ABSTRACT

Comparative Effects of Tape Material Characteristics on Talocrural-Subtalar Joint Motions

 The objective of this research was to determine if elastic tape could restrain talocrural-subtalar joint displacement or angular motions as effectively as non-elastic tape among physically active subjects.  Four conditions were tested pre-exercise and post-exercise, including a non-elastic taped condition, cohesive elastic taped condition, adhesive elastic taped condition and an untaped condition.  Upon Institutional Review Board approval, 15 subjects volunteered from the University of Tennessee-Chattanooga student population, each received all conditions applied in a randomized order.  Anterior translation and inversion tilt were measured using an instrumented ankle arthrometer.  An average of three trials was used for statistical analysis.  2x3 trial x condition interaction effect was significant for inversion tilt (p = .002) but was not significant for anterior translation (p = .661).  Follow up analysis showed a significant difference between the conditions for post-exercise inversion tilt (p < .001).  Pairwise comparison revealed the non-elastic taped condition was significantly different from the elastic taped conditions and the untaped condition.  There was not a significant difference between the conditions for post-exercise anterior translation (p = .980).  This study demonstrates that elastic tapes cannot effectively restrict inversion tilt in physically active subjects.  None of the conditions significantly restricted anterior translation.  The findings from this study challenge the notion that elastic tape can effectively prevent talocrural-subtalar joint displacement during physical activity.
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INTRODUCTION

Approximately 23,000 ankle sprains occur per day in the United States.1  Although ankle taping is the most widely used method for preventing ankle injuries of competitive athletes, it is also the most debated method, particularly with respect to taping techniques and tape material.2-8  Predominantly, non-elastic cloth tape is the taping material used for protecting the ankle during physical activity.  Nevertheless, the use of elastic tape is gaining favor, because of the increased joint mobility the tape allows.9,10 Elastic tape manufacturers claim their products are equal or superior to non-elastic tape in protecting the ankle during physical activity.11,12  There are two classifications of elastic tape: 1) adhesive (adheres to the skin) and 2) cohesive (adheres to itself, but not to the skin) .11  To date little research has been conducted to determine whether elastic tape is as effective as non-elastic tape in restraining potentially injurious ankle motions during physical activities.4 

The term ankle joint is sometimes used as a synonym for the talocrural joint.13  However, the term ankle is also frequently used to refer to the linkage between the leg and foot segments, which includes both the talocrural and subtalar joints.13-16  Since movement of the ankle involves movement of both the talocrural and subtalar joints, this study will refer to the ankle joints as the talocrural-subtalar joint complex.  Anterior translation of the foot occurs in relation to the leg as a forward glide.  The term Inversion tilt (inward motion of the sole of the foot) is an uni-plane motion that coincides with the long axis of the foot.  Inversion tilt is different from inversion, which is a tri-planer, rotary motion of the foot which occurs at the subtalar joint.13,15
Ankle taping is believed to protect the ligaments, of the ankle from injury by preventing excessive inversion and anterior translation of the talocrural-subtalar joint complex.5,8,17-18  Traditionally, researchers have said that excessive talocrural-subtalar joint motions must be restrained for the lateral ankle ligaments to be protected.  Tape has been described mechanically as an external ligament, which provides support and adds to the mechanical stability of the ligaments.20,21  Research has shown that, despite loosening after exercise, tape does provide some degree of joint motion restraint.2,4,18,19,22-24  Non-elastic tapes are typically used for this purpose, since they are stiffer, and therefore, appear to be more likely to prevent excessive talocrural-subtalar joint motions. 

Instrumented measurement of the ankle using an ankle arthrometer is a relatively new method of quantifying movements of the talocrural-subtalar joint complex.8,25  The ankle arthrometer incorporates a 6-degrees-of-freedom spatial-kinematic linkage system which measures anteroposterior (AP) translation in millimeters and inversion-eversion tilt (I-E) in degrees.25-27  Previous research has established the reliability of measurements by interclass correlation coefficient (ICC AP = .82, I-E = .93).25,28  The validity of the measurements has been established with cadaver specimens.  A bone-to-bone 6-degrees-of-freedom (DF) spatial kinematic linkage was attached to the tibia and calcaneus, while the ankle arthrometer with a separate 6 DF spatial kinematic linkage was attached to the ankle of the cadaver specimen as described in previous research.25,26  A linear regression analysis showed a strong relationship between bone motion and arthrometer measurements (r = .88).  The ankle arthrometer has been used to measure the restrictive properties of non-elastic tape conditions, both before and after exercise, but has not been used to study the restrictive properties of elastic tape conditions, nor used to compare elastic tape to non-elastic tape conditions.

We utilized the PowerFlex Taping System for Soccer Players (PFTS) to apply both the cohesive elastic and adhesive elastic taped conditions.11  The PFTS requires that circumferential base and external anchor strips, and four stirrups be applied with non-elastic tape.  The difference between the three taped conditions involved the heel-locks, figure-of-eights and the closing wrap applied in a circumferential layer, with the respective tapes. 

The purpose of this study was to determine if an elastic taped condition could restrain talocrural-subtalar joint displacement or angular motions as effectively as a non-elastic taped condition among physically active subjects.

METHODS 

Subjects
Fifteen physically active college students (age 25 + 3.6 years, mass 77 + 11.4kg, height 172 + 11.6cm) were asked to read and sign an informed consent.  Subjects then completed a health questionnaire to determine if they had suffered an ankle sprain in the last six months or if they were currently suffering from conditions that would prevent them from completing all aspects of the study safely and effectively.  If a disqualifying condition was found subjects were not allowed to participate.  The Institutional Review Board of the University of Tennessee-Chattanooga approved the study. 

Procedures

Four conditions were tested:

1. Non-elastic taped condition (non-elastic tape used for all components) 

2. Cohesive elastic taped condition (with non-elastic tape components) 

3. Adhesive elastic taped condition (with non-elastic tape components)

4. Untaped condition

Subjects received all four conditions in a randomized order.  Two conditions were tested at a time, with one condition randomly applied to the right ankle and a different condition randomly applied to the left ankle.  One certified athletic trainer performed all tape application.  An untaped condition was measured on both ankles before exercise.  One ankle was randomly selected and tested without tape post-exercise.  The randomly selected ankle was not taped during the exercise session. 

A foam prewrap material (J Wrap, Johnson & Johnson Consumer Products Companies, Inc., Skillman, NJ) was applied in a heel lock pattern that covered the heel of the ankle to be taped for all three taped conditions.  The covering spanned from approximately 2cm above the malleoli to the instep of the foot.  Adhesive spray was not applied to the skin.  The PowerFlex Taping System for Soccer Players (PFTS) was utilized to apply the cohesive elastic and adhesive elastic tapes, the procedure required that adhesive sprays not be utilized.11  All three taped conditions were compressed by the athletic trainer, because the PFTS procedure requires that the cohesive elastic tape be compressed throughout the procedure.11  

The non-elastic tape (3.8cm Coach Athletic Tape, Johnson & Johnson Consumer Products Companies, Inc., Skillman, NJ) was applied by placing two circumferential base anchor strips to the lower third of the calf and one strip was applied to the forefoot proximal to the fifth metatarsal.  Base anchor strips were placed directly to the skin.  Four stirrups were applied in a medial to lateral direction.  Three circumferential external anchor strips and three horseshoe straps were applied perpendicular to the stirrups in an overlapping manner from proximal to distal.  Four heel-locks and four figure-of-eights were applied in a continuous manner.  The taping was closed with a circumferential layer of non-elastic tape from the malleoli to the proximal external anchor strips on the lower third of the calf.  An external anchor strip was applied to the forefoot proximal to the fifth metatarsal.5,29  The athletic trainer compressed the tape with the hands.

 The cohesive elastic tape (5.1cm PowerFlex, Andover Coated Products, Inc., Salisbury, MA) and adhesive elastic tape (5.1cm Sher-Light, Tyco Healthcare / Kendall, Mansfield, MA) were applied using the PFTS (Andover, 2002).  First a base layer of elastic tape (cohesive or adhesive respectively) was applied to the ankle from the forefoot to the lower third of the calf in a circumferential manner.  The tape was applied by pulling the roll tight to remove most of the slack and placed directly on the skin.11  The base wrap was compressed with the athletic trainer’s hands.  Two circumferential base anchor strips of non-elastic tape were applied to the proximal end of the base tape and one to the forefoot proximal to the fifth metatarsal.  Four stirrups were applied in a medial to lateral direction and three circumferential external anchor strips were applied over the stirrups in an overlapping manner from proximal to distal using non-elastic tape.  Four heel-locks and four figure-of-eights were applied in a continuous manner using the respective tape (cohesive elastic or adhesive elastic) applied with most of the slack removed by pulling the roll tight.  The athletic trainer compressed the tape with both hands.  An external anchor was applied with non-elastic tape to the forefoot and the proximal end of the taping.  The entire ankle taping was again compressed with the athletic trainer’s hands.11
Instrumentation

Subjects were instructed to lie supine on an unpadded table with the ankle in an anatomically neutral position.  The leg was secured against the table with a strap just above the malleoli.  Subjects were verbally instructed to keep the leg muscles relaxed throughout testing. 

The four conditions were tested using an instrumented ankle arthrometer (Blue Bay Research, Inc., Milton, FL).  Measurements were recorded for inversion tilt and anterior translation both pre-exercise and post-exercise.  The ankle arthrometer consisted of an adjustable plate fixed to the foot, a load-measuring handle attached to the footplate through which load was applied, and a shin pad to secure the leg with a 6-degrees-of-freedom spatial kinematic linkage system.  A computer with an analog-to-digital (A/D) converter was used to record the data.25
The examiner manually applied the loading force through the arthrometer loading handle.  Anterior and posterior loads were applied at 125N, while inversion tilt and eversion tilt were applied at a 4Nm torque load.25-27  The examiner watched the computer monitor to determine when the desired load levels were reached and the computer automatically recorded the corresponding displacement, i.e. (anterior translation (mm) or inversion tilt (degrees)).  A total of three trials were measured and recorded on a data collection sheet.  The averages of three trials were used for statistical analysis.

Exercise Session

Each subject completed an exercise session that took an average of 30 minutes to complete, including rest intervals.  The exercise session consisted of an 805m jog warm-up, a shuttle run, a figure-of-eight run and a one-legged hop pattern.  Subjects were instructed to jog at a fast pace, around an indoor arena five times to complete the 805m. 

Two 275m shuttle runs followed.  A distance of 23m was measured on a college regulation basketball court.  Subjects were instructed to run as fast as they could down and back six times.  They were instructed to alternate which foot they planted with at the end of the 23m to ensure that all taped conditions were equally stressed.  Subjects were timed during the shuttle run to ensure consistency of effort.  They were given a minimum of 5 minutes and a maximum of 10 minutes to rest before completing the second 275m shuttle run.  Subjects were then allowed the same rest interval before completing the next portion of the exercise session.

Next, subjects performed two figure-of-eight pattern runs in each direction, totaling four figure-of-eight runs (Figure 1).  Cones were placed on a college regulation basketball court and subjects were instructed to run as fast as they could around the outside of the cones.  Subjects were instructed to round the corners and not to ‘cut’ or ‘plant’ the foot to get around the cones.  Subjects were timed to ensure consistency of effort and were allowed up to 30 seconds to rest between runs.  

Finally, subjects completed a one-legged hop pattern (Figure 2).  The one-legged hop pattern was based on an Agility Hop Test used by Demeritt et al.30  Subjects were given instructions to complete the seven box hop pattern by hopping as quickly as they could on one leg.  Hopping down and back finished one pattern and subjects completed two patterns for each leg.  Boxes were marked on the floor with tape and were measured approximately 30cm apart.

Measurements were obtained over two testing days with subjects receiving two conditions on each day.  There was variability in the length of time between the first and second testing days, which ranged from one day to two weeks.  The multiple testing days were utilized to prevent fatigue from being a factor in the subject’s ability to equally stress the tapes during the exercise session.  We timed some portions of the exercise session to show consistency of effort and all subjects showed similar completion times from one test day to the next.  

Statistical Analysis

Separate 2x3 (trials by conditions) repeated measures ANOVAs were performed for inversion tilt and anterior translation.  The trials were defined as pre-exercise and post-exercise measurements and the conditions were defined as the three taped conditions.  A significant trial by condition interaction effect was interpreted as evidence that the taped conditions did not loosen to the same extent.  Bonferroni adjustment was made for multiple ANOVAs, establishing the adjusted alpha level at .025. 

Follow up analysis included separate four factor repeated measures ANOVAs on inversion tilt and anterior translation post-exercise.  The four conditions included the three taped conditions and the untaped condition.  A significant difference was interpreted as evidence that the mean displacement of the conditions post-exercise were not equal.  Bonferroni adjustment was made for multiple ANOVAs, establishing the adjusted alpha level at .025.  Because variance was expected to be greater for the untaped condition than for the taped conditions, Mauchley’s test for sphericity was performed to ensure that the sphericity assumption was not violated.  Pairwise comparisons were planned for demonstration of any significant differences in post-exercise displacement.  All statistical analyses were performed with SPSS software (version 12.0, SPSS, Inc., Chicago, IL).

RESULTS

The trial x condition interaction effect was significant for inversion tilt (F2, 28 = 8.24, p = .002; η2 = .37).  The power to reject the null hypothesis was strong (1- β = .94).  Figure 3 demonstrates the interaction between the three taped conditions pre-exercise and post-exercise for inversion tilt.  Table 1 provides the means and standard deviations of inversion tilt pre-exercise and post-exercise.  The main effect for trials was significant   (F 1,14 = 40.67, p < .001; η2 = .74) indicating that loosening occurred from pre-exercise to post-exercise.  The power to reject the null hypothesis was very high (1- β = 1.00).  Figure 4 illustrates the magnitude of loosening for the taped conditions. 

Further analysis of post-exercise inversion tilt for the three taped conditions and the untaped condition demonstrated a significant difference between the conditions (F 1.5, 20.7 = 87.26, p < .001; η2  = .86).  The power to reject the null hypothesis was strong (1-β = 1.00).  Pairwise comparison revealed that all post-exercise taped conditions were significantly different from the untaped condition (p < .001).  Furthermore, there was a significant difference between the non-elastic taped condition and the cohesive elastic taped condition (p = .006) as well as between the non-elastic taped condition and the adhesive elastic taped condition (p = .004).  There was not a significant difference between the cohesive elastic taped condition and the adhesive elastic taped condition     (p = .169)(Table 3).  

The trial x condition interaction effect was not significant for anterior translation (F 2,28 = .449, p = .643).  The main effect for trials was not significant (F 1,14 = .131, p = .722), indicating that there was not a change in the restriction of anterior translation from pre-exercise to post-exercise. The main effect for conditions was not significant (F 2, 28 = .449, p = .643), indicating that there was no difference between the taped conditions.  Table 2 presents the means and standard deviations of anterior translation pre-exercise and post-exercise.  Follow up analysis for comparison of the three taped conditions to the untaped condition failed to demonstrate a significant post-exercise difference between the four conditions (F 3,42 = .062, p = .980).  

Discussion  
The non-elastic taped condition provided more restriction to inversion tilt than either the cohesive or adhesive elastic taped conditions after a 30-minute exercise session.  However the three taped conditions were statistically equivalent to the untaped condition in terms of restriction to anterior translation. 

For inversion tilt displacement, all three taped conditions loosened from pre-exercise to post-exercise; however, the non-elastic taped condition had the least amount of loosening while the adhesive elastic taped condition showed the greatest loss in restriction of inversion tilt (Figure 4).  The results were similar to previous research, which has shown that taped conditions loosen after exercise.2,4,18,19,22-24  Despite loosening, a degree of support was provided by the taped conditions to the talocrural-subtalar joint complex.  The restriction was greater than an untaped condition for inversion tilt. 

We do not believe procedural differences between the non-elastic taped condition and the PFTS, utilized to apply the elastic taped conditions, effected the results.  The PFTS procedure required a base layer of elastic tape, which added tape to the procedure.  Alt et al.2 showed that material saving techniques were less effective, and therefore, more tape provided better support.    All three taped conditions utilized non-elastic tape to apply the anchor strips and stirrups.  Rarick et al.5 demonstrated that stirrups provided the greatest amount of resistance to combined inversion and plantar flexion after exercise.  Therefore, it was the material characteristics of the figure-of-eights and heel locks which, did or did not, provide support.  

There was not a significant difference between the taped conditions for restriction of anterior translation.  Pairwise comparison demonstrated that all three taped conditions were equivalent to the untaped condition in restriction of post-exercise anterior translation.  The results demonstrate that taping material does not affect the restriction of anterior translation.  The configuration of the tape, or how the tape is applied, is the likely factor in restricting anterior translation.

 Wilkerson et al.8 used an ankle arthrometer to compare a standard Gibney with a modified taping procedure, which incorporated the subtalar sling (STS).  Wilkerson’s post-exercise untaped condition for inversion tilt and anterior translation are similar to the current study (Table 4).  Wilkerson’s standard Gibney is equivalent to our non-elastic taped condition. The restriction of post-exercise inversion tilt provided by the standard Gibney, was slightly more restrictive than that provided by our non-elastic taped condition.  The difference can probably be explained as variability between the persons who applied the tape in each study.  The modified taping procedure, with the STS, clearly restricts post-exercise inversion tilt to a greater extent than our non-elastic taped condition.  

The results of the current study demonstrated that none of the taped conditions restricted anterior translation and were equivalent to an untaped condition post-exercise.  When we compared the standard Gibney of Wilkerson et al.8 to our non-elastic taped condition the restriction of post-exercise anterior translation were similar with only a 2.33 + 3.6mm differences between the conditions (Table 4).  However, the modified taping procedure with the STS was twice as effective in decreasing post-exercise anterior translation then our three taped conditions.  Since the STS is designed to restrict anterior translation at the subtalar joint, the comparison demonstrates that taping procedures have a greater effect on the restriction of anterior translation than material characteristics.  

The findings from the current study challenge the notion that elastic tape can effectively prevent talocrural-subtalar joint displacement during physical activity.  While there was not a significant difference in the restriction of anterior translation, the non-elastic taped condition clearly restricted post-exercise inversion tilt better than the cohesive and adhesive elastic taped conditions.  Research has shown that the prevention of excessive inversion will decrease the severity of inversion ankle sprains.6,17,31  However, further research needs to be performed on taping procedures to determine the most effective way of applying the tape to restrain anterior translation. 

Little research has been performed using subjects with injured ankles, it is unclear how these taped conditions would affect the stability of symptomatic subjects.  More research needs to be performed on subjects with lateral ankle instability to determine which taping procedure would have the greatest effect in preventing abnormal displacement.
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Table (1):  Mean Displacement Inversion Tilt (deg.)
Taped


   Pre-exercise

         Post-exercise

Condition

   (mean + SD)

        (mean + SD)
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Table (2):  Mean Displacement Anterior Translation (mm)
Taped


   Pre-exercise

         Post-exercise

Condition

   (mean + SD)

        (mean + SD)
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Table 3. Pairwise Comparison of Inversion Tilt Post-exercise


Conditions





P-value


Non-elastic to Untaped



< .001

Cohesive elastic to Untaped



< .001

Adhesive elastic to Untaped



< .001

Non-elastic to Cohesive elastic

  
   .006

Non-elastic to Adhesive elastic

  
   .004

Cohesive elastic to Adhesive elastic

  
   .167



Table 4.  Comparison of Tape Procedures Post Exercise

WILKERSON ET AL.8



CURRENT STUDY


Inversion Tilt


Untaped

32.66 + 9.1

Untaped

32.21 + 9.2

Standard

10.20 + 2.4

Non-elastic

12.93 + 3.0

Modified (STS)  
7.19 + 1.8

Cohesive Elastic
16.27 + 4.8








Adhesive Elastic
15.23 + 2.5


Anterior Translation

Untaped

9.25 + 2.3

Untaped

8.45 + 1.9

Standard

6.19 + 1.6

Non-elastic

8.52 + 2.0

Modified (STS)
4.92 + 1.3

Cohesive Elastic
8.65 + 1.9








Adhesive Elastic
8.71 + 2.4

Legend to Figures

Figure 1. 
Figure-of-Eight Run:  A total of four Figure-of-Eight Runs were completed in alternating directions.

Figure 2.        One-Legged Hop Pattern:  The One-Legged Hop Pattern was completed by going down and back two times for each ankle.

Figure 3.       Displacement of Inversion Tilt:  The graph demonstrates the relationship between the taped conditions and the amount of restriction pre-exercise to post-exercise.

Figure 4. 
Loosening of Inversion (Post-exercise minus Pre-exercise):  Loosening of conditions was obtained by subtracting the post-exercise measurements from the pre-exercise measurements.  The non-elastic tape lost the least amount of restriction pre-exercise to post-exercise while the adhesive tape lost the most restriction.

  Figure 1. Figure-of-Eight Run

Figure 2. One-Legged Hop Pattern


Figure 4.  Displacement of Inversion Tilt


                     Figure 4.  Loosening of Inversion (Post-exercise minus Pre-exercise)
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