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Abstract

The aim of this study was to investigate the effects of orthosis and taping, which are
commonly used by athletes, on balance and proprioception in licensed basketball players with
healthy ankles. Twenty basketball players with a mean age of 16+1.5 years participated in this
study. Participants were assessed three times: barefoot, with taping, and with orthosis. We used
the Modified Star Excursion Balance Test to assess dynamic postural control, the Balance Error
Scoring System to assess static postural control, and the Monitored Functional Squat System to
assess proprioception. In the Star Excursion Balance Test, anterior reach was better in barefoot
condition (p=0.02). In the Balance Error Scoring System measurements, orthosis and taping
increased error for tandem stance (p=0.03) and single leg stance. During proprioception
assessments, there was no statistically significant difference between the number of errors
recorded among the three conditions in eyes open and eyes closed (p>0.05). This study’s results

show the negative effects of orthosis and taping on balance and dynamic postural stability. It was
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found that functional orthosis and taping applications may have some negative effects compared
to barefoot in terms of the static and dynamic postural stability parameters related to the ankle.
These results suggest the advantage of protection and stability provided by these external

supports has a cost for the static and dynamic postural control.
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Ozet

Bu c¢alismanin amaci sporcularda sik kullanilan ortez ve bantlamanin saglikli ayak
bileginde denge ve propriosepsiyon iizerine olan etkilerini arastirmaktir. Calismamiza yas
ortalamasi 16.6+1.5 yil olan 20 goniillii basketbol oyuncusu katildi. Katilimcilar ¢iplak ayakla,
ortez ve bantlama uygulamasi ile olmak iizere 3 kez degerlendirildi. Dinamik postural kontroliin
degerlendirmesi icin “Modifiye Star Excursion Balance Test”, statik postural kontroliin
degerlendirmesi icin “Balance Error Scoring System” ve eklem pozisyon hissinin
degerlendirilmesi icin “Monitorize Fonksiyonel Squat Sistem” kullanildi. Modifiye Star Excursion
testte anterior yone uzanimlar ¢iplak ayakla daha iyiydi (p=0.02). Balance Error Scoring System
degerlendirmelerinde ortez ve bantlama, tandem durus (p=0.03) ve tek ayakta durusta (p=0.03)
olusan hatalar1 artirdi. Propriyosepsiyon degerlendirmeleri sirasinda, gozler agik ve gozler
kapali ii¢ durum arasinda kaydedilen hata sayisi istatistiksel olarak anlaml bir fark géstermedi
(p>0.05). Bu calismanin sonuglari ortez ve bantlamanin denge ve dinamik postural stabilite
lizerine olumsuz etkilerini gostermektedir. Ayak bilegi ile ilgili statik ve dinamik postural
stabilite parametreleri agisindan fonksiyonel ortez ve bantlama uygulamasinin ¢iplak ayak ile
karsilastirildiginda bazi olumsuz etkilerinin olabilecegi belirlendi. Bu sonuglar, eksternal
desteklerin sagladigi koruma ve stabilite avantajinin statik ve dinamik postural kontrol i¢in bir

bedeli oldugunu gostermektedir.

Anahtar kelimeler: Ayak bilegi, Denge, Bantlama, Ortez, Propriyosepsiyon.
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1. Introduction

Injuries in the ankle joint complex of basketball players cause them to take a short break
from playing, which may eventually affect their future sport life permanently (Chaiwanichsiri et
al,, 2005; Doherty et al.,, 2014). Basketball players experiencing injuries in the ankle are at a higher
risk of a recurrent injury (Riva et al., 2016). This disorder also includes the loss of proprioception
in acute injuries. Losses in dynamic postural control and proprioception occur due to the
structures around the ankle after injury, which are risk factors for new injuries(Cho & Park, 2019;
Simpson et al,, 2019).

Ligamentous ankle injuries are the most common sports injuries in athletes and constitute
10%-30% of all sports injuries (Andreoli et al,, 2018; Carter et al,, 2011). Taping and orthosis
applications are recommended and applied in the literature as effective physical tools to prevent
the occurrence of new injuries both during the post-injury rehabilitation period and during the
period of return-to-sport (Olmsted et al., 2004; Derya Ozer et al,, 2009). There are studies
suggesting that the application of taping and orthosis restricts joint movement and improves
proprioception in the ankle and subtalar joints, and affect peroneal muscle activity (Bicici et al,,
2012; Gehrke et al,, 2018; Olmsted et al., 2004; Quackenbush et al., 2008; Wilkerson et al., 2005).
While taping is opted for because it increases the sense of joint position, the literature states that
it also loses its effectiveness due to fatigue (Fleet et al., 2009). The use of orthoses is among the
support tools recommended in the literature for the purpose of preventing recurrent injuries by
supporting ankle stability (Callaghan, 1997; de Camargo Neves Sacco et al., 2006; Doherty et al,,
2014; Olmsted et al., 2004; Riva et al., 2016; Stoffel et al., 2010).

Possible effects of taping and orthosis applications on the ankle after injury have been
reported in various studies in the literature (Bicici et al., 2012; de Camargo Neves Sacco et al.,
2006; Olmsted et al,, 2004). To determine the effects of these external supports on the ankle and
foot movements and on proprioception, to understand whether they affect balance
positively/negatively, and to reveal their effects on performance after acute or chronic injuries,
contaminating factors that may occur in terms of these parameters should be eliminated in the
study. Such results can be achieved through studies involving healthy feet and ankles. However,
when the literature is analyzed from this point of view, there is no study on the effects of these
supports on the healthy ankle.

We planned this study to investigate the effects of orthosis and taping applications on static

and dynamic postural control and joint position sense compared to barefoot in healthy basketball
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players. The hypothesis of the study is that taping and orthosis will positively affect the static and

dynamic parameters of postural control and decrease proprioceptive errors.

2. Material and Methods
2.1. Participants

This study was completed with 20 licensed, healthy, young basketball players (mean age
16.6 *+ 1.5 years). Players who did not experience any injury involving the lower extremity in the
previous 3 months, who did not have a vestibular problem, and who played basketball
professionally were included. Athletes with ligamentous injury or chronic instability in the foot-
ankle region, individuals older than 18 years old, and those who participated in less than 2
basketball exercises per week were excluded. The participants were provided with a written and
verbal explanation regarding the study procedures, and informed consent was obtained from
each subject prior to testing. This study was approved by the Institutional Review Board of
Hacettepe University (Number: E.69971; Date 11.11.2019).

Before the baseline measurements, all participants' age, sports age, injury history,
dominant lower extremity data, and leg lengths (from the Spina iliaca anterior superior to medial
malleolus in the supine position) were recorded. To determine the lower extremity dominance of
the individuals, the foot with which they hit the ball was inquired and the answer was recorded
as the dominant foot (van Melick et al, 2017). All the measurements administered were
performed three times: with barefoot, with the stabilizing orthosis, and with the taping
application. Tools specific to evaluate static and dynamic postural control and joint position sense
were used. The measurements were repeated after 7 days. Data were recorded only for the
dominant lower extremity. The acute effects of these three conditions on the evaluated
parameters were examined by performing measurements immediately after application for all
cases. The order of applications for evaluations was randomized and all evaluations were
performed only with barefoot, with tape application, and with orthoses, all without shoes. Before
measurements, the participants were asked to perform the tests 1-3 times in order for them to
get familiar with the measurement tools. The measurements were administered in the order

specified below.
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2.2. Protocol
2.2.1. Taping Applications

Nonelastic taping was used to investigate the effect of stabilizing taping (7 cm Mueller M
Wrap ProTape). Gibney closed basket weave taping method was applied, which stabilizes the
ankle mediolaterally and envelops the ankle to control the pronation and supination movements
of the subtalar joint. Taping was terminated with locking tapes in both supination and pronation
directions. Taping was terminated proximally at the muscle tendon junction of the
gastrocnemius-soleus muscle complex and at the distal midtarsal region (Figure 1)(Spanos et al.,
2008).

Figure 1. Non-elastic ankle taping

2.2.2. Functional Orthosis Application

To test the effects of orthoses on the ankle and foot, a Don Joy Universal Ankle Stirrup®
(DJO Inc.), a functional off-the-shelf orthosis, was used. This orthosis envelops the ankle not
restricting dorsiflexion and plantar flexion movements, provides some mediolateral stabilization
preventing pronation and supination movement of the subtalar joint, and encapsulates the
midtarsal region with a neoprene piece. The orthosis used for acute injuries and prophylactic
purposes consists of two thermoplastic rigid lateral skeletons combined with neoprene material

(Figure 2).
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Figure 2. Don Joy Universal Ankle Stirrup® functional orthosis

2.2.3. Static Postural Control

The Balance Error Scoring System (BESS) was used to determine the effects of the three
test conditions on static balance parameters. The test evaluates postural control at different
posture positions, and its reliability was established by Riemann et al.(Riemann et al., 1999) The
BESS test includes two different posture positions on the dominant foot on hard and soft surfaces.
These positions are single leg stance and tandem stance. The test was performed on soft and hard
surfaces. Individuals were asked to position their hands on the iliac crest and were told that that
the test would begin when they closed their eyes. We asked them to remain silent and still as
much as possible. If they lost their balance, we asked them to return to the test position as soon
as possible. In cases specified in Table 1, individuals received 1 error score. Higher scores indicate
decreased postural control. The players waited for 20 seconds with eyes closed and hands on the
iliac crest in each position, and the scoring was made based on errors recorded. If the player was
not able to maintain his balance for at least 5 seconds during the test, the test was assumed
incomplete at that position. The score of this individual was recorded as 1 point higher than the

athlete who got the highest score. Each point was scored as an error.

Table 1. Errors scored in the Balance Error Scoring System

Removing hands off the iliac crest

Opening eyes

Jumping, swinging, falling

Remaining more than 5 seconds off the test position
Flexion/abduction of the hip more than 30 degrees

Raising the heel or forefoot
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2.2.4. Dynamic Postural Control

Dynamic postural control is one of the important mechanisms in providing ankle and foot-
based balance strategies. The modified version of the Star Excursion Balance Test was used to
measure the effects of different test conditions on dynamic postural control. The modified Star
Excursion Balance test (mSEBT) is a clinical test used in the evaluation of dynamic postural
control with high test-retest values (ICC varies between 0.82 and 0.87)(Brumitt, 2008; Bulow et
al,, 2019; Gribble et al., 2012; Gribble & Hertel, 2003; Hyong & Kim, 2014). The test area starts at
a central point, extending in 3 different directions (anterior, posteromedial, posterolateral)
equally spaced, each 120 cm long, and lines were made visible using tapes fixed on the floor

(Figure 3).

Anterior

Posteromedial Posterolateral

Figure 3. Modified Star Excursion Balance Test set-up

Individuals were asked to reach out in three directions (anterior, posteromedial,
posterolateral) for 1-3 times for trial. After the trial, all individuals exercised on a bicycle
ergometer to warm up for 5 minutes, and before the test, they were prepared for measurements
by performing a slightly intensive stretching exercises on the knee extensor and flexor and hip
adductor muscles. During the test, the individuals were asked to stretch in three directions with
their non-dominant foot without support while the dominant leg was fixed on the ground. The
average of three stretches in each direction was recorded in cm. The test was performed twice for
each direction with 30 seconds of rest between directions. The values recorded were divided by

the leg length recorded in cm and multiplied by 100 in order to eliminate the length of the leg
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affecting the test result. Thus, the ratio of leg length to extension distance was recorded as a

percentage(Chang et al., 2020).

2.2.5. Joint Position Sense

The Monitored Functional Squat System® was used to measure the ankle joint sense of
the athletes. This method allows the measurement of neurophysiological parameters of the lower
extremity such as endurance coordination, proprioception, and reaction time (Maffiuletti et al.,
2005; Derya Ozer et al., 2009). In the Functional Squat System, where individuals are positioned
on their back, they are asked to find and select the position of the red "+" sign that appears on the
screen with their lower extremities only with the dominant foot and maintain that position
(Figure 4). Before the test, the maximum range of motion was calculated by bringing the knees to
full extension while the soles of the feet were in contact with the device. The visual feedback was
given to the participants in the first two tests, they were asked to complete the test only with
proprioceptive information without feedback in the last two tests. The test phase without visual
feedback was defined as eyes closed, and the test phase with visual feedback was defined as eyes
open. The proprioceptive test is a good indicator of the proprioceptive capacity of the joint at the
chosen angle. The aim was to keep the lower limb at desired angles with motor learning with and

without visual stimuli at different ankle and knee angles(Derya Ozer et al., 2009).

Figure 4. Lower extremity positions of individuals during the joint position sense measurement
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2.3. Statistical analysis
The data were analyzed using SPSS 15.0 for Windows statistical software program. The
Kruskal Wallis test was used for comparison of the three groups. Statistical significance level was

set at p<0.05.

3. Results and Discussion

Twenty licensed basketball players with an average age of 16.6+1.5 years with healthy
ankles were evaluated in the study to investigate the effects of ankle and subtalar joint stabilizing
orthosis on the frontal plane and taping application on static and dynamic postural control and
joint position sense. The demographic characteristics of the participants are presented in Table

2.

Table 2. Participant characteristics (n=20)

Parameter /characteristics

Age (year) 16.6(1.5)
Height (cm), mean (SD) 190.4(8.0)
Weight (kg), mean (SD) 79.2(9.1)
BMI (kg/cm?), mean (SD) 21.8(1.8)
Leg length (cm), mean (SD) 100.8 (6.2)
Sports age (year), mean (SD) 5.7 (2.1)
History of ankle injury, n (%) 15 (75)
Dominant leg right/ left, n (%) / n (%) 5(25) /15 (75)

The BESS results, in which static postural control was evaluated, showed that the values
obtained with barefoot, taping, and orthosis showed differences in the evaluation performed on
single foot on hard surface (p = 0.03). These results showed that the amount of error in balance
measurement with barefoot was significantly less than the other two conditions, and the error in
the taped foot was less than that with orthosis, but there was no statistically difference between
the two conditions (p>0.05) (Table 3).

According to the BESS test results, there was difference between groups in the
evaluation performed on one foot on soft surface (p = 0.02). It was found that this difference was
due to the fact that the error recorded with the orthosis on the soft surface was significantly

higher than the error with barefoot, but there was no difference between the taping application
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and the data obtained with the orthosis and barefoot (p>0.05) (Table 3). The data obtained in
tandem stance on hard surface showed that there was difference between the errors made in
three different conditions (p=0.03). It was observed that this difference was related to the fact
that the amount of errors recorded with orthosis was significantly larger than the error made
with barefoot, and that there was no difference between taping application and orthosis and
barefoot data (p>0.05) (Table 3). However, there was no difference in the comparison of the

errors made in tandem stance on soft surface (p> 0.05) (Table 3).

Table 3. Static postural control measurement BESS results

Barefoot Orthosis Tape P
(Mean%SD) (MeantSD) (MeantSD)
Single firm (count) 7.75%£5.8 11.4+4.6 11.2+5.3 0.03*
Singe soft (count) 11.9+4.2 15+5.7 13.4+6.4 0.02*
Tandem stance firm (count) 3.0£2.5 4.9+2.4 4.4%3.5 0.03*
Tandem stance soft (count) 6+23 74+48 7.2+4.6 0.43

*p< 0.05

Looking at the results of modified Star Excursion Balance test (mSEBT) used in the
evaluation of dynamic postural control, it was found that there was a statistical difference
between the three conditions (p<0.05) in terms of stretching in the anterior direction, which was
due to the greater amount of extension recorded with barefoot. It was found that there were no
differences in the posterolateral and posteromedial directions in the three conditions tested
(p>0.05) (Table 4).

When the results of the measurements of the joint position sense performed with eyes
open and eyes closed were analyzed, no difference was found between the amounts of errors

recorded with eyes open and eyes closed in all three conditions (p> 0.05).

Table 4. Modified Star Excursion Balance Test values of the participants.

Barefoot Orthosis Tape
Directions (X+SD) (X+SD) (X+SD) p
Anterior 71.616.7 68.5+6.6 67.9+6.1 0.02*
Posteromedial 79.6+8.5 78.4+9.5 79.0+£8.9 0.38
Posterolateral 74.4+12.0 75.3£9.1 77.4+10.3 0.52

*p< 0.05
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In our study, we aimed to investigate the effects of non-elastic taping techniques, which are
widely used as a stabilizer in return-to-sport after sports ankle ligament injuries and for common
prophylactic purposes in athletes, and stabilizer functional orthoses on static and dynamic
postural control and joint position sense in young healthy basketball players. Conservative
treatment options for external support, such as taping and orthosis, are often used to support
injuries in athletes or to support injured athletes in the return-to-sport process (Koyama et al.,
2013; Olmsted et al., 2004; Quackenbush et al., 2008; Spanos et al., 2008; Wade, 2008). Taping
applications restrict excessive joint movement in the sprained ankle, providing mechanical
support to the weakened muscle tissue and joint capsule after the sprain (Quackenbush et al,,
2008). However, the issue of increased proprioceptive input from taping in the literature is still
controversial (Callaghan, 1997; Spanos et al., 2008). The closed basketweave taping method
chosen for the study, which was developed by Gibney, is used to prevent excessive inversion
movement after sports injuries and to prevent new injuries during rehabilitation after returning
to sports (Bicici et al., 2012; Quackenbush et al., 2008; Shoara et al., 2012; Spanos et al., 2008;
Wade, 2008).

Orthotics are recommended in basketball players in the literature to prevent ankle injuries
or to support injured ankle (Olmsted et al., 2004). In studies performed by professional athletes,
it was observed that there was no protective efficacy in healthy feet, while it improved balance in
athletes with instability (Baier & Hopf, 1998; Bennell & Goldie, 1994; Hadadi et al., 2009). Orthosis
is preferred because it is easy-to-use and more cost-effective than taping (Olmsted et al., 2004).
With the use of orthosis, the inversion range of motion decreases, the joint velocity decreases, and
muscle activation and excitability increase, all of which explain the mechanism of reducing injury
risk in basketball players (Taylor et al., 2015).

These two approaches are frequently used by the professional basketball players who
participated in the present study. In addition, professional athletes are exposed to more violent
forces during the game due to their high aerobic performance and strength, and competition,
which also increases the risk of injury. Especially in competitive and/or team sports, including
basketball, volleyball, handball, and football, players’ jumping, and landing activities include
moments when the sense of joint proprioception gains immense importance as much as the
ankle's static and dynamic postural control. There are studies showing that acute or chronic
injuries have biomechanically negative effects on these activities, which are important in sport

performance and success (McGuine et al., 2000; McKay et al., 2001). However, the extent to which
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the ankle and subtalar joint postural control and proprioceptive sense required by these types of
activities, which may determine the fate of the game, were affected by the external supports used
for therapeutic purposes, has not been subject to much research. These conservative approaches
are often preferred for the purpose of preventing injuries, preventing chronicization of the
damage, supporting post-injury treatment processes, and protecting the joint, and knowing how
these approaches iatrogenically affect static and dynamic balance parameters and the sense of
joint movement is important to shed light on how often these approaches should be used, and for
how long, and in what conditions.

In this study, young healthy basketball players with no history of acute ankle and subtalar
joint injury and who were not diagnosed with mechanical and physiological chronic instability
were included, and consequently, possible contaminating effects of previous injuries on the
parameters to be examined were eliminated. Moreover, given the frequent use of these two
applications in this study group, a comparison of the use and non-use of these supports on
sporting performance is also important for understanding their effects.

In order to investigate these effects, the BESS, which is a valid method used in the
evaluation of static postural control in the literature, was chosen (Broglio et al., 2009; Lee & Lee,
2017). It was shown that the BESS can reflect postural deficits better than dynamic tests in in-
training athletes because it contains static postures (Halabchi et al., 2019). In our study, according
to the results of the BESS data recorded on single stance and tandem stance, compared to the
measurements performed on barefoot, orthosis use and taping application were shown to
iatrogenically affect the static postural control in terms of ankle and subtalar joints. This result
suggests that the advantage of protection and stability provided by these external supports has a
cost for the static postural control that the athlete can provide with the ankle.

The Star Excursion Balance Test (SEBT) and its time-saving modified version Modified Star
Excursion Balance Test (mSEBT) are cost-effective, simple, and reliable methods that are
frequently used in evaluating the foot-ankle-based dynamic parameters of balance, and they are
accepted as a good alternative to complex devices in determining dynamic postural stability
(Onofrei et al,, 2019; van Lieshout et al., 2016). In terms of mSEBT results, the results obtained in
our study revealed that, while the athletes were on the dominant lower extremities, there was no
difference between the legs extending to the posterolateral and posteromedial direction, and
there was a difference in favor of the barefoot condition in the anterior direction. This result can

be interpreted as that the basic indication for the taping and functional orthosis used provides
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mediolateral stabilization, but also restricts the forward movement of the tibia. In other words,
they restrict the amount of dorsiflexion movement of the leg while the foot is still.

In our study, the sense of joint position, which is accepted as an important parameter of
proprioception provided by mechanoreceptors in athlete's ankle, subtalar joint, and surrounding
soft tissues, was tested using the Monitored Functional Squat System following the evaluation
protocol recommended in the literature, which is used in the evaluation of performance athletes
and it is often used in studies on the evaluation of post-injury treatment effects (Bicici et al., 2012;
D.Ozer etal,, 2011; Derya Ozer et al., 2009). The results of the measurements of the joint position
sense with eyes open and eyes closed showed there was no statistically significant difference
between the amount of errors recorded among the three conditions in eyes open and eyes closed,
which contradicts with the results reported in the literature that full contact external supports
providing stabilization such as taping applications are advantageous in terms of joint
proprioception. These results can also be attributed to the assessment of the immediate effects of
such applications as orthosis and taping, since proprioception is among the deep cortical senses
and is unlikely to change with rapid adaptation. In addition, the test protocol used in the
evaluation of joint position sense in the ankle varies mostly in terms of dorsiflexion movement,
and, also the mediolateral movement is not so dominant. However, the external supports used are
more effective on the control of movements in this direction than barefoot.

As a result, it was found that functional orthosis and taping application may have some
negative effects compared to barefoot in terms of the static and dynamic postural stability
parameters related to the ankle. This result emphasizes that, in athletes, the parameters revealed
to be restricted by the external supports used here should be used with caution when sporting
performance is needed for success. At this point, the secondary injury to be prevented with
orthosis and the possible gains to be achieved during the protection phase of the treatment, and
the limitations to be experienced with the use of orthoses should be evaluated comparatively, and
decisions should be made in line with the priorities. Although our study results show similar
results between orthosis and taping, when the arithmetic mean values are examined, it is seen
that better results are obtained from orthosis despite the increase in the error parameters in
balance parameters compared to the data recorded with barefoot.

Our study contributes to the literature by revealing that the advantages such as stability,
protection, and prevention provided by external supports may have a downside, such as some

iatrogenic limitations during sports performance. However, in our study, despite the fact that
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professional athletes were chosen as subjects, field tests for sportive performance were not used
in the evaluation and follow-up tests after a certain period of use of taping techniques and orthosis

application were not performed, which weakened the results of the study.

4. Conclusion

This study outlines functional orthosis and taping application may have some negative
effects compared to barefoot in terms of the static and dynamic postural stability parameters
related to the ankle. It should be kept in mind that orthoses should be applied in individuals whose

indications are established.
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