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Objective: To obtain a comprehensive understanding of the
implications of environmental and climate factors on sport-related
concussion incidence in outdoor contact sports.

Data Sources: MEDLINE (via Ovid), Embase (via Elsevier),
CINAHL Complete (via EBSCOhost), SPORTDiscus (via EBSCO-
host), and Scopus (via Elsevier).

Study Selection: Studies that report incidence of sport-
related concussion, assess data from athletes participating in out-
door contact sports, report on 1 or more climate or environmental
factors, and report a diagnosis of concussion performed by a
licensed medical professional were included. Reasons for exclu-
sion included no report on extrinsic or environmental factors, no
data on sport-related concussion incidence, and self-report of
concussion diagnosis.

Data Extraction: This systematic review was conducted
using Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines using 2 reviewers at each phase and a
third reviewer for conflict resolution.

Data Synthesis: A total of 7558 articles were reviewed, and
20 met the inclusion criteria. There was moderate to strong strength

of evidence concluding no difference between surface type (grass
versus artificial) on sport-related concussion risk. Moderate to
strong strength of evidence was found supporting no difference
in sport-related concussion incidence based on game location
(home versus away). There was no consensus on the effects of
altitude or temperature on sport-related concussion incidence. One
high-quality study found a decreased risk of sport-related concus-
sion when playing in wet versus dry conditions. Heterogenous
populations and data collection methods prevented extraction
and meta-analysis.

Conclusions: Although a consensus on specific environ-
mental and climate factors that influence sport-related con-
cussion incidence was limited, the majority of studies were
of high quality and gave insight into opportunities for future
investigation. Administrators of large injury surveillance data-
bases should consider including specific environmental and
climate factors to provide investigators with robust data sets
to better understand potential associations with sport-related
concussion.
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Key Points

» There is a general lack of consensus on specific climate and environmental factors that influence sport-related
concussion incidence in outdoor contact sports, and current injury reporting systems do not routinely document the
environmental or climate factors that may be related to concussion injuries.

» Nationwide injury surveillance systems may provide an opportunity to further investigate this relationship, as simple
environmental and climate data could be added, such as field type, temperature, humidity, field conditions, location,
and altitude.

« Having a better understanding of this relationship will inform future decision-making and allow for improved

preparation in environmental conditions that may be related to increased risk of concussion.

injury with rates as high as 0.47 per 1000 National

Collegiate Athletic Association (NCAA) athlete-
exposures' and 0.51 per 1000 high school athlete-exposures.”
However, according to the Centers for Disease Control and
Prevention National Concussion Surveillance System, only 1
out of every 9 sport-related concussions is identified,® possibly
because of underreporting or a poor understanding of symp-
toms by athletes. Studies have found that over the course of

S port-related concussion is a prevalent sports-related

a collegiate sports career, 12% of athletes did not report sus-
taining a concussion, and 26% sustained an unrecognized
sport-related concussion.* Additionally, up to 50% of high
school athletes sustain an unreported concussion.>® Immediate
recognition and diagnosis is imperative for the long-term
health and well-being of athletes. Risk factors that influ-
ence sport-related concussion incidence have been stud-
ied to facilitate improved awareness and diagnosis. Most
commonly, these risk factors are intrinsic in nature, such
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as sport played, previous history of concussion, and gender,
or are related to match play versus practice.*”* The 2017 Ber-
lin consensus statement found minimal evidence for effective
injury prevention strategies that can address these intrinsic
factors®; however, authors highlight the need for a clearer
understanding of potentially modifiable factors to design pre-
vention strategies and reduce the risk of sport-related concus-
sion. To date, there is minimal research investigating extrinsic
factors in relation to sport-related concussion incidence. How-
ever, there is evidence that factors such as weather, surface
type, and altitude influence sport-related injury.”'*

Weather and temperature are nonmodifiable elements faced
by athletes who play outdoor sports that can affect injury
rates. Tobias et al assessed the possible effect of ambient
temperature on emergency department visits resulting from
sports injury and found a higher risk of emergency visits
(orthopedic, neurologic, and internal diagnoses) when the
weather was cold (5°C) and hot (28°C), which represent the
5th and 95th percentiles of the annual temperature range for
that location, respectively.” Orchard et al found that in Amer-
ican football, there was a lower risk of knee and ankle injury
when playing in cold weather.'® However, Chalmers et al did
not find an association between injury rate and temperature
in rugby union football."* In professional soccer players, Aoki
et al conducted a 15-year prospective epidemiological study
and found a lower injury rate on rainy days than on cloudy
and sunny days.'> As demonstrated, most research has primarily
focused on musculoskeletal injury, leaving a gap in our under-
standing of how weather may impact sport-related concussion
incidence in this population.

This systematic review is relevant to sports medicine profes-
sionals working in outdoor environments and variable climate
conditions, as no previous literature reviews have synthesized
current research on these factors related to sport-related con-
cussion incidence. We chose to focus this systematic review on
climate-related factors specific to competitive contact sports
with known increases in sport-related concussion risk to pro-
vide medical professionals with valuable insight to enable
more informed clinical decision-making for possible sport-
related concussion prevention. Our purpose was to enhance
our understanding of the implications that climate and environ-
mental characteristics may have on sport-related concussion
incidence in outdoor contact sports to enable more informed
clinical decision-making by sports medicine teams. Thus, the
aim of this study was to systematically review the literature to
identify whether a relationship exists between environmental
and climate factors and sport-related concussion incidence.

METHODS

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines and was recorded in PROSPERO (international pro-
spective register of systematic reviews), a registry of systematic
reviews under registration number (CRD42022302464).

Search Strategy

A comprehensive search was conducted by a professional
medical librarian within MEDLINE (via Ovid), Embase (via
Elsevier), CINAHL Complete (via EBSCOhost), SPORTDiscus
(via EBSCOhost), and Scopus (via Elsevier) from inception
to December 22, 2021. Each search involved keywords and

subject headings for the concepts of outdoor sports and sport-
related concussions. Case reports, editorials, newsletters, con-
ference abstracts, books, and book chapters were removed via
search filters. Full search strategies are available in Appendix 1.
The search identified a total of 16281 references that were
imported and uploaded into Covidence (www.covidence.org),
a systematic review screening tool, for automatic deduplica-
tion. The duplicate citations (n = 8719) were removed in
this manner before screening. In addition, a manual search
of reference lists of the articles screened for inclusion was
performed to find relevant articles not identified in the ini-
tial search.

Study Selection

Two independent reviewers screened all titles and abstracts.
Conflicts were resolved by a third reviewer. The same process
was repeated for full text review. Studies were included if
they reported sport-related concussion incidence for an out-
door contact sport and included an environmental factor, such
as surface type, game location, field condition, temperature,
or altitude. The diagnosis of sport-related concussion must
have been made by a licensed medical provider such as a
physician or athletic trainer. Studies were excluded if no
environmental factor(s) were reported, the study design was
inappropriate, or concussions were self-reported.

Quality Assessment

The risk of bias was determined independently by 2 reviewers
using a modified version of a tool created and validated by
Hoy et al." The original described tool has a total of 10 items.
One item was removed after a preliminary review of the liter-
ature found that this item lacked relevance to the types of
studies meeting our inclusion criteria. This evaluation check-
list contains 9 items pertaining to methodology of studies
reporting on prevalence (Table 1). Items were scored as yes
(0) or no (1). A total of 0 to 3 points indicated a low risk of
bias, 4 to 6 points indicated a moderate risk of bias, and 7 to

Table 1. Risk of Bias Tool

Yes = 0 points No = 1 point

1. Was the study’s target population a close representation of the
national population in relation to relevant variables (eg, age, sex,
and occupation)?

2. Was the sampling frame a true or close representation of the target
population?

3. Was some form of random selection used to select the sample OR
was a census undertaken?

4. Was the likelihood of nonresponse bias minimal?

5. Were data collected directly from the subjects (as opposed to a
proxy)?

6. Was an acceptable case definition used in the study?

7. Was the study instrument that measured the parameter of interest
(incidence of sport-related concussion) shown to have reliability
and validity (if necessary)?

8. Was the same mode of data collection used for all subjects?

9. Were the numerator(s) and denominator(s) for the parameter of
interest appropriate?

Summary of risk of bias:
0 to 3 points = low

4 to 6 points = moderate
7 to 9 points = high

988 Volume 58 ¢ Number 11/12 ® November/December 2023

$S900E 93l) BIA §1-90-GZ0Z e /woo Alooeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq


http://www.covidence.org

Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-06-18 via free access

siy
swa)sAs pny jer

M [Jljul SNOLIBA JO
e $S0J0E saunlul

“liur by Jooyos 11eqioo} jooyds ybiy parejal-swed
MOT  UUM S8}l UOISSNOUO0D paje|al-Jods Ul esealoaq wbiem puny ueisAyd ‘01v ybiy ‘Jreqiooy ‘ssreN qz HoyoD o Ajlenes pue ‘swisiueydsw ‘@ousplou] 6102 2,8 10 siehkey
‘sepnie
Jaybly Je paurelsns SuoISSNoU0D pajejal-pods
U}M punoy alem seyes Aianooal Jabuol ‘os|y sapnye
“apniife Jamo| yum pasedwod apnye Jaybiy orelb9]|00 Jaybly e Jaybly aJe seyel uoISSNOUOD
MO Te punoj sajel UoISSNOU0D pajejel-uods pasealou| dSI VVON ‘O1V ‘lleqioo} ‘sefey az aAoadsoney  peyejal-uods |[eqioo} 969|100 | UoISIAIQ 9102 '€ 10 |[euAT
'Xapul 1eay Jemo| sals|yle YVON
Jo JayBiy e yum sease Ul 10 Sapniie Jomo| Jo a1e169]|00 £19900s Buowe A1an0o81 pue SjusWSSaSSe
Jaybly jo sease ul punoyj seyel UoISSNOUOD ‘9SS0.0E| ‘|[eqi00} UoISSNOU0D pajejal-ods Uo apnyye
MO parejal-yods ul souaiayip ueoyiubls oN uoleso wniposuo) 34vyo {solews} pue salep az anadsoney PUE X3apul Jeay p|alj-uo Jo S}oaye ay L 1202 oz'le 10 @dwaT
‘saoepns Buiked
snoleA Buowre Jo apnyye BulAiea yym punoy
SOJeJ UOISSNOU0D paje|ai-Hods Ul aoualayip
ON sainjeladws) Aep-aweb Buisessosp Yim |euoissajold sojel Ainful anbea ||eqi004 [euoiieN
MOT  PUNO} SUOISSNOUOD Paje[aI-Hods JO Sl pasealou] ainjesadwa | ueoisAyd Bq100} ‘SaleN ag |0Jju02 asen UO SJ0JOB} XS OISULIIX® JO 8duaNju| 9102 ,,'[e 19 8ouaime]
jiod mep
'4,09 9A0dE suiod map ‘ainssaid oujew yorem £11eqio04 [euoissajold ul @duaploul
yum pue sainyesadwial Jaybly yum yioq sajel -oJeq ‘Aupiwny uoISSNoOUO) pajeley Jeuoissajoid uoISSNoU0D pajejal-uods jo Aousnb
21eIapo\ uoISSNOUOD paje|al-uods Ul asealoap Jueoiubls ‘ainyelsadwa ] -uods INITLNOHH ‘Ireqioo} ‘saje| qaz aAloadsoney  -a1) 8Yl 92USNJUI JUSWUOIIAUS BY} S80( 8102 o€ 10 JopleH
*(1yBiu snsian Aep) Aep jo awiy Buuedwoo sisAjeue
UBYM PUNO} SOUBISHIP ON "SUOIPUOD Jayjeam Jeah-y| e :Aejd-yoyew |[eqiooy
Ap yim pasedwod SUolIpuoD JaUFeam Jom Yyim |euolssajold uel|eJISNY [BUOISSaj0.d Ul 90Ud1INd38I
MO puNOj S8jel UOoISSNOUOD pajejal-Hods Ul 8seai0aq uoIHpUOod plal4 ueoisAyd ‘lleqyooy ‘safey ql BAI}0adsold  pue 8oUBPIoUl UOISSNOUOD paje|al-pods L1102 e¢'lE 18 SqqID
‘swea) Aeme uoISSNOUOD pajejai-pods
pUE BWOY USSM]S] PUNO} S8}el UOISSNOU0D Jeuoissajoid [euolyeAIasqo jo ajel pue Bul
MO pajejal-pods ul aouaiayip Jueoniubls oN uoieoo ueisAud ‘Agbni ‘safey qz ‘eAnduose@  -Inpeyos yojew enbes AQBny [euolleN 6102 g '[B 10 Jaupien
'sseJf [einjeu pue
4N} [EIOiUe USBMIS] PUNO} S8el UOISSNOU0D [euoissajoid uny [eroyiJe uo pakeld uolun
MO pajejal-Jods ul aouaiayip Juedubis oN 20BlNS 1sidesoyroisAyd ‘Agbni ‘seepy ql Hoyoo aAioadsold Agbni yum pajeroosse Ainful Jo ysiy 0102 ,c'[e 19 Jo|ing
‘seun[ul yojew :| ued 'sie
-Ae|d |leqiooy ajews) pue ajew Ag uny
[eloyiue uonelsuab mau pue sselb
'sseJf [einjeu uo ueyy uny (el a1e169]|00 ‘19000s uo pauleisns saunful Jo asned pue
9)]eIapol\  Uo saunful peay jo souapioul Jaybiy Apueoiubis aoeuNg dSI YVON ‘solews} pue safe qlL Hoyod aAoadsold ‘alnjeu ‘@ousploul 8y} jo uosuedwo) 1002 g;'[e 18 Jojng
'sselb [einjeu pue slofe(d |[eqi00} 8110 SlEWS)
4N} [eIOiUe UBSMIB(J PUNO} S8jel UOISSNOU0D uejoisAyd wesy [euoissejoid ‘19200s pue sjew Aqg sselb pue un} [eoyiue
MO pajejal-pods ul 9ouaiayip Jueolubls oN 2o NS /leuoissajoid [eoIpa ‘solews} pue safe ql Hoyoo aaoadsoid uo paureisns saunful jo uosuedwod |10z ;e 18 puensy3
|leqiooy [euoissajoid ui Ajlenas
"swiea) yorem pue 80UBPIOU] UOISSNOUOD
awoy Uey} SUOISSNOU0D paje|al-uods jJo uoISSNoU0Y pajeley Jeuoissajoid payejal-uods uo suonisod Jake|d
olelopol\  Jequinu JajealB Ajueoniubis e pey swes) Aemy uoneoo -uods INITLNOHH Bq100} ‘so[e|y oz [eoiBojoiwepidy pue sonsuslorIRyYd dwes Jo s1oayg 8102 5B 10 leQ
'SWwies) aWoy SNSIoA
swes) Aeme Ul seunful pesy Jo alel pasealoul
puNo} Os[e ‘seyes UoISSNoU0D pajejal-uods
paseaioap aney sepnie yobiy e Aed pue yorepm |leqio0} [euoissajoid ul @duaploul
ureJ] Y1oq ey} swes} Ing ‘se|ienb spnyye uoISSNoUOY pajeley [euolssajoid UoISSNOU0D pajejal-ods Uo apnyye
ajelopoly  Bunedwod usym punoy aoualayip juediubis oN uoleo0| ‘epniyy -yods INITLNOHA ‘|reqioo} ‘safelN og |eaibojoiwepidy 1e Buiures) pue Buikeld Jo 1003 8102 ;e 18 Ajlouuo)
"Un} [eloyie yum pasedwod adepns
sselb [einjeu Uuo SUOISSNOUOD pajelai-pods
JO 9OUBPIOU| PASEAIOU| "UOSESS BUj} JO uolpUOd jooyos ybiy 9ss0J0€| S|IB [0oyds ybiy ul
ojelopol\  Jepenb isuiy 8y} Ul palinddo saunlul peay Jo jeH pley ‘eoeung oLV ‘9ss0.08B| ‘Sajewa og [eoiBojoiwepidy  salnful peay jo sisA[eue juapioul 0apIA 2102 oz [ 10 [[omse)
"90ualayIp Jueoyubls e jou Ing PN Uepe] saunlul |jeqioo} 869)|00
uo ysu Jaybly 1eymawos "Jn] o1isy pue orel69)|00 pue jooyos ybiy jo sBuipuly
sselb [einjeu usamiaq punoy Sajel UoISSNOU0D pue jooyos real-g waysAg Buiyoday
Mo poeye|aI-uods Ul @ousIaIp JuedlIUBIS ON adelng SHIVN ybly ‘reqiooy ‘sejei 2 [eaibojoiwapidy ssaul||/Anfu one|ury [euoneN ayL 6161 o¢'I€ 10 SOV
selg sbuipuly (s)i01084 B1RW uo1399]|0D uoniadwon 2ouUspINg ubisaq Apnis ENN Jes\ ‘sioyiny
jo sy -l|D/[eluBWUOIIAUT Bjeq Jo poyeN jo [anaT ‘uonreindod jo [one]

abed }xaN UO panuiuo) salpNIS PapnaU] Jo sansIdoRIRY) "2 dlqgel

989

ining

Journal of Athletic Tra



Risk of
Bias
Moderate
Moderate
Moderate
Moderate

Low
Low

Findings
rates at higher altitude compared with lower
related concussion rates and game location.

altitude.
Increased risk of sport-related concussions on

sion rates found between surfaces with under-
underlayer pad after head-to-surface impacts.
Significant decrease in sport-related concussion

layer pad compared with those without an
increased altitude compared with at lower

altitudes.
and decreased incidence of sport-related

natural grass compared with artificial
concussions.

surfaces.
Decrease in sport-related concussion rates at

No significant difference in sport-related concus-
No association found between higher altitude
No significant association found between sport-

Environmental/Cli-
mate Factor(s)

Turf pad
Altitude
Surface
Altitude
Altitude
Location

Method of Data
Collection
Related Concussion

Related Concussion
Watch

Related Concussion
Watch

ATC, physician
FRONTLINE Sport-
Watch
Physiotherapist
FRONTLINE Sport-
FRONTLINE Sport-

HS RIO

Population, Level of
Competition

professional
professional
professional
professional

school

school
Males, football, high

Males, football, high
Males, football,
Males, rugby,
Males, football,
Males, football,

Level of
Evidence
2c
1b
2b
2b

Study Design
Cohort
Epidemiological
Prospective
Cohort
Retrospective
Epidemiological

Title
game injuries on pad and no-pad

fields
lower in National Football League

games played at higher altitudes
Playing surface and UK professional
cussion risk: lessons in protecting a

vulnerable sports community from
misconceived, but highly publicized

epidemiologic research

Teramoto et al,** 2017 Game schedules and rate of sport-
related concussions in the National

optimizing brain compliance to pre-
Football League

cussion incidence: implications for
vent brain injury in athletes
Team logo predicts sport-related con-

Rates of sport-related concussion are
rugby union injury risk

Surface-related high school football
Altitude modulates sport-related con-

Abbreviations: ATC, certified athletic trainer; CARE Consortium, Concussion Assessment, Research and Education Consortium; HS, high school; ISP, Injury Surveillance Program;

NAIRS, National Athletic Injury Reporting System; NCAA, National Collegiate Athletic Association; RIO, Reporting Information Online.

Table 2. Continued From Previous Page

Meyers et al,*® 2021
Myer et al,?° 2014
Ranson et al,** 2018
Smith et al,*® 2013
Smoliga et al,*' 2017

Authors, Year

9 points indicated a high risk of bias. Two raters indepen-
dently scored each study, and a third rater resolved conflicts.
The level of agreeability of the risk of bias between the 2
reviewers was calculated using the Cohen x.

Data Extraction and Analysis

The primary outcome of interest was the reported incidence
rates of sport-related concussion in athletes participating
in outdoor contact sports. Data and key findings regarding
sport-related concussion incidence across different sports,
surface types (grass versus artificial), game locations (home
versus away), altitudes, temperatures, and wet versus dry
conditions were recorded and qualitatively categorized by 2
independent reviewers. Sample size, level of play, type of
medical professional making the sport-related concussion
diagnosis, and method of data collection (ie, use of an injury
reporting surveillance system) were also recorded and consid-
ered in the qualitative analysis. Both the study design
and level of evidence according to the Oxford Centre for
Evidence-Based Medicine are included to further describe the
quality of findings (Table 2). Heterogenous populations and
data collection methods prevented extraction and analysis of
data via meta-analysis.

RESULTS

A total of 7558 articles were initially reviewed, and 20 met
the inclusion criteria (Figure). The level of agreeability of
the risk of bias between the 2 reviewers was 0.89, with 55%
(11/20) of articles having a low risk of bias and 45% (9/20)
having a moderate risk of bias (Table 3). A description of
the study results can be found in Table 2. Football followed
by rugby, soccer, and lacrosse were the most common sports
investigated by authors (14, 3, 3, and 2 studies, respectively).
There was moderate to strong strength of evidence concluding
no difference between surface type (grass versus artificial) on
sport-related concussion risk. Moderate to strong strength of
evidence was found supporting no difference in sport-related
concussion incidence based on game location (home versus
away). There was no consensus on the effects of altitude or
temperature on sport-related concussion incidence. One high-
quality study found a decreased risk of sport-related concus-
sion when playing in wet conditions versus dry conditions.

DISCUSSION

Overall, we found a general lack of consensus on specific
weather and environmental factors that influence sport-related
concussion incidence in outdoor contact sports. Often, these
factors are not documented after injury intake and warrant
consideration by medical personnel working with athletes
who play outdoors. Unique to outdoor contact sports is expo-
sure to variable weather, temperatures, and surface types, and
although these are often nonmodifiable, understanding risk
factors can facilitate more appropriate and efficient diagnosis
of sport-related concussion. This information may not influence
teams and organizations to cancel games or practices; however,
it may better inform decisions on scheduling, location selec-
tion, and facility design to better mitigate injury.

There has been an increase in the use of artificial grass, with
almost half of the National Football League (NFL) stadiums
being turf,'® and with that, a growing amount of evidence
identifying an altered risk of sport-related injury depending
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[ Identification of Studies Via Databases and Registries ]

Records identified from
databases

n = 16286

| ([ rdentification |

\ 4
Titles and abstracts screened

n =7558

v
Assessed for eligibility

Screening

n =147

included

n=20

| Included | [

Figure.

on surface type. Several studies have found an increase in
knee ligamentous injury and foot and ankle injuries when
playing on artificial surfaces compared with natural grass in
football and rugby.'"'*!7 Balazs et al conducted a systematic
review to determine the risk of anterior cruciate ligament
rupture on natural grass versus artificial turf and found an
increased risk of anterior cruciate ligament injuries on syn-
thetic playing surfaces in football but not in soccer.'® Unfor-
tunately, many studies did not report on turf generation or
age of the turf used for training and games. Unlike weather,
there have been studies looking at the relationship between
surface type and sport-related concussion injury risk. O’Leary
et al conducted a systematic review and found no association
between incidence of sport-related concussion and playing on
artificial turf in soccer.'” However, this review only included
soccer as well as studies that reported “head/neck” injuries
without defining concussion, which may have skewed their
results There is a lack of confidence in our understanding of
whether surface type may influence sport-related concussion
incidence, necessitating further investigation.

Altitude is one of the few environmental factors that has
been studied in relation to sport-related concussion incidence
in sport; however, the body of literature is conflicting. Some
authors have found a reduction in sport-related concussion
injury risk when playing at a higher altitude,”*>* but other
studies have found no association between the two.>>** Lack
of consistency in population and methodology still leaves this
question up for debate. Other factors, including game location
and field condition, warrant further investigation as these are
unique to outdoor sports, and the environment can be much
more variable and inconsistent than environments within

Duplicates removed before screening

n=8728

Excluded

n=7411

Excluded (n = 127)

- No report on extrinsic/
environmental factors
(n=78)
Wrong study design (n = 11)
Wrong outcomes (n = 10)
No data on exposure (n = 6)
Wrong method of concussion
diagnosis (n = 6)
- Subjective report of concussion
(n=5)
Not in English (n = 3)
Letter (n = 2)
Duplicate (n = 2)
Wrong patient population (n = 2)
Correction to article (n = 1)
Not validated data source (n = 1)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

stadiums or inside. This also warrants investigation to deter-
mine if there is a relationship between these factors and sport-
related concussion.

There were limitations to our study, which should be noted.
Only 4 of the articles that met the inclusion criteria included
female athletes®®*° participating in soccer and lacrosse. Ameri-
can football was the most common (14 studies) sport assessed.
This limits the generalizability of the results to other sports and
female athletes. Several studies used NFL concussion incidence
data from the FRONTLINE “Concussion Watch,”?%-21:30-32
which has not been validated as a reliable injury surveil-
lance database. Some injury epidemiology studies, such as,
for example, articles using NFL data, did not identify or dif-
ferentiate domed/indoor stadiums versus outdoor stadiums in
their analysis when reporting other environmental variables of
interest. Lastly, the methodology for collecting environmental
and climate-specific factors was not homogenous across stud-
ies. Different ranges for altitude and what was high versus
low altitude varied.?*?"***!33 Binney et al recently published
a study challenging the “statistical flaw” of studies creating
categories of altitude as seen in the studies included in our
systematic review.** The authors analyzed concussion rate
data from the NFL during the season from 2012 to 2019 and
assessed the relationship between altitude and concussion
rates continuously as well as categorically as previously done
to compare results. They found that the continuous plots did
not demonstrate any association between sport-related concus-
sion rate and altitude. However, when using a cutoff point
(644 feet, as used in Myer et al*), a significant difference in
sport-related concussion rate was observed. These limitations
may elucidate why we were unable to find specific trends in
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sport-related concussion incidence and identify the need for
consistency when defining environmental characteristics to
understand their influence more accurately on sport-related
concussion incidence.

Due to the lack of consensus on the influence of environ-
mental factors on sport-related concussion incidence revealed
by this systematic review, there is an opportunity to better use
injury reporting systems by adding simple environment-
specific data. Sport-related concussion diagnosis is chal-
lenging in the athletic environment, and understanding all
potential factors that influence concussion incidence opens
the door to develop more comprehensive and effective clin-
ical decision-making for medical professionals. Nationwide
injury surveillance systems may provide a fruitful opportunity
to further investigate this relationship, as simple environmental
and climate data could be included, such as field type, tempera-
ture, humidity, field conditions, location, and altitude. Participa-
tion in injury surveillance systems can result in a substantial
sample of data to better identify trends in injury incidence in
sports.>> Further study of environmental and climate factors
may motivate sports medicine decision-makers to consider
changes to modifiable factors related to games and practices
to improve safety and mitigate injury risk in this population.
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Appendix 1. Search Strategy
Search Strategy Report
Date of completed search: December 22, 2021.
Total number of articles (before deduplication): 16 281.
Total number of articles (after deduplication): 7562.
Database: MEDLINE (OVID)

Search Parameters Number

1. (((exp Sports/ OR exp Athletes/ OR exp Athletic Injuries/ OR exp Athletic Performance/) AND (contact OR contacts OR outdoor 77873
OR outdoors OR collision OR collisions).ti,ab) OR ((athlete OR athletes OR athletic OR player OR players OR play OR sport
OR sports OR competition OR competitions OR competitive OR competitively OR “physical activity” OR “physical activities”)
adj3 (contact OR contacts OR outdoor OR outdoors OR collision OR collisions)).ti,ab. OR (exp Baseball/ OR exp Cricket
Sport/ OR exp Football/ OR exp Marathon Running/ OR exp Mountaineering/ OR exp Racquet Sports/ OR exp Running/
OR exp Skating/ OR exp Skiing/ OR exp Snow Sports/ OR exp Soccer/ OR exp Tennis/ OR exp Team Sports/ OR exp Track
and Field/ OR exp Volleyball/) OR (baseball OR cheerleading OR cheerleader OR cheerleaders OR climbing OR climber
OR climbers OR cricket OR football OR handball OR hockey OR lacrosse OR marathon OR marathons OR marathoner
OR marathoners OR mountaineering OR mountaineer OR mountaineers OR multisport OR pentathlon OR pentathlons OR
pentathloner OR pentathloners OR rugby OR skating OR skater OR skaters OR skiing OR skier OR skiers OR snowboarding
OR snowboarder OR snowboarders OR soccer OR softball OR squash OR surfing OR surfer OR surfers OR tennis OR
triathlon OR triathlons OR triathloner OR triathloners OR volleyball OR NCAA OR NFL OR FIFA OR NBL OR NICA OR
USASA OR NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls OR “world cup” OR “world cups”).ti,ab.)
2. exp Brain Concussion/ OR brain injuries/ OR brain injuries, traumatic/ OR (concussion OR concussions OR concussed OR 121952
“mild traumatic brain injury” OR “mild traumatic brain injuries” OR MTBI OR MTBIs OR “head injury” OR “head injuries” OR
“brain injury” OR “brain injuries”).ti,ab
3. 1AND 2 3808
4. 3 not (case reports OR editorial OR letter).pt. 3546

Database: Embase (Elsevier)
Note: all searches were conducted in the “results” tab.

Search Parameters Number

1. ((‘sport’/exp OR ‘athlete’/exp OR ‘sport injury’/exp OR ‘athletic performance’/exp) AND (contact OR contacts OR outdoor OR 132075
outdoors OR collision OR collisions):ti,ab) OR ((athlete OR athletes OR athletic OR player OR players OR play OR sport OR
sports OR competition OR competitions OR competitive OR competitively OR ‘physical activity’ OR ‘physical activities’)
NEAR/3 (contact OR contacts OR outdoor OR outdoors OR collision OR collisions)):ti,ab OR (‘baseball’/exp OR ‘cricket
(sport)’/exp OR ‘football’’exp OR ‘football player’/exp OR ‘marathon running’/exp OR ‘mountaineering’/exp OR ‘racquet
sport’/exp OR ‘running’/exp OR ‘skating’/exp OR ‘skiing’/exp OR ‘winter sport’/exp OR ‘soccer’/exp OR ‘soccer player’/exp
OR ‘tennis’/exp OR ‘team sport’/exp OR ‘track and field’/exp OR ‘volleyball’/exp) OR (baseball OR cheerleading OR cheer-
leader OR cheerleaders OR climbing OR climber OR climbers OR cricket OR football OR handball OR hockey OR lacrosse
OR marathon OR marathons OR marathoner OR marathoners OR mountaineering OR mountaineer OR mountaineers OR
multisport OR pentathlon OR pentathlons OR pentathloner OR pentathloners OR rugby OR skating OR skater OR skaters
OR skiing OR skier OR skiers OR snowboarding OR snowboarder OR snowboarders OR soccer OR softball OR squash OR
surfing OR surfer OR surfers OR tennis OR triathlon OR triathlons OR triathloner OR triathloners OR volleyball OR NCAA
OR NFL OR FIFA OR NBL OR NICA OR USASA OR NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls
OR ‘world cup’ OR ‘world cups’):ti,ab

2. ‘brain concussion’/exp OR ‘traumatic brain injury’’de OR (concussion OR concussions OR concussed OR ‘mild traumatic brain 150767
injury’ OR ‘mild traumatic brain injuries” OR MTBI OR MTBIs OR ‘head injury’ OR ‘head injuries’ OR ‘brain injury’ OR ‘brain
injuries’):ti,ab
3. 1 AND 2 5605
4. 3 not (‘case report’/exp OR ‘case study’/exp OR ‘editorial’/exp OR [editorial[/lim OR ‘letter/exp OR [letter])/lim OR ‘note’/exp OR 3589

[note]/lim OR [conference abstract)/lim OR ‘conference abstract/exp OR ‘conference abstract’/it)
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Database: CINAHL Complete (EBSCOhost)

Search Parameters Number

2.

3.

(((MH “Sports+” OR MH “Athletes+” OR MH “Athletic Injuries+”) AND (Tl (contact OR contacts OR outdoor OR outdoors OR 59184

collision OR collisions) OR AB (contact OR contacts OR outdoor OR outdoors OR collision OR collisions))) OR ((T! (athlete
OR athletes OR athletic OR player OR players OR play OR sport OR sports OR competition OR competitions OR competitive
OR competitively OR “physical activity” OR “physical activities”) N3 (contact OR contacts OR outdoor OR outdoors OR
collision OR collisions)) OR AB (athlete OR athletes OR athletic OR player OR players OR play OR sport OR sports OR
competition OR competitions OR competitive OR competitively OR “physical activity” OR “physical activities”) N3 (contact
OR contacts OR outdoor OR outdoors OR collision OR collisions)) OR (MH “Contact Sports” OR MH “Football” OR MH
“Rugby” OR MH “Sports” OR MH “Caving” OR MH “College Sports” OR MH “Extreme Sports” OR MH “Handball” OR MH
“Mountaineering” OR MH “Professional Sports” OR MH “Racquet Sports+” OR MH “Tennis” OR MH “Rock Climbing” OR MH
“Skating+” OR MH “Skateboarding” OR MH “Skiing+” OR MH “Sports, Disabled+” OR MH “Sports Re-Entry” OR MH “Team
Sports+” OR MH “Winter Sports+” OR MH “Hockey” OR MH “Snow Skiing+” OR MH “Snowboarding”) OR Tl (baseball OR
cheerleading OR cheerleader OR cheerleaders OR climbing OR climber OR climbers OR cricket OR football OR handball
OR hockey OR lacrosse OR marathon OR marathons OR marathoner OR marathoners OR mountaineering OR mountaineer
OR mountaineers OR multisport OR pentathlon OR pentathlons OR pentathloner OR pentathloners OR rugby OR skating
OR skater OR skaters OR skiing OR skier OR skiers OR snowboarding OR snowboarder OR snowboarders OR soccer OR
softball OR squash OR surfing OR surfer OR surfers OR tennis OR triathlon OR triathlons OR triathloner OR triathloners

OR volleyball OR NCAA OR NFL OR FIFA OR NBL OR NICA OR USASA OR NVA OR NBA OR Olympic OR Olympics

OR superbowl OR superbowls OR “world cup” OR “world cups”) OR AB (baseball OR cheerleading OR cheerleader OR
cheerleaders OR climbing OR climber OR climbers OR cricket OR football OR handball OR hockey OR lacrosse OR
marathon OR marathons OR marathoner OR marathoners OR mountaineering OR mountaineer OR mountaineers OR
multisport OR pentathlon OR pentathlons OR pentathloner OR pentathloners OR rugby OR skating OR skater OR skaters
OR skiing OR skier OR skiers OR snowboarding OR snowboarder OR snowboarders OR soccer OR softball OR squash OR
surfing OR surfer OR surfers OR tennis OR triathlon OR triathlons OR triathloner OR triathloners OR volleyball OR NCAA
OR NFL OR FIFA OR NBL OR NICA OR USASA OR NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls
OR “world cup” OR “world cups”))

MH “Brain Concussion+” OR MH “Brain Injuries” OR Tl(concussion OR concussions OR concussed OR “mild traumatic brain 45171

injury” OR “mild traumatic brain injuries” OR MTBI OR MTBIs OR “head injury” OR “head injuries” OR “brain injury” OR “brain
injuries”) OR AB(concussion OR concussions OR concussed OR “mild traumatic brain injury” OR “mild traumatic brain injuries”
OR MTBI OR MTBIs OR “head injury” OR “head injuries” OR “brain injury” OR “brain injuries”)

1 AND 2 2983

996

Volume 58 ¢ Number 11/12 ® November/December 2023

$S900E 93l) BIA §1-90-GZ0Z e /woo Alooeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



Database: SPORTDiscus (EBSCOhost)

Search Parameters Number

1. ((DE “SPORTS” OR DE “AERODYNAMICS in sports” OR DE “AERONAUTICAL sports” OR DE “AMATEUR sports” OR DE 497134
“BALL games” OR DE “COLLEGE sports” OR DE “COMBAT sports” OR DE “ENDURANCE sports” OR DE “EXTREME
sports” DE “INDIVIDUAL sports” OR DE “MILITARY sports” OR DE “OLYMPIC Games” OR DE “SCHOOL sports” OR DE
“SENIOR Olympics” OR DE “SPORTS for children” OR DE “SPORTS for girls” OR DE “SPORTS for older people” OR DE
“SPORTS for people with disabilities” OR DE “SPORTS for youth” OR DE “SPORTS teams” OR DE “TEAM sports” OR DE
“TEAMWORK (Sports)” OR DE “VIOLENCE in sports” OR DE “WOMEN’S sports”) AND (TI (contact OR contacts OR outdoor
OR outdoors OR collision OR collisions) OR AB(contact OR contacts OR outdoor OR outdoors OR collision OR collisions)))
OR TI ((athlete OR athletes OR athletic OR player OR players OR play OR sport OR sports OR competition OR competitions
OR competitive OR competitively OR “physical activity” OR “physical activities”) N3 (contact OR contacts OR outdoor OR
outdoors OR collision OR collisions)) OR AB((athlete OR athletes OR athletic OR player OR players OR play OR sport OR
sports OR competition OR competitions OR competitive OR competitively OR “physical activity” OR “physical activities”) adj3
(contact OR contacts OR outdoor OR outdoors OR collision OR collisions)) OR DE “BALL games” OR DE “BASEBALL” OR
DE “CONTACT sports” OR DE “EXTREME sports” DE “HOCKEY” OR DE “OLYMPIC Games” OR DE “PROFESSIONAL
sports” OR DE “RACKET games” OR DE “ROLLER skating” OR DE “SENIOR Olympics” OR DE “SKATEBOARDING” OR
DE “SOFTBALL” OR DE “TEAM sports” OR DE “WINTER sports” OR Tl (baseball OR cheerleading OR cheerleader OR
cheerleaders OR climbing OR climber OR climbers OR cricket OR football OR handball OR hockey OR lacrosse OR mara-
thon OR marathons OR marathoner OR marathoners OR mountaineering OR mountaineer OR mountaineers OR multisport
OR pentathlon OR pentathlons OR pentathloner OR pentathloners OR rugby OR skating OR skater OR skaters OR skiing
OR skier OR skiers OR snowboarding OR snowboarder OR snowboarders OR soccer OR softball OR squash OR surfing OR
surfer OR surfers OR tennis OR triathlon OR triathlons OR triathloner OR triathloners OR volleyball OR NCAA OR NFL OR
FIFA OR NBL OR NICA OR USASA OR NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls OR “world
cup” OR “world cups”) OR AB (baseball OR cheerleading OR cheerleader OR cheerleaders OR climbing OR climber OR
climbers OR cricket OR football OR handball OR hockey OR lacrosse OR marathon OR marathons OR marathoner OR mar-
athoners OR mountaineering OR mountaineer OR mountaineers OR multisport OR pentathlon OR pentathlons OR pentathl-
oner OR pentathloners OR rugby OR skating OR skater OR skaters OR skiing OR skier OR skiers OR snowboarding OR
snowboarder OR snowboarders OR soccer OR softball OR squash OR surfing OR surfer OR surfers OR tennis OR triathlon
OR triathlons OR triathloner OR triathloners OR volleyball OR NCAA OR NFL OR FIFA OR NBL OR NICA OR USASA OR
NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls OR “world cup” OR “world cups”)

2. DE “BRAIN concussion” OR DE “POSTCONCUSSION syndrome” OR Tl (concussion OR concussions OR concussed OR 12134
“mild traumatic brain injury” OR “mild traumatic brain injuries” OR MTBI OR MTBIs OR “head injury” OR “head injuries” OR
“brain injury” OR “brain injuries”) OR AB (concussion OR concussions OR concussed OR “mild traumatic brain injury” OR
“mild traumatic brain injuries” OR MTBI OR MTBIs OR “head injury” OR “head injuries” OR “brain injury” OR “brain injuries”)

3. 1AND 2 2872

Database: Scopus (Elsevier)

Search Parameters Number

1. TITLE-ABS((athlete OR athletes OR athletic OR player OR players OR play OR sport OR sports OR competition 195080
OR competitions OR competitive OR competitively) W/3 (contact OR contacts OR outdoor OR outdoors OR col-
lision OR collisions)) OR TITLE-ABS(({physical activity} OR {physical activities}) AND (contact OR contacts OR
outdoor OR outdoors OR collision OR collisions)) OR TITLE-ABS(baseball OR cheerleading OR cheerleader
OR cheerleaders OR climbing OR climber OR climbers OR cricket OR football OR handball OR hockey OR
lacrosse OR marathon OR marathons OR marathoner OR marathoners OR mountaineering OR mountaineer
OR mountaineers OR multisport OR pentathlon OR pentathlons OR pentathloner OR pentathloners OR rugby
OR skating OR skater OR skaters OR skiing OR skier OR skiers OR snowboarding OR snowboarder OR snow-
boarders OR soccer OR softball OR squash OR surfing OR surfer OR surfers OR tennis OR triathlon OR triath-
lons OR triathloner OR triathloners OR volleyball OR NCAA OR NFL OR FIFA OR NBL OR NICA OR USASA
OR NVA OR NBA OR Olympic OR Olympics OR superbowl OR superbowls OR {world cup} OR {world cups})

2. TITLE-ABS(concussion OR concussions OR concussed OR {mild traumatic brain injury} OR {mild traumatic brain 116092
injuries} OR MTBI OR MTBIs OR {head injury} OR {head injuries} OR {brain injury} OR {brain injuries})

3. 1AND 2 3800

4. Selected publication types: article, review 3291
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