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Extended Abstract

Background and Purpose

Running is a complex locomotor task that requires precise intersegmental coordination to ensure
efficient movement and injury prevention. Flatfoot deformity disrupts the natural alignment of the
medial longitudinal arch, leading to alterations in mechanical coupling between the forefoot and
rearfoot segments. These abnormalities may impair shock absorption, postural control, and dynamic
balance, thereby increasing the risk of overuse injuries among affected individuals. Corrective
interventions such as orthotic insoles and taping techniques have been widely applied as conservative
strategies to restore foot posture and optimize kinematic patterns during various weight-bearing
activities. While both approaches are considered practical and non-invasive, their immediate effects
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on segmental coordination during running remain unclear, especially in female athletes who
demonstrate a higher prevalence of flatfoot compared to their male counterparts. This study aimed to
analyze the acute effects of orthotic insoles and low-dye taping on forefoot-rearfoot coordination
during the stance phase of running in women with flexible flatfoot, using the continuous relative

phase (CRP) method as a quantitative measure of intersegmental coordination.

Methods

This quasi-experimental study included twenty-four female university students aged 18-25 years as
participants. Twelve participants were clinically diagnosed with flexible flatfoot, and twelve
participants with normal medial longitudinal arches served as healthy controls. Flatfoot was
confirmed using the navicular drop test and clinical observation by an experienced examiner.
Participants were free from lower limb injuries, neuromuscular disorders, congenital deformities,
prior orthopedic surgeries, fractures, inflammatory conditions, and recent orthotic use to ensure that
the observed effects could be attributed solely to the foot arch condition. Three-dimensional kinematic
data were collected using a motion analysis system (Raptor-H, 120 Hz), with reflective markers
affixed to anatomical landmarks of both the forefoot and rearfoot segments according to standardized
protocols. The stance phase of running was segmented into four distinct subphases: initial contact,
loading response, midstance, and propulsion. To quantify segmental coordination between the
forefoot and rearfoot, the Continuous Relative Phase (CRP) method was applied, allowing detailed
analysis of the temporal relationship between angular displacement and angular velocity of adjacent
segments throughout the stance phase. Participants in the flatfoot group completed running trials
under three randomized conditions: baseline (wearing sandals without any intervention), with orthotic
insoles inserted into their sandals, and with low-dye taping applied to the medial arch of the foot.
Each condition was repeated three times to ensure reliability of the measurements, with sufficient rest
intervals provided between trials to prevent fatigue. The control group performed identical baseline
running trials without any intervention. Raw kinematic signals were filtered using a fourth-order low-

pass Butterworth filter with a 6 Hz cut-off frequency, normalized to the gait cycle percentage, and
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subsequently processed using MATLAB software for CRP calculations. Statistical analysis was
performed using multivariate analysis of variance (MANOVA) with repeated measures to examine
differences in CRP values across groups, intervention conditions, and stance subphases. The level of
significance was set at p < 0.05 for all comparisons. Effect sizes were reported using partial eta
squared (n?), classified as small (0.01), medium (0.06), and large (0.14). This comprehensive
analytical approach ensured both the detection of statistically significant group differences and the

evaluation of the practical importance of the observed intervention effects.

Results

Kinematic analysis revealed significant baseline differences in forefoot—rearfoot coordination
between the flatfoot and control groups across three of the four stance subphases (p < 0.001).
Individuals with flatfoot showed greater variability and reduced stability in segmental coupling,
particularly during initial contact and loading response, indicating impaired mechanical coupling,
decreased shock absorption capacity, and less efficient force transfer through the foot, which may
increase joint loading in the lower extremities. Orthotic insoles improved CRP patterns significantly,
shifting coordination toward that observed in healthy controls by reducing excessive rearfoot eversion
and enhancing forefoot-rearfoot synchronization during the midstance phase. This finding suggests
partial restoration of dynamic alignment and mechanical efficiency with insole use. Low-dye taping
produced similar immediate effects by supporting the medial longitudinal arch and limiting abnormal
pronation, resulting in more stable coupling across the stance phase, especially during initial contact
and loading response where loading demands are highest. No significant differences were found
between the effects of insoles and taping (p > 0.05), indicating that both interventions provide
comparable corrective effects in the short term. However, neither intervention fully normalized CRP
values to the level of healthy controls, as deviations persisted during the propulsion phase, reflecting
inherent limitations of short-term mechanical support strategies. Overall, both orthotic insoles and

taping provide beneficial acute improvements in segmental coordination, though long-term
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interventions such as strengthening exercises and gait retraining may be required for comprehensive

biomechanical restoration.
Conclusion

The present study demonstrated that women with flexible flatfoot exhibit altered forefoot-rearfoot
coordination during running, characterized by disrupted coupling patterns throughout the stance
phase. Both orthotic insoles and low-dye taping produced immediate improvements in segmental
coordination, reducing coordination discrepancies and partially restoring biomechanical function
toward more optimal patterns. No significant superiority was observed between the two interventions,
and each provided comparable short-term benefits, particularly in the early stance subphases when
loading demands are greatest. These findings highlight orthotic insoles and taping as effective
conservative strategies to mitigate functional deficits in flatfooted individuals during running.
However, the residual deviations observed during propulsion emphasize the need for long-term
interventions, including strengthening programs and corrective gait training, to achieve sustainable
biomechanical improvements. Clinicians and coaches may consider either orthotic insoles or taping
as a practical, non-invasive tool to support foot mechanics during running, particularly in female

athletes who demonstrate a higher prevalence of flatfoot and associated injury risks.

Keywords: Segmental Coordination, Running Biomechanics, Orthotic Insoles, Continuous Relative

Phase
Article Message

This study emphasizes the biomechanical importance of restoring foot segment coordination in
individuals with flat feet. The findings reveal that both insoles and taping can provide immediate but
partial correction of abnormal coupling patterns between the forefoot and rearfoot during running. As
short-term, non-invasive interventions, they may reduce the risk of overuse injuries and improve

functional performance in female runners with flatfoot. The absence of significant differences
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between the two strategies suggests that clinicians can select either method based on patient-specific
needs, preferences, and resources, while considering complementary long-term interventions for

sustained improvement.
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All procedures were conducted in accordance with the Declaration of Helsinki. Participants provided
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Figure 2- Average CRP of the support phase in the four subphases by condition
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Table 1- Results of between-group comparisons of multivariate analysis of variance
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