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    Abstract
Introduction: The aim of this study was to establish a new grading system of pesplanus (PP) and pescavus (PC) based on the severity by a newly proposed parameter plantar surface area (PSA) using a newly designed podoscope device. Material and Methods: A total number of 416 healthy participants; 208 men and 208 women aged 21–50 years were included in this study. Plantar surface images were obtained from the podoscope and measurements were made by using the newly proposed parameter and existing parameter. Statistical analysis was conducted using the SPSS Statistical software (version 16.0) and executed at 95% confidence interval. Mean and standard deviations were observed by using the descriptive analysis. The Chi-square test has been performed to find the association, dependency, and validity. Results: The analysis of the present study encompasses the grading system of “PP and PC” and also developed a classification system with three grades in PP and PC. This grading system will be a substantiate assessment tool for the diagnosis and also to record the prognosis during the treatment of PP and PC. Discussion and Conclusion: The present study has developed a newly designed podoscope and established a newly proposed parameters PSA index and analyzed the prevalence of normal, PP and PC. In this study, gender wise normative value for new parameters PSA index was proposed under the influence of height and foot length. According to our knowledge, this is the first study to grade the PP and PC in a proper scientific morphometric analysis using a newly designed podoscope with a PSA index.
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    Introduction


    The foot structure is a stable pliable platform in static condition, acting as a shock absorber helping in propelling of the body forward during locomotion.[bookmark: ft1][1] The arches of the foot are formed by the tarsal and metatarsal bones and supported by tendons and ligaments in the foot.[bookmark: ft2][2] Structurally, the arches of the foot are classified into transverse arch, medial longitudinal arch (MLA), and lateral longitudinal arch (LLA).[bookmark: ft3][3] The MLA is higher than the LLA and acts like a spring during weight bearing.[bookmark: ft4][4] Pesplanus (PP) or flat arched foot is a medical condition in which the height of MLA will be partially or completely flat and almost whole plantar surface of the foot comes in contact with the ground.[bookmark: ft5][5] When the height of MLA exaggerates, it is termed as high arch foot.[bookmark: ft6][6] In high arch foot, an excessive amount of weight is placed on the ball and heel of the foot when walking or standing.[bookmark: ft7][7] Morphometric analysis and clinical assessment of the arches of foot were developed to compute the geometry as well as the purpose of diagnosis of certain ailments.[bookmark: ft8][8],[bookmark: ft9][9],[bookmark: ft10][10] Foot print indices, anthropometric measurements, and radiographic methods are the classical methods for analyzing the arches of foot.[bookmark: ft11][11] Chippaux index, Staheli index (SI), Arch index (AI), and truncated AI are the common parameters used to assess the integrity of the arches of the foot.[bookmark: ft12][12] Studies reported that arches of the foot were analyzed using foot print indices to rule out the flat and high arched foot.[bookmark: ft13][13] Johnson and Strom classification method of grading the flat foot composed of radiological, pathological, and clinical examinations to correlate with the progression of deformity.[bookmark: ft14][14] Abousayed et al. in 2015 described that the Johnson and Strom method of flat foot classification is not a successful method because it does not contain the anatomical aspects of assessment.[bookmark: ft15][15] Chang et al. in 2014 stated that the classification of flat foot should be established universally for assessment, treatment, and also to clear controversial issue regarding the diagnosis.[bookmark: ft16][16] The above literature shows that foot print indices is a standard tool for measuring the integrity of arches of the foot but it is not a tool for classifying the grades of flat or high arched foot. Enormous scientific research papers have been published in relation to flatfoot but a few studies have been shown to controversial by other authors. Researchers and clinicians assess the arches of the foot by foot print parameters are unable to record the prognosis in the absence of a reliable grading system. There is no substantial research to show the grading of flat and high arch foot. Therefore, to address this issue and to fill the lacunae, the present study aims to develop the grading system of PP and pescavus (PC) by newly proposed parameter plantar surface area (PSA) index using a newly designed podoscope.


    Material and Methods


    Participants and study area


    This is a comparative study conducted among 416 (208 males and 208 females) healthy participants aged between 21 and 50 years. Participants with open wounds, recent fractures, surgery (within 6 months), or any neurological conditions affecting the lower extremities were excluded. Ethical approval was obtained from the institutional ethics committee of Sri Ramachandra Medical College and Research Institute, Tamil Nadu, Chennai. Written consent was obtained from the patients after detailed explanation of the study, their role, risks and benefits involved, and their rights.


    Instrumentation and podoscope specifications


    A newly designed podoscope was used in the present study; it was made with wood, toughened glass and a document scanning machine. The device measures 60 cm length, 53 cm breadth, and 16 cm width can withstand up to 200 kg, when the subject stands over the equipment, as shown in [Figure - 1] and [Figure - 2]. The market price of standard readymade podoscope device was minimum Rs. 1.2 lakhs and an expert may be needed to operate certain devices, but the cost for designing our new device was just around Rs. 7000 and without an expert we can operate the device.
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        	Figure 1: Newly designed podoscope
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        	Figure 2: Specifications of newly designed podoscope
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    Methodology


    As preliminary procedure, the entire participant's foot was cleansed with mild soap water and wiped thoroughly with a towel. Each subject was requested to stand erect, facing forwards, on the podoscopic device; after a few trials of familiarization with the device, the digitalized plantar scan images were obtained.


    Image calibration method


    The images of the plantar surface were transferred to the computer. Calibration of images was carried out in AutoCAD software by placing the calibration marks on two points that are a known distance apart, and entering the actual distance spanned by the points in centimeters.


    Observation


    The images obtained from the podoscope device were observed and measured using existing parameter as well as new (PSA) index.


    Existing parameters


    Arch angle (AA), Chippaux-Smirak Index (CSI), Staheli index (SI), and Arch index(AI) are the existing parameters from the literature used to assess the arches of the foot, as shown in [Figure - 3] and [Figure - 4].
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        	Figure 3: Podoscopic image shows the measurement of Arch angle, Chippaux-smirak index, Staheli index
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        	Figure 4: Podoscopic image shows the measurement of arch index
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      	AA is the angle between the medial line of the footprint (a) and the line connecting the most medial aspect of the metatarsus and the most lateral point of the medial foot (b)[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19],[bookmark: ft20][20]


      	CSI was measured by dividing the minimal distance of the (d) midfoot by the maximal distance of the (c) forefoot[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23]


      	SI obtained by dividing the minimal width of the midfoot (d) by the widest width of the (e) rear foot region[bookmark: ft24][24],[bookmark: ft25][25],[bookmark: ft26][26]


      	AI The length of the footprint excluding the toes (L) is divided into equal thirds. The AI is then calculated as the area of the middle third of the footprint divided by the entire footprint area (AI = B/A + B + C).[bookmark: ft27][27],[bookmark: ft28][28],[bookmark: ft29][29]

    


    Newly Proposed Parameter – Plantar surface area (PSA) index


    PSA index was calculated based on the plantar surface area of the foot; the total plantar surface area (TPSA) [Figure - 5] consists of plantar surface contact area (PSCA) and a plantar surface non-contact area (PSNCA). The PSCA [Figure - 6] is formed by the width of forefoot, midfoot and hindfoot which will be in contact to the ground. PSNCA [Figure - 7] is situated at the concavity of medial longitudinal arch which is not in contact to the ground.
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        	Figure 5: Podoscopic image shows the measurement of total plantar surface area (TPSA) in normal arched foot.

        

        Click here to view
      

    


    
      
        	[image: ]

        	Figure 6: Podoscopic image shows the measurement of Plantar surface contact area (PSCA) in normal arched foot

        

        Click here to view
      

    


    
      
        	[image: ]

        	Figure 7: Podoscopic image shows the measurement of plantar surface non-contact area (PSNCA) in normal arched foot
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    Grading pesplanus


    Based on the PSA index, the flat arch foot was classified into three different grades. In Grade 1, the width of midfoot was increased, and the normal structure of MLA was altered, midfoot supports equal to or more than 1/3 of the total foot region, the plantar surface contact area PSCA is around 80%–90%. In Grade 2, the width of the midfoot reached to the level of the forefoot width, the MLA disappears, the PSCA was around 91%–100% and the PSNCA was 0%–10%. In Grade 3, the MLA was completely collapsed and dominant medial protuberance was seen rear foot width decreases, the contact region of the plantar surface was 100% and the PSNCA was 0%, as shown in [Figure - 8].
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        	Figure 8: Grades of pesplanus classified based on newly proposed parameters
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    Grading pescavus


    Based on the newly proposed parameters, the high arch foot was classified into three different grades. In Grade 1, the midfoot width was reduced, and the concavity of the MLA increases, the PSCA was around 51%–60%. In Grade 2, the structure of MLA was interrupted and complete absence of midfoot contact to the ground, the major contact region to the floor is the heel and the metatarsal region, and the PSCA was around 41%–50%. Grade: 3 – The overall contact area of the plantar surface to the floor was decreased; the PSCA is only around 21%–40%, as shown in [Figure - 9].
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        	Figure 9: Grades of pescavus classified based on newly proposed parameters
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    Results


    The statistical analyses were undertaken using the SPSS Statistical software (version 16.0) and executed at 95% confidence interval. Mean and standard deviations for age, height, and weight were observed by the descriptive analysis, as shown in [Table - 1]. The normative values for newly proposed parameters (PSA) are tabulated in [Table - 2]. The Chi-square test has been performed to find the association, dependency, and validity of the newly proposed parameter PSA index with the existing parameters with statically significant P < (0.001) for both males and females, as shown in [Table - 3] and [Table - 4]. Cramer's V is 0.985 for male and 1.00 for female group shows that newly proposed parameters PSA index and the exciting parameters are highly correlated. The distribution of different types of arches among the participants is shown in [Table - 5]. Grading of PP and PC using by PSA parameter is shown in [Table - 6] and [Table - 7].
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        	Table 1: Characteristics of subjects (Mean±SD)
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        	Table 2: Normative values of newly proposed parameters - Plantar surface area
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        	Table 3: Association between height, foot length and TPSA in women (n=208)
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        	Table 4: Association between height, foot length and TPSA in men (n=208)
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        	Table 5: Distribution of NA,PP,PC based on gender
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        	Table 6: Existing parameters shows only the different types of arches of foot, but newly proposed parameter (PSA) shows the grades of PP and PC in women
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        	Table: 7 Existing parameters shows only the different types of arches of foot, but newly proposed parameter (PSA) shows the grades of PP and PC in men
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    Discussion


    In this study, among 416 participants, normal arch, (PP) and (PC) have been identified. The PP and PC are categorized as abnormal arches, and the normal arched foot remains the same, as shown in [Table - 4]. The goal of the present study was to examine the ability of the newly proposed parameter (PSA index) compared with existing parameter using newly designed podoscope device. The analysis of the present study encompasses the grading system of “PP and PC” and also developed a classification system with three grades in PP and three grades in (PC) among 208 men and 208 women. This grading system will be a substantiate assessment tool for diagnosis and also to record the prognosis during the treatment of PP and PC.


    Dunn et al.[bookmark: ft30][30] conducted an epidemiological study among 784 participants and reported that the prevalence of flat foot was 19.0% (17.2% in men and 20.1% in women). Xiong et al.[bookmark: ft31][31] analyzed the ankle and foot morphometry of 48 participants using footprint and also with static measurements and reported that 24% of them had abnormal arches. Nguyen et al.[bookmark: ft32][32] assessed the arches of foot using MatScanPedo barographic device among 386 women and 214 men and found 17% flat foot in men and 20% in women. The present study reports that the prevalence of PP and PC according to the newly designed podoscope was 34.13% (39.0% in women and 28.8% in men), as shown in [Table - 4]. The difference between the above-mentioned studies and the present study is that none of the studies have reported about the grading or classification of PP and PC, but the present study a grading system of both PP and PC was established, as shown in [Table - 3] and [Table - 4] and [Figure - 6] and [Figure - 7].


    Pourghasem et al.[bookmark: ft33][33] evaluated the relation between the severity of flatfoot and obesity among 653 males and 505 females between the age group of 6 and 18 years using the Dennis method of classification and reported that the prevalence of flatfoot was 17.5% in boys and 14.5% in girls. Chougala et al.[bookmark: ft34][34] examined and graded the flatfoot among 228 subjects, based on body mass index using the Dennis method of classification of flat foot and revealed that 44.2% had flat arch foot. The contrast between the present study and studies of Pourghasem et al. and Chougala et al. shows that they have used a Dennis method for classifying the flat arched foot, Chang et al., Abousayed et al. and that the exact prevalence of flat foot is unknown due to deficit of exact criteria for defining flat foot, and a new method should be established based on the anatomical perspective to classify the arches of the foot. Dennis method involves image representation and plotting lines in the footprint. The authors propose the above parameters based on the anatomical and biomechanical configuration of arches of the foot be used for detailed grading of abnormality of arches of foot.


    Existing parameters versus newly proposed parameter plantar surface area (PSA)


    The morphometry of the foot was studied by using indices, lines, and angles called as foot print parameters. CI, SI,and AA are some of the parameters used by the researchers to assess the integrity of arches of the foot.[bookmark: ft35][35],[bookmark: ft36][36] Foot print parameters are basically calculated by lines and angles in some particular areas such as forefoot, midfoot, and hindfoot and not with the entire surface, so there are many areas which are left unmeasured, as shown in [Figure - 1] and [Figure - 2]. Therefore, these parameters are only capable of diagnosing whether it is a normal, flat, or high arched foot; hence, these parameters are unable to grade the severity of PP and PC.


    The newly proposed PSA index was derived based on the individual's height, foot length, and the PSA, as shown in [Table - 3] and [Table - 4]. The parameters are based on the calculation of the entire plantar surface of the foot; PSA index covers the measurement of whole plantar surface of the foot, and no areas remains unmeasured, as shown in [Figure - 3], [Figure - 4], [Figure - 5]. Therefore, the PSA index is capable for finding whether it's normal arch foot, PP or PC, as well as it also reveals the grading of PP and PC based on the severity [Figure - 6] and [Figure - 7]. Variability was present practically in each and every stage of this research process, the existing diagnostic tests were modified and updated in the current study by new parameters PSA index to confirm the presence or absence and to grade the PP and PC.


    The existing parameters can be used only to assess or differentiate the normal and abnormal arches of foot. Witana et al.[bookmark: ft37][37] used 3D scanner to assess the morphometry of 16 participants for the purpose of the preparing the foot orthotics. Similarly, with the available measurements of the newly proposed PSA index, it can be utilized for assessing the arches of the foot, to record the prognosis of PP and PC during the treatment and also it will be useful for manufacturing footwear and orthotics.


    Conclusion


    The present study has developed a newly-designed podoscope and established a newly proposed parameter (PSA) index and analyzed the prevalence of normal, flat, and high arch foot between the age group of 21–50 years. In this study, gender-wise normative value for new parameters PSA index was proposed under influence of height and foot length. The device was designed in a portable manner so it can be carried easily by a single person to any places, which allows to diagnose or to collect data in the rural and under-served areas without any cost. The podoscope and the newly proposed PSA index were designed in a simplified manner so it does not require a technical person to handle it. The outcome acquired by this study will be helpful for accurate diagnosis and to record the prognosis during the treatment of PP and PC, it will be also helpful in the field of orthopedics.
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  Figure 1: Newly designed podoscope
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  Figure 2: Specifications of newly designed podoscope
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  Figure 3: Podoscopic image shows the measurement of Arch angle, Chippaux-smirak index, Staheli index


  Figure: 4
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  Figure 4: Podoscopic image shows the measurement of arch index
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  Figure 5: Podoscopic image shows the measurement of total plantar surface area (TPSA) in normal arched foot.
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  Figure 6: Podoscopic image shows the measurement of Plantar surface contact area (PSCA) in normal arched foot
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  Figure 7: Podoscopic image shows the measurement of plantar surface non-contact area (PSNCA) in normal arched foot
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  Figure 8: Grades of pesplanus classified based on newly proposed parameters
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  Figure 9: Grades of pescavus classified based on newly proposed parameters
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  Table 1: Characteristics of subjects (Mean±SD)
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  [bookmark: tbl_JAnatSocIndia_2021_70_2_85_320259_t11.jpg][image: ]


  Table 2: Normative values of newly proposed parameters - Plantar surface area
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  Table 3: Association between height, foot length and TPSA in women (n=208)
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  Table 4: Association between height, foot length and TPSA in men (n=208)
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  Table 5: Distribution of NA,PP,PC based on gender
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  Table 6: Existing parameters shows only the different types of arches of foot, but newly proposed parameter (PSA) shows the grades of PP and PC in women


  Table: 7

  [bookmark: tbl_JAnatSocIndia_2021_70_2_85_320259_t16.jpg][image: ]


  Table: 7 Existing parameters shows only the different types of arches of foot, but newly proposed parameter (PSA) shows the grades of PP and PC in men



  
    
  


  
    Copyright 2021 - Journal of the Anatomical Society of India
  

OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f1.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f2.jpg
60cm

16cm

53cm






OEBPS/images/cover.png





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f3.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f4.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f5.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f6.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f7.jpg





OEBPS/images/JAnatSocIndia_2021_70_2_85_320259_f8.jpg


