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Biomechanical variables such as vertical center of
mass excursion, velocity of the center of mass,
peak hip adduction angle/moment, ground
reaction force and tibial acceleration may influence
the development of this damage and subsequent
risk of developing BSls. The purpose of this review
is to summarize current literature from both

INTRODUCTION

of this scoping review is to identify,
summarize and analyze studies that
describe biomechanical variables associated with
lower extremity bone stress injury (BSI) in running

Review question / Objective The objective

activities.

Background BSI results from the failure of the
skeleton to withstand repetitive, submaximal
forces leading to cumulative microdamage. It is
well-established that cumulative loading
contributes to bone fatigue, which presents as
microscopic damage in bone tissue.

retrospective and prospective studies on the
association of running biomechanics with lower
extremity bone stress injuries. This review will also
investigate similarities and differences by age,
gender, anatomical location, and populations
studied (athletes and the military).
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Rationale Prior work has explored biomechanical
variables associated with bones stress injuries in
running athletes (i.e. track/field, distance runners
and cross country) and the military. Most studies
evaluate a limited population or evaluate
biomechanical variables for a single anatomical
location of injury. A review is necessary to
consolidate current areas of consensus on
biomechanical associations with BSI to highlight
areas of uncertainty and emphasize areas for
future research.

METHODS

Strategy of data synthesis The data will be
narratively synthesized. Tables, graphs and images
will be used where necessary to facilitate the
summary.

Eligibility criteria Studies investigating
biomechanical factors contributing to past or
present history of lower extremity BSI within
running athletes and/or military personnel will be
included. “Running athletes” will be defined as
those participating in sports that involve a running
element (e.g. cross country, track/field, marathon,
and soccer). Studies of military personnel will be
eligible when the study aim is analysis of
biomechanical data collected during running BSI
history/development. Biomechanical analyses of
marching and carriage loading such as rucking will
be excluded. All ages of participants will be
included. Stress fractures that extend into the
growth plate (e.g. Salter-Harris fractures) will be
excluded. Further exclusion criteria will be impact
of gait retraining, orthotics, and external factors
such as altering incline on biomechanics. Studies
that focus on sedentary populations, BSI of the
upper extremity, or fractures due to mechanisms
outside of repetitive stress (such as trauma) will be
also excluded.

Source of evidence screening and selection
This scoping review uses the databases PubMed
and CINAHL Complete to find published papers. A
search was conducted with the help of a librarian
using strings consisting of lay terms, synonyms
and variant spellings of predominant concepts.
Additional references were identified by cross-
referencing the citations of eligible papers using
Google Scholar or PubMed. See string examples
below.

PubMed: ("Biomechanical Phenomena“[Mesh] OR
"biomechanical risk factor*"[tiab]) AND ("Fractures,
Stress"[Mesh] OR "stress fracture*"[tiab] OR "Bone
Stress Reaction*"[tiab] OR "bone stress
injur*"[tiab]) AND ("Athletic Injuries"[Mesh] OR

"athletic injur*"[tiab] OR "athletes"[Mesh] OR
“runn*’[tiab] OR "Military Personnel'[Mesh] OR
"military personnel"[tiab] OR military[tiab])

CINAHL Complete: (MH "Biomechanics+") OR TI
("biomechanical risk factor*") OR AB
("biomechanical risk factor*") AND (MH "Fractures,
Stress+") OR Tl ("stress fracture*™ OR ("bone
stress" n2 (injur* OR reaction OR fracture)) OR AB
("stress fracture*™ OR ("bone stress" n2 (injur* OR
reaction OR fracture))AND (MH "Athletic Injuries+")
OR (MH "Military Personnel") OR Tl ("athlet* injur*"
OR athlet* OR military OR runn*) OR AB("athlet*
injur* OR athlet* OR military OR runn®)

PubMed vyielded 236 results while CINAHL
Complete yielded 206. Duplicates were removed
for a total of 358 articles to be reviewed.

Data management Extracted articles will be
transferred to Covidence for removal of duplicates
and further screening based on our set inclusion
and exclusion criteria. The screening of eligible
studies will be performed in two steps: ()
screening the titles and abstracts, and (Il
screening the full texts. This assessment will be
done by two independent reviewers. In the event of
disagreements, resolution will be addressed by a
third reviewer. Additional references will be
identified by cross-referencing the citations of
eligible papers using Google Scholar or PubMed. A
flow chart will be included for further transparency
of the selection process. Extracted information will
be transferred to an Excel spreadsheet and
categorized based on type of study, patient
population, intervention, outcome measurements
and results.

Reporting results / Analysis of the evidence As
scoping review research, subgroup data will not be
analyzed. However, populations such as athletes
and military will be compared as well as
subcategories within these groups organized by
age and gender. There will be no formal sensitivity
analysis of studies (Tricco et al, 2018).

Language restriction No restrictions will be
placed on language.

Country(ies) involved United States - Spaulding
Rehabilitation.

Keywords Biomechanics, bone stress injury,
stress fracture, running, military, scoping review.

Dissemination plans The findings will be
published in a peer-reviewed journal and/or
presented at scientific conferences.
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Contributions of each author

Author 1 - Evan Sirls - Author 1 led all steps of the
research process such as lit search, screening
articles, data extraction and drafting of manuscript.
Email: esirls@mgh.harvard.edu

Author 2 - Elizabeth Roux - Author 2 assisted with
lit search, screening of articles, data extraction and
drafting/editing of manuscript.

Author 3 - Logan Gaudette - Author 3 assisted with
development of overall study design, screening of
articles, and editing of manuscript.

Author 4 - Michelle Bruneau - Author 4 assisted
with development of study design specifics such
as inclusion/exclusion criteria and editing of
manuscript.

Author 5 - Adam Tenforde - Author 5 oversaw the
development of the study and provided guidance
during all processes. Assisted with resolving
disagreements during screening and data
extraction.
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