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Extended Abstract

Background and Purpose

Running ranks among the most widely participated physical activities globally and is celebrated
for its accessibility, cardiovascular benefits, and positive influence on physical and mental health.
Despite these advantages, running is associated with one of the highest rates of overuse injuries
among endurance sports. Previous research estimates that approximately 24-67% of runners
sustain at least one injury annually. Notably, the prevalence of injury is significantly higher in
female runners, who experience almost twice the incidence rate of their male counterparts. The
repetitive motions of running, though beneficial for endurance and musculoskeletal conditioning,
also exert considerable stress on the lower extremities due to repeated exposure to ground reaction
forces (GRF).

With each foot strike, vertical ground reaction forces often equal two to four times the runner’s
body weight. Continuous exposure to such mechanical stress, combined with insufficient tissue
recovery time, is a major factor underlying the pathophysiology of overuse injuries. The role of
footwear in mediating this stress has become a central consideration in both athletic performance
and injury prevention research. Running shoes act as the intermediary between the biological
structure of the human musculoskeletal system and the mechanical properties of the running
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surface. Hence, footwear design can alter the load transmission pathway, influencing kinetics,
energy absorption, and even neuromuscular recruitment patterns during running.

Imp = At ((Fl’;—F“) +ynt Fi) @)

VILR and VALR between 20% and 80% of the heel contact to the vertical impact peak was
calculated as following:

VILR = (fiyq — fi-1)/2(ti41 — ti-1) (2)

VALR = Af/At (3)

Unstable shoe designs are promoted commercially as devices capable of enhancing
neuromuscular activation and joint stabilizer engagement. Nevertheless, the biomechanical
evidence regarding their effects on impact loading remains inconsistent. Therefore, the primary
aim of this study was to compare time-domain characteristics of the ground reaction force during
the stance phase of running between unstable and ordinary shoes, particularly focusing on vertical
loading patterns and potential injury-related variables.

Methods

Twenty physically active young female participants voluntarily took part in the study. The mean
+ SD age of participants was 21 + 2.30 years, their mean + SD height was 160 + 4.56 cm, and
their mean = SD body mass was 59 + 7.19 kg. Inclusion criteria specified a history of consistent
physical training for at least six months, involving a minimum of two weekly sessions. Exclusion
criteria ruled out any participant with a documented lower extremity injury within the preceding
12 months.

Two experimental conditions were tested: (1) an unstable shoe (Perfect Steps®, manufactured in
Vietnam) and (2) an ordinary shoe (Knup®, manufactured in China). Participants underwent
testing in both shoe conditions in randomized order. All kinetic data were gathered using a Kistler
force plate (Winterthur, Switzerland) embedded mid-runway in a 10-meter track. The sampling
rate was set at 1,000 Hz to ensure high-fidelity capture of vertical, anterior—posterior, and medial—-
lateral ground reaction forces.

Participants ran at a controlled speed synchronized to a digital metronome tempo of 140 beats per
minute (BPM), designed to maintain consistent velocity across trials. To minimize variability,
each subject completed several practice runs before data collection. The stance phase of the gait
cycle was defined from the instant of initial contact to the point of toe-off.

Raw GRF data underwent signal-processing using a fourth-order low-pass Butterworth filter with
a 10 Hz frequency cutoff in MATLAB (version 2018a, MathWorks, Natick, MA, USA). The
parameters selected for analysis included the vertical peak passive force, braking force, propulsive
force, free moment peak, impulse, average vertical loading rate (VALR), and instantaneous
vertical loading rate (VILR) measured for both shoe conditions. All impulses were calculated
using trapezoidal numerical integration.

For inferential statistics, normality assumptions of GRF variables were assessed. Paired-sample
t-tests were utilized for normally distributed datasets, while Wilcoxon signed-rank tests were
applied to non-normally distributed measures to compare the unstable and ordinary shoe
conditions. The alpha criterion for significance was established at p < 0.05. All statistical analyses
were performed with SPSS software (version 20; SPSS Inc., Chicago, IL, USA).

The biomechanical data derived from this study confirm fundamental differences in how unstable
and traditional shoes modulate ground reaction forces during running. Specifically, unstable shoes
lead to significantly shorter impact durations and higher vertical loading rates, key predictors of
increased injury potential.

While proponents argue that unstable footwear can strengthen stabilizing muscles and enhance
proprioceptive feedback, such claims may come at the expense of elevated vertical loading forces
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that contribute to overuse pathology. From a sports medicine and rehabilitation standpoint, these
findings highlight that enhancements in neuromuscular engagement do not necessarily equate to
better mechanical protection or injury prevention.

In agreement with existing studies, the increased loading rates documented here align with
conditions known to elevate tibial strain and patellofemoral stress. Conversely, the reduced free
moment observed with unstable footwear might reflect modified rotational mechanics that could
potentially improve balance training applications but are unlikely to mitigate the axial load
concerns central to running injuries.

Thus, the integrated interpretation of our results suggests that unstable shoes may paradoxically
increase risk factors for lower-limb overuse injury rather than decrease them. The lack of
mechanical cushioning and early onset of vertical loading reinforces this concern.

In practical application, runners and coaches should approach unstable footwear implementations
with caution—preferably reserving them for short balance-training sessions rather than extended
endurance runs. Manufacturers and designers should re-evaluate the functional intent of such
products, ensuring alignment with biomechanical efficiency rather than marketing narratives.
Furthermore, future investigations should incorporate electromyographic (EMG) and Kinetic-
chain modeling to examine muscular adaptive responses over time, allowing a more holistic
understanding of the physiological-cost trade-offs associated with unstable footwear.

In summary, the study concludes that unstable footwear alters performance kinetics, specifically
by reducing the time to reach vertical force peaks and significantly increasing vertical loading
rates. These modifications culminate in deficient shock absorption properties and subsequent
elevation of potential injury risk, providing biomechanical evidence contrary to claims that such
footwear mitigates running-related injuries.

Results

Statistical outcomes revealed that the time to peak passive vertical force and the time to peak
braking force were significantly shorter when subjects ran in unstable shoes than in standard
footwear (p =0.000 and p = 0.009, respectively). These reductions denote that vertical and braking
forces reached their maxima more rapidly under unstable-footwear conditions, implying a quicker
and potentially more abrupt load application during stance phase.

In contrast, time-to-peak for propulsive and mediolateral forces did not differ significantly
between the two conditions (p > 0.05), revealing that the observed temporal changes were specific
to the vertical and braking force components.

Regarding force magnitude, unstable shoes produced significantly higher vertical peak force
values during stance (p = 0.000), indicating increased mechanical load transmission through the
lower limb. This heightened peak might reflect a diminished capacity for impact absorption,
undermining the cushioning efficiency often desired in footwear performance. Conversely, no
statistically significant differences were discerned in propulsive or mediolateral force peaks
(p > 0.05).

In examining the free moment, the results showed that the peak value was significantly lower
during the unstable-shoe condition (p = 0.046). The free moment characterizes the twisting force
around the vertical axis at the foot-ankle complex. A reduction in this variable may suggest
altered rotational control or reduced medial—lateral stabilization when wearing unstable footwear.
The impulse—representing the cumulative force applied over the stance duration—did not differ
significantly across shoe types (p > 0.05). However, both the VALR and VILR were significantly
higher under the unstable-shoe condition (p = 0.001 for both). Elevated loading rates are
indicative of faster force application over shorter time intervals, which has critical implications
regarding bone and soft tissue stress.

Previous literature has directly linked increased vertical loading rates with higher incidence of
tibial stress fractures and related injuries (1). Moreover, instantaneous GRF slopes in vertical
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loading can reflect diminished shock attenuation capabilities within the musculoskeletal chain.
Formulas describing instantaneous and average loading rates integrate both force magnitude and
time duration. The sharply rising slope documented in the unstable shoe condition illustrates
reduced temporal capacity to attenuate impact energy.
Therefore, the observed pattern suggests that unstable shoe designs fail to prolong deceleration
duration upon foot strike, transmitting impact forces more directly to skeletal structures. This
mechanical inefficiency may heighten susceptibilities to tibial shock, knee joint stress, and overall
risk for overuse running injuries.
Keywords: Running, Unstable Shoe, Ground Reaction Force, Time-Domain Variables.
Article Message
Running with unstable footwear elevates vertical loading rates and shortens impact-attenuation
duration. This reflects compromised shock absorption efficiency, predisposing runners to
increased injury risk. Thus, unstable shoes cannot be considered protective gear in preventing
typical running injuries.
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Table 1- Comparison of time to peak ground reaction forces (ms) during the stance phase of
running in unstable and ordinary shoe

p Sl s SFgore (WS aily g it
Unstable Shoe Ordinary Shoe Dependent Variables
0.000* 10.31 (2.89) 13.36 (2.85) 52308 Judf S @l & O Oy
Time to peak passive vertical force
s (g gl 4 ¢ Lo
0.218 41.83 (4.66) 42.86 (4.32) 5230 U 53 @l & Oy O
Time to peak active vertical force

o y5 ool ey ylo;
0.009* 457 (1.55 6.16 (2.07 S ST T T 0T O
(1.55) (2.07) Time to peak braking force

N | . . | . La

0.251 23.42 (3.91) 24.49 (3.94) R S0 T R o) 0

Time to peak propulsive force
B o gl 4 ¢ o)
0.173 5.47 (1.63) 6.01 (1.36) STIT a0 B R Oy 0
Time to peak lateral force
: P Lo
0.079 13.57 (4.09) 12.20 (3.56) S S92 Tl & o, S
Time to peak medial force

*P<0.05
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Table 2- Comparison of time to peak ground reaction force (ms) during the stance phase of
running with unstable and ordinary shoe
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Unstable Shoe Ordinary Shoe Dependent Variables
PEJF: Szl
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Peak passive vertical force
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Peak active vertical force
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(0.08) (0.12) Peak braking force
ol Sz
0.681 0.43 (0.07) 0.44 (0.12) et 02 €S
Peak propulsive force
5 65,0 )
0.000* -0.08 (0.02) -0.05 (0.01) TIT S0 TS
Peak lateral force
;| S 7
0.279 0.10 (0.05) 0.11 (0.03) S 9 €

Peak medial force

*P<0.05
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Figure 2- Schematic of ground reaction forces in the vertical, anterior—posterior, and medial-
lateral directions during the stance phase of running with unstable and ordinary shoe
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Table 3- Comparison of peak free moment (N-m), resultant ground reaction force (N), and
GRF impulses (BW:s) during the stance phase of running with unstable and ordinary shoe
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Unstable Shoe Ordinary Shoe Dependent Variables
A 59l 4l
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(2.70) (266) Peak free moment
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Vertical force impulse
P Loy dpo
0.364 -10.38 (2.03 -9.81 (2.35
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GBI 95 40
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