crossover trial was used. Every participant underwent each intervention in a random 
order [(i) Shoes only, (ii) Foot orthoses with a 15° inverted angle, and (iii) Foot orthoses with a 25° inverted 
angle]. The control condition was participants walking with their shoes without foot orthoses, and walking with 
each of the inverted angle orthoses were the treatment conditions. The order in which different conditions were 
examined was randomized and allocation was concealed by asking each participant to pick an invisible sealed 
envelope that contains a paper demonstrating the testing order from a bag. All testing was performed in 
a single day, and a five-minute washout time was used between each condition.3,48,49 Neither the examiner nor 
the participants could be blind to the testing order since it’s clear whether someone is wearing foot orthoses or not.

Foot Orthoses
Rigid foot orthoses was manufactured based on Blake35 inverted orthotic technique. This technique aims to invert the rearfoot 
and pronate the forefoot through the subtalar joint and longitudinal axis of the midtarsal joint in order to straighten the heel 
back to vertical. The orthotic insoles were designed with two variations: 15° inverted angle and 25° inverted angle (Figure 1).

Figure 1 Inverted foot orthoses. (A) 15° inverted angle orthoses, (B) 25° inverted angle orthoses.
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Gait Analysis
Three-dimensional kinematic data was collected by using a motion-capture system (SMART-DX, BTS Bioengineering, 
Milan, Italy) composed of 8 infrared cameras set at a frequency of 250 Hz. Initially, anthropometric measurements (ie, 
height (cm), weight (kg), anterior superior iliac spine (ASIS) breadth (cm), pelvis depth (cm), and leg length (cm)) were 
taken from all participants and recorded in the software. Then, 22 spherical retro-reflective markers were placed on the 
subject’s body in correspondence to the anatomical points defined by the “Helen Hayes with Medial Markers” protocol.50 

In particular, three upper body markers (7th cervical vertebra, right acromion, and left acromion), three pelvic markers 
(sacrum, right and left ASIS), and 8 markers on each lower limb (greater trochanter, lateral femoral epicondyle, medial 
femoral epicondyle, head of fibula, lateral malleolus, medial malleolus, heel, and by the head of the second and third 
metatarsals). Markers of the foot were applied over corresponding landmarks on the shoes as subjects were wearing their 
shoes with the orthoses inside, and therefore applying them on the skin was not applicable.

The gait analysis consisted of a standing phase and a walking phase. During the standing phase, the subject conducted 
one standing trial holding an orthostatic position for five seconds. Then the medial markers (markers on the medial 
femoral epicondyles and medial malleoli) were removed before starting the walking phase. The walking phase consisted 
of at least four valid walking trials under three test conditions: with shoes only; with 15° inverted orthoses; and with 25° 
inverted orthoses, over a 10 m walkway at self-selected comfortable speed. A trial was considered valid when all of the 
markers on the subject’s body were read during the gait. A five-minute period was used between each condition for 
familiarization and washout. Data from all trials was processed and analyzed with the Smart Analyzer software (BTS 
Bioengineering, Milan, Italy), and the lower limb kinematics were computed.

Data Processing
The joint kinematics were normalized as a percentage of the gait cycle (0% being heel contact, and 100% being toe-off). 
The lower limb kinematic parameters were averaged and produced in the form of graphs in all planes: hip flexion/ 
extension, adduction/abduction, and rotation; knee flexion/extension, adduction/abduction, and rotation; ankle dorsiflex-
ion/plantarflexion, and foot progression. The kinematics were expressed as angles (in degrees) with positive values 
representing flexion, adduction, internal rotation, and dorsiflexion, while negative values representing extension, abduc-
tion, external rotation, and plantarflexion.

From these graphs, the values of the following kinematic variables were calculated and entered into statistical analysis 
(these variables were selected based on previous studies on gait kinematics of subjects with flexible flatfeet):10,28,51–53 (i) 
Maximum hip extension angle, (ii) Maximum hip adduction angle, (iii) Maximum hip external rotation angle, (iv) 
Maximum knee flexion angle during loading response, (v) Maximum knee extension angle during mid-stance, (vi) 
Maximum knee flexion angle at toe-off, (vii) Minimum knee abduction angle, (viii) Maximum knee abduction angle, (ix) 
Maximum knee external rotation angle, (x) Maximum knee internal rotation angle, (xi) Maximum ankle plantarflexion 
angle during loading response, (xii) Maximum ankle dorsiflexion angle during mid-stance, (xiii) Maximum ankle 
plantarflexion angle at toe-off, (xiv) Maximum ankle external rotation angle, (xv) Maximum ankle internal rotation angle.

Statistical Analysis
Statistical analysis was conducted using the IBM SPSS software, version 28 (IBM Corp., Armonk, NY, USA). Initially, 
descriptive characteristics were analyzed for the participants and stated as means and standard deviations (SD). The mean 
values over the four walking trials were calculated for each participant under each of the three test conditions. Data for all 
participants were averaged to produce a single data set representing the entire sample of 31 participants for each test 
condition. Normality of data was evaluated by the Shapiro–Wilk Test. As the data were not normally distributed, the 
Friedman test was used to compare the kinematic variables between the three test conditions. In addition to the median 
and interquartile range (IQR), the mean and SD of kinematic data were reported to facilitate comparison with existing 
literature and provide a more comprehensive representation of the data. If significant differences were found (p < 0.05), 
the Wilcoxon signed-rank test was used, along with post-hoc Bonferroni correction, to identify the differences across test 
conditions.
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Results
A CONSORT flow diagram of the progress of participants is provided in Figure 2. A total of 35 individuals underwent 
eligibility assessment, and 31 were eligible. Participants’ demographic characteristics are summarized in Table 1. The 
mean age of the participants was 21.74 ± 2.49 years old, and the mean body mass index (BMI) was 23.08 ± 4.08 kg/m2.

Kinematic Data
The mean, SD, median, and IQR of the kinematic variables in each test condition are detailed in Table 2. The statistical 
analysis indicated significant differences (p < 0.05) between different test conditions for maximum ankle plantarflexion 
angle during loading response, maximum ankle dorsiflexion angle during mid-stance, maximum ankle plantarflexion 
angle at toe-off, maximum ankle external rotation angle, maximum ankle internal rotation angle, and maximum hip 

Figure 2 Study flowchart.
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external rotation angle. No significant changes were shown in the knee kinematic variables, maximum hip extension 
angle, and maximum hip adduction angle.

Compared to the shoes only condition, a significant decrease was observed in the maximum ankle plantarflexion angle 
during loading response (p = 0.002), maximum ankle dorsiflexion angle during mid-stance (p = 0.005), maximum ankle 
external rotation angle (p < 0.001), and maximum ankle internal rotation angle (p < 0.001) in both orthotic conditions. 
However, no significant differences were found between the two orthotic conditions with different inverted angles.

In addition, our post-hoc analysis revealed that the maximum ankle plantarflexion angle at toe-off decreased 
significantly only at a 25° inverted angle compared with the 15° inverted angle (p = 0.001) and shoes only conditions 
(p < 0.001), yet no significant changes were observed between the 15° inverted angle and shoes only conditions.

Table 1 Participant Characteristics (n=31)

Endpoints Value

Age (years) 21.74 ± 2.49

Height (cm) 161.71 ± 4.52

Weight (kg) 60.65 ± 13.20

BMI (kg/m2) 23.08 ± 4.08

Note: Values are expressed as mean ± SD.

Table 2 Kinematic Variables in Each Test Condition (n=31)

Variable Shoes Only 15° Inverted Orthoses 25° Inverted Orthoses χ2 P-value

Mean ± SD Median (IQR) Mean ± SD Median (IQR) Mean ± SD Median (IQR)

AA1 −4.35 ± 4.20 −3.60 (5.7) −2.75 ± 3.93 −2.60 (4.6) −3.00 ± 3.15 −2.70 (4.3) 13.00 0.002*

AA2 13.67 ± 4.39 14.5 (8.55) 15.38 ± 4.26 15.3 (6) 15.54 ± 3.82 15.8 (6.2) 10.63 0.005*

AA3 −13.06 ± 12.53 −13.4 (13) −13.93 ± 7.86 −14.1 (12.55) −10.28 ± 10.02 −10.1 (11.35) 21.74 <0.001*

AA4 −11.29 ± 3.17 −11.1 (5.1) −9.31 ± 3.42 −8.9 (4.15) −9.78 ± 2.64 −9.6 (3.4) 15.94 <0.001*

AA5 −1.33 ± 3.36 −1.6 (2.5) 0.87 ± 2.81 0.5 (3.85) −0.06 ± 2.73 0.2 (3.45) 16.70 <0.001*

KA1 20.13 ± 6.40 20.7 (10.95) 21.75 ± 5.40 21 (7.8) 20.73 ± 5.91 19.6 (9.8) 3.65 0.161

KA2 8.07 ± 4.99 9.3 (7.8) 7.69 ± 5.06 7.3 (7.4) 7.89 ± 5.03 6.8 (8.05) 2.24 0.327

KA3 56.91 ± 7.48 57.6 (10.9) 55.77 ± 6.20 55.4 (10.3) 55.92 ± 6.02 56.6 (6.9) 1.48 0.477

KA4 −1.25 ± 2.31 −0.7 (2) −0.63 ± 1.90 −0.2 (1.3) −1.37 ± 2.05 −0.8 (3.35) 4.07 0.131

KA5 −3.74 ± 3.37 −3.1 (5.05) −4.20 ± 3.59 −3.8 (3.95) −4.90 ± 3.20 −4.6 (4) 3.56 0.169

KA6 −14.87 ± 6.73 −16 (12.5) −13.76 ± 5.77 −16.3 (9.55) −14.27 ± 5.98 −14.2 (9) 4.02 0.134

KA7 −1.43 ± 5.42 −0.9 (5.15) −0.01 ± 4.70 0.5 (6.4) 0.15 ± 3.51 1.4 (4.9) 4.02 0.134

HA1 −10.47 ± 9.37 −11.5 (14.25) −11.00 ± 8.67 −11.8 (12.4) −10.68 ± 8.51 −11.3 (12.45) 1.12 0.572

HA2 9.84 ± 2.46 9.7 (3.4) 9.55 ± 2.80 9.2 (3.8) 9.56 ± 2.02 9.2 (1.85) 0.26 0.877

HA3 −8.04 ± 4.80 −8.1 (4.2) −10.91 ± 5.76 −9.5 (7.2) −11.38 ± 5.60 −10 (4.8) 17.09 <0.001*

Notes: Values in bold indicate significant differences. *P<0.05. 
Abbreviations: AA1, maximum ankle plantarflexion angle during loading response; AA2, maximum ankle dorsiflexion angle during mid-stance; AA3, maximum ankle 
plantarflexion angle at toe-off; AA4, maximum ankle external rotation angle; AA5, maximum ankle internal rotation angle; KA1, maximum knee flexion angle during loading 
response; KA2, maximum knee extension angle during mid-stance; KA3, maximum knee flexion angle at toe-off; KA4, minimum knee abduction angle; KA5, maximum knee 
abduction angle; KA6, maximum knee external rotation angle; KA7, maximum knee internal rotation angle; HA1, maximum hip extension angle; HA2, maximum hip 
adduction angle; HA3, maximum hip external rotation angle.
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Moreover, the maximum hip external rotation angle significantly increased (p < 0.001) in both orthotic conditions 
compared to the shoes only condition, although no significant changes were observed between the two orthotic conditions 
with different inverted angles. These changes are presented in Figure 3, which illustrates the average lower limb 
kinematics during a walking cycle under the three test conditions.

Discussion
This study examined the effect of different foot orthoses inverted angles on walking kinematics in females with flexible 
flatfeet. Our findings demonstrated that foot orthoses at all tested inverted angles resulted in significant improvements/ 
changes in the maximum hip external rotation angle, as well as several ankle kinematic variables including maximum 
ankle plantarflexion angle during loading response, maximum ankle dorsiflexion angle during mid-stance, maximum 
ankle external rotation angle, and maximum ankle internal rotation angle in females with flexible flatfeet compared to the 
shoes only condition. However, there were no significant differences observed in most of the kinematic variables between 
the two different inverted angle orthotic conditions.

According to our findings, the ankle joint was the most affected joint by the application of inverted foot orthoses in all 
measured variables, rather than the knee or the hip joints. Significant changes were found in ankle internal rotation, 
external rotation, plantarflexion, and dorsiflexion angles. This result is in line with those of previous studies. In the study 
by Chen et al,51 results showed that custom-made insoles produced significant changes in ankle joint angles but had only 
minor effects on the knee and hip joints. Similarly, Nester et al42 demonstrated that both medially and laterally wedged 
orthoses had the greatest effect on the kinematics and moments of the rearfoot complex, while the knee, hip, and pelvis 
were generally unaffected.

Knee Flexion/Extension Knee Add/Abduction

Hip Flexion/Extension Hip Add/Abduction Hip Int/External Rotation

Knee Int/External Rotation

Ankle Int/External RotationAnkle Dorsi/Plantarflexion

Figure 3 Average lower limb kinematics. The blue, orange, and green curves represent the values of the shoes-only, 15° inverted angle orthoses, and 25° inverted angle 
orthoses conditions respectively.
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During walking, the ankle joint undergoes specific movements throughout the gait cycle. At heel strike, the ankle joint is 
initially in a few degrees of dorsiflexion, but it rapidly plantarflexes until the foot is flat on the ground (loading response). This 
mechanism aids in shock absorption and facilitates the immediate acceptance of body weight during this phase. As the gait 
cycle progresses, the ankle gradually transitions from plantarflexion to a neutral position and then further into dorsiflexion 
during the mid-stance phase. Finally, at toe-off, the ankle returns to a plantarflexed position, which assists in propulsion.54,55 

The results of this study revealed that using inverted orthoses at both tested angles significantly decreased the maximum ankle 
plantarflexion angle during loading response and the maximum ankle dorsiflexion angle during mid-stance in adults with 
flexible flatfeet. This reduction can be attributed to the control of foot motion provided by the orthoses, suggesting a positive 
impact on foot mechanics by limiting excessive ankle movements. This is particularly relevant for individuals with flatfeet, as 
excessive ankle motions during flatfooted walking can impair shock absorption and increase stress on the foot structures.9,10 

These findings align with previous studies investigating the effects of orthotic insoles on lower limb kinematics in people with 
flatfeet. Zonouzi et al53 reported reduced ankle plantarflexion and dorsiflexion angles when walking with sandals and medical 
insoles compared to barefoot walking. Similarly, Chen et al51 observed decreased peak ankle plantarflexion angle and moment 
when walking with foot insoles in individuals with flatfeet.

However, contrary to our findings, some studies reported that foot orthoses increased the peak ankle dorsiflexion 
angle during walking.51,56 These contrasting findings highlight the complex nature of ankle kinematics in individuals 
with flexible flatfeet and the potential influence of various factors such as age, foot morphology, and the severity of the 
deformity.3 The existing literature presents mixed results and implications regarding ankle dorsiflexion in individuals 
with flatfeet. One perspective suggests that a flexible flatfoot has a greater range of dorsiflexion and excessive hindfoot 
eversion, resulting in increased flattening of the medial arch, indicating the need to control ankle dorsiflexion and 
hypermobility.4,57 Conversely, another viewpoint proposes that the pronated foot with everted hindfoot was compensated 
by the limited range of motion at the ankle joint, which should be restored.21,22 These discrepancies contribute to 
conflicting results on ankle dorsiflexion in relation to the use of insoles across various studies. Overall, these findings 
emphasize the importance of carefully considering individual factors when developing orthotic interventions for 
individuals with flatfeet. Additionally, age group differences, with studies conducted on children rather than adults, 
and variations in instrumentation and measurement techniques could also explain the variations in the results.

In this study, we observed contrasting effects between the 15° and 25° inverted angle orthotic conditions on the 
maximum plantarflexion angle during toe-off. The 25° inverted orthoses significantly reduced the plantarflexion angle 
compared to the shoes only condition, potentially further restricting ankle motion during push-off. Kerr et al58 explained 
that the everted ankle position in individuals with flatfeet results in a less stable posture lacking the required rigid lever 
for effective push-off. To compensate for this instability, individuals with flatfeet tend to reduce and delay hindfoot-tibia 
plantarflexion to limit the load-bearing requirements of the arch and forefoot.58 Furthermore, a previous study by Haag59 

indicated that individuals with low arches have a greater stride velocity and frequency compared to those with normal 
arches due to diminished dorsiflexion at heel strike and reduced plantarflexion at toe-off. This leads to a shorter stance 
phase duration, resulting in increased stride velocity and more strides taken per minute, potentially increasing stress on 
the involved joints.59 Over time, this increased stress could have long-term consequences, possibly causing damage to 
these joints.59 This suggests that the 25° orthoses, which potentially offer greater pronation control, may further limit the 
natural ankle plantarflexion motion during the push-off phase, which can adversely affect gait mechanics. On the other 
hand, although not statistically significant, the maximum plantarflexion angle during toe-off increased with the 15° 
inverted orthoses compared to the shoes only condition. This suggests that a lower inverted angle might be more 
accommodating to the natural biomechanics of the foot, providing necessary support while allowing a more natural ankle 
plantarflexion motion during late stance, promoting a more efficient push-off phase during walking.

Although our findings indicated that the inverted orthoses had a significant effect on the ankle joint kinematics, 
minimal effects were produced at the knee and hip joints. Several studies in the literature show broad agreement in this 
regard.42,51 However, since the lower limb acts as a closed kinematic chain, significant angular changes in the ankle joint 
must lead to alterations in the proximal joints. A possible explanation as suggested by a previous study, is that orthoses 
might indirectly affect the knee, hip, and pelvis kinematics by altering the proprioception mechanisms involved in 
regulating muscle function within these joints.60 Another explanation proposed by Lafortune et al61 is that since the knee 
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is not directly affected by the orthoses, compensation for the effects on the foot must occur at the hip joint. This is 
supported by our findings, where a significant increase in the maximum hip external rotation angle was found in both 
tested orthotic conditions compared to the shoes only condition. Similarly, Ataabadi et al62 reported an increase in the hip 
external rotation with foot orthoses in individuals with flexible flatfeet.

The present study had a few limitations that warrant discussion. Since only female adults were included in our study, 
results cannot be generalized to male adults due to the biomechanical gait differences between both genders. 
Furthermore, the results presented in this study only provided insight into the immediate effects of foot orthosis with 
different inverted angles. It is unknown if these effects remain or are likely to change over a longer-term period. 
Therefore, the long-term effects require further investigation. Another restriction is that we did not use a standardized 
footwear for all the participants in order to reduce any possible effects of footwear on the findings.

Conclusion
The experimental findings in this study demonstrate that using 15° and 25° inverted angle orthotic insoles resulted in 
significant changes in ankle joint kinematics during walking in female adults with flexible flatfeet. While both angles 
showed positive effects, the 25° inverted angle orthotic insoles demonstrated a decrease in the peak ankle plantarflexion 
angle during the push-off phase, which could lead to inefficient push-off and potentially impact gait mechanics and 
increase stress on the involved joints during late stance. These observations suggest that a smaller foot orthosis inverted 
angle may be more effective and feasible for managing flexible flatfeet in female adults.
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