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Abstract

:

Featured Application


Low-dye taping plays a crucial role in the management and treatment of lower extremity musculoskeletal pain and injury. The clinical efficacy of low-dye taping can be used in treatment for foot pain, plantar fasciitis, excessive foot pronation, and arch support. This application could be used by physical therapists, coaches, athletic trainers, as well as players themselves.




Abstract


The purpose of the present study was to investigate the changes in plantar foot force distribution (i.e., the percentage of force and force distribution under the rearfoot and forefoot) and plantar pressure pain sensitivity maps in professional futsal players after long-term low-dye taping (LDT). The subjects (n = 25) were male futsal players (age 23.03 ± 1.15 years). During the experiment, a nonelastic tape was applied on the plantar foot surface according to the standards of LDP. The experimental protocol consisted of a 3-day cycle during which the plantar foot force distribution (FFD) and plantar pressure pain threshold (PPT) were measured: (1) before the tape was applied, (2) 24 h after application, and (3) 72 h after application. The results revealed a significant decrease in the force distribution under the rearfoot (p ≤ 0.001) and forefoot (p ≤ 0.001) on the right and left sides. Moreover, the results showed an increase in the plantar pressure pain threshold in all regions of the foot (p ≤ 0.001). The results of this study suggest that plantar fascial taping can be an effective method for normalizing the force distribution on the foot and reducing the plantar pain threshold. The findings provide useful information regarding the prevention of and physical therapy of lower extremity injuries in soccer and futsal.
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1. Introduction


Futsal is an indoor version of soccer in which players need to perform multiple sprints, and it is characterized by high-intensity work phases [1]. Schmikli et al. [2] reported that the most percentage of medically treated injuries occurred in futsal among the top ten popular sports in the Netherlands. Moreover, Junge and Dvorak [1] showed the epidemiology of injuries in FIFA Futsal World Cups between 2000 and 2008. Their observations indicated that the ankles and the feet/toes were the most injured body parts with the highest absence rate (17.6% of total injuries and 17.9% of absence). The injury risk factors are related to excessive loads causing excessive foot pronation, tibial stress syndrome, or plantar fasciitis [3].



Excessive forces during running and futsal/soccer training cause overuse injuries in the foot and ankle because the plantar foot force distribution (FFD) under the rearfoot and forefoot increases, and the plantar pressure pain threshold (PPT) decreases [3,4,5]. Podobarography and pressure algometry are reliable research tools that are commonly used in sport science and medicine to investigate foot function (assessed by FFD) and monitor pain sensation (assessed by PPT) [6,7]. The FFD may reflect the effect of functional or structural alterations in foot morphology and gait biomechanics and may be used to estimate injury probability. Furthermore, podobarography provides crucial information for training control, monitoring, and rehabilitation management [8,9]. Pressure algometry provides information about acute and chronic pain sensations [6]. Previous studies have focused on FFD to (1) prevent foot and ankle instability [3,10,11], (2) study specific movements [8,12], and (3) perform biomechanical analyses of shoes in futsal and soccer [13]. Prior studies have used PPT characteristics to assess pain sensation in different body locations (e.g., lower extremity muscles) [5,6,12]. It should be noted that only a limited number of studies have performed investigations with futsal or soccer players [8,9,13,14,15]. The results of both methods (i.e., podobarography and pressure algometry) can be analyzed together through topographical maps of the force distribution and pain sensitivity.



Recent studies suggest a need to conduct research based on biomechanical outcomes and clinical implications [4,10]. A possible solution to optimize FFD and increase PPT is to use low-dye taping (LDT). This taping technique may lead to increased foot motion [16], support of the medial longitudinal arch (MLA) [3], and changed loading patterns of the plantar surface [17]. The increased PPT may have resulted in the mechanical stimulation of cutaneous receptors [18], especially in the medial region of the plantar surface, maintaining optimal arch height and plantar fascia tension [3]. It has been shown that a lower MLA height causes pronation of the foot, while pronation provokes internal rotation of the tibia [18], greater tension in the tibialis anterior and posterior muscle, and peroneus longus muscle relief [11,12]. Our recent study investigated the effect of LDT on pressure pain sensitivity in posterior line muscles of the lower extremity (hamstrings and calf muscles) [6]. LDT is a type of plantar fascial taping that is mainly applied to reduce plantar fascia tension [10,19] as well as to improve arch support [4,20].



The clinical assessment of LDT is difficult because few studies have reported a clinical advantage [20,21]. To the best of our knowledge, there is a lack of evidence on the effectiveness of LDT regarding both FFD and PPT in soccer and/or futsal players [6,22]. Prior studies in the literature have investigated different types of taping techniques involving strips [4,6,13,16,21,23]. Newell et al. [4] and Vicenzino et al. [16] investigated the effect of LDT on plantar foot distribution in volunteers with navicular drop and asymptomatic subjects. Their observations have shown changes in plantar pressure distribution effectively, as well as greater support of MLA [4] and reduction of excessive foot pronation [16]. Franettovich et al. [13] observed a reduced level of activation of tibialis posterior, tibialis anterior, and peroneus longus after LDT intervention. In addition, Klich et al. [6] and Radford et al. [20] measured pain sensations after application. The main findings from these studies have confirmed that LDT increased PPT [6] and reduced pain sensations [20] in lower extremity muscles. Moreover, studies have used a short-term application period (from 10 to 20 min) [4,13,16,21,23]. The current study design is based on an effective method of taping (LDT) and a long-term period of application (72 h) [6] because the clinical approach is very important in treatment strategies (e.g., time and frequency of application). A greater level of understanding of LDT techniques may be very useful in injury prevention of the lower extremity, especially for the foot and ankle. Thus, the purpose of the present study was to investigate the changes in plantar foot force distribution (i.e., the percentage of force and force distribution under the rearfoot and forefoot) and plantar pressure pain sensitivity in professional futsal players after long-term LDT. We hypothesized that a reduction in FFD and an increase in PPT over the feet would occur in response to arch support provided by LDT.




2. Materials and Methods


2.1. Study Design


This study was a controlled laboratory study conducted in the Chinese–Polish Laboratory of Sport and Brain Science, that used a repeated measures design and an investigation period of 72 h. Details of the study design have been previously reported in repeated measures studies evaluating the pressure pain sensitivity of the upper trapezius muscle [24], hamstring and calf muscles [6]. Since the FFD and PPT data could not be collected simultaneously due to practical issues in using both types of equipment, the order of testing was structured to minimize the length of time required for testing. The order of the measurements taken at baseline and 24 and 72 h after LDT was as follows: (1) FFD then (2) PPT.




2.2. Participants


Twenty-five male futsal players (age 23 ± 1.2 years, body height 179 ± 3.6 cm, body weight 76 ± 6.7 kg, BMI 23 ± 2.8 kg/m2) participated in the study. The players were members of a college futsal club and 1st Division Futsal League.



Two weeks prior to the main experiment, an initial measure trial was conducted to recruit futsal players into the study group. All participants met the inclusion criteria of having improper plantar distribution (a percentage of force distribution under the forefoot of ≤55%). Additionally, to select a more consistent group we assumed the following criteria: ≥10 years of training experience in futsal, had trained on the same surface and in the same futsal shoes (in the last 6 months) and had agreed to pause training (72 h) for the duration of tape application. Participants were excluded if they reported lower extremity/foot/toe trauma and/or operation (in the last 6 months) or reported not being able to undergo the strip tape application. Nobody was excluded from the research.



The study was explained to the participants, and they signed an informed consent form approved by the Senate Research Ethics Committee (project identification code: 26/2016; date of approval: 13 October 2016). All procedures were conducted in accordance with the Declaration of Helsinki.




2.3. Experimental Procedures


The experimental procedure was based on the LDT technique. A nonelastic cotton tape (width: 4 cm) was applied on the plantar surfaces of both feet. The subject was placed prone, with his shoes removed, 90° of flexion in the knee, and the foot in a neutral position. The investigator degreased and subsequently sprayed the plantar surface and both the lateral and medial edges of the foot with an adhesive. LDT application was performed in 4 stages: (1) base support at the height of the 1st to the 5th metatarsal head; (2) base support on the lateral and medial edges (from the 5th to the 1st metatarsal head); (3) overlapping towards the calcaneus (from the lateral to the medial edge), and (4) reapplication on the lateral and medial edges (stage no 2) and at the height of the 1st to the 5th metatarsal head (stage no 1) (Figure 1) [6].



The experimental procedures included three measurements (within 72 h) of FFD and PPT in the following order: (1) baseline (without LDT), (2) 24 h after LDT application (with LDT) and (3) 72 h after LDT application (without LDT) [6]. The LDT was applied for 72 h because of the greater effects that become apparent 24 to 72 h after application [16,25].



The first outcome was FFD, for which four parameters were investigated, i.e., the percentage of force distribution under the rearfoot (%FRF), the percentage of force distribution under the forefoot (% FFF), force distribution under the 2nd and 3rd metatarsal heads (F2,3), and force distribution under the rearfoot (FRF) using an optical podobarograph, Zebris FDM-S (Medical GmbH, Germany). This platform (length × width: 320 × 470 mm) was equipped with 1504 sensors. FootPrint software was used to record and process data from the podobarograph platform. Prior to the test, the podobarograph was calibrated, and the participant was instructed about this trial. Each subject stood barefoot in a two-legged stance on the platform for 90 s with his eyes open. The test was performed three times, and the results were averaged [26].



The second outcome was PPT, which was measured at 7 reference points on the plantar surface using a pressure algometer (Somedic Production AB, Sweden). The device was equipped with a probe (area: 10 mm2), and the tip was covered with a 2 mm rubber. The compression on the reference points was standardized at 30 kPa/s. The PPTs were characterized by the pressure, which caused pain sensations [6,15]. Each point was measured three times and then averaged. The measurements were performed on the plantar surfaces of both feet at the following locations: tuberosity of the calcaneus (1), medial side of the foot (2), midfoot (3), lateral board of the foot (4), 1st metatarsal head (I MTH) (5), 2nd and 3rd metatarsal space (II–III MTH), (6) and 5th metatarsal head (V MTH) (7) (Figure 2) [19].




2.4. Data Analysis


The G*Power software (version 3.1.9.2; Kiel University, Kiel, Germany) was used to estimate the required sample size, the expected effect size was set at (Cohen’s f) 0.65, the α level was set at 0.05, and the power (1-β) was set at 0.9. The procedure included a minimum number of 22 participants, but 25 were recruited to account for potential dropouts [27]. The relative and absolute reliability values of the FFD and PPT were computed using the intraclass correlation coefficient (ICC), standard error of measurement (SEM), and minimum detectable change (MDC) [28,29]. The relative reliability was evaluated by calculating a 2-way mixed ICC3,2 (for absolute agreement). Statistical analysis was performed using PAWS Statistic SPSS 18 software. Two-way repeated-measures analysis of variance (ANOVA) with post hoc Bonferroni corrections was performed on the FFD and PPT data. The region of the foot (rearfoot: %FRF [%], FRF [N] and forefoot (%FFF [%], FFF [N]) were included as independent factors in two-way, repeated-measures ANOVA for the FFD and FFD changes from baseline. Additionally, foot maps (location: 1–7) were included as independent factors in two-way, repeated-measures ANOVA for the PPT and PPT changes from baseline. In all tests, p ≤ 0.05 was considered significant.





3. Results


The intrarater test–retest reliability results were ICC(3.2) = 0.92, MDC90 = 0.34 mm, and SEM = 0.13 for the PFFD and ICC(3.2) = 0.98, MDC = 0.04, and SEM = 0.05 for the PPPT [7]. The intrarater test–retest reliability results were ICC(3.2) = 0.92, MDC90 = 0.34 mm, and SEM = 0.13 for the PFFD and ICC(3.2) = 0.98, MDC = 0.04, and SEM = 0.05 for the PPT.



3.1. Foot Force Distribution (FFD)


As shown in Table 1, the average %FRF increased significantly in the right foot 72 h after LDT application (F (36,48) = 59.9, p ≤ 0.001, ηp2 = 0.84), while the average FRF [N] decreased significantly in the right foot 72 h after tape application (F (6,10) = 42.6, p ≤ 0.001, ηp2 = 0.77). A significant decrease was observed in the average %FFF (F (53,68) = 64.5, p ≤ 0.001, ηp2 = 0.85) and F2,3 (F (8,13) = 130.7, p ≤ 0.001, 175 ηp2 = 0.92) in the right foot 72 h after LDT application.




3.2. Pressure Pain Threshold (PPT)


The average PPTs [kPa] increased significantly 72 h after LDT application (F (649,1620) = 660.1, p ≤ 0.001, ηp2 = 0.96). The largest significant increase in PPT 24 h after LDT application was observed under the 2nd and 3rd metatarsal space (F (845,1422) = 394.6, p ≤ 0.001, ηp2 = 0.99), midfoot (F (649,1234) = 613.8; p ≤ 0.001, ηp2 = 0.97) and rearfoot (F (937,1620) = 466.4, p ≤.0.001, ηp2 = 0.98).



The largest significant increase in PPT in 72 h after LDT application was reported under the medial board of the foot (F (653,1242) = 656.42; p ≤ 0.001, ηp2 = 0.98), 5th metatarsal head (F (920,1444) = 633.1, p ≤ 0.001, ηp2 = 0.98) and rearfoot (F (1250,1582) = 466.0; p ≤ 0.001, ηp2 = 0.91) (Figure 3).





4. Discussion


The present study has shown that the use of LDT resulted in the optimization of the force distribution and an increase in the pressure pain threshold under the feet after 72 h of tape application. The study has reported alterations in plantar soft tissue loads and pain sensitivity after low-dye taping intervention. The novelty of this study is based on the combination of podobarography and pressure algometry measurements as a comprehensive assessment of foot patterns. Our analysis compared plantar FFDs and PPTs in futsal players in reference to data taken in similar baseline (pre-measurement) conditions.



The taping technique methodology and study design applied in this study were different compared to previous studies. It should be noted that the aim was consistent with that from prior research. It has been shown that LDT is an effective taping technique for decreasing FFD in supported regions of the feet [11,12,16,23,30]. Our results indicated significant changes in the percentage of force distribution in the rearfoot and forefoot after 24 and 72 h and a decrease in peak force distribution under these foot regions. Lange et al. [12] observed a decrease in plantar pressure or peak force distribution in the medial and lateral rearfoot and forefoot (5 minutes after LDT application). Moreover, those changes have been observed only in LDT technique. Newell et al. [4], Vicenzino et al. [16], Chae et al. [31], and O’Sullivan et al. [32] have also confirmed an immediate effect of LDT. Additionally, all referenced papers provide an increase of plantar pressure or peak force distribution in the midfoot.



LDT may change rearfoot loading by reducing excessive pronation in the foot or greater stimulation of mechanoreceptors on the plantar surface [12]. According to Franettovich [13], a decrease in the rearfoot and forefoot pressure distribution may be caused by mechanical stimulation of cutaneous receptors on the plantar surface. Thus, the reduction of force distribution under the rearfoot might be related to the transfer of weight to the midfoot [12]. Those alterations in force distribution might be related to the reduction of pronation in subtalar and midtarsal joint, as well as, greater activity of tibialis posterior muscle [13,17,33]. Furthermore, Russo and Chipchase [34] observed a significantly greater pressure distribution under the rearfoot and lower pressure distribution under forefoot after LDT. In their opinion, greater pressure distribution under the midfoot might affect the reduction of pressure distribution under the rearfoot. Probably, those changes transferred to the rearfoot and reduced eversion at the calcaneus. According to Lange et al. [12], those observations found by Russo and Chipchase [34] could have been a result of experimental errors, i.e., the platform was not flush with the floor. Lack of significant changes in the FFD under other regions on the plantar surface might have been caused by the method of recruiting participants (e.g., healthy patients and athlete patients), alterations in biomechanical patterns, and reductions in tape adhesion [12,31].



Previous studies have reported that increased FFDs in the forefoot and rearfoot may lead to a loss of the MLA [8,9,23]. Vicenzino et al. [16] used a different technique of foot taping; their application was focused on MLA support. With this technique, the authors noticed a decrease in the force distributed in the medial region of the foot. In our study, we found an optimization in the percentage of force distributed between the rearfoot and forefoot, while a simultaneous increase in the %FRF and a decrease in the FRF may indicate greater force distribution in the midfoot [12,34,35]. Decrease in the FRF and F2,3 may have been resulted in an increase in the PPTs under the rearfoot and forefoot. Previous data have shown typical plantar distribution patterns for running in soccer [9,10]. These observations may confirm our observations, as they indicate high FFDs under the forefoot, especially the central region of the foot (2nd and 3rd metatarsal head). Wong et al. [9] and Eils et al. [10] demonstrated that soccer-related movements, i.e., sideward cutting, 45° cutting, jump, sprint, and kick may influence plantar distribution. In all those movements, a great pressure under the rearfoot and forefoot was observed. Additionally, Eils et al. [10] reported that the forefoot has the highest pressure distribution in soccer players during sprints.



The present study showed that the PPT increased in every investigated area of the plantar surface, which indicates a higher pain tolerance of the soft tissues in the plantar region of the foot. The highest increase in PPT (after 72 h) was found under the rearfoot (an average of 40%), medial board of the foot and midfoot (an average of 45%), and forefoot (an average of 38%). In our opinion, these changes in pain sensations can be related to excessive loads being favorably absorbed because of the application of tape. The results show that using LDT is beneficial for reducing excessive loads on the plantar tissues. Our data show that there are higher PPTs (baseline) in the rearfoot, lateral board, and 1st and 2nd–3rd metatarsal bones, which is in line with the findings shown in a recent study. Our results are similar to those reported by Madeleine et al. [19], i.e., the highest PPT was observed in the rearfoot. This finding may suggest lower loads in the rearfoot and less sensitivity to pressure. The significant increase in the PPTs after LDT may be associated with reduced tension on the plantar fascia. LDT application supports the MLA mainly by stimulation of the plantar fascia and proprioceptors. Thus, the plantar fascia is extending its length. Furthermore, the increase in the PPTs may also be related to increased soft tissue thickness [19,25]. Another study demonstrated an anti-pain effect of LDT by analysis of the Visual Analogue Scale (VAS) scores. A systematic review reported a significant decrease in pain sensation after an LDT intervention as a result of lower soft tissue sensitivity [36]. In addition, Domínguez-Martín et al. [37] observed higher PPT values for other muscles beyond the foot structures, such as the tibialis anterior, medial gastrocnemius, and erector spinae. Our previous study has shown that LDT application significantly increases the PPT in the hamstrings and calf muscles [6]. The main finding of our present results may suggest that a reduction in the peak force distribution under the rearfoot and forefoot, as well as that an increase in the PPT reduces pain sensitivity in posterior muscles of the lower extremity.



In the present study, the efficiency of LDT on FFD and PPT was related to a long-term (72 h) reduction in pain. Prior studies have reported only a short-term effect of LDT [12,13,21,30]. According to O’Sullivan et al. [32], how long and how often LDT must be applied and/or reapplied should be clarified. De Hoyo et al. [25] suggest that long-term effects are apparent 24–72 h after application. Slupik et al. [38] reported that an external stimulus through an elastic tape has a long-term effect (24 and 72 h) on muscle activity in the lower extremity. However, Yoho et al. [33] have shown that 48 h taping techniques involving strips lead to a loss of MLA support. This finding was supported by the study of Slupik et al. [38], in which the effect was maintained for 48 h.



Plantar fascial taping plays a crucial role in the management of plantar fascia injuries and improper mechanics of the ankle [4,12] and reduces high pain sensitivity in the lower extremity muscles [6]. The clinical efficacy of LDT can be useful for the treatment of foot pain and arch support in futsal and soccer players. It is also important for maintain sustainable force distributions under the feet. Moreover, the practical application of those research findings may indicate useful information regarding the prevention of and physical therapy of lower extremity injuries in team sports. This method can be used by physical therapists, coaches, athletic trainers, and players themselves.



There are some limitations to the present study. First, a control group (non-taped subjects) should be recruited for this study to enhance the validity of the results. Alternatively, the results of our study would be more generalizable if the study included players with standard plantar force distributions. The second limitation is that we measured plantar force distributions only under the rearfoot and forefoot. Furthermore, the examination of the plantar force distribution was performed in static conditions because we were not able to study dynamic conditions. Third, the simultaneous collection of FFD and PPT data can reduce the accuracy of the results, especially the podobarograph results. The pressure algometer may cause internal bruising on the plantar surface.




5. Conclusions


This study has shown that LDT is, biomechanically and clinically, an effective taping technique for inducing appropriate distribution patterns in the rearfoot and forefoot. Our study showed that fascia taping optimized the force distribution under the plantar surface and reduced the pain sensitivity of the foot. These findings may indicate an adaptation to an external stimulus that results in the release of plantar soft tissues and stimulation of proprioception. These results provide evidence of the efficacy of LDT application after 72 h. Therefore, by supporting the medial foot arch, the taping technique may be an effective method of preventing injury. More research is needed, however, to understand the mechanisms of this type of tape application in dynamic conditions and other taping techniques involving strips in soccer and futsal players.
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Figure 1. Low-dye taping technique. 
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Figure 2. Plantar pressure pain reference points. 
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Figure 3. Plantar pressure pain threshold during 72 h period of plantar fascial taping in futsal players. 
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Table 1. Mean Values (±SD) of the Plantar Foot Force Distribution Parameters in Futsal Players during 72 h Period of Plantar Fascial Taping.
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Variable

	
Right Foot

	
Left Foot




	

	
Baseline

	
24 h

	
72 h

	
Baseline

	
24 h

	
72 h






	
%FRF [%N]

	
38.20 ± 5.31 a

	
41.64 ± 4.6 a,b

	
45.96 ± 2.28 b

	
39.04 ± 6.21 a

	
43.12 ± 8.17 a

	
45.80 ± 3.75




	
%FFF [%N]

	
61.80 ± 5.18 a

	
58.36 ± 4.26 a,b

	
54.04 ± 2.28 b

	
61.72 ± 6.37 a

	
57.04 ± 8.40 a

	
54.52 ± 3.00




	
FRF [N]

	
9.56 ± 1.36 a

	
8.80 ± 0.91 a,b

	
7.06 ± 0.71 b

	
8.04 ± 1.14 a

	
6.64 ± 1.52 a

	
7.40 ± 0.86




	
F2,3 [N]

	
12.84 ± 1.80 a

	
11.36 ± 1.55 a,b

	
9.40 ± 1.15 b

	
12.52 ± 1.23 a

	
10.60 ± 2.29 a,b

	
9.12 ± 1.13 b








Significant differences between variables at p ≤ 0.05; a baseline vs. 24 h and b 24 h vs. 72 h.
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