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            Abstract
          
        

        
          
            Purpose
            The purpose of this study was to identify the effect of hallux valgus (HV) correction taping on the foot arch and balance of young adults with HV of the big toe.

          

          
            Method
            Forty-eight adults volunteered to participate in this study; of them, the 37 feet (11 men, 26 women) with ≥15° lateral bending of the metatarsophalangeal joint of the big toe, on a goniometer, were selected as the target foot. Non-elastic correction tape was applied to the foot with HV, while the target foot was used to evaluate the changes, before versus after taping, in the lateral bending angle of the big toe, navicular drop level, Clarke angle, and static balance using a Gaitview system. Each measurement was performed three times, and the average of each set was used in the analysis. The patients’general characteristics were compared by using an independent t-test, and the measurement values were analyzed by using a paired t-test.

          

          
            Result
            After taping, the lateral bending angle of the toe significantly decreased (p<.05), difference in navicular drop level significantly decreased (p<.05), the Clarke angle significantly increased (p<.05), and static balance significantly improved (p<.05). 

          

          
            Conclusion
            We showed that HV taping resulted in an immediately improved HV angle, arch, and single-leg standing balance on the foot with HV. However, further studies should investigate the correlation between HV and foot arch.
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      Ⅰ. Introduction
      According to hospital expenses payment data of domestic health insurance from 2009 to 2013, the number of hallux valgus (hereinafter HV) patients increased by 7.6% of yearly average from 41,657 in 2009 to 55,931 in 2013. It is commonly developed to women, but recently men tend to develop this disease due to increasing interest in fashion (National Health Insurance Corporation, 2015).

      HV is a deformity of incomplete dislocation that is gradually developed due to the thumb's eversion at the metatarsophalangeal and the inversion of first metatarsal bone (Mann and Coughlin, 1981; Menz et al., 2011), which is classified into slight, moderate and severe deformations. The slight deformation is that HV angle is between 15 and 20 degree, the moderate deformation is between 20 and 40 degree, and the severe deformation is over 40 degree (Kim Ji-hyeong et al., 2013). The medial longitudinal arch provides the important elements of stability and elasticity on the feet with weight bearing (Neumann, 2010). However, when the medial longitudinal arch is abnormally lowered or completely lost, the form of flat foot appears, which causes the eversion of rear foot and pronation of fore foot according to the weight movement during walking, leading to concentration of weight bearing on the fore foot (Alexander, 1990). For this reason, deformation occurs by the inversion at the first metatarsal bone and by the eversion at the thumb, so HV appears accompanied with flat foot (Komeda et al., 2001; Ledoux et al., 2003). The cause of HV is classified into external factor, internal factor and physical factor. The external factor includes narrow shoes with high heels, the internal factor includes gender and gene, and the physical factor includes age and flat foot (Kim Ji-hyeong et al., 2013; Perera et al., 2011).

      The treatment of HV is divided into surgical and non-surgical treatments. However, the surgical treatment is expensive and can accompany complications after surgery as well as likelihood of recurrence (Kim Ji-hyeong et al. 2013; Sammarco and Idusuyi, 2001; Geissele and Stanton, 1990; Weil, 2000). The non-surgical treatment includes adjunct wearing and foot strengthening exercise (Park Jin-hyeon et al., 2012), and HV taping is often applied to decrease and control HV angle (Jeon Mi-yang et al., 2004; Bayar et al., 2011; Hart et al., 2008; Torkki et al., 2001).

      Taping is mostly used to prevent injury and support muscles, and recently it is applied to decrease pains of patients with diseases, to improve muscle and joint functions and to maintain correction and range of motion (Jeon Mi-yang et al., 2004). When the taping method is applied to shoulder subluxation of hemiplegia patients, the elastic taping and non-elastic taping showed higher decrease rate of shoulder subluxation than the comparison group (Kwon, 2010). In addition, applying the low dye taping using non-elastic tape or taping that supports arch of foot was effective for those with flat feet(Kim Tae-ho et al., 2011; Eum Ju-ri, 2014), and Yu et al.(2002) reported that applying taping to second metatasophalangeal joint with gradual semiluxation resulted in an instant effect. In addition, Bayar et al.(2011) said that applying non-taping was more effective than a simple foot muscle strengthening exercise.

      In the previous studies, the opinion that the degree of HV angle and the balance are not correlated is presented (Aryadoost and Alizadeh, 2014), and the opposite opinion of the correlation of HV and flat foot is presented (Nix et al., 2012). The data that proved the efficiency of HV's therapeutic approach are very limited (Torkki et al., 2001), Cheung et al. (2011) said that various types of taping methods could affect the recovery of foot's arrangement, but the appearing aspects could be different depending on individual activity forms and patients' characteristics. Therefore, this study was intended to find out the effects on arch of foot and static balance when non-elastic correction taping is applied to those with HV.

    

    

  
    
      Ⅱ. Methods
      
        1. Subjects
        For this study, we selected feet (n=37) with HV among feet (N=96) of healthy adults in their 20s who go to D University, and the selected feet were over 15 degree of eversion angle in the metatarsophalangeal articulation. All the participants in this study understood the purpose of this study, comprehended the procedures and methods, and agreed to the experiment before the experiment was done. Those with under 15 degree of eversion angle in the metatarsophalangeal articulation, those with pains in the metatarsophalangeal articulation, those with foot injury and those with HV surgery experience were excluded.

      

      
        2. Measurement Tool and Method
        
          1) Measurement of HV
          For measurement of HV angle, we used an angle measuring instrument (Baseline Stainless Steel Deluxe Finger Goniometer, Pattersonmedical, Canada) that is generally used in the clinical field and performed the method of analyzing the filmed picture data with Image J program (Bundled with Java 1.6.0_24, USA).

          (1) Measurement of Joint Angle

          To sort out feet with HV, we used a goniometer (Figure 1). The measurement was done in the condition with no weight strained, and metatarsophalangeal articulations were spotted and marked while the participants' thumbs were bent and extended. The participants were to stand with their legs spread to the shoulder width, the rims of the distal part and proximal part of diaphyseal region of metatarsal bone were detected with hand, and then the middle spot was marked with a dot. Next, for the proximal phalanx of big toe, the rims of the distal part and proximal part of shaft were also detected with hand, and the middle spot was marked with a dot (Figure 2).

          (2) Angle Measuring Program (Image J)

          To measure the pictures on the exact 90 degree, we located the subject on the lens and measured the angle with the filmed picture using Image J Program. To measure the angle, we drew lines based on the dot marked with the goniometer (Figure 2), which was done three times. The same method was applied after the taping was done.

        

        
          2) Evaluation of the degree of foot arch
          To evaluate the size of foot arch, we performed a navicular drop test and measured Clarke angle.

          (1) Navicular drop test

          We did while the subject was sitting with feet on the flat surface and with the knee joint 90 degree curve, maintaining the neutral location of subtalar joint and marking the most noticeable point with pen. The evaluator maintained the neutral location of subtalar joint, put the ruler on the flat floor vertically, and observed the gradations horizontally with the marked dot. The subject stood without changing the location of foot and stared the dot in the front while putting the same weight on the both feet. In the standing position, we put the ruler on the flat floor vertically and observed the gradations horizontally with the marked dot (Saeki et al., 2015). This test was done three times, and the same method was applied after taping was done.

          (2) Clarke angle

          To measure Clarke angle, we used the equipment (I-pad air, Apple, USA) filming footprint. The filmed pictures were used to measure Clarke angle through Image J program. For measurement, we calculated the angle between a line connecting the most protruding part in the inner part of first metatarsophalangeal joint with the furthest inner spot of the heel (Fugure 3) and a line connecting the most protruding part in the inner part of first metatarsophalangeal joint with the deepest part of footprint (Ozer, 2012). This was done total three times, and the same method was applied after taping was done.

        

        
          3) Static Balance Evaluation
          To evaluate the level of static balance, we measured the balancing condition while the subject was standing on one leg, using Gaitview system (AFA-50, Alpus, Korea).  The whole size of the measuring equipment was 550×480×35 , the size of its ㎜ sensor was 0.73 ㎠, and the number of sensors was 2,304 (48×48). For the process of the data, we used Gaitview software version 1.0.1 with vestibular test mode. We located the subject on the spot marked with foot scan board, and gave an oral instruction of "Please maintain balance for 10 minutes." The opposite lower limb was curved with 90 degree of hip joint and 90 degree of knee joint, and the upper limbs were spread for balance (Nilsson, 2006). There was 30 second break after each measurement. The measurement was done three times before and after taping (Figure 4).

        

      

      
        3. Procedure
        We measured both feet's HV angles of 48 voluntary participants and selected the relevant feet (n=37). We did navicular drop test and measured Clarke angle, and then we measured static balance three times using the balancing evaluation equipment. We used the average values for analysis. After applying HV non-elastic correction taping to the feet, we measured again in the above order (Figure 6).

        
          1) Application of non-elastic correction tape for HV
          A non-elastic tape (C type, Nichiban, Japan) of 38mm width was used for taping. The tape was cut into three pieces according to the width of foot. The first tape, an upper anchor, was applied without covering the sole while it was put vertically on the inner side of first metatarsal bone (Figure 5), the middle part of the tape was located on the proximal outer side of first metatarsal bone, and the two ends of the tape were tightened only to bring about inner adduction gliding of proximal toe joint. The second tape was cut into two pieces, whose ends were crossed on the first metatarsophalangeal articulation facies medialis to become the shape of 8. The tight tape strap was met with the anchor on first metatarsal bone on the facies medialis of the foot, and this was done twice. The last tape was fixed on the upper anchor and applied vertically with the foot. We checked if first metatarsophalangeal articulation was in the fixed location (Maria, 2012).

        

      

      
        4. Data Analysis
        The data collected in this study was processed with the use of PAWS statistics 18 program. To compare general characteristics and HV angles between male and female, we performed independent sample t-test. To compare the foot arch and balancing levels before and after taping was applied, we used matching sample t-test, and all the statistic significance level was set to be α=.05.

      

    

    

  
    
      Ⅲ. Results
      
        1. General characteristics of the subjects
        The general characteristics of the subjects are presented in Table 1. The number of participants in the experiment were 48 (male=22, female=26), and total 96 feet (male=44, female=52) were evaluated. Among them, the feet with HV were 37 (male=11, female=26), and the average age was 21.81, the average height was 167.42 ㎝, the average weight was 62.67 ㎏, and the average foot size was 250.31 ㎜.

      

      
        2. Comparison of HV angle and foot arch degree before and after HV non-elastic correction taping application
        We compared HV angle and foot arch degree before and after taping application. HV angle was significantly improved after taping was applied (p<.05). The degree of navicular drop and Clarke angle were also significantly improved after taping was applied (p<.05) (Table 2).

      

      
        3. Comparison of static balance before and after HV non-elastic taping application
        To evaluate the state of static balance, we measured envelope area, rectangle, total length and sway velocity. There was significant improvement in envelope area, total length and sway velocity, but no significant improvement in rectangle (p>.05) (Table 3).

      

    

    

  
    
      Ⅳ. Discussion
      The pressure of thumbs in the standing posture becomes twice more than the pressure of other 4 toes, and there is more pressure than in the 5 caput metatarsalis and heels (Tanaka, 1996). Kim Yeong-ho et al. (1997) reported that as HV gets more severe, the contact area increases on the metatarsal bone area, and excessive pressure and impulse act in this area.

      The medial arcus pedis longitudinalis distributes weight bearing and increases the efficiency of strength conveyance like a spring while walking, decreasing pressure in the soft-tissue (Saeki et al., 2015). Mulligan and Cook (2013) reported that the improvement of arcus pedis longitudinalis leads to balance performance ability.  However, if the arcus pedis longitudinalis doesn't function properly, it brings about flat foot, which can be inherent factor of HV. Inman (1974) suggested the pronation of heels is an important factor of HV deformation, and reported that flat foot can affect HV formation.

      HV correction taping is used as conservative treatment, and it also used to improve and control the degree of HV (Bayar, 2011). However, there is controversy on theoretical basis and action mechanism of HV taping method, but the treatment effect is similar to HV surgical method or the use of parapodium or shoe liner (Mann and Coughlin, 1993). In addition, it is an exclusive intervention that can be used with affordable price for those who can't use surgery or parapodium or those who do not want to wear parapodium (Jeon Mi-yang et al., 2004).

      The precedent studies compared the improvement rate of the angle and pains when taping was applied to those who had HV (Jeon Mi-yang, 2004, Bayar, 2011), or compared the improvement rate of pressure's distribution (Park Jin-hyeon, 2012). Even though there is a study that presents the correlation between HV and flat foot (Komeda et al., 2001; Ledoux et al., 2003; Hagedome et al., 2013), there are not enough studies performed to find out the correlation between HV and arch of foot by directly applying taping. This study applied non-elastic correction taping to HV and did bivariate correlation analysis, and the result showed that there was no significant correlation between HV and arch of foot both before and after taping application (p >.05).

      Tapes applied to HV in the precedent studies wer mostly elastic tapes. However, Parreira et al. (2014) reported that the elastic taping method was not effective and too small to be considered clinically compared to other taping methods, and the method reduced pains, but the difference wasn't significant compared to the group with no taping appled. Kwon et al. (2010) reported that when the taping method was applied to shoulder subluxation of hemiplegic patients, the group with non-elastic taping had bigger decrease rate of subluxation than the group with elastic taping. Huang et al. (2011) also reported that non-elastic tapes are generally used to fix wrong arrangement of body or limbs. Therefore, this study was performed to compare HV angles, arch of foot and static balance before and after HV non-elastic correction taping was applied to those with HV.

      In the precedent study, Dies (1984) applied HV elastic taping method and compared before and after application, and the result showed significant improvement in those with slight, intermediate and severe HV. Jeon Mi-yang (2004) also compared before and after application of HV elastic taping method, and the result showed statistically significant improvement. In this study, HV angles were measured with goniometers and Image J program, the conformity degree between the two measuring tools was high (0.84). The result of comparing before and after application of HV non-elastic correction taping showed significant decrease as in the precedent study. Eom Ju-ri et al. (2014) reported that low-dye taping that directly enhances arch of foot was applied, the degree of navicular drop was significantly improved before and after the application, and when taping was applied, the degree of drop was improved. The result of measuring the change of Clarke angle additionally to find out the change of foot arch showed significant improvement of foot arch.

      Chou et al. (2009) reported that thumbs play an important role in balance, and when there is restriction, they can be a factor to hinder balance, which should be considered. However, when Aryadoost and Alizadeh (2014) compared female athletes' static balance and dynamic balance dividing them into group with HV and group without HV, there was no significant difference between the two groups, and HV doesn't affect static and dynamic balance. Eom Ju-ri et al. (2014) reported that there was no significant improvement in inner and outer balancing index of balance performance capability when taping that directly enhances arch of foot. Likewise, front·back balance index tended to be improved, but there was no significant improvement, and the overall balance index didn't show significant improvement.

      This study compared the static balance before and after HV non-elastic correction taping was applied. We focused on the velocity of center of pressure in the vestibular test mode of Gaitview system, and considered the static balance was improved as the values decreased. As a result, there was significant decrease in envelope area, total length and sway velocity in the comparison of before and after taping application, and in other words, static balance was improved when taping was applied to those with HV.

      The result of this study showed that the HV angle was decreased when taping was applied, and navicular drop and Clarke angle also showed significant improvement. The static balance ability was also significantly improved. However, the correlation between HV angle and arch of foot wasn't significant. The reason for this result might be that each subject has different improvement rate in HV angle, navicular drop and Clarke angle when HV non-elastic correction taping was applied. Because there is no accurate result on the correlation between HV and flat foot in the existing studies including this study, there should be future successive studies on comparison and correlation between HV and flat foot.

      The limitations of this study are as follows. First, the subjects were young adults, so it is difficult to generalize in all the age groups. Second, the genetic and environmental factors of each individual weren't excluded. Third, the study checked the instant effects of taping application, so it is necessary to find out dynamic changes appearing when taping is constantly applied.

    

    

  
    
      Ⅴ. Conclusions
      This study researched the effects of applying non-elastic correction taping to 48 people with HV on arch of foot, single foot stance and static balance. We selected feet with HV (n=37) from both feet (n=96) of subjects and measured them using the joint angle indicator and measured images to evaluate the degree of HV. The result showed that non-elastic taping for HV correction decreased the angle of thumbs, lowered the degree of navicular drop and increased Clarke angle. In addition, there was instant improvement in static balance level. In conclusion, the application of HV correction non-elastic taping not only improved the degree of HV but also helpd improve the size of foot arch and static balance.

    

    

  
    
      

      
        
          Appendix 1. Table
          

          
            Table 1. 
				
            

            
              General Characteristics and HV angle of Subjects
            
            

          

          
            
              
                	Variable
                	Male(n=44)
                	Female(n=52)
                	t
              

            
            
              	Age
              	22.05 ± 1.71a
              	21.62 ± 1.71
              	9.793
            

            
              	Height(㎝)
              	174.45 ± 5.66
              	161.46 ± 7.09
              	1.229
            

            
              	Weight(kg)
              	72.55 ± 9.12
              	54.31 ± 7.33
              	10.857
            

            
              	Foot Size(㎜)
              	267.05 ± 10.31
              	236.15 ± 10.22
              	14.698
            

            
              	HVAb ≥15 (n=37)
              	20.97 ± 7.72
              	19.45 ± 5.74
              	-.974
            

            
              	HVA<15 (n=59)
              	10.01 ± 2.29
              	10.67 ± 2.89
              	.664
            

          

          
            
              aAverage±Standard Deviation
            

            
              bHallux valgus angle
            

          

          

          

          
            Table 2. 
				
            

            
              The Change of HV Angle and Foot Arch Size Before and After Non-elastic Correction Taping Application
              (n=37)

            
            

          

          
            
              
                	Variable
                	Before taping
application
                	After taping
application
                	Difference value
                	t
                	p
              

            
            
              	HVGAb (°)
              	19.90 ± 6.32a
              	6.78 ± 4.38
              	13.12 ± 5.55
              	14.375
              	.000**
            

            
              	HVIAc (°)
              	19.97 ± 6.23
              	6.60 ± 4.93
              	13.37 ± 5.45
              	14.922
              	.000**
            

            
              	NDd (㎜)
              	5.58 ± 2.00
              	3.46 ± 1.88
              	2.13 ± 2.01
              	6.334
              	.000**
            

            
              	CKAe (°)
              	51.16 ± 5.55
              	52.32 ± 5.31
              	-1.16 ± 2.75
              	-2.557
              	.015*
            

          

          
            
              *p<.05
            

            
              **p<.01
            

            
              aAverage±Standard Deviation
            

            
              bHallux valgus angle by goniometer
            

            
              cHallux valgus angle by image J
            

            
              dNavicular drop
            

            
              eClarke angle
            

          

          

          

          
            Table 3. 
				
            

            
              The Change of Static Balance Before and After Non-elastic Correction Taping Application
              (n=37)

            
            

          

          
            
              
                	Variable
                	Before taping
application
                	After taping
application
                	Difference value
                	t
                	p
              

            
            
              	ENVb (㎜)
              	127.84 ± 86.44a
              	109.14 ± 51.69
              	18.70 ± 49.00
              	2.321
              	.026*
            

            
              	RECc (㎟)
              	329.05 ± 238.23
              	311.98 ± 160.15
              	17.13 ± 160.35
              	.650
              	.520
            

            
              	TLd (㎜)
              	207.07 ± 53.82
              	191.28 ± 43.86
              	15.79 ± 43.97
              	2.184
              	.036*
            

            
              	SVe (㎜/s)
              	20.71 ± 5.37
              	19.21 ± 4.24
              	1.50 ± 4.33
              	2.101
              	.043*
            

          

          
            
              *p<.05.
            

            
              aAverage±Standard Deviation
            

            
              bEnvelop area
            

            
              cRectangle
            

            
              dTotal length
            

            
              eSway velocity
            

          

          

        

        
          Appendix 2. Figure
          

          
            
            

            Figure 1. 
				
            

            
              Measuring angle of HV. A. Acceleration part, B. Method to measure angle
            
            

            

          

          

          
            
            

            Figure 2. 
				
            

            
              The method of measuring HV using Image J
            
            

            

          

          

          
            
            

            Figure 3. 
				
            

            
              Clarke Angle Measurement. A: a line connecting the most protruding part in the inner part of first metatarsophalangeal joint with the furthest internal spot of the heel, B: a line connecting the most protruding part in the inner part of first metatarsophalangeal joint with the deepest part of footprint
            
            

            

          

          

          
            
            

            Figure 4. 
				
            

            
              static balance posture
            
            

            

          

          

          
            
            

            Figure 5. 
				
            

            
              Application of Non-elastic Tape for HV. A: Upper Anchor, B: Shape of 8, C: Fixation Tape. 
            
            

            

          

          

          
            
            

            Figure 6. 
				
            

            
              Research Design
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