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Abstract

:

Background. Clinicians employ foot morphology assessment to evaluate the functionality of the method and anticipate possible injuries. This study aims to correlate static foot posture and the dynamic barefoot evaluation in a sample of healthy adult participants. Methods. The foot posture was evaluated using the Foot Posture Index-6 (FPI-6) and the dynamics were evaluated through baropodometric examination. Two operators independently assessed the participants’ foot posture through FPI-6, and then a dynamic evaluation was performed by asking them to walk 8 times across a platform. One hundred participants (mean age: 32.15 ± 7.49) were enrolled. Results. The inter-rater agreement between the two assessors was found to be excellent. The majority of the feet belonged to the 0 < FPI < 4 class (32%), followed by the 4 < FPI < 8 (31%) and the FPI > 8 ranges (19.5%). Our “area of contact” analysis showed a significant poor correlation between FPI and total foot, midfoot, and the second metatarsophalangeal joint (MTPJ) (−0.3 < r < 0). Regarding “force” parameters, the analysis showed a poor correlation between the midfoot, hallux, and the second toe (−0.2 < r < 2); finally the “pressure” analysis showed a poor correlation between FPI, the fourth MTPJ, and the second toe (−0.2 < rs < 0.3) and a moderate correlation between the hallux (r = 0.374) and the fifth MTPJ (r = 0.427). Conclusions. This study emphasizes the constrained correlation between static foot posture observation and dynamic barefoot examination.
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1. Introduction


Clinicians utilize foot morphology assessment to gauge its functionality and anticipate potential injuries or discomfort [1]. There is a prevalent belief that deviations in static foot posture may predispose individuals to lower limb injuries, with flat foot (low medial longitudinal arch) and cavus foot (high medial longitudinal arch) being common examples of these [2]. While radiographic evaluation is the gold standard among diagnostic techniques in terms of assessing static foot posture, its limitations, such as irradiation exposure and high costs, often lead clinicians to prefer clinical measurements due to their greater practicality [3]. To address this need, Redmond and colleagues [4] developed and validated the Foot Posture Index 6 items (FPI-6), a six-item scoring tool that assesses rearfoot and forefoot through palpation [5]. The FPI-6 has been widely utilized with both adults [2] and children [6], is considered a reliable method for measuring foot posture, and is extensively used in clinics and research [7]. Moreover, it has been cross-culturally adapted and validated in various versions, including Italian [8]. On a different note, baropodometric examination has shown good reliability in assessing both static and dynamic foot functions during gait assessments [9,10]. However, evidence regarding the association between static foot morphology, foot dynamics, and musculoskeletal injuries remains scarce [11]. Despite being easily applicable, some studies have highlighted the poor inter-rater reliability of the FPI and its limitations in predicting dynamic foot function [12,13]. Redmond and colleagues [4] found that the FPI predicted only 41% of ankle frontal plane motion during midstance, while Nielsen and colleagues [14] reported that FPI predicted 45% of minimal navicular height and 13.2% of navicular drop during walking, indicating limitations in terms of predicting midfoot dynamics on a case-by-case basis. Conversely, Chuter and colleagues [15] found the FPI to have a strong precitive capacity (85%) in assessing maximum rearfoot eversion. A recent meta-analysis [7] also indicated a weak relationship between pronated foot posture, medial tibial stress syndrome, and patellofemoral pain, suggesting that static measures may have limitations in terms of predicting foot kinematics. Other factors such as BMI, female gender, excessive hip external rotation, quadriceps weakness, and patellar instability seem to be more implicated in these painful conditions [16,17]. Given the clinical significance of the FPI and other static foot assessments [7,11,18], and considering the aforementioned issues, we hypothesize that FPI assessment may not accurately reflect the dynamic function of the foot in terms of contact area, force, and peak plantar pressure. Therefore, the primary aim of this study is to determine the correlation between static foot posture, measured with the FPI, and dynamic barefoot evaluation, assessed through baropodometry, in a sample of healthy adult participants. The secondary aim is to assess the inter-rater agreement of the FPI-6 to enable its use among the operators involved in the assessment procedures of this study.




2. Materials and Methods


2.1. Study Design and Setting


The results of this cross-sectional study were reported according to the “Strengthening the reporting of observational studies in epidemiology” (STROBE) statement [19]. Foot posture was evaluated using the FPI and via baropodometric examination, with information obtained concerning foot contact areas, forces, and pressures. This study was carried out at SOMA Institute, a tertiary outpatient clinical center in Milan (Italy), from May 2021 to May 2022.




2.2. Ethical Approval


This study was approved by the institutional review board of SOMA Institute and given protocol number SIOM-AA0017. Prior to participation, all participants were provided with detailed information about the research, including its voluntary nature, and were assured of the anonymity of their data when featured in reports and publications. All procedures conducted in this study adhered to the ethical standards outlined in the relevant national and institutional guidelines on human experimentation, as well as the principles laid out in the World Medical Association Declaration of Helsinki. All participants provided written informed consent.




2.3. Participants


Following the lead of similar studies that involved no more than 85 participants [20,21], we recruited a convenience sample of 100 healthy adults from among the students and personnel of the clinic after announcing the study. Those interested in participating voluntarily contacted the outpatient office, where eligibility was confirmed by a physiotherapist who was unaware of our research objectives. Inclusion criteria included individuals aged between 20 and 60 years of both genders and without musculoskeletal pain (VAS score of less than 3). Exclusion criteria included the presence of post-traumatic, neurological, genetic, rheumatological, and neoplastic pathologies.




2.4. Study Protocol


All the participants attended a single daily session to collect data concerning static foot posture and dynamic function. The participants underwent steps prior to the static assessment and subsequent to the functional test on the baropodometric platform.



To assess foot posture, a podiatrist and a physiotherapist, both with over 10 years of experience and affiliated with the unit of the clinic specializing in musculoskeletal disorders, independently evaluated the participants using the FPI-6. Before data collection, the operators underwent consensus training. This consisted of three sessions, each lasting two hours. In the first two meetings, the operators familiarized themselves with the rating procedure, and in the final session they addressed any potential concerns. During the assessment, participants were instructed to stand quietly on both feet and keep their arms relaxed along their bodies, close to their thighs, and their heads in a neutral position, in accordance with international standardization criteria for baropodometric tests [22]. Additionally, walking trials were conducted in a laboratory setting along a 10 m pathway. Participants were instructed to walk barefoot, albeit comfortably, along the walkway at their normal speed [23]. The walk began 2 m before the walkway to account for gait initiation issues and concluded 2 m after the walkway to adjust for changes in speed at the end. Each participant repeated the trial four times in each direction [24].



When selecting the walking performance to record, the assessors were instructed to choose instances where the entire foot was completely in contact with the platform. If there were multiple proper footprints, one was randomly selected for analysis. In the event of disagreement between the assessors, they were required to consult a third evaluator, a physiotherapist with more than 10 years of experience, to resolve the discrepancy. The Emed® n50 platform https://www.novelusa.com/emed (accessed on 10 April 2021) was used to assess foot function. This medical device uses calibrated capacitive sensors (2 sensors/cm2), allowing it to record area, force, and pressure distributions in both static and dynamic conditions. The data were analyzed using Emed Professional Software https://www.novelusa.com/emed (accessed on 10 April 2021).




2.5. Statistical Analysis


Descriptive statistics were used to report the general characteristics of the sample and we obtained measurements via baropodometric examination (mean and standard deviation; mode, median, and quartiles for continuous variables; and frequencies for categorical variables). The normality of the FPI-6 class distribution was verified using the Shapiro–Wilk test. The ICC, using a two-way mixed-effects model for absolute agreement within its 95% confidence interval (CI), was considered in order to assess the reliability. ICCs were interpreted as follows: 0.81–1.00 as perfect, 0.61–0.80 as substantial, 0.41–0.60 as moderate, 0.21–0.40 as fair, and 0.00–0.20 as light.



The correlation between the FPI-6 and baropodometric examination was assessed using the Spearman correlation test. The interpretation of the correlation coefficient (r) is as follows: when r is close to +1, it indicates a positive correlation; when it is close to −1, it indicates a negative correlation; and when it is close to 0, it suggests the absence of a linear relationship. Specifically, the interpretation of the “r” coefficient for both positive and negative values is as follows: 0.1–0.19 indicates no or negligible correlation; 0.20–0.29 suggests a weak correlation; 0.30–0.39 indicates a moderate correlation; 0.40–0.69 suggests a strong correlation; and r ≥ 0.70 indicates a very strong relationship [25]. The choice of the parameters under consideration in the correlation test was based on Buildt’s work [2], and we specifically considered the variables used in the baropodometric analysis that appeared to show a linear correlation with FPI-6.



A p-value ≤ 0.05 was considered to show statistical significance. All calculations were performed using SPSS software version 24.0.





3. Results


One hundred participants were recruited with a mean age of 32.15 ± 7.49 years, resulting in a total of 200 feet being analyzed. The average BMI of the participants was 22.45 ± 2.42 kg/m2. The demographic characteristics of the sample are reported in Table 1.



The inter-rater agreement between the two operators was excellent, as the ICC was 0.97 (0.948; 0.983). The distribution of the examined feet across the different classes of the FPI scores is reported in Table 1. The majority of the feet belonged to the 0 < FPI < 4 class (32%), followed by the 4 < FPI < 8 (31%) and by the FPI > 8 ranges (19.5%).



All the data collected from the dynamic barefoot assessment are reported in Table 2, Table 3 and Table 4.



As regards the “area of contact”, three out of the four analyses of correlation resulted in statistical significance (p ≤ 0.05), showing a poor correlation between FPI and total foot, the midfoot, and the second metatarsophalangeal joints (MTPJ) (−0.3 < r < 0). The analyses of the correlations between FPI and the “force” parameters considered them to be statistically significant (p ≤ 0.05). In greater detail, a poor correlation was detected when considering midfoot, hallux, and the second toe (−0.2 < r < 2). A moderate correlation was found with the fifth MTPJ (r = −0.477). Concerning pressure, the analysis brought significant results with four out of the five parameters considered. In more detail, there was poor correlation between the FPI, the fourth MTPJ, and the second toe (−0.2 < r < 0.3). A moderate correlation was present in the cases of the hallux (r = 0.374) and the fifth MTPJ (r = 0.427). The results of the correlation analysis are reported in Table 5.




4. Discussion


The primary aim of this study was to identify the correlation between static foot posture, measured by using the FPI-6, and dynamic barefoot evaluation in healthy adult participants. Secondarily, we tested the inter-rater reliability of FPI-6 to provide proof of its use among the operators involved in this study, following consensus training methods. According to the metrics of previous studies [5,26], the majority of the observed feet were classified as “normal”, followed by “pronated” and “very pronated”, with only a small portion categorized as “supinated” or “very supinated”. These results were supported by excellent inter-rater reliability, suggesting the potential benefits of consensus training in terms of enhancing FPI reliability [8]. Our main findings indicate that the FPI should not be regarded as an indicator of dynamic foot function. Specifically, the expected correlation between the FPI and baropodometric examination was consistently weak for parameters related to foot contact area, force, and pressure, with occasional moderate correlation values observed. Therefore, foot posture observation cannot reliably determine foot function during walking. These results confirm the hypothesis upon which this study was based. In view of the extensive data collected, this discussion focuses on pertinent findings with clinical implications. Firstly, our results provide evidence of potential distinctions between a pronated foot and a flat foot, despite the possibility of their coexistence [27]. Regarding the midfoot-related results in our dataset, parameters such as contact area, forces, and peak plantar pressure exhibited the lowest values in the maximum pronation score group (FPI > 8), contrasting with the higher values reported in flat feet by Buildt and colleagues [2]. Moreover, while Buildt’s study indicated a linear increase in values from lower to higher FPI scores, our study revealed the opposite trends for pressures and forces and irregular trends for contact area values.



Another discrepancy arose in the parameter “total area of the foot”. In a scenario where pronated and flat feet were equivalent, the foot surface area would be largest in both static and dynamic conditions, following a linear increasing tendency from a cavus condition (FPI < −4) to a flat condition (FPI > 8). However, during our dynamic test, the foot’s total area did not exhibit a linear trend, resulting in a poor correlation index, with the highest value observed in the normal foot FPI class (0 < FPI < 4).



Finally, our findings partially diverged from those of other authors concerning the first metatarsophalangeal joint (1st MTPJ) and the hallux, with varying values and trends noted in the correlation analysis across different FPI classes. However, the imprecision of the estimates (high standard deviations) prevents us from considering these data to be robust. One of the possible explanations such discrepancies could be referrable to the different foot posture assessments implemented in the various studies: to give some examples, Buildt and colleagues [2] considered the “arch index” and the “normalised navicular height truncated” in addition to FPI-6. Other authors adopted footprint analysis [28]. However, the use of FPI-6 should not be used to define classes such as “planus” or “cavus”, since it is based on the pronation or supination degree; as stated above, these conditions do not always coincide [19].



These findings are proof of the limitations of FPI use in predicting foot dynamics in adults, requiring a reconsideration of this tool’s clinical use. While diagnostic examinations guide clinical decisions, they must possess good reliability and validity values [4]. Reliability studies on FPI-6 [29,30] have shown conflicting results, with concerns raised about the index’s cumulative nature, leading to general ambiguity [19]. Inter-rater reliability was poor across all investigated groups (children, adolescents, and adults), consistent with the findings obtained by other authors [31,32,33,34]. Concurrent validity studies by Redmond et al. [4], comparing FPI-6 with electromagnetic motion tracking and 2D-video sequence analysis [11], revealed limited predictive capabilities for foot dynamics, particularly for midfoot movement during contact [9]. Our findings are in line with previous studies [9,11] indicating a weak correlation with dynamic assessment. They are contrary to the results in Teyhen et al.’s study [26], which demonstrated a positive association with plantar pressure measurements.



These observations highlighted the incomplete validity of FPI-6 in predicting foot function, given the weak association between static foot type and dynamics and the complex relationships between foot joints [35,36]. Considering the foot’s intrinsic dynamic nature, static assessments often fail to fully capture its dynamic morphology during motion [37,38], which is explained by the FPI’s inability to distinguish rigid from flexible flat feet [19].



Although some studies use FPI as an assessment tool for flat foot or high-arched feet [2,3,39], it is crucial to recognize that foot pronation, rearfoot eversion, and flat foot are not synonymous [40]. The complex relationship between foot pronation, flat foot, and cavus foot requires further investigation, with consideration of biomechanical, genetic, and environmental factors [41,42,43,44]. In summary, the FPI-6 is a valuable tool for static postural assessment of the foot, providing a score on the basis of the pronation–supination degree. However, it cannot predict dynamic gait strategies, such as areas of loading and overloading. It could be important to supplement it with a dynamic gait assessment and performance tests (e.g., single-leg squat or single-leg balance) [45]. Additionally, a comprehensive clinical examination of the spine, pelvis, and lower limbs might be relevant [46].



Accurate foot shape and function definitions influence decision making and therapeutic options, impacting healthcare systems, professionals, and patients [47,48,49]. Incorporating diverse assessments, like dynamic gait analysis or biomechanical assessments, can enhance our understanding of foot function and improve treatment outcomes. Furthermore, educating patients about the limitations of static foot posture assessment is essential, highlighting the multifaceted nature of foot evaluation for both physical and psychological reasons. Lastly, researchers should perfect detailed clinimetric properties of FPI, especially in terms of validity [50], while future research should prioritize the dynamic assessment of foot function. Our study displays some limitations that should be taken into consideration in order to better interpret the results.



Firstly, we did not perform a sample size calculation, which means that we cannot be entirely confident about the representativeness of the actual population. However, as mentioned previously, our sample exhibited foot characteristics comparable to those of the general population in terms of posture distribution.



Secondly, although we defined specific selection criteria for our sample, we did not differentiate between various foot clinical conditions, which could have influenced the observed correlations. Future research focusing on specific foot conditions could offer additional insights.



Lastly, as an inherent limitation of the examination, a single dynamic assessment might not fully capture the variability of foot function across different activities and conditions. Moreover, force and pressure during gait are influenced by spatio-temporal parameters such as velocity, cadence, and step length. Conducting multiple sessions could provide a more comprehensive understanding of the relationship between static foot posture and dynamic function.



One significant aspect of this study is its demonstration that static foot posture and dynamic foot function can vary significantly, potentially impacting clinical decision making. Furthermore, our findings suggest avenues for further research exploring the intricate relationship between bodily structure and function.




5. Conclusions


This study emphasizes the constrained correlation between static foot posture observation and dynamic barefoot examination. The FPI-6 showed weak validity in terms of predicting dynamic foot function. Additional research is warranted to explore how different foot conditions and pathologies may impact the relationship between static posture and dynamic function.







Author Contributions


All the authors contributed equally and substantially to the work. Conceptualization, D.O. and G.M.; methodology, F.D.F. and M.T.; investigation, D.O., F.B., G.M. and D.B.; data curation, F.D.F.; writing—original draft preparation, D.O., F.B. and F.D.F. writing—review and editing, D.O., M.T. and F.D.F. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of SOMA-Osteopathic Institute Milan (approval no. SIOM-AA0017, approval date 1 April 2021).




Informed Consent Statement


Informed consent was obtained from all participants involved in the study.




Data Availability Statement


Data are available upon reasonable request to the corresponding author.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Paterson, K.L.; Clark, R.A.; Mullins, A.; Bryant, A.L.; Mentiplay, B.F. Predicting Dynamic Foot Function from Static Foot Posture: Comparison Between Visual Assessment, Motion Analysis, and a Commercially Available Depth Camera. J. Orthop. Sports Phys. Ther. 2015, 45, 789–798. [Google Scholar] [CrossRef]

	



Buldt, A.K.; Allan, J.J.; Landorf, K.B.; Menz, H.B. The relationship between foot posture and plantar pressure during walking in adults: A systematic review. Gait Posture 2018, 62, 56–67. [Google Scholar] [CrossRef] [PubMed]

	



Hegazy, F.A.; Aboelnasr, E.A.; Salem, Y.; Zaghloul, A.A. Validity and diagnostic accuracy of foot posture Index-6 using radiographic findings as the gold standard to determine paediatric flexible flatfoot between ages of 6–18 years: A cross-sectional study. Musculoskelet. Sci. Pract. 2020, 46, 102107. [Google Scholar] [CrossRef]

	



Redmond, A.C.; Crosbie, J.; Ouvrier, R.A. Development and validation of a novel rating system for scoring standing foot posture: The Foot Posture Index. Clin. Biomech. 2006, 21, 89–98. [Google Scholar] [CrossRef]

	



Redmond, A.C.; Crane, Y.Z.; Menz, H.B. Normative values for the Foot Posture Index. J. Foot Ankle Res. 2008, 1, 6. [Google Scholar] [CrossRef] [PubMed]

	



Banwell, H.A.; Paris, M.E.; Mackintosh, S.; Williams, C.M. Paediatric flexible flat foot: How are we measuring it and are we getting it right? A systematic review. J. Foot Ankle Res. 2018, 11, 21. [Google Scholar] [CrossRef] [PubMed]

	



Neal, B.S.; Griffiths, I.B.; Dowling, G.J.; Murley, G.S.; Munteanu, S.E.; Franettovich Smith, M.M.; Collins, N.J.; Barton, C.J. Foot posture as a risk factor for lower limb overuse injury: A systematic review and meta-analysis. J. Foot Ankle Res. 2014, 7, 55. [Google Scholar] [CrossRef]

	



Loreti, S.; Berardi, A.; Galeoto, G. Translation, Cross-Cultural Adaptation, and Validation of the Foot Posture Index (FPI-6)-Italian Version. Healthcare 2023, 11, 1325. [Google Scholar] [CrossRef]

	



Baumfeld, D.; Baumfeld, T.; da Rocha, R.L.; Macedo, B.; Raduan, F.; Zambelli, R.; Alves Silva, T.A.; Nery, C. Reliability of Baropodometry on the Evaluation of Plantar Load Distribution: A Transversal Study. BioMed Res. Int. 2017, 2017, 5925137. [Google Scholar] [CrossRef]

	



Giacomozzi, C.; Leardini, A.; Caravaggi, P. Correlates between kinematics and baropodometric measurements for an integrated in-vivo assessment of the segmental foot function in gait. J. Biomech. 2014, 47, 2654–2659. [Google Scholar] [CrossRef]

	



Murley, G.S.; Landorf, K.B.; Menz, H.B.; Bird, A.R. Effect of foot posture, foot orthoses and footwear on lower limb muscle activity during walking and running: A systematic review. Gait Posture 2009, 29, 172–187. [Google Scholar] [CrossRef] [PubMed]

	



Behling, A.V.; Nigg, B.M. Relationships between the foot posture Index and static as well as dynamic rear foot and arch variables. J. Biomech. 2020, 98, 109448. [Google Scholar] [CrossRef] [PubMed]

	



Terada, M.; Wittwer, A.M.; Gribble, P.A. Intra-rater and inter-rater reliability of the five image-based criteria of the foot posture index-6. Int. J. Sports Phys. Ther. 2014, 9, 187–194. [Google Scholar] [PubMed]

	



Nielsen, R.G.; Rathleff, M.S.; Moelgaard, C.M.; Simonsen, O.; Kaalund, S.; Olesen, C.G.; Christensen, F.B.; Kersting, U.G. Video based analysis of dynamic midfoot function and its relationship with Foot Posture Index scores. Gait Posture 2010, 31, 126–130. [Google Scholar] [CrossRef] [PubMed]

	



Chuter, V.H. Relationships between foot type and dynamic rearfoot frontal plane motion. J. Foot Ankle Res. 2010, 3, 9. [Google Scholar] [CrossRef] [PubMed]

	



Reinking, M.F.; Austin, T.M.; Richter, R.R.; Krieger, M.M. Medial Tibial Stress Syndrome in Active Individuals: A Systematic Review and Meta-analysis of Risk Factors. Sports Health 2017, 9, 252–261. [Google Scholar] [CrossRef]

	



Gaitonde, D.Y.; Ericksen, A.; Robbins, R.C. Patellofemoral Pain Syndrome. Am. Fam. Physician 2019, 99, 88–94. [Google Scholar] [PubMed]

	



Almonroeder, T.G.; Benson, L.C.; O’Connor, K.M. The Influence of a Prefabricated Foot Orthosis on Lower Extremity Mechanics During Running in Individuals with Varying Dynamic Foot Motion. J. Orthop. Sports Phys. Ther. 2016, 46, 749–755. [Google Scholar] [CrossRef] [PubMed]

	



Vandenbroucke, J.P.; von Elm, E.; Altman, D.G.; Gøtzsche, P.C.; Mulrow, C.D.; Pocock, S.J.; Poole, C.; Schlesselman, J.J.; Egger, M.; STROBE Initiative. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE): Explanation and elaboration. PLoS Med. 2007, 4, e297. [Google Scholar] [CrossRef]

	



Church, C.; Lennon, N.; Lennon, M.; Henley, J.D.; Shields, T.; Niiler, T.; Taylor, D.A.; Shrader, M.W.; Miller, F. Changes in foot posture evaluated with dynamic pedobarography over the course of childhood in ambulatory youth with cerebral palsy. J. Child. Orthop. 2024, 18, 3–12. [Google Scholar] [CrossRef]

	



Maeda, N.; Ikuta, Y.; Tsutsumi, S.; Arima, S.; Ishihara, H.; Ushio, K.; Mikami, Y.; Komiya, M.; Nishikawa, Y.; Nakasa, T.; et al. Relationship of Chronic Ankle Instability with Foot Alignment and Dynamic Postural Stability in Adolescent Competitive Athletes. Orthop. J. Sports Med. 2023, 11, 23259671231202220. [Google Scholar] [CrossRef] [PubMed]

	



Scoppa, F.; Gallamini, M. Clinical stabilometry standardization: Feet position in the static stabilometric assessment of postural stability. Acta Med. Mediterr. 2021, 33, 707. [Google Scholar] [CrossRef]

	



Iosa, M.; De Bartolo, D.; Morone, G.; Boffi, T.; Mammucari, E.; Vannozzi, G.; Bini, F.; Marinozzi, F.; Antonucci, G.; Paolucci, S. Gait phase proportions in different locomotion tasks: The pivot role of golden ratio. Neurosci. Lett. 2019, 699, 127–133. [Google Scholar] [CrossRef] [PubMed]

	



Nardone, A.; Godi, M.; Grasso, M.; Guglielmetti, S.; Schieppati, M. Stabilometry is a predictor of gait performance in chronic hemiparetic stroke patients. Gait Posture 2009, 30, 5–10. [Google Scholar] [CrossRef] [PubMed]

	



Bewick, V.; Cheek, L.; Ball, J. Statistics review 7: Correlation and regression. Crit. Care 2003, 7, 451–459. [Google Scholar] [CrossRef]

	



Khan, F.R.; Chevidikunnan, M.F.; Mazi, A.F.; Aljawi, S.F.; Mizan, F.H.; BinMulayh, E.A.; Sahu, K.S.; Al-Lehidan, N.S. Factors affecting foot posture in young adults: A cross sectional study. J. Musculoskelet. Neuronal. Interact. 2020, 20, 216–222. [Google Scholar] [PubMed]

	



Bresnahan, P.J.; Juanto, M.A. Pediatric Flatfeet—A Disease Entity That Demands Greater Attention and Treatment. Front. Pediatr. 2020, 8, 19. [Google Scholar] [CrossRef] [PubMed]

	



Gijon-Nogueron, G.; Marchena-Rodriguez, A.; Montes-Alguacil, J.; Evans, A.M. Evaluation of the paediatric foot using footprints and foot posture index: A cross-sectional study. J. Paediatr. Child Health 2020, 56, 201–206. [Google Scholar] [CrossRef] [PubMed]

	



Evans, A.M.; Copper, A.W.; Scharfbillig, R.W.; Scutter, S.D.; Williams, M.T. Reliability of the foot posture index and traditional measures of foot position. J. Am. Podiatr. Med. Assoc. 2003, 93, 203–213. [Google Scholar] [CrossRef]

	



Noakes, H.; Payne, C. The reliability of the manual supination resistance test. J. Am. Podiatr. Med. Assoc. 2003, 93, 185–189. [Google Scholar] [CrossRef]

	



Griffiths, I.B.; McEwan, I.M. Reliability of a new supination resistance measurement device and validation of the manual supination resistance test. J. Am. Podiatr. Med. Assoc. 2012, 102, 278–289. [Google Scholar] [CrossRef] [PubMed]

	



Cornwall, M.W.; McPoil, T.G.; Lebec, M.; Vicenzino, B.; Wilson, J. Reliability of the modified Foot Posture Index. J. Am. Podiatr. Med. Assoc. 2008, 98, 7–13. [Google Scholar] [CrossRef] [PubMed]

	



Aquino, M.; Avelar, B.S.; Silva, P.L.; Ocarino, J.M.; Resende, R.A. Reliability of Foot Posture Index individual and total scores for adults and older adults. Musculoskelet. Sci. Pract. 2018, 36, 92–95. [Google Scholar] [CrossRef] [PubMed]

	



Teyhen, D.S.; Stoltenberg, B.E.; Eckard, T.G.; Doyle, P.M.; Boland, D.M.; Feldtmann, J.J.; McPoil, T.G.; Christie, D.S.; Molloy, J.M.; Goffar, S.L. Static foot posture associated with dynamic plantar pressure parameters. J. Orthop. Sports Phys. Ther. 2011, 41, 100–107. [Google Scholar] [CrossRef] [PubMed]

	



Chalmers, O.; Page, R.; Langley, B. A step towards dynamic foot classification: Functional grouping using ankle joint frontal plane motion in running. Gait Posture 2022, 97, 35–39. [Google Scholar] [CrossRef] [PubMed]

	



Zelik, K.E.; Honert, E.C. Ankle and foot power in gait analysis: Implications for science, technology and clinical assessment. J. Biomech. 2018, 75, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Boppana, A.; Anderson, A.P. Dynamic foot morphology explained through 4D scanning and shape modeling. J. Biomech. 2021, 122, 110465. [Google Scholar] [CrossRef] [PubMed]

	



Johannsen, F.; Hansen, P.; Stallknecht, S.; Rathleff, M.S.; Hangaard, S.; Nybing, J.D.; Boesen, M. Can positional MRI predict dynamic changes in the medial plantar arch? An exploratory pilot study. J. Foot Ankle Res. 2016, 9, 35. [Google Scholar] [CrossRef]

	



Hegazy, F.; Aboelnasr, E.; Abuzaid, M.; Kim, I.J.; Salem, Y. Comparing Validity and Diagnostic Accuracy of Clarke’s Angle and Foot Posture Index-6 to Determine Flexible Flatfoot in Adolescents: A Cross-Sectional Investigation. J. Multidiscip. Healthc. 2021, 14, 2705–2717. [Google Scholar] [CrossRef]

	



Fujishita, H.; Ikuta, Y.; Maeda, N.; Komiya, M.; Morikawa, M.; Arima, S.; Sakamitsu, T.; Obayashi, H.; Fukuhara, K.; Ushio, K.; et al. Effects of Rearfoot Eversion on Foot Plantar Pressure and Spatiotemporal Gait Parameters in Adolescent Athletes. Healthcare 2023, 11, 1842. [Google Scholar] [CrossRef]

	



Buldt, A.K.; Levinger, P.; Murley, G.S.; Menz, H.B.; Nester, C.J.; Landorf, K.B. Foot posture is associated with kinematics of the foot during gait: A comparison of normal, planus and cavus feet. Gait Posture 2015, 42, 42–48. [Google Scholar] [CrossRef]

	



Sánchez Rodríguez, R.; Martínez Nova, A.; Escamilla Martínez, E.; Gómez Martín, B.; Martínez Quintana, R.; Pedrera Zamorano, J.D. The foot posture index: Anthropometric determinants and influence of sex. J. Am. Podiatr. Med. Assoc. 2013, 103, 400–404. [Google Scholar] [CrossRef] [PubMed]

	



Alfageme-García, P.; Calderón-García, J.F.; Martínez-Nova, A.; Hidalgo-Ruiz, S.; Martínez-Álvarez, M.; Rico-Martín, S. Backpacks Effect on Foot Posture in Schoolchildren with a Neutral Foot Posture: A Three-Year Prospective Study. Int. J. Environ. Res. Public Health 2020, 17, 7313. [Google Scholar] [CrossRef] [PubMed]

	



Bernardes, R.A.; Caldeira, S.; Parreira, P.; Sousa, L.B.; Apóstolo, J.; Almeida, I.F.; Santos-Costa, P.; Stolt, M.; Cruz, A.G. Foot and Ankle Disorders in Nurses Exposed to Prolonged Standing Environments: A Scoping Review. Workplace Health Saf. 2023, 71, 101–116. [Google Scholar] [CrossRef]

	



Telarolli, D.J.A.; Grossi, D.B.; Cervi, A.C.C.; Santiago, P.R.P.; Lemos, T.W.; Resende, R.A. Comparison of Foot Kinematics and Foot Plantar Area and Pressure Among Five Different Closed Kinematic Tasks. J. Am. Podiatr. Med. Assoc. 2020, 110. [Google Scholar] [CrossRef]

	



Rerucha, C.M.; Dickison, C.; Baird, D.C. Lower Extremity Abnormalities in Children. Am. Fam. Physician 2017, 96, 226–233. [Google Scholar] [PubMed]

	



Pabón-Carrasco, M.; Castro-Méndez, A.; Vilar-Palomo, S.; Jiménez-Cebrián, A.M.; García-Paya, I.; Palomo-Toucedo, I.C. Randomized Clinical Trial: The Effect of Exercise of the Intrinsic Muscle on Foot Pronation. Int. J. Environ. Res. Public Health 2020, 17, 4882. [Google Scholar] [CrossRef] [PubMed]

	



Molina-García, C.; Banwell, G.; Rodríguez-Blanque, R.; Sánchez-García, J.C.; Reinoso-Cobo, A.; Cortés-Martín, J.; Ramos-Petersen, L. Efficacy of Plantar Orthoses in Paediatric Flexible Flatfoot: A Five-Year Systematic Review. Children 2023, 10, 371. [Google Scholar] [CrossRef]

	



Smolle, M.A.; Svehlik, M.; Regvar, K.; Leithner, A.; Kraus, T. Long-term clinical and radiological outcomes following surgical treatment for symptomatic pediatric flexible flat feet: A systematic review. Acta Orthop. 2022, 93, 367–374. [Google Scholar] [CrossRef]

	



Alam, R.; Cheraghi-Sohi, S.; Panagioti, M.; Esmail, A.; Campbell, S.; Panagopoulou, E. Managing diagnostic uncertainty in primary care: A systematic critical review. BMC Fam. Pract. 2017, 18, 79. [Google Scholar] [CrossRef]








 





Table 1. Demographic characteristics of the participants and inter-rater agreement between the two operators.






Table 1. Demographic characteristics of the participants and inter-rater agreement between the two operators.





	N. of Participants
	100





	Female/male
	39/61



	Weight (kg)
	68.3 ± 13.1



	Height (cm)
	173.7 ± 9.08



	BMI (kg/m2)
	22.45 ± 2.92



	Mean age
	32.15 ± 7.49



	FPI > 8 (%)
	39 (19.5)



	4 < FPI < 8 (%)
	62 (31)



	0 < FPI < 4 (%)
	64 (32)



	−4 < FPI < 0 (%)
	25 (12.5)



	FPI < −4 (%)
	10 (5)



	ICC (95% CI)
	0.97 (0.948; 0.983)







BMI: body mass index; FPI: foot posture index.













 





Table 2. Area of contact (cm2) results during dynamic assessment.






Table 2. Area of contact (cm2) results during dynamic assessment.





	FPI Range
	Total
	Heel
	Midfoot
	1st MTPJ
	2nd MTPJ
	3rd MTPJ
	4th MTPJ
	5th MTPJ
	Toe 1
	Toe 2
	Toe 3,4,5





	FPI > 8
	137.54 (20.59)
	35.54 (4.52)
	24.27 (9.74)
	12.92 (2.28)
	10.38 (1.73)
	11.6 (1.71)
	10.16 (1.38)
	6.80 (0.97)
	13.17 (1.96)
	5.1 (1.03)
	7.44 (2.75)



	4 < FPI < 8
	140.82 (19.67)
	36.40 (4.23)
	25.11 (8.72)
	13.38 (2.26)
	10.64 (1.70)
	12.06 (1.53)
	10.41 (1.31)
	7.01 (0.95)
	12.91 (2.15)
	5.25 (1.48)
	7.50 (3.25)



	0 < FPI < 4
	144.70 (19.34)
	37.09 (4.66)
	26.94 (7.73)
	13.59 (2.20)
	10.96 (1.59)
	12.15 (1.67)
	10.74 (1.47)
	7.27 (1.01)
	13.09 (2.22)
	5.19 (1.21)
	7.54 (2.84)



	−4 < FPI < 0
	152.97 (16.45)
	39.12 (4.28)
	28.47 (7.11)
	15.10 (2.21)
	11.46 (1.25)
	13.17 (1.78)
	11.34 (1.55)
	7.90 (1.00)
	13.50 (1.93)
	5.22 (1.30)
	7.65 (3.68)



	FPI < −4
	142.59 (10.84)
	36.98 (4.98)
	24.97 (5.27)
	13.83 (1.91)
	10.85 (1.14)
	12.33 (1.18)
	10.65 (1.38)
	7.38 (0.89)
	14.29 (1.26)
	5.03 (1.07)
	6.23 (2.61)







MTPJ: metatarsophalangeal joint; FPI: foot posture index.













 





Table 3. Force (N) results during dynamic assessment.
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	FPI Range
	Total
	Heel
	Midfoot
	1st MTPJ
	2nd MTPJ
	3rd MTPJ
	4th MTPJ
	5th MTPJ
	Toe 1
	Toe 2
	Toe 3,4,5





	FPI > 8
	672.19 (139.8)
	437.82 (89.5)
	82.58 (51.41)
	114.28 (55.57)
	148.93 (44.74)
	165.81 (36.5)
	94.48 (24)
	38.12 (14.9)
	133.92 (48.84)
	23.52 (10.1)
	22.86 (13.5)



	4 < FPI < 8
	663.31 (134)
	439.63 (88.7)
	92.34 (50.78)
	119.68 (68.86)
	154.62 (55.81)
	170.62 (48.42)
	103.98 (36.5)
	48.08 (25.03)
	124.48 (84.97)
	25.89 (16.6)
	24.59 (17.6)



	0 < FPI < 4
	710.07 (148.5)
	455.14 (96.3)
	114.47 (58.07)
	117.54 (47.77)
	171.49 (55.62)
	167.71 (45.52)
	112.97 (37.8)
	59.8 (26.85)
	103.59 (41.28)
	23.16 (17.7)
	21.67 (17.5)



	−4 < FPI < 0
	746.08 (130.65)
	475.48 (79.7)
	127.07 (66.82)
	145.94 (58.47)
	160.71 (43.34)
	171.63 (41.27)
	118.7 (27.7)
	67.5 (23.75)
	89.76 (27.41)
	21.29 (12.1)
	23.37 (18.3)



	FPI < −4
	730.55 (133.22)
	466.78 (91.73)
	118.18 (67.73)
	127.45 (62.08)
	152.12 (52.6)
	174.24 (42.18)
	127.03 (31.69)
	79.99 (19.33)
	99.68 (27.61)
	18.98 (9.19)
	21.14 (11.6)







MTPJ: metatarsophalangeal joint; FPI: foot posture index.













 





Table 4. Pressure (KPa) results during dynamic assessment.
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	FPI Range
	Total
	Heel
	Midfoot
	1st MTPJ
	2nd MTPJ
	3rd MTPJ
	4th MTPJ
	5th MTPJ
	Toe 1
	Toe 2
	Toe 3,4,5





	FPI > 8
	556.43 (204.73)
	342.53 (85.3)
	94.82 (36.4)
	224.34 (138.9)
	373.56 (119.7)
	384.74 (158.4)
	232.16 (57.29)
	141.99 (72.7)
	444.84 (198.8)
	109.4 (40.9)
	69.9 (31.5)



	4 < FPI < 8
	487.83 (141.3)
	336.25 (94.72)
	99.57 (33.5)
	198.54 (85.47)
	357.88 (98.34)
	359.72 (109.8)
	247.03 (87.63)
	183.88 (149.2)
	339.28 (149.7)
	113.4 (55.7)
	71.9 (42.3)



	0 < FPI < 4
	501.19 (131)
	324.03 (86.21)
	108.46 (34.7)
	211.77 (83.62)
	388.41 (146.9)
	352.18 (95.23)
	262.44 (84.43)
	239.21 (141.8)
	290.07 (143.4)
	99.03 (41.7)
	64.29 (30)



	−4 < FPI < 0
	460.51 (108.8)
	311.48 (53.53)
	117.69 (53.4)
	244.86 (133.8)
	336.02 (103.1)
	346.02 (107.5)
	262.11

(53.52)
	250.12 (130.9)
	247.94 (97.84)
	93.84 (49.9)
	64.55 (34.9)



	FPI < −4
	532.57 (123.9)
	338.48 (67.36)
	123.63 (77.9)
	251.06 (156.9)
	317.12 (89.11)
	360.91 (101.9)
	266.06 (48.85)
	357.27 (129.1)
	246.51 (101.9)
	76.96 (34.6)
	57.27 (35.6)







MTPJ: metatarsophalangeal joint; FPI: foot posture index.













 





Table 5. Results of the correlation analysis (coefficient “r”) between FPI-6 score and area (cm2), force (N), and pressure (kPa) parameters.
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	Area
	Force
	Pressure





	Parameter
	
	
	



	Total Area
	−0.218 *
	
	



	Midfoot
	−0.141 *
	−0.254 **
	



	1st MTPJ
	
	
	−0.93



	2nd MTPJ
	−0.225 *
	
	



	4th MTPJ
	
	
	−0.179 *



	5th MTPJ
	
	−0.477 **
	−0.427 **



	Toe 1
	
	0.283 **
	0.374 **



	Toe 2
	0.025
	0.142 *
	0.209 *







*: p < 0.05; **: p < 0.001; MTPJ: metatarsophalangeal joint.
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