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Letter to Editor
Long-term running and associated aerobic physical activities can

reduce risks of health problems ranging chronic disease to early death.
The economic burden of health-care systems due to the worldwide
pandemic of physical inactivity was 67.5 billion dollars in 2013 [1].
Running-related musculoskeletal overuse injury of the lower
extremities, known as a negative effect of running, is one of major
factors that limits engagement in running. An epidemiological study
reported that the incidence of running-related injuries of the lower
extremities ranged from 19.4% to 79.3% for recreational and
competition runners [2]. Furthermore, running-related injuries
frequently occur on the foot and ankle including the lower leg, and the
region-specific incidence ranged from 16.6% to 59.5%. Various types of
running-related injuries such as tendinopathy, stress fracture and
muscle strain occur on the common injured regions, and the potential
risk differs among injuries [3]. A system for assessment of the potential
risk of each running-related injury of the foot and ankle accurately
needs to be developed for individual runners at a training field.
Compact and inexpensive sensors such as an accelerometer are
recently available to correct running-related data at a training field, but
collectable data are limited. This problem can be resolved by the
algorithm that accurately assess the potential risk of each running-
related injury of the foot and ankle based on sensor data. Sensors with
the developed algorithm can be used to assess the potential risk of each
running-related injury of the foot and ankle at a training field by
individual runners. This letter discusses steps in the development of a
sensor system for assessment of the potential risk of each running-
related injury of the foot and ankle.

The first step in a sensor system development is accurate assessment
of the potential risk of each running-related injury of the foot and
ankle. Overuse injuries result from repetitive micro trauma induced by
large forces applied to injured regions [4]. The ground reaction force
(GRF) and associated variables during running are frequently used to
assess the potential risk of running-related injuries [5]. The GRF
during running is well known to be approximately 1.5-3 times the
body weight [5]. The GRF data can be accurately and directly collected
by using the force platform system. The application point of the GRF is
at the sole. The GRF and associated variables, therefore, are thought to
be the potential risks of running-related injuries of the sole, such as
stress fracture of metatarsal bones. The GRF, however, does not
necessarily coincide with the forces applied to other regions of the foot
and ankle because of the lever system of the joint [6]. This suggests that
the GRF is not necessarily enough to accurately assess the potential
risk of running-related injuries of the foot and ankle.

The forces applied to common injured regions of the foot and ankle
are difficult to measure directly, because invasive techniques are

required for direct measurement [7]. These forces, however, can be
estimated by using the inverse or forward dynamics techniques. The
forward dynamics technique is used to compute the kinematics of the
system from the associated forces and moments of force. On the other
hand, the inverse dynamics technique is used to compute the forces
and moments of force from the associated kinematics of system. Both
techniques require the GRF and position data of bony configurations,
which can be collected by using the motion capture system. A limited
number of studies computed the forces applied to common injured
regions of the foot and ankle during running by using the forward [8]
and inverse dynamics techniques [9]. These studies [8,9] showed that
the forces applied to the Achilles tendon, calcaneus, talus and tibia
reached 2.1-3.1 times the GRF. Furthermore, the trends and time
history data of these forces did not coincide with the corresponding
GRF value. These indicate that the potential risk of running-related
injuries of the Achilles tendon, calcaneus, tibia, and talus cannot be
assessed accurately based on the GRF but on the forces applied to the
corresponding regions. Therefore, the first step in a sensor system
development for assessment of the potential risk of each running-
related injury of the foot and ankle can be resolved by the inverse and
forward dynamics techniques.

The second step in a sensor system development is accurate
estimation of the potential risk of each running-related injury of the
foot and ankle by using sensor data. The inverse and forward dynamics
techniques may be useful for accurate computation of the forces
applied to common injured regions of the foot and ankle, but these
techniques are thought to be inadequate for developing a sensor
system. The force platform and motion capture systems are expensive,
and less-portable systems must be used to collect data for forward and
inverse dynamics techniques. These techniques, therefore, cannot be
used at training fields by runners themselves but at the laboratory by
researchers. For resolving this problem, a previous study developed the
algorithm to estimate the force and associated parameters from sensor
data [10]. The algorithm can be developed by examining the
relationships among the force and sensor data. Regression analyses
were traditionally conducted to examine the relationships among
variables. Previous studies [10,11] reported that the correlation
coefficients among the peak value of the GRF and the parameters
collected from accelerometers, such as positive and negative peak
values, and the corresponding difference values ranged from 0.14 to
0.98. These analyses require extraction of a single-selected value such
as mean, peak, and given instantaneous values from continuous data
for each variable. The accuracy of the algorithm developed by using
regression analyses, therefore, depends on the variability of the
subjectively selected values. Furthermore, the algorithm developed in a
previous study [10] can estimate the GRF but not the forces applied to
common injured regions of the foot and ankle.
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A large sample size allows the use of vector-based pattern
recognition techniques such as principle component analysis,
independent component analysis, and support vector machines.
Regression analyses examine the relationships among single-selected
values of each variable, whereas the vector-based pattern recognition
techniques can examine the relationships among variables of overall
continuous data exhaustively [12]. These techniques were recently used
in gait analysis to develop the algorithm to assess gait fall risk of elderly
people from sensor data [13]. Previous study [14] reported that the
vector-based pattern recognition technique improved the accuracy of
the algorithm to estimate the minimum height of toe clearance, which
is one of major parameter of gait fall risk, by 68% in comparison with
the regression analyses. The vector-based pattern recognition
techniques, therefore, have a potential to advance the development of
the algorithm to estimate the forces applied to common injured
regions of the foot and ankle based on sensor data. Few studies [12,15]
used these techniques for running analysis, no study has developed the
algorithm to estimate the forces applied to common injured regions of
the foot and ankle from sensor data by using these techniques. The
second step in a sensor system development for assessment of the
potential risk of each running-related injury of the foot and ankle can
be resolved by using the vector-based pattern recognition techniques.

In summary, this letter discussed the development of a sensor
system for assessment of the potential risk of running-related injury of
the foot and ankle. The following two steps are thought to be required:
1) first, the potential risk of each running-related injury of the foot and
ankle should be accurately assessed by computation of the forces
applied to corresponding injured regions, and 2) second, the algorithm
to estimate the forces applied to injured regions from sensor data
should be then developed. Compact and inexpensive sensors with the
developed algorithm may be used at training fields by runners
themselves. These two steps can be resolved by using the inverse and
forward dynamics techniques, and the vector-based pattern
recognition techniques, respectively.
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