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Abstract

Background Running is a popular sport with high injury rates. Although risk factors have intensively been investigated,
synthesized knowledge about the differences in injury rates of female and male runners is scarce.

Objective To systematically investigate the differences in injury rates and characteristics between female and male runners.
Methods Database searches (PubMed, Web of Science, PEDro, SPORTDiscus) were conducted according to PRISMA
guidelines using the keywords “running AND injur®*”. Prospective studies reporting running related injury rates for both
sexes were included. A random-effects meta-analysis was used to pool the risk ratios (RR) for the occurrence of injuries in
female vs. male runners. Potential moderators (effect modifiers) were analysed using meta-regression.

Results After removal of duplicates, 12,215 articles were screened. Thirty-eight studies were included and the OR of 31
could be pooled in the quantitative analysis. The overall injury rate was 20.8 (95% CI 19.9-21.7) injuries per 100 female
runners and 20.4 (95% CI 19.7-21.1) injuries per 100 male runners. Meta-analysis revealed no differences between sexes for
overall injuries reported per 100 runners (RR 0.99, 95% CI 0.90-1.10, n=24) and per hours or athlete exposure (RR 0.94,
95% CI 0.69-1.27, n=16). Female sex was associated with a more frequent occurrence of bone stress injury (RR (for males)
0.52, 95% CI 0.36-0.76, n=5) while male runners had higher risk for Achilles tendinopathies (RR 1. 86, 95% CI 1.25-2.79,
n=2). Meta-regression showed an association between a higher injury risk and competition distances of 10 km and shorter
in female runners (RR 1.08, 95% CI 1.00-1.69).

Conclusion Differences between female and male runners in specific injury diagnoses should be considered in the develop-
ment of individualised and sex-specific prevention and rehabilitation strategies to manage running-related injuries.

There were no differences between female and male run- Run.mng 1savetyp qular P (?rt practiced all over the WoFld'
. . While regular physical activity and sports such as running
ners in overall injury rates.

are beneficial for prevention and rehabilitation of many
health complaints (“exercise is medicine”) [1, 2], running
is frequently associated with high injury prevalence and
incidence rates [3-5].

For injury prevention, risk factors need to be well
understood [6]. Risk factors for running are manifold
and consist of training load, biomechanical, anatomical
and anthropometrical variables [7—12]. While some previ-

Female runners had more bone stress injuries.
Male runners had more Achilles tendon injuries.

Shorter competition distances increase the risk of injury
for female runners.
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ous studies exclusively investigated either male [9, 13] or
female [14-16] runners, sex has been suggested to be a
risk factor for specific injury patterns in running, as well
as for overall injury risk [7, 17, 18]. This is supported by
a study investigating injury rates for female and male elite
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running athletes [19]. Analysing data collected during 14
international athletics championships, Edouard et al. [19]
showed that male elite athletes had lower injury incidence
rates for bone stress injuries (BSI) than female counter-
parts. However, injury risks differed between sexes for
running disciplines (from middle distances upwards)
although only with a small to trivial relative risk (1.5
for middle distances, 0.9 for long distances and 1.3 for
marathon running) [19].

Including and investigating both sexes in running injury
research is in line with evidence for the different risks
between female and male athletes for specific types of inju-
ries such as anterior cruciate ligament ruptures or concus-
sions in different team sports as well as ankle sprains in all
sports [20-22]. However, considering the current literature,
it is difficult to derive conclusive summaries about differ-
ences in overall or specific injury epidemiology for both
sexes in specific sports [18]. To develop and optimize indi-
vidualized prevention and treatment options for running
injuries, it is crucial to understand if and to what extent
injury epidemiology differs between the sexes. Therefore,
the aim of this systematic review was to evaluate the differ-
ences in injury rates and characteristics between male and
female runners using meta-analytical techniques. First, dif-
ferences in overall injury rates were compared between both
sexes. Secondly, depending on the availability of sufficient
data, specific injury diagnoses were analysed regarding their
occurrence in female and male runners.

2 Methods

This study was conducted and presented according to
the PRISMA guidelines for reporting systematic reviews
and meta-analysis [23]. Prior to the start of the study, the
review protocol was registered in the PROSPERO database
(CRD4201911883).

2.1 Search Strategy and Inclusion Criteria

Two independent investigators (K.H. and C.E.) conducted a
systematic literature search including articles from inception
till April 2020. Prospective cohort studies and randomized
controlled trials investigating healthy runners from differ-
ent age groups were included. The search was restricted to
articles from peer-reviewed journals published in English,
German, or Spanish languages. Furthermore, studies had to
report rates of running-related injuries for both sexes. Over-
all injury rates and injury rates for specific locations, diagno-
ses or injury mechanisms were considered. Included running
disciplines were middle distance and long-distance track as
well as cross-country, trail and road running. There was no
restriction to a specific injury definition. Reviews, systematic

reviews, commentaries, case studies, case series, Cross-sec-
tional studies, retrospective studies and interventional arms
of randomised controlled trials (RCT) were excluded. For
RCTs, only untreated control groups were considered.

The search strategy using specific keywords (running
AND injur*) was applied to four different databases (Pub-
Med, Web of Science, PEDro, SPORTDiscus). All databases
were searched to identify relevant studies based on keywords,
title and abstract. Two independent investigators (C.E. and
K.H.) extracted relevant studies based on the inclusion cri-
teria first by reading the title, the abstract and the full text, if
available. A third reviewer (A.Z.) was available for consensus
decisions. The bibliographical information of included arti-
cles was examined for further relevant references (backward
search). A forward search was done via citation tracking using
Web of Science® (Thomson Reuters).

2.2 Data Extraction

Study characteristics (design, running discipline, population,
age and number of participants) as well as prevalence and inci-
dence rates for both sexes were extracted. For prevalence rates,
number of injuries or number of injured runners were related to
the number of runners investigated. For incidence rates, number
of injuries and specific exposures (in hours, kilometres or ath-
lete exposure) were used. An athlete exposure (AE) is defined
as one athlete participating in one practice or competition [24].
When it was not possible to extract the data from an article
for specific running distances (e.g., pooling of overall injuries
for track disciplines), corresponding authors were contacted
by email to obtain the data. If specific data were not able to be
obtained, the respective study was included in the systematic
review but not in subsequent analyses.

2.3 Study Quality Assessment

Due to insufficient study quality assessment tools in sports
injury epidemiology, a new tool was developed by consensus
of K.H., AJ., ALR. AZ. and S.S. on the basis of previ-
ously used tools [20, 22, 25, 26]. The modification ensured
that all relevant points regarding the quality of the study
design and important content-related information would be
considered—e.g., differences in methodological approaches
such as competition or season, or the type of data collection.

This tool consisted of 15 items on recruitment, reporting,
injury and exposure collection, injury definition and drop-
out (Table 1).

The identified quality score was used to determine a high
(above the median) or low (below the median) study qual-
ity of the studies investigated (median score was 18). Two
independent reviewers (K.H., A.J.) with a third reviewer
(A.L.R.) for consensus assessed the study quality of the
included studies.
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Table 1 Risk of bias assessment tool

Question

Rating

Are the sources and methods of participant recruitment clearly
described?

Are the relevant characteristics (n, age, sex, sport, level of competition)
of the study population reported?

Does the study cover season and/or tournaments/championships?
Are exposure data recorded?

Is the frequency of data collection reported?

If yes:

Is a clear injury definition provided?

If yes:

Is the method for assessing exposure described?

If yes:

Is the method for assessing injury reported?

If yes:

Are characteristics of injury reported (location, type, mechanism, sever-
ity, recurrent)?

If yes:
Is the drop out <30% drop out?

Yes (1), no (0)
Yes (1), no (0)

Season (2), tournaments (1), not reported (0)

Yes (1), no (0)

Yes (1), no (0)

> Daily (3), > weekly (2), > monthly (1), not reported (0)

Yes (1), no (0)

Medical attention (3), time loss (2), other (1), no clear definition (0)
Yes (1), no (0)

Individual data collection (2), exposure estimated (1), not reported (0)
Yes (1), no (0)

Briefed medical personnel (3), medical personnel (2), coach, self-
report, media reports (1), not reported (0)

Yes (1), no (0)

Complete (2), partly (1), no (0)
Yes (1), no (0)

Publication bias was checked by visual inspection of fun-
nel plots (log risk ratio against standard errors) and regres-
sion test for funnel plot asymmetry.

2.4 Data Synthesis and Statistics

To compare injury risk between male and female runners,
risk ratios (RR) with 95% confidence intervals (CI) were
computed for each study. Meta-analytic pooling was done
using a random-effects model (DerSimonian and Laird
method [27]). Between-study heterogeneity was estimated
using Cochran’s Q and I statistics. To reveal potential publi-
cation biases, funnel plots were constructed if more than ten
studies were available [28]. Besides visually checking their
symmetry, Egger’s regression test was applied.

Following the calculation of pooled RRs, we used a
mixed-effects meta-regression model to identify variables
potentially affecting the outcome of the meta-analysis
[27]. The choice of tested moderators (effect modifiers)
was based on three criteria: (1) a plausible impact on the
tested variables, (2) reporting in the included studies, (3)
sufficient variation of the moderators’ values [29]. The
following moderators were submitted into the meta-regres-
sion model: performance/expertise level (recreational: no
competitions, competitive: participating in local competi-
tions, elite: qualifying for national or international com-
petitions); age (youth: < 18, adult: > 18) competition dis-
tance (< 10 km, > 10 km); study quality (low: study quality
score < 18, high: study quality score > 18), training dura-
tion (low: < 7.5 h or high: > 7.5 h/week), training mileage

(low: < 64 km/week, high: > 64/week). Moderator analyses
were performed if ten or more studies were available [28].
If a significant moderator was detected, a subgroup analy-
sis comparing the respective values of the moderator was
performed using the meta-analytic procedures described
above.

All calculations were performed using algorithms of
the metaphor package embedded in R (R Foundations for
Statistical Computing, Vienna, Austria) as well as the soft-
ware JAMOVI [30] and OpenMeta [Analyst] software (OS
X version 10.12 obtained from http://www.cebm.brown
.edu/openmeta/).

3 Results
3.1 Search Results

The search returned 15,914 studies and 29 additional stud-
ies were identified through other sources. After removing
3699 duplicates and applying inclusion criteria, a total
of 38 studies were considered eligible [7, 19, 24, 31-65].
Thirty-one of them could be included in the quantitative
analysis. Seven studies reported on the same data sets as
other included studies and were excluded from the quan-
titative analysis [19, 31-33, 39, 40, 65]. The full literature
search process is displayed in Fig. 1.
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Fig. 1 Flow diagram displaying the literature search

3.2 Characteristics of Included Studies

Of the included studies, 36 reported injury data from 35,689
participants (40.8% female). Two studies reporting on inju-
ries from the National Collegiate Athletic Association
(NCAA) database did not state the number of athletes but
did report the athlete exposure (242,244 athlete exposures
with 46.7% females [24] and 276,207 athlete exposures with
50.7% females [59]). Most studies were prospective cohort
studies (n=37), while the control group (not receiving any
intervention) from one randomised controlled study met the
inclusion criteria [42]. Twenty-three studies investigated
road runners, 11 track runners (middle and long distance),
10 cross-country runners and 3 studies reported on trail

running/orienteering (Table 2). Studies from major competi-
tions (European or World Championships) reported concur-
rently on track and road running (half or full marathon) [19,
31-33, 41]. Regarding competition level, 18 studies reported
on novice and recreational runners, 11 on competitive and 9
on elite runners. Study characteristics of all included studies
are summarized in Table 2.

3.3 Study Quality

The two independent reviewers evaluating study quality
agreed on 441 of 570 evaluated items (agreement="77.4%).
The scores for study quality ranged between 9 and 23 out of
24 points with a median of 18 and a mean+SD of 16.8 +4.1.



1015

Sex-Specific Differences in Running Injuries

sIouunI
001 Iod s1ou
-una painfur

uonedronted
oTJOTYIE WOIJ

€1 PreN Sunynsar
‘s1ouunt Juaprout
001 1od s1ou BEl SSO[ QW) [zs]
-unipamfur  -unigQy Jod Auy :1ouren (1ooyos ysmy) NS sploukoy
Il [ oW soumfur 201 VN onIIIY TRk | VN $S/0% oannedwo)  [ooyos YSIH ANunoo-ssor)  pue ure I
MITAIONUL
uonerndod quoydore)
sloym  Aq pajeprfeA
0} uon ‘uerorsAyd
-ejodenxo QuIoTpaW
40001 uay) ‘a1reu s110ds pue
12d soumfur -uonsonb e1a srejdsoy
L0 OTeIN ordures oA woij ANst
40001 -ejuasardar -3a1 Amlur (uop
10d soumnfur Yy 00071 Iod WOIJ Pajod] :pasougderp -oM§) paseq [8¢] a1p0D
Il L0 oTewa, soumfur /' -[09 219m Ble( A[eo1po|n Ieok | 6S—S1 0£S€/S0ST [BUOTIBIONY uonendod [Tel]/peOY  pUB S0 9p
s1ouuni g0 |
13d sornfur sIou Sururen
0°SL [N  -unigQr Iod Jo syrodax soum(ur
‘souunt (0| saumn(ur 4/, A[yuow uonnedwod
10d sovm(ur 00001 ‘s3o1 Sur 1o Sururen sjuap [6¥]
07 LTl erews J1od soumnfur ¢ -uren Areq SSO[ QuIL], Teak | SIFSLI 96/€€ g -nJs 939[[0D SIQANUALID uossueyor
sIouunt
001 1od s1ou
-unI panfur
9°1¢ PleIN
‘sIouunI swapqoxd
007 Jod s1ou  s1oUUNI (OO orpaedoyjio (ury Q) 918
-unu painfur 1od srouuni oyroads (sL—6 -Se[D) doue) [L¥]
11 €¢Sorewsj  pamlur '8¢ Qoeruny 0z  peyodar-J[os Kep | J3uer) ¢z¢ 1L01/881 [euoneaIddy  -siq odeory)  Sumeipeoy  [e 19 soySny
sIouunI
uoyjerewt
001 1od s1ou
-unI painfur
S'LT PlEN
‘s1ouunt sIouunI
uoyjeIew uotjeIewr sisod syuedron
001 Iod s1ou 0071 1od pre-1siy je -red (Z861)
-un1 painfur sIauunr uotperewr  Jjels [eorpauwr uoyIeIRIAl [+6]
4! C¢ -9[elo] paunfur g [0} 2UQ  [PIM JOBIUO] Kep 81 1940 9¢€TT/eS [BUONBAIOY PleYIRYS uoyjerejy ‘e 319 [[OYdIN
9I00S (oreW/oTRWY) (Anuno))
seiq Jo  (9[ew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM9[[0d syuedronred ‘suone[ndod
STy sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo IaquunN [oAT NIoyoD 110dg Apmgs

sonsLI)oereyd Apms g d|qel



K. Hollander et al.

1016

s1ouunI
0071 Iod s1ou
-un1 panfur
¥'9C PN
‘sIouunr
0071 Iod s1ou
-uni painfur

sIouunI (0|
1od sxouuni

R 0]
1adoo)

(9]

6 0Szorwe  pamlul¢og VN JISIA [eo1uI)D s1eak § VN 1LL1/0TT [RUONBAIOOY — WoOJJ sjudned Suruuni peoy  °[e 19 119q[0D
Kyianyoe
woij 150[
wmn Yy jo
Ss9[pIedal
s£0q 001 ‘Jourer) dnd[
1ad sormfur -1e oY) Jo
99 :O[RIN uonuane Ay (remey
SHu3 001 s1ou paxmbai jey) ‘noyeung)
1od soumfur  -unxgQy 1od jurerdwod (Tooyos y31y) sjuapnys [¥¢]
Il G9 :o[ewa] soumnfur g9 VN e[yIe AUy sIeak § VN 10S/L8L aannedwo) [ooyos Y3t Anunod-ssor) T 19 Ayoeag
s1ouunI (0|
1ad samyoeay
SSAIS YIIM
sIouunI  SIQUUNI 00
1T PN Iod samoery ‘Furu
‘szouun Q0| SSON)S UM -UNI JNOyNm uonen[eAd
1od sanjoery SIQUUNI §'G7  SYO9M [O9M  [BOIUI[O JoYJe
SSAI)S )M 4 0001 1od smoy Surdewr [eo
srouuns  Jod sarnjoely IMITATIUT -Ipaw oI} (939[109) sono[ [s¢l
12 8°0€ :orewaq ssams /"0 paInjonng -oel1j ssang Syoom 8t 97-L1 82/9C aannadwo)  -yie BLIOIOIA Joell, °[e 30 [[ouuag
[euorssajoxd
s1ouuni yJ[eay e 29s
001 1od s1ou 10 ‘QuIoIpaw
-unx painfur aye) ‘uni
£'617 OB s Jo oLrRuQ ur
‘sIouunr Ioquinu (] $°'22—+)
007 Jod s1ou  s1ouunI OO qy) 2onpas SIUAAQ
-uni painfur Iod siouuni 0} y3noua Suruung (SO OT) [€9]
€1  SSpoewoq  pamlul '8 VN 9I0Ads saunfug Syoom 76 1 I9A0 086/10€ [eUOTIBAIONY Arunuwwo)  SIOUUNIPeoy  Te 19 Ioep\
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon uonI[0d syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apnig

(ponunuoo) zsjqey



1017

Sex-Specific Differences in Running Injuries

sIouunI
001 1od s1ou
-unx painfur

€87 Ol UOTBULIJUOD
‘srouunt [eorpowt
00T Iod s1ou Jouuni Q| s (Koa (wy 01)
-unJ painfur 1od s1ouuni -ng) ured uny ung (wy Q1) [29]
$1 T0€ Prewdg  pamfur ¢'eg VN  pauodar-Jos syoom ¢ VN S07/SE9 [euoneaIdNY IOANOJUBA QovIpEROY [B 10 UoUNE]
sIouunI
0071 Iod s1ou
-unx panfur
S¥S PleN
‘sIouuny (KAoaIng)
001 1od s1ou ouuni 00| swapqoxd syuedronred
-uni painfur 1od s1ouun orpaedoyyio UOyJeIeI [19] Te 30
IT 9 y:orewd  pamfurgop VN  pouodar-jo8 SYooM 7 St 9¢/2T [RUONBAIINY urpeg uoyIeIej IoYOrUINNS
JUAAD
aanneduwos
10 donoead
juonbasqns
® SSTUW 0} 1O
JUSAQ AT
-nadwos
Kmfur 10 9omoe1d
ona[yIEe ue © woly
Sururejsns jo pasowal oq
Aniqissod 0} 9jqyIR UR
oy) sem  paxmbarjey)
oy yorym  uonedronted
SHY 0001 ur (uon  duR[YIE woiy
10d sovm(ur -nodwoo) Sunnsax
601 9B jo0ul 10 worqoxd (o318
SSHV 0001 sqy  oonoeld Aue [edIpaw © uo)3urysep)
1od sormfur 00071 Iod Se pauyop Se pauyop (1ooyos ysmy) sjuopnys [8¢]
Q1  L'9] :9rewdq  saunfur [°¢y sem gy uy  sem Amfur uy s1edK G VN 1€02/2021 aannadwo) [ooyos Y3t  Anunod sso1) ‘Te 12 yney
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apmgs

(ponunuoo) zsjqey



K. Hollander et al.

1018

Quo
juonbasqns
® SSIW 0) 10
JooW I0 901}
-oeid e woiy
paAowal oq
Amfurue 03 oUUNI AY)
Surureisns Surnmbax
JO ysiIje Kyuranxo
SV 0001 sem Jouunt IoMO[ 10
10d sovm(ur B oIoyM Joeq o
0°ST PN JUQAQ 9AT) Jo soumnfur

SHV 0001 sV -nodwod 10 Jwaqord (eeas)
13d soumfur 0001 Jod  2onoead Aue auoq 10 (a391100) sjuapnys [Ls]

0C 96l Prewoj  sounfurg Ly sem gy uy  “qurof ‘orosnjy uoseas AU VN GET/981 aannadwo) 339110D  Anunod ssor) ‘Te 10 yney
sarm(ur
se payIs
-SB[O oIom
sIouunt ‘sasIniq
0071 Iod s1ou [rews 1daoxa
-unI painfur ‘saInjoely
09 BN pue ‘spunom
‘sIouunI ‘Furpa9iq
001 Jod s1ou  s1ouuni Q| ‘SUOISNIUOD

-un1 painfur 1od siouuni :pasousderp (syoam 1) (9891109) sjuop [L€]
01 7S orewd  pamlur [°/6 VN A[TeotpoIN uoseas U L1 Sy/LY aannedwo) -ms o89[[0)  Suruuni peoy ‘Te 19 sueq
Q1008 (orew/oreway) (Anuno))
seiq Jo  (9rewy/orewsy) (][BI9A0)  JUQWIAINSEOW uon uond[[0d syuedronred ‘suonerndod
sty sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



1019

Sex-Specific Differences in Running Injuries

811 :uoy)
-eIRW ‘16
‘w000t
‘6L DS
w 000€ ‘¥T
woost
‘ey ‘w008
QRN -
{19 uoyy
-BIRW ‘§GT Sururen
‘W 0000T 1o uonn
‘8¢ W 000S -odwoo woiy
‘8 :DS Jouasqe
w 000€ ‘9T S.R[yIe
woost oy} 0}
‘7T W 008 Joadsar yym
o[eWR - soouanb
sajeyIe -9su09d ay} Jo syuedronred
pa1dysiSar saje[YIe Sso[pIeSaI (eesQ)
0007 Iod 00071 Tod saje[yIe soum(ur e sdiysuord
sorm(ur sorm(ur uon Sunedwod -[oyso[nd -Weyd PHOA uoy [z€]
(44 sso[-owl],  -nodwod (G| JO TequinN -snu [y LELT L9T/6VC A AVVI L00T -BIRJN+ORIL,  'Te )9 OSUOlY
eIqn TeIpowt
-1or19)sod
93 Jo spagy
oMm) TeISIp
oy 3uore
uoned -[ed
yim ured
pazifedo]
pue ‘Kjanoe
Surreaq
SHV 0001 -IYS1om QAT
1od sarmoely -nodar ynm
ssons PareqIooEX
LT PeIN ‘uorgar [eiqn
SSHV 0001 JUOAD ot ur ured
1ad saxmoey SAV 0001 aannadwod :aInjoely (UISUOISIA )
ssans ¢4 Jod seimyoedy 10 90noead ssans [erqn (a391100) sjuapnis [9g]
12 1o[ewR SSaIs 87 Aue 1y [BTPIN VN 6S/9% aannadwo) [ooyos Y3t  Anunod sso1) ‘Te 30 ASTd
109S (orew/oreway) (Anuno))
seiq Jo  (9rewy/orewsy) (][BI9A0)  JUQWIAINSEOW uon syuedronred ‘suonerndod
sty sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



K. Hollander et al.

1020

s1ouunI

001 1od s1ou

-unI painfur
V1€ PleN

s1ouunI

00T Iod s1ou

-un1 panfur

€T -9[elog Joeq
- 90U9[ 10 AJIuranxo
-BAQIJ UBDIAL JOMO] ) Je
0'SE PN 40001 Tod ured reropexs
‘gLz erewe  soumfur rg¢  owweidord -o[nosnuw
-4 000] Jod  ‘srouuni go| Sururen paje[ar
d)el AOUIP 1od 1ouuns Aq uoAI3 -Surtuuni o[ (SO 1)
8T -our Amfup  pamfur g'gz  seainsodxyg ssof own Auy Syoom g S6FLEY LOT/TTY [euonea1ddy  { ueSumuoi)  Sumoeipeoy [/] TeleIsing
9°0¢
uoyeIRI
£7¢ W0000I
9201
w000S $9¢
DS W O00€ Suuren
0L WwO0ST 10 uonn
0w 008 -odwod woiy
QRN - oUIsqe
(0 UoyIRIRIAl s o101Ie
6'06 W 00001 oy o)
S'et W 000S sale[yIe joadsar yym
88 pa19)sISar surdrosip © soouanb
DS W 000¢ 0007 1od  uIooUO ISBO]  -9SUOD A} JO
1L W QOS] soum(ur e poyIe)s sso[pIegar
S99y w008 T'IST:AT OyMm sd_[e  (ISnIdAo pue
:oTewa - Qe ITe se onewnen) syuedronred
sojoyIe porasidar pauyop sem sounfur [e30 (urpeg)
PaI9)sI3al 00071 Tod sajoryie Sur -[yso1 sdiysuord
0007 Iod sorm(ur -)odwoo jo -nosnut -WeYd PHOA uoy) [g€]
C soLm(ug €eLl "IN Tequnu oYy, SSO[-oWn [V skep 6 VN Cleye NEA dVVI600C -BIBN+3OCIL e 39 OSUoly
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon UOoM99[[00 syuedronred ‘suone[ndod
sty sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



1021

Sex-Specific Differences in Running Injuries

9°0C¢C
‘uoyjerewr
sounfur 9/
‘w000t
‘soumfur gz |
{w Q0s ‘0
DS W 000e
‘6'9L
wOost
LTT w008
QRN -
{9'¢g uoyy
-eIew “9'zG
‘W 0000T Sururen
‘saumn(ur ¢z | 10 uonn
w 000S ‘0 -odwod woiy
DS W 000¢ saje[YIe ouasqe
‘I°LS paraisidax S,919[Ie
w oS T 00071 1od oY) 01
‘9°GG ‘W 008 sormfur j0adsar yym
Qreway - 8 /81 1 soouanb
sojo[YIe saje[yIe -9su0d 9y} Jo syuedronred
PoI9IsI3al Pa19ISI3ar sso[pIegal (enSoe(Q)
0001 xod 00071 Xod sajoqIe sounfur [e3o diysuord
sorm(ur sorm(ur Sunedwod -[oyso[nd -WeYd PHOA uoy} [1€]
(44 SSO[-oWL], 1'9L1 :dIN JO TequinN -snut v skep 6 L1 89¢7/80¢C SHG| AVVITIOC -BIRIN+YORIL  ‘[€ 10 OSUO[Y
109S (orew/oreway) (Anuno))
seiq Jo  (9rewy/orewsy) (][BI9A0)  JUQWIAINSEOW uon uond[[0d syuedronred ‘suonerndod
sty sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



K. Hollander et al.

1022

Yoom |
1Se9[ Je J0J
Suruuni jo
junoure oy}
PAIOLNSAI
s1ouunI jey Suruuni
00T Iod s1ou Aq pasned
-unJ panfur Joeq 10
ST ORI Aruanxo
‘sIouunI SIQWIO[  JoMO[ 9y} JO
001 Jod s1ou  s1ouuni Q[ A[renuew jurejdwod
-unJ panfur 10d JoUUNI 10 SdD [BIQ[SO] Apms [ss]
€7 STz :orewog  pamlur 'gg  AmempouruQ  -nosnw Auy Teak | COIFTLE TEP/1Py  sPuuniddIAoN  NNY-ONVA ~— Sumoeipeoy [e 19 USS[RIN
S'ye Ww000e SSO[ awmn
1°L01 ‘W 008 Jo sso[pIe3a1
QRN - uonuaye
0°0ST W 000¢ [eorpawt
9' [ ‘W 008 POAIDOAI syued
el uek So)o[YIE Jey} uors -ronred 1102
— sojoyIe pa1d)siSar -SNJU0d pue stred sdiys
PpaId)ISI3ax 00071 Tod uonnedwod jurerdwod -uorduwreydo
0007 Iod sorm(ur ur arsodxa [e19[93SO] Joopur Son9| [ov]
1T soLm(uy €S AN SN[y -nosnu Auy skep ¢ VN SLISTI ang -y ueedomyg  (QA) OBIL  Te 19 prenopy
s1ouunI
0071 Iod s1ou
-un1 painfur
86 OlBN
‘sIouunrt
001 1od s1ou
-unI painfur
LG 1orewd,g uonnadwoo
YINOX /3uturen
s1ouunI [eurIou ut
001 Iod s1ou sa3ueyd 10
-unx painfur SSO[ auwIn)
18 Ol s Kmfur
‘srouund 10 ssau
001 1od s1ou uonedron -a10s ‘ured
-unrpamfur  siouunigQy  -Ted Sururen [e19[9S wea)
7/, oewdf Jod sxouuni anaqye -o[noasnu [euoneu (@i+amw [8¥] Te 10
61 SInpy pamfur ¢g  perodar-jjos  paroder-jios S3oom ¢ LE=LT 99149 NA ystpamg ORIl uossqodef
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apnig

(ponunuoo) zsjqey



1023

Sex-Specific Differences in Running Injuries

uonuaye
[eorpaw 3ur
-1nbar ssof (VSn)
sdv auIn M ‘(c10tC
000°001 od somnfut [y -1100)
saImoely 'SSO[ QW) waIsAS
SSans 4°G noyIIMm Jo QouB[[10AINS
DRN SHY s sornfur Kanfug
000°00T 1od SHV [euap pue pare[oy
sammoely  000°001 Jod SUOISSNOU0D -s110dg
$Sans 9°0 saInjoely (V) 2Ins ‘sarmjoery (1ooyos y3smy) [ooyos [v2] e
61 Ko niek ssons 8/ -odxe e[y (ssong) s1eak g 61-€1 VN aannedwo) y3iH [euoneN Anunod-ssor)  wonssuey)
¥ e0l
w 00001
1L W 000S
6°GLT W 000€
YILT
‘W oSt
‘8'69 ‘W 008
ORI -
SOLI
‘00001 SSO[ awn
8'LyE W 0008 Jo ssapresar
6°Cy1 W 000€ uonuane
€0 W oosT [eo1pat
LT ‘w008 PoATdaI syuedronred
:9[ewo - sajo[YIe Jey) UoIs C10¢ BjuIs
sajoyIe Pa19ISI3ar -SNouo0d pue -ToH sdrys
paI9)sISar 00071 Iod uonnadwod jurejdwod -uordwreyd
0001 Iod sorm(ur ur arsodx? [BI9[YSO[ sone[IY [6€]
X4 soLm(uy €6 -dIN SRy -nosnur Auy skep ¢ VN ¥91/99 Mg ueadomyg (N OBIL e 30 prenopy
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon uonI[0d syuedronred ‘suone[ndod
STy sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



K. Hollander et al.

1024

SuoIs
-sas Jururen
9ATINOISUOD
9011} 10
Anqe
s1ouunI Uorssas Suruuna
001 Iod s1ou Sururen yoea paroduwrey
-uni painfur 10§ (seynurux ey yoeq 10
971 9leIN ur) amsodxa Kyuanxo
‘s1ouunt Suruuni pue  19MO[ 2y JOo
001 1od s1ou Kouonbaiy jurejdwod
-unI painfur Y 0007 Iod Suruuna [e19[93SO] [0s] TR 30
LT 01 :9rws] sounfurg/z INNEEITN -nosnu syoom 9 N 5% $OE/TEE]  SIDUUNIQADIAON  UNIZIIRISTTN  Sulelpeoy  Sioquaynpy
Sururen
Jo uonn
-odwod woiy
Qouasqe
s, o19[Ie
o) 0}
10odsar ym
S'G61 soouanb
uoyIeIRIAl -9su09 2y} Jo
Vv dl sso[predor
$'80T AN Sururen 1o
ORI - uonnoduwod
£'€ST Surmp
uoyjeIejN parmout
£eeral Amau uors
9'v6 AN -SNou0d pue
:oTewa - (asn1ano pue
Sae[re onewnexn) (¥10T-L007)
paI9)siSar saje[yIe sorm(ur [e3o sdiysuord
00071 1od pa1a)si3al jo -Pysomd  (diysuordureyo -WEYd plIom uoy 611
1T soLm(uy V/N  Isqunu [ejo], -snw v 1od sKep 6—¢) VN €LST/T0ET NA OnRIE [V -BIEN +3JeIL  '[e 19 pIenopy
Q1008 (orew/oreway) (Anuno))
seiq Jo  (9[ew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apmgs

(ponunuoo) zsjqey



1025

%0°€CT PIeIN
%L°0T
9rewa]
:90U9]
-BAQIJ UBIIA
€11 PN P¥CT s
1'6 9fewo  Qouoreaaxd -)10J K19A9 sorm(ur
-4 0001 Tod uBow porordwoo poje[ax [¥+]
eI 90Udp 4 0007 Iod saIreuuon -Suruuni s1ouunI ‘Te 30 Jomunf
LT -out Amfup  soumfur £)g7  -senbouruQ IV :DYLSO syjuour 9 y'Ey TLT/LS [BUOT)BAIONY [renyong  Suruunapreif, [oyuedsoyq
s1ouunI
001 Jod s1ou  szoUUNI O]
-unx painfur 1od sxouuni
€61 PN paIm(ur 409
s1ouunl douareaard
001 Iod s1ou ATIR[NWIND
-unipamfur  pue siouunl 3
%611 001 1od s1ou -110J AI0AD sarm(ur
orewe,  -uni painfur poyordwoo poje[ax [s+]
20u9[ 8°0¢€ :90u9[ saIreuuon -Suruuna SO (S9N OT1) ‘Te 30 Jomung
g1 -eadrdueoly  -eadrdueoly  -senbounuQ [V :DYLSO Syoom Q1 IR%% 1€ [BUOTIBAIONY uol, Smqpr,  Suroer peoy Toquedsaf
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

Sex-Specific Differences in Running Injuries

(ponunuoo) zsjqey



K. Hollander et al.

aImjoely
SSans Jo
sisougerp
payiodar
© pey (1)
pue ‘uon
-edronred
wo1j passIw
awm jo 4 ¢
JSB9[ 18 Ul
pajnsai (¢)
‘uerorsAyd 1o
LV ue woij
uonuoye
paxmbai (7)
‘uonneadwos
10 donoerd
pauonoues
sgV -[ooyos © ur
000001 1od uonedronred
saImjoely 0} anp
$SaI)S uonnadwoo Pa1mno50 ()
191 OB 1o 2onoe1d :uonuae
sy pauonoues [eo1paw
000°001 1od SAY ~ -VVON [ ur  paxmbarien
samoery  (00‘001 1od  Sunedionred saIoely
SSams 987 saInjoely J1[YIR ssans (d891109)  ($102—+00T) [66]
81 el ldnieR | Ssans g -UepmIs [ gV SSO[ QuIL], s1eak ¢ VN VN aannadwo) VVON ADunoo ssor) ‘[e 19 uozzry

Q1008 (orew/oreway) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apmgs

1026

(ponunuoo) zsjqey



1027

Sex-Specific Differences in Running Injuries

uon
-BOIpPAW I0
JISIA [edIpow
' yoom |
1SB9[ J€ 10J (wrepronoy
s1ouunI Sururen jo uny saIpe|
001 1od s1ou J3ueyo YPm ‘wep1anoy
-unI paInfur Suruuni uoyIeIR
€8¢ O_RIN Aq pasned NN ‘onSeH
‘srouunt SONIWAINXD ayr &)
007 Iod s1ou  s1oUUNI ()0 I9MO] 10 (dnoi3 114 K1)
-unx painfur Jod sxouuni yoeq J9MO[ [onuoD) NN) [e1n [c¥] e 10
SI  §Ggoewo  pamlur £9¢ VN oW jo seumfu]  squow 9’1 F G CIFYIY 629/€SS [euoneaIdoy HIISNI ~ Suroer peoy BUIOYYO]
sunJ
sjouunI Jo uoneInp UoIssas
001 Iod s1ou pue oouelsip  Sulurer auo
-unI painfur yoom 1ad Jse9[ Je Jul
6'8% 9B SUOISSIS -191dwos 10
‘sIouunI Suruuni uo Sururoyrod
007 1od s1ou  szouUNI ()] UOIRULIOJUT  WOJJ Jouunt aannad qnpo Suru
-un1 panfur 1od s1ouuni ynm Arerp oy Sur -wo)) + [euon -UnI [ed0[ [¥9]
07 8PS :orewo  pamfur¢yg Sururer],  -juoaaid ureg SyooMm 7§ G9—S8T LS/SE -0I00Y WoJj souuny Suruunipeoy e 30 IAUIM
syoom ¢
1SB9[ JE 10J
Sururen e
paydniojur
‘c opeis pue
‘oFeorrux
AP{oam
paonpal
‘7 opeid
sIouunI ‘swoydwAs
001 1od s1ou Jo ands ur
-unx painfur KyiAnyoe [[nJy
79 OB paurejurew
‘s1ouunl ‘1 opead
007 Iod s1ou  s1oUUNI ()0 :sormnfur
-unu painfur 1od s1ouuni Suruuny [gs]
S1 €L orewaq painfur 99 VN snIAQ SYoaMm 0] (09—8] dSuey TL1/8T1 [euoneorody Apmis STV ~ SueIpeoy Te 10 IOISSAN
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9[ew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apnig

(ponunuoo) zsjqey



K. Hollander et al.

1028

suonnadwod
/3ururen
juonbasqns
passiut 03
3urpesy 10
suonnodwoo
/3ururen
woij
[eAOwl
SIouumnI Surnnbax
007 1od s1ou Auanxa
-unu painfur SJUQAQ IOMO] 10
G'9T PN (uoseas aannaduwod yoeq MO[
‘srouunx QUO J9A0) pue saony 9y Jo Ainfur
001 Iod s1ou  szouunI Q[ -oead ur Jurqoxd (eruzoyire))
-unI painfur 1od szouunr  uonedronied jurof 10 uoseas ANunod (1ooyos y31y) sjuapnys [09]
O] §'8¢:oewo]  pafur ['g¢ Arep siouuny ‘duoq ‘9[snjy -$S010-S() | 9'GI 89/08 oannedwo)  [ooyos Y31  Anunods-ssor) Te 310 oy
uon
-eoIpoul 10
JISIA [RIIpAW
B oM | (wep1onoy
sIouunI Ise9] Je 10§ uny saIpe]
001 Iod s1ou Sururen jo ‘WepI1a)oy
-unx panfur J3ueyo YPm uoyIeIRIN
9'9 ORI\ Suruuni £q NN ‘on3eHq
‘sIouuny pasned Ay L LD
001 Jod s1ou  s1ouuni (0 -edourpua) 11 K1)
-un1 panfur 1od s1ouuni SO[IYOY NN) 1ern [1¢]
4! 9°¢ -9[ewag pamfur g'g VN pouodar-jjog  syeam L F 60T ICIF6'1Y 0201/606 [BUOTBAIOY HIIASNI ~ Suroer peoy Te 30 sese]
([oam
sIouunI 1od soruu KoAIns
001 1od s1ou 0t—1¢€ '89) uoseas-aid
-uni painfur So[Iw ()] Jo Ay} Jo uonen (sone[py
GG PeN (uoseas SJUQWRIOUl  -SIurwpe Sur 3391100
‘s1ouunt JUO J2A0) urofesqiu  -mp Judsaxd [Tewrs puep
007 Iod s1ou  s1oUUNI ()0 ApP{oam Jou 2IoM -3ug moN
-un1 painfur Iod siouuni wnurxew jey) seunfu]  uoseas ANunod (2391102) 29 an3ea| [ev]
1 16 orewa pamfur ¢¢  pueoSeroay  panodol-Jos -SS0I0-S) [ 12-L1 01/LS aannadwo) AA]) VVDON Anunod-ssor) ‘Te 10 sokeyq
QI00S (oreWI/oTRWY) (Anuno))
seiq Jo  (9rew/oreway) (][BI9A0)  JUQWIAINSEIW uon UOoM99[[00 syuedronred ‘suone[ndod
STy sojer Amfug sajer Amnfuy amsodxyg  -tugep Amfu] ejep jo uoneing (s1eak) 93y Jo IoquunN [oAT AIoYoD 110dg Apnig

(ponunuoo) zsjqey



1029

Sex-Specific Differences in Running Injuries

Sururen
1o uonn
-odwod woiy
Qoudsqe
s, 01911
Bl
Joadsar yym
7961 saouanb
uoyjeIejN -9su09 9y} JO
9€TI AT sso[pIesar
901 AN Suturen 1o
QRN uonnadwod
S'811 Surmp
uoyIeIe]Al 6€1 pa1nour
871 A1 uoyjeIejy A[mau uors
6'v8 AN 9¢1 ‘d1 -Snouod pue
o[eway - 16 ‘AN (esn12A0 pue syuedronred
sajoyIe —Ss219Ie Jnewnen) 0SS/Y9v sdiysuord
poI9)sI3al poaIo)si3ar sajeryIe sounfur ey (drysuordureyo uoyIeIRN -wey) uead
0001 1od 0001 1od  parasi3ar jo -[eAso[mo 1od skep 6—¢) '€6L/959 AT -oIny pue uoyy (17]
61 sorm(uy sormfup  1oquunu [ejof, -snuw Iy skep 8/ VN “€v6/TrL ‘AN AMA  PHOM AVVI -BIR]N+3oell  ‘[e 30 plenopy
reuorssajoxd
[edrpoul J0
I[BAY PIOUD
-11odxo ue
yoom 1od Kq possasse
sIouuNI Kouanbaiy uoIssas
001 Iod s1ou o3eIoAe Sururen suo
-uni painfur yoom 1od Jse9[ Je Jur
6'81 O[eIN (sonuru) -)o[dwoo 10
‘s1ouuny uoneinp a3e Sururoyrad
007 Jod s1ou  s1ouuni Q] -IOAR $9OM  WOJJ Jouunlt aannad qnpo Suru
-un1 painfur 1od s1ouuni 10d s1oy0Ww oy Sur -wo) + [euon -uni [eoo[ [s9]
17 8PS orewo  pamfur¢yg -oyeSerony  -judaaid ured Syoom 76 G9—S81 LS/S€E -0IOYY WO sIouuny Suruuni peoy e 30 IOUIA
Q1008 (orew/oreway) (Anuno))
seiq Jo  (9[ew/oreway) ([[e10A0)  JUSWIAINSEAW uon UOoM99[[00 syuedronred ‘suone[ndod
sty sajer Amfuy soyer Amfuy amsodxyg  -rugep Amfuy eyep jo uonein( (s1eak) 98y Jo JoquInN [oA9T I0YyoD y10dg Apmgs

(ponunuoo) zsjqey



K. Hollander et al.
1030
"xj} g g .%0 -+ l;'
R IS E : .
o) _— 88 a0 Z 5
sF |EZ22.E22 |2 £ y -
5t E2EEZ3EE |3 g
= e e g .
O g 1
s 8 <
%) = - g
= 2350 ¢ g )
<~ 228 2 = 5 | )
2T % E 5 g s g T T T T
? g 5 g g § E -11.5 ; 05 0 05 1 15
E = 3 g Log risk ratio
3
|5 =
< i inj te of
2 % f Fig.2 Funnel plot of the ovefall d1fference;s ‘bcftweg:nr dn;]rlig};)ra e o
27 g female and male runners (log risk ratios against standa
o @« 8
Qs < =
x L E
o g Z 2
= g é g = 8 g z Té Most studies (>90%) reported rec.rulltment procec.lufes,
% = g : 8 ‘§ 252 % injury assessment and documented injury characteristics.
> & § E é 2 fé £ §§ 5 Fewer studies achieved maximal points due to not record-
2 2 g a 35 g . .
28 S SEecEEsE f ing individual exposure data (50.0% of maxllmal points) or
. 3 exposure data at all (57.9% of maximal points) as we.ll as
g P not using a medical attention definition (56.1% of maximal
g .
E g i Its of the study quality assessment are pre-
=5 g e points). The resu :
‘§ % f"’) s sented in Electronic Supplementary Materl'al Table S1. 1
g % i %n Except for one outlier [47], visual 1nspef:t1or.1 of the funlne
=7 ) é g plot (Fig. 2) showed a symmetrical distribution of the log
e = g 5 risk ratios and the regression test for funn.el plot asyn.lme.try
: : g Jg (—0.150; p=0.881) suggested no indication of publication
2 H Z .
& s c 2 bias.
en =) o O
< < =5 &
o < .
) EE 3.4 Overall Injury Rates
[ 3
L‘a E g Q ; . . .
2 % :§ & § £ The overall injury rate was 20.4 (95% CI 19.7-21.1) injuries
k= El 2 . . .
E E E = 25 per 100 male runners and 20.8 (95% CI 19.9-21.7) mJurles1
- - . . .
i g Z per 100 female runners. Meta-analytic pooling dl.d pot revea
= 5 8 differences between female and male runners’ injury ragzs
g = . — .
: £5 =21; RR 0.99, 95% CI 0.90-1.10; p = 0.84;
2 B per runner (n=21; ,
'S g = S I=72.31) or per specific exposures (n=6; RR 0.94, 95%
3 ] .
E) E g é CI10.69-1.27; p =0.6609; ?=85.93) (Figs. 3 anq 4.1). Pue to
% § the small number (n=6) of studies reporting 1nJur£1‘es per
g 2 = g E‘ﬁ exposure (athlete exposures (n=2) or houlrs (n=4)), no
)= % g § 28 z = aggregation of overall injury rates per specific exposures
=2 = T 5 5 5
% &8 % F23 g g was performed.
o0 =
O & |»n =
SR .
g 28 3.5 Meta-Regression
S [5)
= g
5 : g § :83 Moderator analyses of injury RR rates per runner revealed
] ‘% E = 2 = an association of a higher injury risk in men and cor(r)lgg-
g = 52 tition distances exceeding distances of 10 km (p = ? )
§ ° E g (Table 3). Specifically, the sgbg.roup meta-.analylsqlls{ o fci)r(;lé
P % g= petition distance showed a significantly hlgher 0 1.
2 ? g3 s E (95% CI: 1.04-1.39) for female runners with competition
el a T o)



Sex-Specific Differences in Running Injuries 1031
Study Estimate (95% C.I.) Injuries/Males Injuries/Males
Nicholl & Williams [54] 0.552 (0.322, 0.945) 256/2236 11/53 =
Hughes et al [47] 0.582 (0.497, 0.681) 338/1071 102/188 ——
Johansson [49] 1.031 (0.797, 1.335) 42/56 24/33 —.
de Loes & Goldie [38] 1.032 (0.480, 2.220) 16/3530 11/2505
McClain & Revnolds [52] 1.728 (0.476, 6.274) 7/54 3/40
Walter et al. [63] 1.083 (0.942, 1.244) 483/980 137/301 e
Beachy et al. [34] 1.016 (0.937, 1.101) 331/501 512/787 I
Colbert et al [36] 1.057 (0.830, 1.346) 468/1771 55/220 ——
Steinacker etal. [61] 0.764 (0.444, 1.315) 15/36 12/22 -
Taunton et al. [62] 0.936 (0.730, 1.199) 58/205 192/635 5
Dane etal. [37] 1.175 (0.813, 1.697) 27/45 24/47 R .
Buist et al. [7] 1.352 (1.037, 1.764) 65/207 98/422 .
Jacobsson et al. [48] 1.055 (0.855, 1.303) 43/55 40/54 — i
Nielsen et al. [55] 1.127 (0.885, 1.436) 106/432 96/441 — -
Kluitenberg et al [50] 1.211 (0.886, 1.655) 46/364 139/1332 —t
Messier et al. [53] 0.848 (0.724, 0.994) 106/172 93/128 -
Winter et al. [64] 0.862 (0.556, 1.335) 21/43 17/30 —_—
Fokkema et al. [42] 1.098 (0.944, 1.277) 241/629 193/553 —+—
Ruffe et al. [60] 1.457 (0.905, 2.344) 26/68 21/80 —-
Hayes et al. [43] 1.081 (0.740, 1.579) 22/40 29/57 .
Edouard et al. [41] 1.146 (0.967, 1.358) 284/2286 202/1864 4+
Hofstede et al [46] 0.725 (0.513, 1.025) 34/90 37/71 —a
Overall (1A2=72.31 %, P< 0.001) 0.994 (0.902, 1.097) 3035/14871 2048/9863 <!>
| T T T T ]
0.32 064 0.99 1.61 322 6.27
Risk ratio (log scale)
Fig. 3 Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding injuries per 100 runners
Study Estimate (95% C.I.) Injuries/Males Injuries/Females :
de Loes & Goldie [38] 0.910 (0.422, 1.961) 16/241452 11/151051 ;
Rauh et al. [58] 0.655 (0.595, 0.722) 846/77491 776/46572 ——
Rauh et al. [57] 0.646 (0.524, 0.796) 159/10600 186/8008 — |
Buistetal. [7] 1.273 (0.935, 1.733) 65/1857 98/3565 ——.—
Hespanhol Junior et al. [45] 1.433 (0.781, 2.628) 23/594 18/666 L =
Hespanhol Junior et al. [44] 1.240 (0.917, 1.675) 188/16617 54/5917 —%——l—
Overall (142=85.93 % , P<0.001) 0.937 (0.694, 1.263) 1297/348611 1143/215779 <%-
[ T ; T ]
042 0.84 094 211 263

Risk ratio (log scale)

Fig.4 Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding injuries per exposure (hours

or athlete exposures)

distances < 10 km. For competition distances > 10 km, the
comparison approached but failed to reach significance
although the RR of 0.77 (95% CI: 0.58-1.02) was sugges-
tive of a lower probability of injury in male runners (Fig. 5).
No meta-regression was performed for specific injuries and
moderators training duration or training mileage due to
absence of more than ten studies reporting these variables
[28].

3.6 Specific Injury Rates

Data for two specific running-related injuries were available
for synthesis.

3.6.1 Bone Stress Injuries

Four studies reported on bone stress injuries with a pooled
decreased probability for male runners (estimated RR
0.52,95% CI 0.36-0.76, p<0.001; I*=0) (Fig. 6).

3.6.2 Achilles Tendinopathy

Furthermore, data pooling for two studies reporting injury
rates for Achilles tendinopathy revealed an increased
chance for male runners to have an Achilles tendon injury
(estimated RR 1.86, 95% CI 1.25-2.79, p=0.022; I>=0%)
(Fig. 7).
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Table3 Results ‘?f the L Moderator Noof com- Z P Risk ratio estimate (95% CI) Tau2/Q
moderator analysis for injury -
. . parisons (k)
risk ratio rates per 100 female
or male runners Risk of bias 22 0.0299/68.1
Intercept —0.88 0.378 —0.051 (—=0.167 to 0.063)
Moderator 1.42 0.156 0.151 (—0.058 to 0.359)
Level 20 0.0385/63.1
Intercept 0.68 0.495 0.044 (—0.083 t0 0.171)
Moderator 1.05 0.293 0.110 (—=0.095 to 0.316)
Age 15 0.0224/27.3
Intercept 0.87 0.387 0.116 (—0.146 to 0.378)
Moderator —-0.81 0.419 —0.119 (- 0.407 to 0.170)
Competition distance 14 0.0311/44.7
Intercept 1.71 0.088 0.144 (- 0.021 to 0.309)
Moderator -3.05 0.002 —0.387 (= 0.636 to —0.138)
95% CI 95% confidence interval
(a) Competition Distance < 10km
Study Estimate (95% Cl) Injuries/Males Injuries/Females
McLain & Reynolds [52] 1.728 (0.47¢, €.274) 7/54 3/40
Beachy et al. [34] 1.016 (0.937, 1.101) 331/501 512/787 | B
Buist et al. [7] 1.352 (1.037, 1.764) §5/207 ag/422 : -
Jacobsson et al. [48] 1.055 (0.855, 1.303) 43/55 40/54 -
Nielsen et al. [55] 1.127 (0.885, 1.438) 106/432 96/441 -
Kluitenberg et al. [50] 1.211 (0.886, 1.655) 46/364 13971332 —
Ruffe et al. [60] 1.457 (0.905, 2.344) 26/68 21/80 : .
Hayes et al. [43] 1.081 (0.740, 1.579) 22740 29/57 [
Overall (1*2=7 % , P=0.378) 1.081 (1.000,  1.169) 646 /1721 938/3213 —
I T T T T ]
048 085 1.08 2.36 a76
Relative risk (log scale)
(b) Competition Distance > 10km
Study Estimate (95% Cl) Injuries/Males Injuries/Females
Nicholl & Williams [54] 0.552 (0.322, 0.945) 256/2236 11/53 -
Hughes et al. [47] 0.532 (0.497, 0.881) 338/1071 102/188 R
Walter et al. [63] 1.083 (0.942, 1.244) 4837980 1377201 — B
Steinacker et al. 2001 [61] 0.764 (0.444, 1.315) 15/36 12722 -
Taunton et al. [62] 0.936 (0.730, 1.199) 537205 192/635 —
Hofstede et al. [46] 0.725 (0.513, 1.025) 34/90 37/71 L
Overall (1*2=87 % , P<0.001) 0.768 (0.578,  1.022) 1184/ 4618 491/1270 —_—
[ T T 1
0.32 =121 orr 131

Relative risk (log scale)

Fig.5 Forest plot depicting the meta-analytical results for sub-anal-
ysis (competition distance) of risk ratios for male and female runners
regarding injuries per 100 runners. Subgroup 1 (a) represents studies

4 Discussion

The aim of this analysis was to systematically ana-
lyse the literature to reveal sex-related differences in

investigating runners competing in distances below or equal to 10 km
and subgroup 2 (b) in distances above 10 km

running-related injury rates and characteristics. While no
differences between sexes were found for overall running-
related injuries, female runners were more likely to sustain
bone stress injuries while male runner were more prone to
Achilles tendinopathies. Meta-regression showed that for
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Study Estimate (95% C.I.) Injuries/Males 1Injuries/Females

Johansson et al. [49] 2.982 (0.148, 60.296) 2/56 0/33 ‘ -

Bennell et al. [35] 0.442 (0.166, 1.178) 6/16934 12/14976 —_——

Plisky et al. [56] 0.400 (0.148, 1.081) 6/3452 11/2533 +—

Changstrom et al. [24] 0.510 (0.201, 1.295) 7/129244 12/113000 - n

Rizzone et al. [59] 0.565 (0.336, 0.950) 22/136289 40/139918 —m—

Overall (142=0 % , P=0.779) 0.523 (0.359, 0.763) 43/285975 75/270460 _
| T T T T T T T T |
0.15 03 052 0.74 148 295 7.38 1475 295 603

Risk ratio (log scale)

Fig.6 Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding bone stress injuries

Study Estimate (95% C.I.) Injuries/Males Injuries/Females '
i
Lagas etal. [51] 1.809 (1.204, 2.719) 67/1020 33/909 —B—
Johansson et al. [49] 7.754 (0.451, 133.376) 6/56 0/33 .
Overall (1*2=0 % , P=0.321) 1.863 (1.245, 2.788) 73/1076 33/942 —
r T — T T T T T 1
045 0.9 1.88 4.51 2.02 2254 45.08 90.17 133.38

Risk ratio (log scale)

Fig. 7 Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding Achilles tendinopathy

competition distances of 10 km and shorter, female runners
had higher risk for injuries than male runners.

4.1 No Differences in Overall Injury Rates
between Female and Male Runners

Despite pooling data from all available epidemiological stud-
ies, no differences in overall injury rates between female and
male runners were found in this systematic review. This was
the case for both studies reporting injuries per runner and inju-
ries per specific exposures. The injury rates of 20.4 (male) and
20.8 (female) per 100 runners are in accordance with summa-
ries of injury rates from the last three decades [4]. Nonethe-
less, these rates are at the lower spectrum of published injury
rates that were reported to be up to 79.3% [66].

4.2 Shorter Competition Distances Increase the Risk
of Injury for Female Runners

Injury rates depend on several factors that need to be taken
into consideration, such as systematic factors (age, BMI),
running-/training-related factors (training frequency, train-
ing and racing distance, experience, level of running, foot-
wear, biomechanics), health factors (injury history) and
lifestyle factors (drinking, smoking) [66—70].

Not all of these factors were reported in each study and
may vary between investigated populations. Therefore, the
moderator analysis was incorporated into this study. Only
competition distance was a statistically significant modera-
tor for an increased risk of female runners compared to male
runners when running competition distances of 10 km and

shorter. Furthermore, the subanalysis revealed a tendency of
increased injury risk for male runners for longer distances
than 10 km. This is in accordance with the finding that male
runners had a higher risk of sustaining injuries compared to
female runners when running high mileages (> 64 km/week)
[18]. While running higher mileages are associated with
longer competition distances, this can only be used as an
estimate for this discussion. Unfortunately, there was insuf-
ficient reporting of training load (time or mileage) in the
included studies. For future studies reporting data on injury
epidemiology or risk factors, it is strongly recommended to
report the training load [71, 72].

4.3 Bone Stress Injuries Occur Twice as Often
in Female than in Male Runners

Female runners had twofold higher risk of having a bone
stress injury compared to male runners in this review. A
bone stress injury is an injury pattern with known sex dif-
ferences for epidemiology and risk factors [73]. Bone stress
injuries are common running-related overuse injuries due
to cumulative microtrauma to the bone [74]. Especially in
younger ages, females seem to have a higher risk for bone
stress injuries compared to male runners. For example,
Changstrom et al. [24] reported a twofold risk and Plisky
et al. [56] a 2.5-fold risk for female high school runners
of sustaining a bone stress injury compared to male high
school runners in cross-country. In older collegiate ath-
letes, female cross-country runners were found to have
28.6 injuries per 100,000 athlete exposures (AE) compared
to 16.4 injuries per 100,000 AE in males, representing a
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statistically significant rate ratio of 1.8 [59]. In outdoor
track (100 m—1500 m), this difference was even higher (22.3
injuries/100,000AE for females and 7.2 injuries/100,000AE
for males, risk ratio of 3.1) [59]. One possible explanation
that has been discussed was the association of bone stress
injuries with the female athlete triad (low energy availabil-
ity, menstrual disturbance and low bone mineral density)
to explain the higher risk for bone stress injuries in female
runners [35, 75, 76]. However, while the term female athlete
triad is used only for female athletes, the more current and
more detailed concept of relative energy deficiency of sports
(RED-S) has also been described for male athletes [77-79].
Despite using the same initial treatment (activity modifica-
tion, protected or non-weight bearing) of bone stress injuries
for both sexes, the further treatment differs between female
and male runners, depending on specific risk factors, such as
elevated RED-S risk, biomechanics (load rates, hip adduc-
tion, rearfoot eversion), altered hormonal status or calcium
and vitamin D intake [14, 15, 73, 80]. In summary, bone
stress injuries are more prevalent in female runners and
treatment/rehabilitation strategies should incorporate sex
as an important variable. Nonetheless, in the prevention of
bone stress injuries consideration of the sex would probably
benefit from awareness of RED-S, including screening for
low energy availability and low mineral bone density.

4.4 Achilles Tendinopathies Occur Twice as Often
in Male Compared to Female Runners

Data from two studies showed that male runners had almost
twice the risk of having an Achilles tendinopathy as female
runners [49, 51]. This is in accordance with a systematic
review on the pathogenesis of Achilles tendinopathy [81].
The Achilles tendon transmits the generated forces from
the gastrocnemius-soleus muscle complex and, thus, is an
important tendon for propulsion during running. However,
the Achilles tendon has a poor blood supply and, therefore,
is prone to overuse injuries, such as a tendinopathy [81]. The
lifetime prevalence has been reported as high as 40-50%
in runners [13, 82] and a recent 1-year prospective study
determined the incidence rate in a cohort of recreational
runners to be 5.2% [51]. While the amount of loading is the
key factor in the etiology of Achilles tendinopathy, there
are several intrinsic (age, stress, genes, biomechanics, body
composition) and extrinsic factors (footwear) modulating the
risk for this injury [83]. Recent studies found biomechanical
(footstrike pattern, ankle dorsiflexion moments) and train-
ing-related parameters (changes in training, cold weather,
footwear, use of compression socks, mileage) as possible
risk factors [10, 51, 84—-86]. This summary of (possible) risk
factors does not directly explain the increased probability
for male runners to have an Achilles tendinopathy. There-
fore, we can only speculate about the possible mechanisms.

One recently published study discusses the mechanism of
the lifetime cumulated load (together with running years)
which might be higher in male runners than in female run-
ners [87]. Chronic loading needs to be taken into account
when evaluating the risk for Achilles tendinopathies.

Another explanation might be found in the hormonal dif-
ferences between women and men. For example, estrogen is
associated with collagen synthesis and could therefore influ-
ence tendon healing capacity [88, 89]. Furthermore, estro-
gen deficiency has been reported to negatively affect tendon
metabolism and healing [90]. Hormonal fluctuations that are
typical for the menstrual cycle have not been associated with
modifications of tendon function [90, 91]. A review summa-
rizes that high or low levels of sexual hormones (estrogen,
progesterone and testosterone) are not directly causing ten-
dinopathies but may play a role in tendon pathologies [92].
Therefore, individual hormonal status should be taken into
account for injury risk of female and male runners as well
as for their therapies and prevention [92].

4.5 Results of the Current Review in Contrast
with and in Addition to Other Systematic
Reviews

This was the first systematic review on sex-specific differ-
ences in running injuries incorporating a meta-regression
analysis to determine moderating variables and shall be
discussed in light of other systematic reviews on this topic.
This systematic review contrasts the findings of the
systematic review by van der Worp et al. [18], who found
female runners at a lower overall risk of sustaining an injury
than male runners. This finding was particularly found in
men under 40 years. However, when assessing the evidence
level the authors called for caution in the interpretation of
their findings since these were based on only five high-
quality and one low-quality studies. In contrast, our review
included epidemiological studies reporting injury rates
separately for both sexes. With this approach, 26 studies
were included and meta-analyses showed no sex differences
for overall running injuries when calculated per runner or
per exposure (hours or AE). Furthermore, we were able to
conduct a meta-regression analysis showing a higher injury
risk for female runners in competition distances of 10 km
and shorter as well as a tendency for a higher injury risk for
male runners in competition distances longer than 10 km.
This is a new finding and in line with the increased risk for
male runners with a high weekly mileage (> 64 km), which
is typically needed for longer competition distances [18].
The systematic review by Wright et al. [93] found female
sex to be a primary risk factor for lower extremity bone
stress injuries despite conflicting evidence using an explora-
tory meta-analysis incorporating three etiological studies [6,
94, 95]. The meta-analysis found a similar 2.3-fold increased
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probability for female runners. Our meta-analysis supports
these findings and underlines the evidence for female run-
ners to be more prone to bone stress injuries based on five
included prospective studies [24, 35, 49, 56, 59]. Female
sex as a risk factor for medial tibial stress syndrome has also
been described by a meta-analysis in active individuals (not
exclusively runners [96]).

4.6 Limitations and Methodological Considerations
of Current Research

This systematic review summarised data from 38 prospec-
tive studies representing more than 35,689 participants
(from 36 studies) and 518,000 athlete exposures (from 2
studies). While the distribution between female and male
runners (40.8-50.7% females) was similar and no overall
differences were found, breakdown of injury data regarding
sex and according to location or diagnosis was only possible
in six studies. Consequently, the available literature included
in this systematic review did not allow conclusions on the
sex-dependent epidemiology of pathologies other than bone
stress injuries and Achilles tendinopathies.

The meta-regression approach of this study included
several potential moderators. However, considering the
multifactorial aetiology of running-related injuries, other
confounding bias such as biomechanical or psychologi-
cal variables may have influenced the injury risk. Another
limitation was the moderate to high heterogeneity of studies
included in the overall injury meta-analyses, emphasizing
the need for further studies with a clear injury definition and
uniform data collection methods [71, 97].

Regarding quality, future studies would benefit from doc-
umenting exposure data and using medical attention injury
definitions. Furthermore, moderator analysis was only pos-
sible for 1 outcome (overall injuries per 100 runners) due to
missing descriptive information on study populations (such
as mileage, training duration, competition distances). As
seen in Table 2, there are several different data collection
methods applied and injury definitions used to determine a
running injury. In accordance with recent consensus state-
ments in injury epidemiology [71] and a Delphi consensus
on running injuries [98], we encourage future running injury
research to follow these guidelines to improve the homo-
geneity of studies. From this, future meta-analyses would
benefit from comparing rates of injuries between studies
[97,99].

5 Conclusion
Sex does not seem to represent a specific risk factor when

considering the overall occurrence of injuries in running.
However, female runners more frequently sustain bone stress

injuries, while male runners have higher risk of developing
Achilles tendinopathies. Preventive measures targeting these
diagnoses may therefore be more effective when account-
ing for sex-specific aspects such as hormonal changes or
biomechanical characteristics. Regarding moderators, there
is a paucity of evidence although meta-regression identi-
fied running competition distance (cut-off 10 km) as a factor
associated with higher injury rates in male runners.
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