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Extended Abstract

Background and Purpose

Lateral ankle sprains are the most common type of ankle injury, accounting for approximately 75%
of all acute ankle injuries

These injuries typically result from sudden, excessive inversion, internal rotation, and plantar flexion,
placing significant stress on the lateral ligaments of the ankle. When left untreated or improperly
managed, lateral ankle sprains can progress to chronic ankle instability (CAI), a condition
characterized by proprioceptive deficits, muscle weakness, delayed neuromuscular activation, and
impaired static and dynamic balance. CAI not only increases the risk of recurrent sprains but also
hinders athletic performance and daily function.

While considerable research has examined the effects of footwear design—such as sole and heel
construction—on ankle biomechanics and stability in individuals with CAI, the specific impact of
shoe collar height on muscle co-contraction and neuromuscular control during balance tasks remains
understudied

Understanding how shoe collar height influences muscle activation patterns may inform footwear
recommendations and injury prevention strategies for athletes with and without CAI. This study
aimed to investigate the effect of shoe collar height on the co-contraction ratio of selected lower limb
muscles during balance tests in male athletes with and without CAL.

Methods

A total of twenty-eight male athletes (14 with CAI and 14 without CAI) participated in this controlled
laboratory study. CAI was diagnosed using the Cumberland Ankle Instability Tool, ensuring a
standardized approach to participant classification. Electromyographic (EMG) activity was recorded
for eight lower limb muscles: tibialis anterior, peroneus longus, gastrocnemius medialis,
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gastrocnemius lateralis, soleus, vastus medialis, vastus lateralis, and biceps femoris. Each participant
completed single-leg stance and Y balance tests under three conditions: barefoot, short-collar shoes,
and high-collar shoes. The order of test conditions was randomized to minimize order effects.
Muscle co-contraction ratios were calculated to assess the simultaneous activation of agonist and
antagonist muscle groups during balance tasks. This metric provides insight into joint stability and
the neuromuscular strategies employed to maintain postural control. Data were analyzed for
differences between footwear conditions and between groups (CAI vs. non-CAl).

Results

Shoe collar height significantly influenced the co-contraction ratio during the single-leg stance test
(p <0.05)

Post-hoc analysis revealed that the co-contraction ratio was highest in the barefoot condition,
followed by short-collar shoes, and lowest in high-collar shoes. This suggests that high-collar shoes
may provide external support, reducing the need for intense muscle co-contraction to stabilize the
ankle. However, no significant differences were observed between the CAI and non-CAI groups (p =
0.57), indicating that the effect of collar height on muscle activation patterns was similar regardless
of ankle stability status.

During the Y balance test, shoe collar height also significantly affected the co-contraction ratio (p =
0.001), with the highest ratios observed in the posterolateral direction, followed by the anterior and
posteromedial directions. Again, no significant group differences were found (p = 0.31). These
findings are consistent with prior research demonstrating that footwear with increased collar height
can restrict ankle range of motion (ROM) and enhance mechanical support, thereby improving
dynamic stability and reducing the muscular effort required for postural control

Discussion

Proper balance control relies on the integrated function of the sensory-motor system, with
somatosensory input—particularly proprioception—playing a central role in maintaining joint
stability. Proprioceptive feedback from the ankle and surrounding musculature is critical for
activating appropriate balance responses, both locally and through compensatory strategies involving
proximal muscles such as those of the thigh. The present study’s findings align with the notion that
external support provided by high-collar shoes can reduce the neuromuscular demand on lower limb
muscles during balance tasks.

Supporting evidence from recent systematic reviews and meta-analyses indicates that high-top or
high-collar shoes significantly reduce ankle injury rates and enhance joint mechanics compared to
mid- or low-top designs. High-collar shoes provide structural support that counteracts inversion
forces, a primary mechanism of lateral ankle sprain, and improve stability indices during dynamic
tasks. Biomechanical studies have shown that high-collar footwear decreases ankle dorsiflexion and
inversion ROM during landing and jump tasks, increases ankle joint stiffness, and improves medial-
lateral stability. However, excessive restriction of motion or increased footwear mass could
potentially alter muscle activation patterns or shift mechanical stress to adjacent joints, warranting
further investigation.

The present study also found that barefoot conditions elicited the highest co-contraction ratios, likely
reflecting the increased neuromuscular demand for joint stabilization in the absence of external
support. This is in line with prior research showing that shoes and orthoses can accelerate muscle
activation onset times and reduce the amplitude of muscle activity required for stability in individuals
with CAI
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Table 1. The effect of shoe collar height on the co-contraction ratio during the single-leg stance time test

P-Value F Degrees of Mean Square Factor
Freedom
0.001 82.16 2 177.01 Shoe
0.57 0.55 2 5.82 Shoe x Group
0.001 122.21 7 6822.87 Muscles
0.48 0.93 7 52.27 Musclesx Group
0.001 21.4 14 259.59 Shoe x Muscles
0.001 2.87 14 34.91 Shoe x Musclesx Group
Conclusion

Shoe collar height significantly impacts muscle co-contraction ratios during balance tests, with high-
collar shoes reducing the need for intense muscle activation compared to short-collar shoes and
barefoot conditions. This reduction in co-contraction may decrease fatigue and injury risk during
training and competition, particularly for athletes with CAI. The findings suggest that high-collar
shoes could be beneficial in both preventive and rehabilitative contexts for individuals at risk of ankle
instability. However, the absence of significant differences between CAI and non-CAI groups
indicates that the mechanical support provided by collar height is effective regardless of baseline
ankle stability.

Future research should further explore the effects of shoe collar height during a broader range of
functional activities, over longer durations, and in different athletic populations. Additionally, studies
should investigate the interplay between footwear design, proprioceptive training, and intrinsic
muscle strengthening to optimize both externally braced and intrinsic stabilization capacities

Keywords: Shoe Collar Height, Co-Contraction Ratio, Single-Leg Stance, Y Balance Test, Chronic
Ankle Instability, Proprioception, Ankle Stability

Article Message

Given that high-collar shoes reduced the co-contraction ratio during the single-leg stance and Y-
balance tests, it is recommended that these types of shoes be used in training and competition to
reduce fatigue and prevent sports injuries. Also, given that in this study, muscle electrical activity
was measured during the single-leg stance and Y-balance tests, further research should be conducted
during other functional activities, and results should be compared regarding muscle activity levels
and sports performance (sports success).
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Figure 3- The normalized mean of muscle activity during the leg stance time test for the healthy group

" .
1 B d
z ‘
l- - -
I RN
s GM Gl VL VM BF

TA PL
= barefoot short shoe coolar m long shoe collar

30

- - N N
v (=] wn (=) n
1

Sz sim W S plae

o

L ~s g8
Lo o0 Sylabb bog ¥ (6l Lo (595 yobmsl loj 39051 Gl (oo 58 Wilas sud 1Yoy Cadlad (1Sl —F S5

Figure 4- The normalized mean of muscle activity during the leg stance time test for the group with
chronic ankle instability
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Table 2- The normalized mean and standard deviation of the muscle activity level during the
performance of the Y balance test in the healthy group

ol Gl s oS Glw uas o p sl g wHlas
High collar shoe Short collar shoe Bare foot Direction Muscles
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9.20+3.46 11.6143.79 14.38+5.7 G
anterior
>l el 108 LB
15.3+2.85 15.32+4.67 15.29+2.95 S . ‘5‘, As o
posteromedial Tibialis anterior
5 AR
16.19+3 55 16.23+4.12 17.53+3.56 Tl A
posterolateral
i
18.75+7.01 20.74+7.45 19.91+8.31 ‘5”3
anterior
el als
19.19+6.66 20.85+10.95 21.18+£7.95 HEgH
posteromedial P sk ‘5’1 ?
L. eroneus longus
=
19.37+7.53 19.99+6.97 20.3143.56 Tl
posterolateral
e
13.23+5.88 13.15+3.94 11.96+4.78 “’Ad&
anterior
s ks .
10.02+3 34 10.28+4.32 10.54+4.95 P e
posteromedial soleus
sl
12.4442.9 13.26+4.92 13.04+5.8 ST
posterolateral
i
6.48+2.05 6.97+£2.48 10.67+5.81 ‘5‘“‘\5
anterior
sl o
6.8642.57 6.5843.16 7.98+4.64 e st 5y
posteromedial Gastrocnemius
Bl O
6.45+2.78 7.42+4.71 10.15+6.82 Tl medialis
posterolateral
e
18.08+7.66 18.81+4.64 19.11£7.13 ‘5”3
anterior .
‘51510 Ll L5?)l> 5135‘>
9.59:4.33 9.53+6.07 12.14+6.13 = Gastrocnemius
posteromedial .
G i lateralis
7.73+3.96 9.18+4.72 10.15+5.85 T
posterolateral
i
17.94+4.71 16.84+6.18 17.52+4.3 ‘5‘“‘\5
anterior
Gl el
16.54+4.33 17.38+4.91 16.59+3.73 Ey
posteromedial T ok
bl Vastus lateralis
16.32+3.96 16.97+4.27 16.27+4.86 wTIT S
posterolateral
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Table 2- The normalized mean and standard deviation of the muscle activity level during the
performance of the Y balance test in the healthy group

ol Gl s oS Glw uas o p sl g OHMac
High collar shoe Short collar shoe Bare foot Direction Muscles
e
27.57+9.00 23.58+8.7 24.4243.11 o
anterior
I AR o -
24.1448.05 29.32+7.69 28.12+4.98 b b ok
posteromedial Vastus medialis
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20.89+6.14 26.3+8.16 26.65+4.63 ST A
posterolateral
3.32+1.36 3.73+2.08 3.5+2.3 .
anterior
el |
3.2341.26 3.7141.71 3.2141.38 e R
posteromedial Biceps femoris
Bl
4.15+2.02 4.31+1.1 4.24+1.82 7
posterolateral
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Table 3- The normalized mean and standard deviation of the muscle activity level during the

performance of the Y balance test in the CAI group

W Gl 5 o s Gl i w sl g A
ng:h(c)(;llar Short collar shoe Bare foot Direction Muscles
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10.85+4.45 14.77+4.02 14.46+6.69 ‘5”,3
anterior
o ks 5 s
14.3143.1 14.334.65 14.5123.34 sl il o el
posteromedial Tibialis anterior
5 s
16.93+4.05 16.4+5.27 17.05+4.46 Tl A
posterolateral
i
23.89+9.06 24.66+11.45 23.37£737 =
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>y cals 3856
22.4+5.77 29.88+16.41 22.41£7.49 S . sk 5
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26.44+8.96 21.1447.8 22.65+10.39 T S
posterolateral
"
18.0146.56 18.0349.68 19.144.8 -
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16.79+5.65 16.63+4.57 17.07+4.72 S . ot
posteromedial soleus
& A
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posterolateral
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Table 3- The normalized mean and standard deviation of the muscle activity level during the
performance of the Y balance test in the CAI group

W Gl S o g Bl i RISRN e i
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I AR
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sl
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posterolateral
0
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;| . e
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anterior
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Table 4- The effect (pure and interaction) of shoe collar height on co-contraction ratio during
performing single leg stance time test
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