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Dear Editor,

We enjoyed reading the systematic review by Willwacher
and colleagues [1] that aims to characterize biomechanical
risk factors for running overuse injuries (ROIs). Previous
systematic reviews found that a history of injury and
training variables contribute to running-related injuries
[2, 3]. More recent studies evaluated the association of
biomechanical variables with ROIs [4, 5] and lower limb
tendinopathies [6]. The innovation of the present review
comes from evaluating the association of kinematic and
kinetic aspects in eight of the most common ROI in distance
runners. Developing this review was presumably a challenge
considering the differences in the definition of injury, type of
runners, populations, study designs, data collection methods,
outcomes, and follow-up period. Therefore, we would like
to congratulate the authors [1] on this outstanding work and
contributions to advancing the field of running medicine.
The authors [1] concluded that different biomechanical
risk factors are associated with different ROIs. In particular,
moderate evidence supported a higher eversion time during
stance and peak contralateral pelvic drop as risk factors
for medial tibial stress syndrome, higher average and
instantaneous loading rates in plantar fasciitis, and reduced
braking ground reaction force impulse and longer contact
time for individuals with patellofemoral pain syndrome.

This comment refers to the article available online at https://doi.org/
10.1007/s40279-022-01666-3.
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Identifying different biomechanical variables by ROI
suggests the importance of evaluating and addressing risk
factors with an individualized gait retraining program within
the injured runner.

The review demonstrates the limited high-quality
prospective studies that currently exist to characterize
biomechanical risk factors for ROIs. Notably, few
prospective studies were identified among the 66 studies
that met criteria for inclusion; the condition with the most
prospective studies performed was the ROI patellofemoral
pain syndrome. No prospective studies were identified for
tibial stress fracture, despite this ROI being among the most
common bone stress injury with a high rate of reoccurrence
and extended time lost from sport [7]. In addition, one
prospective study characterized risk factors for medial
tibial stress syndrome, which is a common injury in both
athletes and the general population [8]. The limited number
of studies identified highlights the challenges of performing
prospective studies to characterize biomechanical risk
factors for ROIs, and reflects the value for the future
development of prospective studies investigating the
association of biomechanical risk factors for advancing the
science of understanding ROIs.

More than 300 biomechanical aspects were identified
in this review [1]; yet limited risk factors were considered
relevant (conflicting to moderate evidence) for ROIs
according to the pre-determined criteria of differences
between injured and uninjured in one prospective or two
retrospective studies. Six aspects were found to have
moderate evidence as a biomechanical risk factor for ROIs.
These results suggest that previous studies had difficulties
in identifying biomechanical variables that can lead to an
increased risk of specific injuries. Future studies should use
models (e.g., classification and regression tree analysis) that
can capture non-linear multifactorial interactions between
a variety of variable types including descriptive aspects of
anthropometrics, age, and sex, along with physiological,
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psychological, behavioral, and biomechanical risk factors for
injury [9, 10]. The inclusion of non-biomechanical variables
with biomechanical variables is important, as variables such
as anthropometric characteristics, mental health, and sleep
habits have presented associations with ROIs [11].

The findings from this review [1] of biomechanical vari-
ables for ROIs highlight another concern: most risk factors
were assessed with motion capture systems using either
force plates or instrumented treadmills, all of which have
limited availability outside of a lab environment. Of the
main aspects identified, fewer than ten could be reliably
assessed in a clinician routine, and of the six aspects that
presented moderate evidence with specific running injuries
only peak contralateral pelvic drop could be easily evaluated
with a simple video capture. These results may suggest a
financial barrier in the identification of risk factors in clini-
cal practice using these technologies. The use of accessible
technologies to provide information, especially on kinetic
aspects of running, is another field that must be targeted by
future research.

Wearable sensors such as accelerometers may represent a
solution. Excellent within-session reliability and acceptable
measurement error values were found for treadmill and over-
ground running [12]. In addition, a moderate-to-strong cor-
relation between vertical tibial acceleration and loading rates
in healthy and injured runners has been reported [13, 14].
Future studies are required as a limited number of variables
assessed by commercially available wearable sensors are
valid [15]. Of the studies that have examined the relation-
ship between tibial acceleration and specific ROIs, only one,
which focused on tibial stress fractures, found significantly
higher tibial accelerations in the injured group compared
with healthy controls. Therefore, further investigations to
determine the potential of this variable in predicting specific
ROIs must be carried out.

A logical extension of this review [1] is to create tar-
geted interventions to address biomechanical risk factors
for ROIs. However, limited prospective studies have been
performed that attempt to modify biomechanical risk factors
within runners as a form of targeted intervention to prevent
future injury. The adoption of a non-rearfoot strike has been
suggested to reduce injury rates, although others have chal-
lenged the limited evidence to support this approach [16,
17]. In addition, only one longitudinal study supports that
landing softly has the potential to reduce injury occurrence
in runners through decreasing loading rates [18]. With a
better comprehension of risk profiles for specific injuries,
we will be able to identify biomechanical aspects to address
and be more assertive about individualized interventions to
reduce injury rates.

Research characterizing biomechanical variables that
may be related to specific ROIs has grown and makes the
current review highly relevant. However, key barriers persist

including implementation science to apply this knowledge
for the injured runner. Practically speaking, this review [1]
supports taking an individualized approach to providing care
for the injured runner, and we hope our commentary sparks
further interest to advance future work on this topic.
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