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ABSTRACT

Medial Tibial Stress Syndrome (MTSS) is an injury caused by vigorous exercise along the
posterior medial part of the tibia. Kinesio Taping (KT) has emerged as a preferred approach for
the management of MTSS due to its non-invasive, minimal discomfort, less time-consuming, and
lower side effects. It has been used as a therapeutic tool in prevention and rehabilitation protocols.
The purpose of this study was to investigate the effects of lower leg KT on ankle proprioception,
static and dynamic balance in athletes suffering from MTSS. Thirty-two male athletes (20 — 32
years old) with MTSS participated in this study. They were randomly divided into two
experimental (KT) and control (placebo) groups. The way athletes entered the study was based on
the leg pain questionnaire based on Yates and White criteria. Measurement tools included a
universal goniometer, a single-leg stance test, and a Y-balance test. Ankle proprioception, static
and dynamic balance were measured in both groups before and after 24 hours of use of lower leg
KT. The results showed that lower leg KT was effective in improving the ankle proprioception of
dorsiflexion and plantar flexion, static and dynamic balance in athletes with MTSS and the
difference between the experimental and control groups in all study variables was significant.
Based on the findings of this study, it can be suggested that athletes with MTSS use lower leg KT
to enhance their proprioception and balance, which could lead to improved performance.
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INTRODUCTION

Medial tibial stress syndrome (MTSS) is pain and irritation in the tibia caused by repetitive strain. From
a clinical point of view, MTSS is considered a separate injury from stress fracture, chronic compartment
syndrome, and other neuropathies affecting the distal region of the lower leg [1]. In this syndrome, after
any intense physical activity that puts a lot of pressure on the lower leg, the muscles around the tibia become
inflamed and painful. MTSS is also known as periostitis, shin splints, and exercise-related lower leg pain.
Anatomical structures that are the common location of symptoms of this syndrome include more than one-
third to one-half of the distal region of the medial posterior border of the tibia, soleus muscle, flexor hallucis
longus, and deep fascia of the crural [2]. This syndrome is one of the most common injuries caused by
overuse, which has a high prevalence in runners and young athletes of 20 to 30 years of age. Studies have
shown that this complication has a prevalence of 13.6 to 20% among runners [3].

Generally, the risk factors causing this syndrome are divided into two groups: intrinsic and extrinsic risk
factors. Extrinsic risk factors are related to the duration and intensity of exercises, history of activity,
inappropriate shoes, and hard and uneven surfaces. Intrinsic factors also include an increase in body mass,
a decrease in the foot arch, a drop in navicular, an increase in foot pronation, an increase in range of motion
of ankle plantar flexion, an increase in external rotation of the hip joint during flexion in men [4], kinematic
changes in the forefoot and hindfoot [5] and high and prolonged soleus muscle activity during the
acceleration phase of running, and biomechanical alterations when running [3, 6, 7].

Some researchers believe that the low biomechanical changes at the base of support affect balance and
postural control [8]. It has been reported that there are noticeable changes in balance, especially medial-
lateral stability in the military with MTSS. In some studies, the importance of proprioception as the most
critical system for balance control and stability is emphasized through two feedback and feed-forward
mechanisms [9]. Scientists believe that shin splint pain in the posterior and medial areas of the lower leg
reduces people's proprioception and performance. So that the stimulation of pain receptors causes disrupted
reports from the proprioceptive to the central nervous system. As a result, proprioception information is not
properly analyzed [10].

Generally, it is difficult to prevent MTSS, because its causes are not fully recognized. But for a long time,
kinesio taping (KT) has been used by elite athletes to provide mechanical support for the musculoskeletal
system for injury prevention and post-rehabilitation [11, 12]. KT is a thin tape that has elastic properties
similar to the skin, which allows it to function in its natural range of motion [13]. In athletes, strong
proprioceptive feedback is required not only from muscles but also from other proprioceptive sources such
as the skin. KT has been reported to increase proprioceptive information due to direct contact with the skin
[14]. KT is more flexible than traditional orthopedic tapes, covers a wider area, and can be used for a longer
time [15].

Most of the studies on the effectiveness of KT have been done on healthy people. Results of a meta-
analysis showed that KT can lead to improvement in strength, force sense error, and active range of motion,
but does not have a significant effect in improving pain or joint position sense of the lower extremity [16].
Studies that have examined the effects of KT on injury have shown mixed results for pain in the foot [17],
knee [18-20], and shoulder [21, 22]. In a recent study focusing on college athletes with chronic ankle
instability, researchers looked at how ankle KT affected the biomechanics of single-leg drop landing. The
results showed that ankle KT caused a reduction in ankle joint range of motion, ground reaction force rate
of loading, and mediolateral time to stability. It can also lower calf muscle energy consumption and aid in
dynamic balance [23]. Although the use of KT is popular to treat musculoskeletal injuries, there is still a
research gap investigating its effect on MTSS. Because research documents in this field are limited, and
their results are conflicting. In addition, no standard has been found for the tape, duration, direction, tension,
and location of attaching the tape [15]. Therefore, the purpose of this research is to examine the effect of
lower leg KT on proprioception of dorsiflexion and plantar flexion, static and dynamic balance in athletes
with MTSS. We hypothesize that the application of KT may increase ankle proprioception and balance.
One major benefit of our research was including a sham treatment option. If it is effective, this method can
be used as a solution to expedite the rehabilitation of this injury, which sometimes takes between 9 and 12
months to recover [24], in improving proprioception and balance.
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MATERIAL AND METHODS

The statistical population of this study contained male track and field athletes from Hamedan city, Iran,
aged between 20 and 32 years, who were selected purposefully. The statistical sample included 32 people
with MTSS, 16 people were in the experimental group (KT) and 16 people were in the control group
(placebo). The G-Power software (version 3.1.9.2) was used to calculate the sample size required for this
study. With a medium effect size of 0.35, an alpha level of 0.05, and a power of 0.8, a minimum of 24
participants were necessary, and because of the dropout, 32 people were considered for the sample size
[25]. The way athletes entered the study was based on the criteria of Yates and White, who had to complete
a questionnaire related to shin splint pain [1] to check their conditions to enter the study. To ensure the
participants’ consent to participate in this study, a written consent form was provided to them. All the
potential risks of the test were explained to the participants. The athletes present in the study were free to
participate or not participate in the test, and after declaring their cooperation, they could withdraw from the
research anytime they wanted. The inclusion criteria of the study include diffuse pain over five centimeters
in the distal two-thirds of the medial-posterior part of the tibia, itching in the anterior muscles of the tibia,
the onset of pain based on palpation of the medial-posterior part of the tibia, pain remaining for more than
a few days, the feeling of pain reduction during warm-up and its intensification with the increase of training
intensity, the feeling of the inside blade of the shin bone being uneven due to touch [24]. Participants who
possessed these conditions in any of their limbs met the criteria to be included in the study. Exclusion
criteria included fractures, surgery, and other musculoskeletal injuries in the lower extremities during the
previous six months, balance disorders (caused by problems other than MTSS), and participation in lower
leg and ankle rehabilitation programs in the last six months.

Process of Study

After selecting the participants, the single-leg stance test was used to measure static balance, and the Y-
balance test was used for dynamic balance. Ankle proprioception was also measured with a goniometer.
Then, KT was applied to the affected lower leg muscle, and 24 hours after its continuous use, the previous
tests were performed again. During 24 hours, participants were allowed to continue with their usual daily
activities.

Assessment of Balance Tests

Participants’ static balance was assessed using the single-leg stance test. After the warm-up, the
participants stood barefoot on the affected foot [26], and the heel was slightly removed from the ground.
The other leg was bent from the knee and placed next to the support leg's knee. Both hands were placed on
the hip joint. The time from the moment of starting this state to the disruption of the balance was recorded
in seconds. If the participant's foot was separated from the knee, hopped, the heel of the support foot hit the
ground, or the hands were separated from the waist, time would stop. Before the test, the participants were
allowed to practice how to perform the test. For each participant, two measurements were taken and the
better performance was noted as their record [27].

The Y-balance test was used to measure dynamic balance. The kit used for this test included a central
plate (on which the test foot was placed) and three arms in the anterior, posteromedial, and posterolateral
directions. The angle between the anterior direction and the other two directions is 135 degrees. The angle
between the posteromedial and posterolateral directions is 90 degrees. The participant stands in the center
of the kit with the MTSS foot. The other foot performed maximum reach without error in the direction
chosen by the examiner and returned to the initial position. Before the assessment, each participant practiced
and performed the test twice. After five minutes of rest, the participant performed the test three times. The
distance between where the foot touched and the center of the Y-balance test was measured in centimeters
and an average was recorded. Then, the average record was divided by the leg length and multiplied by 100
to get the reach distance as a percentage of the leg length. The errors of this test included: moving the foot
that was in the center, disturbing the person's balance and placing the soles of the feet on the ground, and
removing the hands from the hip [4].
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Assessment of Ankle Proprioception

A 360-degree plastic goniometer was used to evaluate ankle proprioception and restore joint position
sense. The participant sat on the chair in such a way that the angle formed by the trunk with the hip and the
thigh with the knee was 90 degrees. The height of the chair was high enough so that the person’s feet did
not touch the ground. During the test, the person was leaning on the back of a chair and his head and neck
were fixed and motionless in alignment with his body. Afterward, the goniometer was positioned in the
center of the lateral malleolus. The stationary arm of the goniometer was set in line with the fibula and the
moving arm was set parallel to the fifth metatarsal bone. Then, the participant was asked to move his ankle
three times to the target angle with his eyes open. He was also asked to keep it in the same position for five
seconds and keep it in his short-term memory. Also to remove the visual intervention during the
measurement, the participant was asked to close his eyes. After seven seconds, he actively moved his ankle
and restored the target angle. When he reached the target angle, he said the word "here" and informed the
examiner. The amount of difference between the angle restored by the participant and the target angle was
recorded as the error angle in ankle joint motion (joint position sense error) regardless of the positive or
negative direction of the error. Each angle was repeated twice. Finally, the average of the two error angles
was recorded as the major record. In this study, the target angles in dorsiflexion and plantar flexion
movements were considered to be 10 and 20 degrees, respectively [28].
Intervention

In this study, two types of KT were used: purple KT with 75% tension in the experimental group, and
yellow KT without tension in the placebo control group. Before using the KT, the participants' tibia hair
was shaved. The medial-posterior part of the tibia was cleaned from top to bottom with alcohol-soaked
cotton. KT application method for both groups on the affected foot: first, the KT was cut in a Y-shape. The
tape application was applied to the proximal third of the medial part of the tibia affected by MTSS. Then,
one-half of the Y-shaped strip passed over the anterior part of the tibia and the medial malleolus. The other
half passed over the posterior part of the leg and inner ankle and ended under the medial longitudinal arch
of the foot (Fig.1) [29].

Fig. 1. Kinesio taping application method

Statistical Analysis

The Shapiro-Wilk test assessed data distribution normality. Mean and standard deviation were used for
descriptive statistics. The independent t-test was used to check the homogeneity of groups in demographic
information. To examine whether there was any association between the KT and placebo groups and the
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pre- and post-intervention time factors, a repeated measures ANOVA was employed. Furthermore, in order
to evaluate the discrepancies within the KT and placebo groups independently, the paired t-tests were
utilized to compare the pre-test and post-test. All statistical analyses performed in SPSS® 26 software at
the significance level were set to 95% (P < 0.05).

RESULTS

The results of the Shapiro-Wilk test showed the normality of the data (p > 0.05). The demographic
information of both groups and the results of the independent t-test are presented in Table 1. The results of
this test showed that there is no significant difference between the groups in terms of demographic
characteristics.

Table 1. The demographic characteristics of the participants (mean + SD).
Experimental Group Control Group

(KT) (placebo) P-value
Age (years) 26.25 +3.94 24.63+£2.72 0.18
Height (cm) 176.12 +5.53 180.00 + 6.16 0.07
Body mass (kg) 76.62 + 11.06 79.45 + 11.66 0.49

Results from repeated measure ANOVA displayed significant interaction effect of group * time in ankle
proprioception of dorsiflexion (p = 0.001, 1> = 0.458) and ankle proprioception of plantar flexion (p =
0.001, 1% = 0.637), static balance (p = 0.004, n? = 0.247), total dynamic balance (p = 0.001, n> = 0.352),

dynamic balance in anterior direction (p = 0.001, n? = 0.298), posteromedial direction (p = 0.006, n° =
0.227) posterolateral direction (p = 0.002, n* = 0.284; Table 2).

The results of the paired sample t-test demonstrated that the ankle position sense error decreased and
static and dynamic balance increased in the KT group from pre-test to post-test (p < 0.05; Table 2).

Table 2. The effect of KT on ankle proprioception, static and dynamic balance.

Experimental Group (KT)

Control Group (placebo)

mean = SD mean = SD Group*time
Pre test Post test pt Pre test Post test p!  F(1,30) p? 7
Proprioception 3734061  267+039  0001* 378+0.88 374%051 079 2826 0001* 0.458
(dorsiflexion) (¥)
Proprioception
(plantar flexion) 4.37+0.85 3.03+0.58 0.001* 4.46+0.79 431+0.74 0.21 5260 0.001* 0.637
(¥)
Static balance (s)  10.87 +7.39 18.37+9.36  0.001* 11.23+5.05 12.10+6.38 0.60 9.83 0.004*  0.247
tTe‘S’ta('C;')ba'ance 92114759 99364425 0001* 0230+6.86 93.05+384 050 16.29 0.001* 0.352
Anterior
direction of Y- 78.3+5.5 83.53+4.85 0.001* 79.36+6.52 79.91+519 0.64 1273  0.001* 0.298
balance test (cm)
Posteromedial
direction of Y- 97.97 £9.42 105.64+59 0.001* 97.48+8.72 99.17+5.01 0.22 8.80 0.006* 0.227
balance test (cm)
Posterolateral
direction of Y- 100.05+9.47 108.92+552 0.001* 100.05+9.07 100.08+5.89 0.98 11.89  0.002* 0.284
balance test (cm)
P!: The P value was derived from a paired t-test (within group comparison)
P2: The P value was derived from a mixed repeated measure ANOVA (within-between group interactions)
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DISCUSSION

The purpose of this study investigates the effect of lower leg KT on the variables of proprioception and
balance in athletes with MTSS. Results of this study showed that there is a significant difference between
the experimental group (KT) and the control group (placebo) in the average variables of proprioception of
dorsiflexion and plantar flexion, static and dynamic balance. In this study balance and ankle proprioception
were improved by using KT in male athletes with MTSS.

A previous study found that individuals with MTSS have reduced ankle proprioception [9]. For runners
with MTSS, improving proprioception of dorsiflexion and plantar flexion is crucial, as it allows for better
ankle motion control and reduces stress on the tibial periosteum and bone [30]. Proprioception refers to the
sense of position and movement of body parts and is vital for maintaining balance and coordination while
running [30]. Dorsiflexion and plantar flexion involve raising and lowering the foot at the ankle joint,
respectively, and are important for absorbing impact forces, generating propulsion, and adapting to different
terrains [31]. Runners with MTSS may have impaired proprioception due to pain, inflammation, and
biomechanical abnormalities [32], which can affect ankle stability and alignment, increase the risk of
excessive pronation and decreased ankle dorsiflexion, and elevate hip adduction [32]. These factors can
also increase negative tibial bending and stress on the tibial periosteum and bone [32]. Based on this
information and current study findings, KT can aid in restoring ankle motion and posture, enhancing overall
stability and coordination while running, and preventing excessive loading on the lower extremity by
improving proprioception of dorsiflexion and plantar flexion.

The application of KT was found to increase static balance and Y-balance scores in three directions in
individuals with MTSS after 24 hours of use, according to our study. This improvement is significant as it
can help restore functional symmetry and reduce injury risk in runners with MTSS [33]. Additionally, it
can correct alignment and posture, improve stability and coordination, and prevent excessive loading on
the lower extremity [34]. Maintaining static balance is crucial for runners as it contributes to dynamic
balance during movement. Runners with MTSS may have weak dynamic balance due to pain, inflammation,
and biomechanical abnormalities [24, 31]. Improving Y-balance scores in all directions can help runners
restore stability and coordination, enhance efficiency and speed, and reduce stress on the tibial periosteum
and bone [24, 34]. The three directions - anterior, posteromedial, and posterolateral reaches - measure the
ability to control sagittal, frontal, and transverse plane motion of the lower extremity and trunk, as well as
hip adduction, internal rotation, abduction, and external rotation [34]. Improving these abilities can help
runners adapt to varied surfaces and conditions, such as uneven terrain, turns, hills, and obstacles [24]. In
conclusion, our study highlights the positive impact of KT application on Y-balance scores and static
balance in individuals with MTSS after 24 hours of use.

The most common MTSS treatments are traditional, supported by limited evidence in background
literature. These treatments include cold therapy, strengthening and stretching exercises, non-steroidal anti-
inflammatory drugs, and adjustment of exercise programs to be considered individually for each person,
use of orthosis to correct biomechanical abnormalities, and rest [6]. Sports KT is a temporary therapeutic
technique or assisted mechanism for post-injury rehabilitation. KT is a modern and new approach to
tapping, which is a solution for athletes to be active despite micro-injuries, faster recovery from serious
injuries, and an ideal method in therapeutic tool [11]. KT is effective in reducing pain, improving
proprioception, joint stability, muscle function, and correcting improper movement patterns. It is therefore
beneficial in the prevention and management of sports-related injuries [15]. KT helps athletes return to their
sport without experiencing pain or discomfort. This is due to its ability to facilitate blood circulation by
increasing interstitial space and reducing interstitial fluid. It also enhances the function of the lymphatic
system and reduces pain and muscle tension through neurological mechanisms [35]. The theory of gate
control and the folding effect explains the hypothesized mechanisms for the pain-reducing effect of KT
such that KT can reduce nerve fiber input of sensitive transmission by increasing stimulation of the sensory
pathway and thus increasing afferent feedback. According to the theory of folding effect, KT, by stretching
the skin, directly reduces pressure in the subcutaneous pain receptors. The effects of pressure and tension
created on the skin by KT stimulate mechanical receptors that transmit information about the position and
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movement of the joint and strengthen proprioception [15]. In fact, it stimulates the skin receptors and
enhances the feedback from the muscles and joints to the brain, which can improve proprioception and
neuromuscular control. This can help with postural control and coordination. Also, KT improves
proprioception by shortening the distance between the origin and the insertion of the muscle and correcting
the length-tension relationship [36].

Research on the impact of KT on proprioception in healthy individuals has overwhelmingly suggested
that KT does not significantly affect proprioception [37-39]. However, studies have shown that individuals
with sprains and instability of the ankle [14], patella-femoral syndrome [40], knee arthritis in elderly
individuals [41], and anterior cruciate ligament rupture [42] have experienced improvements in
proprioception upon using KT. While studies on the effect of KT on balance in healthy individuals and
athletes have generally found no significant impact [43, 44], one study showed that balance was
immediately improved after KT application [45]. Additionally, individuals with various conditions like
MTSS [46], patellofemoral pain syndrome [47, 48], chronic ankle instability [49, 50], acute ankle sprain
[51], and anterior cruciate ligament rupture [42] reported increased balance after using KT. Studies
examining the effect of KT on posture control and posture swing in healthy and injured individuals have
yielded conflicting results; some have shown increased postural control and decreased postural swing [52,
53]. The diversity in results across studies can be attributed to differences in KT application methodology
and location, variations in the tests and assessment tools used, and other factors. Therefore, without taking
these differences into account, it is not reasonable to compare study results.

One major benefit of the current research was including a sham treatment option, whereas its limitations
absence of female participants due to the homogeneity of the subjects in terms of gender, coach and exercise
training, the lack of accurate control of the participants' daily activity and rest, and the lack of examining
the long-term effect of the KT, it is suggested that researchers consider these issues in their future studies.

CONCLUSION

The study demonstrated the efficacy of lower leg KT in enhancing the proprioception of dorsiflexion and
plantar flexion as well as static and dynamic balance among MTSS-afflicted athletes. Elevating
proprioception and balance levels has the potential to enhance overall athletic performance. As a result of
this study's outcomes, it is recommended for MTSS-suffering athletes employ the lower leg KT technique
implemented in this research to enhance their proprioceptive and balancing abilities.
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