
Available online at www.sciencedirect.com

Journal of Sport and Health Science 10 (2021) 513�522
Review

A systematic review of running-related musculoskeletal injuries in runners

Nicolas Kakouris, Numan Yener, Daniel T.P. Fong*
National Centre for Sport and Exercise Medicine, School of Sport, Exercise and Health Sciences, Loughborough University, Loughborough, LE11 3TU, UK
Received 12 September 2020; revised 28
 December 2020; accepted 3 February 2021

Available online 20 April 2021

2095-2546/� 2021 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Objective: Running-related musculoskeletal injuries (RRMIs), especially stemming from overuse, frequently occur in runners. This study aimed to sys-

tematically review the literature and determine the incidence and prevalence proportion of RRMIs by anatomic location and specific pathology.

Methods: An electronic database search with no date beginning restrictions was performed in SPORTDiscus, PubMed, and MEDLINE up to June

2020. Prospective studies were used to find the anatomic location and the incidence proportion of each RRMI, whereas retrospective or

cross-sectional studies were used to find the prevalence proportion of each RRMI. A separate analysis for ultramarathon runners was performed.

Results: The overall injury incidence and prevalence were 40.2% § 18.8% and 44.6% § 18.4% (mean § SD), respectively. The knee, ankle, and

lower leg accounted for the highest proportion of injury incidence, whereas the knee, lower leg, and foot/toes had the highest proportion of injury

prevalence. Achilles tendinopathy (10.3%), medial tibial stress syndrome (9.4%), patellofemoral pain syndrome (6.3%), plantar fasciitis (6.1%),

and ankle sprains (5.8%) accounted for the highest proportion of injury incidence, whereas patellofemoral pain syndrome (16.7%), medial tibial

stress syndrome (9.1%), plantar fasciitis (7.9%), iliotibial band syndrome (7.9%), and Achilles tendinopathy (6.6%) had the highest proportion

of injury prevalence. The ankle (34.5%), knee (28.1%), and lower leg (12.9%) were the 3 most frequently injured sites among ultramarathoners.

Conclusion: The injury incidence proportions by anatomic location between ultramarathoners and non-ultramarathoners were not significantly

different (p = 0.798). The pathologies with the highest incidence proportion of injuries were anterior compartment tendinopathy (19.4%), patello-

femoral pain syndrome (15.8%), and Achilles tendinopathy (13.7%). The interpretation of epidemiological data in RRMIs is limited due to

several methodological issues encountered.
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1. Introduction

Running is one of the most popular and accessible sport

activities enjoyed by people worldwide,1 and it has become

increasingly popular in the past 50 years.2 The number of run-

ners and running events has grown substantially over the past

decades because it is of low cost and can be easily imple-

mented with minimal equipment by a variety of people.3 More

important, running is an excellent form of exercise for people

seeking to achieve physical fitness and/or a healthier lifestyle

because it has been linked with longevity and reduction of risk

factors for cardiovascular disease.4,5

Despite these health benefits, running-related musculoskeletal

injuries (RRMIs) are common among runners.6 These RRMIs

are usually caused by the application of relatively small loads
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over many repetitive cycles.7 Various studies have examined the

proportion of injuries (incidence and prevalence rates) among

runners, with incidence rates ranging between 3.2% and

84.9%.8�10 This large variation may be explained by the differ-

ences in study designs, injury definitions, subjects’ characteris-

tics, and follow-up periods, all of which can differ among

studies. Both incidence and prevalence are fundamentally

different but both are important in epidemiological studies.

Incidence is the indication of the number occurrences of new

sporting injuries. It conveys information about the risk of getting

injured and is usually only available in prospective studies. Preva-

lence indicates how widespread the injury is in the sample popula-

tion and is usually reported in retrospective studies.11 Therefore,

developing effective injury prevention programs may reduce the

injury incidence and, as a result, the injury prevalence.

Running is one of the most widespread activities that gives rise

to overuse injuries of the lower back and lower extremities.12,13

Typically, 50% of runners experience an injury each year that
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prevents them from running for a period of time, and 25% of run-

ners are injured at any given time.5 About 70%�80% of running

disorders are due to overuse injuries, mainly involving the knee,

ankle/foot, and shank anatomic sites.14,15 Francis et al.16 reported

that patellofemoral pain syndrome is the most frequent overuse

injury, whereas Lopes et al.6 stated that medial tibial stress syn-

drome is the most common RRMI. These 2 systematic reviews6,16

employed different methodological approaches, and this may be

one of the reasons that they did not reach the same conclusion.

Some studies have reported that acute injuries are rare dur-

ing running, while other studies have reported that they are

very common and mainly consist of ankle sprains and muscle

injuries (e.g., quadricep and hamstring strains).13,15,17 There is

still no consensus whether an ankle sprain can be considered

as a common injury among runners. Francis et al.16 found that

ankle sprains were not in the top 10 most common RRMIs;

however, Lopes et al.6 reported that ankle sprains were in the

top 5 most common RRMIs. This might be because Lopes

et al.6 focused on prospective studies (incidence) to find the

most common RRMIs, whereas Francis et al.16 combined the

number of injuries across all study designs (prevalence) to

identify the most common RRMIs. This highlights again the

importance of differentiating incidence (prospective studies)

and prevalence (retrospective studies).

Regardless of the type of injury, RRMIs diminish pleasure in

exercise and are associated with undesirable consequences,

including substantial financial implications, temporary or perma-

nent discontinuation of running, and absence from work.13 A

thorough understanding of the most frequent RRMIs is an essen-

tial step in elaborating effective injury prevention programs and

rehabilitation intervention strategies that can reduce the high inci-

dence and prevalence of RRMIs, respectively.18 Systematic

reviews have been conducted to identify the most common

RRMIs among runners; however, the authors of these reviews

used strict inclusion and exclusion criteria in an attempt to mini-

mize the large heterogeneity in the studies reviewed.6,10,19 This

resulted in a minimal amount of studies being included in the

review. A recent systematic review by Francis et al.16 used

broader inclusion criteria allowed the inclusion of larger popula-

tions (e.g., trail and cross-country runners) and a broader classifi-

cation of injury (e.g., ankle-foot, knee, and hip). However,

Francis et al.16 reported the prevalence by combining the number

of injuries per anatomic region or specific pathology across all

study designs. Lopes et al.6 used an alternative approach in which

incidence was measured by extracting injury incidence data from

prospective studies, new injury analysis, and prevalence data

from retrospective and cross-sectional studies where runners

reported their past injuries.

Our review utilized the same approach as Lopes et al.,6 but

with broader inclusion criteria. This approach allowed for the

inclusion of larger populations (e.g., trail and cross-country run-

ners), studies that described the anatomic location of the injury,

and non-intervention and intervention groups where the volume

of running was not altered and did not yield a significant differ-

ence in RRMIs between the 2 groups. Our alternative approach

can provide a more comprehensive understanding of the inci-

dence and prevalence estimates for each RRMI in this larger
population. It can also provide health care professionals, research-

ers and coaches with a foundation for the investigation of risk fac-

tors associated with running injuries, including the anatomic

location or specific pathology that injury prevention measures

should focus on in order to reduce the high incidence rates of

RRMIs in runners, thus reducing the risk of injury.

Therefore, the primary aim of this review was to systemati-

cally review the literature on the incidence and prevalence of

RRMIs per anatomic location and, where possible, per specific

pathology. A secondary aim was to compare the injury inci-

dence proportions by anatomic location between ultramara-

thoners and non-ultramarathoners.
2. Methods

2.1. Search strategy

This review was conducted according to the preferred reporting

items for systematic reviews and meta-analysis (PRISMA) guide-

lines.20 The aim of the search strategy was to identify studies that

accurately reported the proportion (incidence or prevalence) of

RRMIs per anatomic location (e.g., foot, ankle, lower leg) and/or

specific pathology (e.g., patellofemoral pain syndrome) of each

RRMI. An electronic systematic literature search was conducted

on the PubMed (January 1962 to June 2020), SPORTDiscus (Jan-

uary 1975 to June 2020), and MEDLINE (January 1966 to June

2020) databases without restriction on date of publication or lan-

guage. Studies that were published in languages other than English

were translated into English using Google Translate. The search

was completed using the following keyword strings:

(“Epidemiology” OR “Epidemiologic” OR “Epidemiological”

OR “Survey” OR “Incidence” OR “Prevalence”) AND (“Run”

OR “Runners” OR “Running” OR “Jogging” OR “Cross

Country” OR “Trail runner” OR “Ultramarathon” OR

“Marathon”) AND (“Injury” OR “Injuries” OR “Injured” OR

“Wound”). Additionally, one of the authors of this study (NK)

checked the reference lists of the included articles and the pub-

lished systematic reviews within the running injury thematic liter-

ature for other potentially relevant articles that had not been

identified in the electronic search strategy. All citations were

imported into a reference manager software program (Mendeley

Desktop Application, London, UK), and duplicates were removed

by NK. The screening of eligible studies was performed in 3 steps.

In Step 1, all study titles were screened by NK; In Step 2, all

abstracts were evaluated independently by NK and NY (another

author of this study), who selected relevant articles for inclusion;

In Step 3, NK and NY read the full text of all articles identified in

Step 2 and evaluated them for eligibility. In cases of disagreement

between the 2 reviewers, a consensus decision-making process

was followed. If no consensus could be reached, the third author

of this review (DTPF) was consulted.
2.2. Inclusion and exclusion criteria

The inclusion criteria included: (1) randomized control tri-

als and prospective cohort studies for incidence estimates and

cross-sectional and retrospective studies for prevalence esti-

mates; (2) studies that had non-intervention and intervention
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groups that included only runners, did not alter the running

volume and did not report a significant difference in RRMI

between the 2 groups; (3) studies whose subjects (regardless of

age) were trail or cross-country runners, middle- or long-dis-

tance runners, or half-, full, or ultramarathon runners; (4) stud-

ies whose subjects had levels of running skills that ranged

from novice to elite; (5) studies that reported quantitative data

from which it was possible to extract the proportion of each

RRMI; (6) studies that reported the RRMI anatomic location

as the lower back or lower limbs (and that identified these inju-

ries as not being due to other illnesses or medical conditions);

(7) studies that separated RRMIs from similar injuries that

occurred due to participation in sports other than running; and

(8) studies that investigated shod and barefoot running injuries,

but reported shod injuries separately from barefoot injuries.

The exclusion criteria included: (1) studies in which running

was not the main sport or studies on sports in which non-running

activities were also required (e.g., biathlon, triathlon); (2) studies

that included service personnel (e.g., military recruits, police,

firefighters); (3) studies in which the subjects were orienteers,

hurdlers, or sprinters; (4) studies that combined the anatomic

locations of lower limb RRMIs (e.g., foot/ankle); (5) studies

that only described the type of injury (e.g., sprain) without

reporting a clear pathology of the injury (e.g., ankle sprain);

(6) studies that recruited participants with a specific pathology

(e.g., Achilles tendinopathy); and (7) multiple publications for

studies involving the same cohort.
2.3. Quality assessment

Recent systematic reviews that evaluated the incidence and

prevalence of running injuries have adopted different tools to

assess the risk of bias (ROB) of the studies.6,10,18 Researchers

have frequently modified these tools to make the ROB more

related to studies on running and to the specific aims of the

studies. The studies included in our review were prospective,

retrospective and cross-sectional. The main purpose of our

review was to measure the incidence and prevalence propor-

tion of injuries at different anatomic locations and for specific

pathologies. The mechanisms causing the RRMIs were not of

interest, thus minimizing the importance of methods for ran-

domization in assessing the quality of the outcomes. There-

fore, it was possible to use a single tool proposed by Lopes

et al.6 to evaluate the ROB of studies with diversified research

designs like those included in our review. The tool contains

10 yes/no criteria, where the total ROB score for each study is

calculated by counting the number of items that were scored

positive by the 2 independent reviewers (NK and NY). A score

of �5 was deemed as low ROB. The ROB scores of both

reviewers were compared and disagreements were resolved by

consensus. Briefly, the criteria for assessing the ROB were as

follows: (1) definition of RRMI (yes/no), (2) prospective

designs that present incidence data, or retrospective and

cross-sectional designs that present prevalence data (yes/no),

(3) description of the population or type of runners (yes/no),

(4) random sampling used (yes/no), (5) data analysis was per-

formed on at least 80% of the population (yes/no), (6) self-
reported injuries by runner or healthcare professional (yes/no),

(7) same mode of data collection (yes/no), (8) diagnosis by a

medical doctor (yes/no), (9) prospective studies follow-up

period of at least 6 months or up to 12 months for the recall

period for retrospective studies (yes/no), and (10) incidence

and prevalence rates of each RRMI expressed by the number

of injuries and by the exposure to running (yes/no). The

detailed criteria for the ROB assessment are presented in the

Electronic Supplementary Material of Lopes et al.’s article.6
2.4. Data extraction and data analysis

Data from each included article were extracted by one of

the authors of this review (NK) to gain insight into the homo-

geneity of the study characteristics. The following information

was collected: (1) the author(s) and year of publication, (2)

study design, (3) description of the population of runners and

sample size used, (4) time period, (5) definition of RRMI, (6)

anatomical location of injury, yes/no, (7) specific type of

injury, yes/no, (8) number of injured runners, (9) number of

total injuries, (10) incidence by anatomical location and, where

possible, specific injury, and (11) prevalence by anatomical

location and, where possible, specific injury (Supplementary

Table 1). Incidence proportion data were extracted from pro-

spective studies that assessed runners who were followed over

the time period of the study (new injuries analysis). Prevalence

proportion data were extracted from cross-sectional and/or

retrospective studies in which runners reported their past

RRMIs. Due to the heterogeneity of study designs, the studies

were grouped according to lower limb RRMI anatomic location

and according to specific pathologies (Tables 1 and 2). The

anatomic regions used to categorize the injuries were: “hip”

(hip joint/groin/pelvis), “upper leg” (thigh), “knee”, “lower

leg” (tibial/shank), “ankle”, “foot and toes”, and “other” (loca-

tion/unclear diagnosis/upper limp/upper trunk).10 The propor-

tion of injury incidence and prevalence data were calculated by

dividing the total number of injuries per anatomic region or

specific pathology by the total number of injuries reported

from all anatomic locations or pathologies, respectively. Spe-

cific pathology was defined as a pathology that was medically

diagnosed or accurately self-reported. The ultramarathoners

were analyzed separately from the other runners because all the

studies on ultramarathoners were conducted during races that

lasted between 5.0 days and 8.5 days, and Lopes et al.6 showed

that ultramarathoners have different injury characteristics than

other runners. The total number of injuries per specific pathol-

ogy was used as the main criteria to rank the most frequent

diagnosis. The overall injury incidence was calculated from

only the prospective studies, and it was defined as the number

of injured runners divided by the total number of runners in the

study. The overall injury prevalence was calculated from all

studies regardless of their design, and it was defined as the

number of injured runners divided by the total number of run-

ners in the study. The overall injury incidence and prevalence

estimates did not consider ultramarathon runners. Injury defini-

tions were categorized into time-loss injuries and pain-related

injuries. Time-loss injuries were defined as RRMIs that led to



Table 1

Injury prevalence and incidence of non-ultramarathoners and ultramarathoners categorized by different anatomic locations.

Non-ultramarathoners Ultramarathoners

Location Prevalence

proportion

(n (%))

Range (%) Studies Incidence

proportion

(n (%))

Range (%) Studies Incidence

proportion

(n (%))

Range (%) Studies

Knee 3919 (31.2) 11.6�48.0 9, 28, 31, 34, 44, 45, 47�60 1036 (26.2) 14.3�36.4 20, 21, 23�39 39 (28.1) 19.4�41.7 40�43

Ankle 1669 (13.3) 6.1�34.2 9, 28, 31, 34, 44, 47�60 752 (19.0) 7.7�28.6 20, 21, 23�25, 27�39 48 (34.5) 28.1�48.1 40�43

Lower leg 2524 (20.1) 7.8�35.0 9, 28, 31, 34, 44, 45, 47�60 655 (16.6) 5.1�38.8 20, 21, 23�39 18 (12.9) 8.3�14.8 40�43

Foot/toes 1810 (14.4) 5.2�34.9 9, 28, 31, 34, 44, 45, 47�60 535 (13.5) 2.9�36.1 20, 21, 23�39 6 (4.3) 5.6�6.3 42, 43

Hip/groin 877 (7.0) 4.0�14.5 9, 31, 34, 44, 45, 47,

48, 51, 53�55, 57�60

446 (11.3) 3.5�18.4 20, 23�27, 29�39 8 (5.8) 8.3�11.1 40, 41, 43

Thigh 862 (6.9) 1.5�32.0 9, 28, 31, 34, 44, 45,

47�49, 51, 53�60

315 (8.0) 2.0�14.3 20, 21, 23�38 12 (8.6) 8.3�11.1 40, 42, 43

Lower back 434 (3.5) 2.2�11.5 28, 44, 45, 47�49, 51,

54, 55, 58�60

108 (2.7) 1.5�15.2 20, 23�28, 32,

35, 36, 38

6 (4.3) 5.6�6.3 42, 43

Other 468 (3.7) 2.6�47.8 28, 34, 44, 51, 52,

55�58, 60

108 (2.7) 2.1�19.0 21, 23, 25, 26, 28,

32, 34, 36, 38

2 (1.4) 3.1 42

Note: The sum of the percentages is not equal to 100% due to rounding.
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the reduction of training volume for at least 1 training session.

Pain-related injuries were defined as those in which running-

related pain was experienced despite the consequences on

training volume. All descriptive analyses were conducted using

Microsoft Excel (Version 16.0; Microsoft Corp., Redmond,

WA, USA).
2.5. Statistical analysis

The statistical analysis to compare the injury incidence pro-

portions by anatomic location between ultramarathoners and

non-ultramarathoners was conducted using Statistical Package

for the Social Sciences (SPSS) (Version 25.0; IBM Corp.,

Armonk, NY, USA). The data were not normally distributed

according to the Shapiro�Wilk test (W(8) � 0.817, p � 0.043).

Therefore, the analysis of ultramarathon and non-ultramara-

thon runners was performed by the Mann�Whitney U test.
3. Results

3.1. Study characteristics

A total of 2256 articles were identified from the 3 data-

bases. Among these articles, 563 were duplicates and were

removed. After the screening of the 1693 remaining titles and

abstracts, 197 potentially relevant full-text articles were

retrieved and evaluated according to the inclusion and exclu-

sion criteria. After evaluation, 155 of the 197 articles were

excluded. Hence, a total of 42 studies that presented data on

RRMIs met the inclusion criteria. Fig. 1 illustrates the selec-

tion process in a flowchart. Of the 42 included studies, 24 were

prospective cohort studies.21�44 Of these, 3 studies included

retrospective injury proportion data.29,32,35 A total of 15

articles were retrospective studies,9,45�58 and the remaining 3

articles were cross-sectional studies.59�61

A total of 5 studies presented injury proportions among

cross-country runners,26,30,36,51,58 and 1 study examined trail--

runners.24 For ultramarathon runners, injury proportions were
reported in 4 studies,41�44 5 studies examined marathon

runners9,35,52,56,60 and 3 studies looked at injury proportions

among half-marathon runners.32,35,52 The majority of

the studies were conducted among long-distance runners,21,22,25,

27,29,31�33,37,39,40,47�49,53�55,57,59,61 while middle-distance

runners were studied in 10 studies.27,32,45,46,48,50,53�55,59

A total of 5 studies reported the injury occurrence in novice

runners;23,28,34,35,38 16 studies in recreational

runners,9,22,24�26,29,32,33,35,37,39,46,53,55,57,61 5 studies in ama-

teur runners,40,45,47,59,60 15 studies in competitive

runners,21,26,30,31,36,39,41�44,50,51,53,57,58 and 7 studies in elite

runners.27,43,44,48,52,58,60 Most of the studies reported both

acute and chronic injuries; however, 5 studies reported only

chronic injuries.25,27,28,53,54

The year of publication of the included studies ranged from

1974 to 2020. The follow-up periods for the prospective cohort

studies that were used to estimate the incidence rate of the

RRMIs ranged from 6 weeks to 15 years, where only 1 study had

a follow-up period of more than 24 months26 and only 3 studies

had follow-up periods of less than 3 months.28,36,38 The ultramar-

athon studies captured the RRMIs during races that varied from

5.0 days to 8.5 days. For the estimation of prevalence, the recall

periods of retrospective cohort and cross-sectional studies ranged

from 6 months to 17 years, with the most common recall period

being 12 months. An injury definition was used in 32

studies.9,22�40,44,45,47,48,50,52�55,57,58,61 A total of 24 studies used

a time-loss injury definition,23,25�33,35�40,47,48,53�55,57,58,61 8

studies used a pain-related definition,9,22,24,34,44,45,50,52 and the

remaining 10 studies did not specify an injury

definition.21,41�43,46,49,51,56,59,60

The overall injury incidence, based on 10,941 total partici-

pants, of which 3222 sustained RRMIs, was 40.2% § 18.8%

(mean § SD). This was estimated from a total of 18 prospec-

tive studies where injured runners could be separated from the

total number of runners in the studies. The overall injury prev-

alence, based on a total population of 22,823, of which 7671

sustained RRMIs, was 44.6% § 18.4% (n = 31 studies).



Table 2

Injury prevalence and incidence of non-ultramarathoners and ultramarathoners categorized by specific pathology.

Non-ultramarathoners Ultramarathoners

Diagnosis Prevalence

proportion

(n (%))

Range (%) Studies Incidence

proportion

(n (%))

Range (%) Studies Incidence

proportion

(n (%))

Range (%) Studies

Patellofemoral pain syndrome 1776 (16.7) 2.2�32.0 44�52, 59 35 (6.3) 1.5�10.2 20�23 22 (15.8) 7.4�41.7 40�43

Medial tibial stress syndrome 968 (9.1) 3.7�35.0 44�47, 50�52 52 (9.4) 3.4�19.0 21�23, 39 8 (5.8) 7.8�11.1 41, 42

Plantar fasciitis 838 (7.9) 2.2�17.4 44�47, 49�52 34 (6.1) 3.9�21.6 20�23, 39 ¡ ¡ ¡
Iliotibial band syndrome 836 (7.9) 2.2�17.4 44�50, 52, 59 28 (5.1) 3.4�15.7 20, 22, 23, 39 3 (2.2) 4.7 42

Achilles tendinopathy 705 (6.6) 2.2�18.6 44�47, 49�52 57 (10.3) 7.1�15.0 20�23, 39 19 (13.7) 7.8�19.4 40�43

Stress fracture/fracture

(tibia, fibula, fifth metatarsal,

navicular, and calcaneus)

605 (5.7) 1.7�16.0 44�52, 59 22 (4.0) 0.5�9.1 20, 22, 23, 39 ¡ ¡ ¡

Ankle sprain 603 (5.7) 0.8�27.4 44�47, 49�51,59 32 (5.8) 2.8�19.0 20�23 1 (0.7) 8.3 40

Quadriceps/hamstring

tendinopathy

378 (3.6) 0.7�12.7 44, 47, 51 ¡ ¡ ¡ 4 (2.9) 6.3 42

Patella tendinopathy 305 (2.9) 4.2�12.3 45�48 19 (3.4) 1.5�22.7 22, 23, 39 6 (4.3) 2.8�18.5 41, 43

Meniscal injury 181 (1.7) 3.5�5.0 44, 46, 49 24 (4.3) 0.5�9.1 22, 23 ¡ ¡ ¡
Anterior knee pain 135 (1.3) 15.8 51 21 (3.8) 10.2 23 ¡ ¡ ¡
Gluteal strain/tendinopathy 123 (1.2) 1.3�3.5 45, 46 25 (4.5) 1.0�9.8 20, 22, 23 1 (0.7) 2.8 43

Tibialis posterior tendinopathy 114 (1.1) 0.5�16.0 45�47, 59 2 (0.4) 0.5�2.0 20, 23 1 (0.7) 2.8 43

Calf strain 104 (1.0) 1.3�2.2 45�47, 49 23 (4.2) 2.0�4.7 20, 22, 39 1 (0.7) 3.7 41

Quadriceps/hamstring strain 100 (0.9) 1.2�6.7 45�47, 49 19 (3.4) 3.1�7.8 20, 22, 23 7 (5.0) 2.8�5.6 40, 42, 43

Adductor strain 69 (0.6) 1.1�2.2 45�47, 49 ¡ ¡ ¡ ¡ ¡ ¡
Spinal injuries 69 (0.6) 2.3�11.2 46, 48 ¡ ¡ ¡ ¡ ¡ ¡
Calf tendinopathy 55 (0.5) 6.4 51 ¡ ¡ ¡ ¡ ¡ ¡
Lower back pain 44 (0.4) 1.5�4.7 47, 49, 51, 59 5 (0.9) 1.0 23 4 (2.9) 3.1�5.6 42, 43

Knee sprain 43 (0.4) 1.5�4.7 47, 49, 51 ¡ ¡ ¡ ¡ ¡ ¡
Inguinal hernias 40 (0.4) 4.7 51 ¡ ¡ ¡ ¡ ¡ ¡
Metatarsalgia 36 (0.3) 1.7�8.0 46, 59 ¡ ¡ ¡ 2 (1.4) 5.6 43

Anterior compartment syndrome 31 (0.3) 1.4�2.2 46, 47 6 (1.1) 2.4 22 8 (5.8) 6.3�11.1 42, 43

Trochanteric bursitis 24 (0.2) 0.7�1.1 46, 47 4 (0.7) 1.6 22 6 (4.3) 3.1�8.3 40, 42, 43

Sacroiliac injuries 22 (0.2) 1.0�4.0 46, 59 ¡ ¡ ¡ ¡ ¡ ¡
Knee osteoarthritis 21 (0.2) 1.0 46 3 (0.5) 1.2 22 ¡ ¡ ¡
Iliopsoas injury ¡ ¡ ¡ 6 (1.1) 0.5�2.0 22, 23 3 (2.2) 11.1 41

Ankle dorsiflexors tendinopathy ¡ ¡ ¡ 5 (0.9) 0.5�7.8 20, 23 ¡ ¡ ¡
Adductor tendinopathy ¡ ¡ ¡ 5 (0.9) 1.6�4.5 22, 39 ¡ ¡ ¡
Pes anserinus tendinopathy ¡ ¡ ¡ 3 (0.5) 1.2 22 ¡ ¡ ¡
Tensor fascia latae tendinopathy ¡ ¡ ¡ 3 (0.5) 1.2 22 ¡ ¡ ¡
Retrocalcaneal bursitis ¡ ¡ ¡ 2 (0.4) 9.1 39 ¡ ¡ ¡
Foot laceration/abrasion ¡ ¡ ¡ 2 (0.4) 1.0 23 ¡ ¡ ¡
Anterior compartment

tendinopathy

¡ ¡ ¡ ¡ ¡ ¡ 27 (19.4) 13.9�29.6 40�43

Non-specific knee pain ¡ ¡ ¡ ¡ ¡ ¡ 3 (2.2) 2.8�3.1 42, 43

Peroneal tendinopathy ¡ ¡ ¡ ¡ ¡ ¡ 2 (1.4) 3.1 43

Sartorius strain ¡ ¡ ¡ ¡ ¡ ¡ 1 (0.7) 2.8 42

Notes: Some specific pathologies are not included in the table because of the small number of injuries and therefore the percentages do not add to 100%. However,

they are included in the total figures.
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3.2. Injury proportions by anatomic location

Table 1 shows the injury prevalence and incidence of

non-ultramarathoners and ultramarathoners categorized by dif-

ferent anatomic locations. For non-ultramarathoners, the prev-

alence injury proportions were calculated from 12,563 injuries

reported among 9864 runners (n = 20 studies). The knee and

the lower leg regions accounted for over half of all reported

injuries (6443/12,563). Foot/toes and ankle were the 3rd and

4th highest proportion of injury locations, respectively. The

total number of injuries occurring at or below the knee was

9922 (79.0%). Injuries classified as “other” were of uncertain
location or were upper body injuries, these locations were

involved in 3.7% of the injuries.

For non-ultramarathoners, the incidences were calculated

from 3955 injuries reported by 3284 runners (n = 19 studies).

The most frequently injured regions were the knee, followed

by the ankle, lower leg, and foot/toes. These regions accounted

for 75.3% of all injuries, indicating that most of the injuries

occurred at or below the knee. The injury location classified as

“other” accounted for 2.7% of the total injuries (Table 1).

For ultramarathon runners, injury incidences were calcu-

lated from 139 injuries reported in 67 runners (n = 4 studies).

The ankle, knee, and lower leg were the 3 most frequently



Fig. 1. Flowchart for the inclusion process of the articles in the systematic

review.

518 N. Kakouris et al.
injured body sites, followed by the thigh, hip/groin, foot/toes,

and lower back. The injury location classified as “other”

accounted for 1.4% of the total injuries. The injury incidence

proportions by anatomic location between ultramarathoners

and non-ultramarathoners were not significantly different

(p = 0.798) (Table 1).
3.3. Injury proportions by specific pathology

Table 2 shows the injury prevalence and incidence rates and

proportions for non-ultramarathoners and ultramarathoners

categorized by specific pathology. For non-ultramarathoners,

the prevalence data for specific pathologies were calculated

from 10,640 injuries reported from 9251 runners included in

10 studies. Patellofemoral pain syndrome (16.7%) had the

highest prevalence proportion of RRMI, whereas medial tibial

stress syndrome (35.0%) had the highest prevalence rate

reported in these studies. The most frequently reported RRMIs

were patellofemoral pain syndrome and stress fractures. Fur-

thermore, the incidence rates for specific pathologies were cal-

culated from 554 injuries reported from 475 runners included

in 5 studies. In non-ultramarathon runners, the most frequent

RRMI was different from ultramarathoners. In non-ultramara-

thoners, the pathology with the highest incidence proportion of

injuries was Achilles tendinopathy (10.3%, incidence ranging

from 7.1% to 15.0%), whereas anterior compartment tendinop-

athy (19.4%, incidence ranging from 13.9% to 29.6%) had the

highest proportion of injuries in ultramarathoners. The highest

incidence rate for an RRMI reported in the studies was for

patellar tendinopathy (22.7%) and in ultramarathon runners it
was for patellofemoral pain syndrome (41.7%). The most fre-

quently reported RRMIs among non-ultramarathon runners

were Achilles tendinopathy and plantar fasciitis, whereas

among ultramarathon runners the most frequently reported

RRMIs were anterior compartment tendinopathy, patellofe-

moral pain syndrome, and Achilles tendinopathy (Table 2).

3.4. ROB

The results of the ROB assessment for each of the 42 studies

can be found in Table 3. The overall ROB of the included studies

was 58.6%, with a range of 3‒8 out of a total possible score of

10. A total of 7 articles received a ROB score lower than 5 and

were classified as having high ROB.45�47,49�51,59 It is worth

mentioning that all 7 articles were retrospective or cross-sectional

studies. The 2 criteria from the ROB list most frequently not pre-

sented in the studies were (1) RRMIs reported by a ratio express-

ing the number of injuries and exposure to running and (2)

whether the examination was conducted by a medical doctor.

4. Discussion

The primary purpose of this systematic review was to pres-

ent the incidence and prevalence of RRMI proportions among

runners by anatomic location and specific pathology. The sec-

ondary aim was to compare the injury incidence proportions

by anatomic location between ultramarathoners and non-ultra-

marathoners. There was sufficient literature to satisfy the aims

of the study; however, the available studies significantly dif-

fered in study design, injury definitions, and type of runners

studied. To minimize the heterogeneity of the studies included,

the incidence proportion data for injuries were obtained from

prospective studies and the prevalence proportion data were

collected from retrospective and cross-sectional studies.

In agreement with previous systematic reviews, our study

reported that more than 70% of all RRMIs were related to over-

use. Additionally, the injuries reported in our study were predomi-

nantly at or below the knee. This may be because, during normal

running, propulsion is generated mainly by the lower leg, leading

to an increased biomechanical load on these structures.62 Our

findings were true for both ultramarathoners and non-ultramara-

thoners and are consistent with previous reviews in which the

most common anatomic location of injuries was at or below the

knee.6,8,10,16 In non-ultramarathon runners, the knee region had a

relatively greater incidence (26.2%) and prevalence (31.2%) pro-

portion of injuries compared to the second-highest anatomic injury

site, which had 19.0% and 20.1%, respectively. Francis et al.16

found that female runners had a larger proportion of knee injuries

relative to their male counterparts, which may partly explain the

relatively high proportion of knee injuries observed in our system-

atic review. This might be the result of the different lower extrem-

ity biomechanics and neuromuscular control in females arising

from a greater quadriceps angle (Q angle) and reduced knee flex-

ion angles during landing, which places abnormal loads on the

lower limb.63�67 These gender differences also may have had an

impact on the injury proportions for specific pathologies.

In ultramarathoners, the anatomic location with the highest

incidence proportion of injuries was the ankle region (34.5%)



Table 3

Risk of bias assessment of all 42 studies included.

Study
Risk of bias assessment of the studies

1 2 3 4 5 6 7 8 9 10 Score

Studies reporting proportion of injury incidence

Altman and Davis (2016)21 N Y Y Y Y Y Y N Y N 7/10

Jakobsen et al. (1994)22 Y Y Y N Y Y Y N Y N 7/10

Nielsen et al. (2014)23 Y Y Y Y Y Y Y N Y N 8/10

Hespanhol Jr et al. (2017)24 Y Y Y N N Y Y N Y N 6/10

Messier et al. (2018)25 Y Y Y N Y Y Y Y Y N 8/10

Rauh et al. (2000)26 Y Y Y Y Y N Y N Y Y 8/10

von Rosen et al. (2017)27 Y Y Y Y Y Y Y N Y N 8/10

Van Ginckel et al. (2009)28 Y Y Y Y Y Y Y N N N 7/10

Hespanhol Jr et al. (2016)29 Y Y Y N Y Y Y N N N 6/10

Ruffe et al. (2019)30 Y Y Y Y Y Y Y N Y N 8/10

Begizew et al. (2019)31 Y Y Y Y Y Y Y N Y N 8/10

van Poppel et al. (2014)32 Y Y Y Y N Y Y N Y N 7/10

Hespanhol Jr et al. (2013)33 Y Y Y N Y Y Y N N N 6/10

Fokkema et al. (2019)34 Y Y Y N Y Y Y N Y N 7/10

Franke et al. (2019)35 Y Y Y N N Y Y N N N 5/10

Rauh et al. (2014)36 Y Y Y N Y N Y N N Y 6/10

van der Worp et al. (2016)37 Y Y Y Y Y Y Y N N N 7/10

Kluitenberg et al. (2015)38 Y Y Y N Y Y Y N N N 6/10

Walter et al. (1989)39 Y Y Y Y N Y N N Y N 6/10

Pileggi et al. (2010)40 Y Y Y N Y Y N Y Y N 7/10

Scheer and Murray (2011a)41 N Y Y Y Y Y Y Y N N 7/10

Hutson (1984a)42 N Y Y Y Y Y Y Y N N 7/10

Fallon (1996a)43 N Y Y N Y Y Y Y N N 6/10

Bishop and Fallon (1999a)44 Y Y Y Y Y Y Y Y N N 8/10

Studies reporting proportion of injury prevalence

Van Middelkoop et al. (2008)9 Y N Y Y N/A Y Y N Y N 6/9

McKean et al. (2006)45 Y N Y N N/A Y N N Y N 4/9

Macintyre et al. (1991)46 N N Y N N/A Y Y Y N N 4/9

Taunton et al. (2002)47 Y N N N N/A N Y Y N N 3/9

Ristolainen et al. (2010)48 Y N Y Y N/A Y Y N Y N 6/9

Paty Jr and Swafford (1984)49 N N Y N N/A N Y Y N/A N 3/8

Brubaker and James (1974)50 Y N Y N N/A N Y Y N/A N 4/8

Tenforde et al. (2011)51 N N Y Y N/A Y Y N N N 4/9

Knobloch et al. (2008)52 Y Y Y N N/A Y Y N N/A Y 6/8

Schwellnus and Stubbs (2006)53 Y N Y Y N/A Y Y N Y N 6/9

Benca et al. (2020)54 Y N Y N N/A Y Y Y Y N 6/9

Marti et al. (1988)55 Y N Y N N/A Y Y N Y N 5/9

Maughan and Miller (1983)56 N N Y Y N/A Y Y N Y N 5/9

Jacobs and Berson (1986)57 Y N Y Y N/A Y Y N N N 5/9

Kerr et al. (2016)58 Y N Y N N/A Y Y N N Y 5/9

Williams 3rd et al. (2001)59 N N Y N N/A Y N Y N/A N 3/8

Ogwumike and Adeniyi (2013)60 N Y Y Y N/A Y Y Y N/A N 6/8

Hespanhol Jr et al. (2012)61 Y Y Y N N/A Y Y N N/A N 5/8

Notes: 1 = injury definition; 2 = prospective study design for incidence proportion or cross-sectional for prevalence proportion; 3 = description or type of runners;

4 = random sample selection process or analyzed entire population; 5 = analysis �80% of sample; 6 = injury was evaluated by health professional or self-reported

by the runner; 7 = same mode of data collection; 8 = medical doctor diagnosis; 9 = prospective studies follow-up period of �6 months and retrospective studies

recall period of up to 12 months; 10 = running-related musculoskeletal injuries reported by any ratio that expresses the number of injuries and exposure of runner.
a Ultramarathon studies

Abbreviations: N = no; N/A = not applicable; Y = yes.
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followed by the knee (28.1%). This is because anterior com-

partment tendinopathy (19.4%) and Achilles tendinopathy

(13.7%) are relatively common among ultramarathon runners

during races (Table 2). Moreover, according to Hutson,42 ankle

injuries among this population were almost twice as frequent

as injuries to the knee. The injury incidence proportions by

anatomic location between ultramarathoners and non-ultra-

marathoners were not significantly different (p = 0.798). In our
study, the 3 most common specific pathologies among ultra-

marathoners were the same as those reported by Lopes et al.;6

however, the pathology with the highest incidence was differ-

ent. In our study, the anterior compartment tendinopathy had

the highest proportion of injury incidence among ultramara-

thoners, whereas Lopes et al.6 found that Achilles tendinop-

athy was the most common injury among this group. Anterior

compartment tendinopathy (or, as it is referred to in another
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study, “ultramarathoner’s ankle”) is not common among

non-ultramarathoners, and this may indicate that this RRMI

may be specific to ultramarathoners only.41

The overall injury incidence (40.2%) and prevalence (44.6%)

varied greatly (10.9%�74.8%) between the studies and agree

with previously reported estimates.13,16 The top injury prevalence

and incidence proportions by specific pathology for non-ultra-

marathoners are presented in Tables 1 and 2, respectively. It has

been reported that male runners have a greater proportion of

ankle injuries relative to female runners, which may indicate

that the incidence proportion of Achilles tendinopathy is

male-biased.16 This is supported by Taunton et al.47 and Nielsen

et al.,23 who found from an analysis of injuries (n = 2002 and

n = 254, respectively) that males were more prone to Achilles ten-

dinopathy and females were more prone to patellofemoral pain

syndrome. The main difference observed in our study between

the incidence and the prevalence proportion data for each RRMI

was that ankle sprains were in the top 5 most common injuries in

the incidence data but not in the top 5 in the prevalence data.

Kluitenberg et al.10 has stated that prospective studies with fol-

low-up periods are more likely to register a higher number of

injuries than retrospective studies with similar recall periods.

Therefore, a plausible reason ankle sprains were not in the top 5

in the prevalence data is that, in most cases, ankle sprains are not

considered to be serious or severe enough and may not be memo-

rable injuries to runners in retrospective studies where they have

to report their past injuries. McKean et al.45 and Knobloch et al.52

had two of the shortest recall periods, 8 months, and 12 months,

respectively, and they reported a higher prevalence of ankle

sprains compared to other studies. Additionally, the sensitivity,

specificity, and positive predictive values of self-reported RRMIs

by runners were reported to be good for injury locations but not

for specific pathologies.68 Self-reported RRMIs may have influ-

enced the prevalence proportion of specific pathologies by affect-

ing the validity of the retrospective studies.

Among ultramarathoners and non-ultramarathoners, the ana-

tomic locations with the highest incidence proportion of injuries

were the knee and ankle. Therefore, coaches and health professio-

nals should focus their injury prevention programs on reducing

injuries such as patellofemoral pain syndrome and Achilles ten-

dinopathy in order to reduce the high incidence rates in these loca-

tions. Patellofemoral pain syndrome had the highest prevalence

proportion of injuries in non-ultramarathoners; thus, developing

effective rehabilitation programs may reduce the prevalence pro-

portion of this condition in this population.

Evaluation of the quality of the articles showed a moderate

ROB overall, where seven of 42 articles were classified as hav-

ing high ROB. Although most of the studies had a definition of

“injury”, the definition varied considerably across studies, and

there is still no agreement about the most appropriate defini-

tion for an RRMI.6 A total of 24 studies used time-loss defini-

tions; however, a consensus on the amount of time needed to

classify a time loss from running due to an RRMI has yet to be

reached. For instance, several studies did not report the amount

of time, some studies used days in their definition and other

studies used weeks. Additionally, the 8 studies that used a

pain-related definition may have overestimated the number of
injured runners since a pain-related definition may capture

data from high-functioning runners who would not otherwise

be considered to be injured. The impact of the definition of

“injury” on running-related injury incidence or prevalence has

been well established by Kluitenberg et al.,69 who reported

incidences that ranged between 7.5% and 58.0%, depending

on the definition of injury. This impact stresses the need for

standardized injury registration methods.

Many of the articles in this review described types of run-

ners (e.g., half- or full-marathon runners) or their training char-

acteristics (e.g., running �10 miles per week) or race

participation (e.g., ultramarathon). Published systematic

reviews have analyzed the differences in running injuries

among different levels of runners; however, the definitions

given to describe a runner’s level (e.g., novice, recreational,

competitive) lack objective data to support their validity.10,19

A more accurate description of the runners’ level would report

the volume, frequency, and intensity of running in order to

make a more meaningful comparative analysis of the incidence

and prevalence rates among different types of runners.

The anatomic location of injury incidence and prevalence

was obtained from most of the studies included in our review,

except for 2 studies that did not separately report foot and

ankle injuries.23,47 The specific pathology incidence data and

prevalence proportion data could only be obtained from 5

studies and 10 studies, respectively. Given the challenges in

reporting an accurate diagnosis that might be expected. RRMIs

should be diagnosed by a physician or general practitioner in

order to minimize the ROB and misdiagnosis of the injury. An

alternative approach would be to allow self-reported injuries

but to also provide the source of diagnosis (e.g., medical pro-

fessional, physiotherapist, coach). This would provide a crude

estimate of specific pathologies and a better indication of

whether the injuries were underestimated or overestimated.16

For example, injuries that have been diagnosed by the coach

and self-diagnosed by the participant may lead to underestima-

tion or overestimation of the number of injuries since the par-

ticipant may or may not be considered injured if diagnosed by

a physician, respectively. Moreover, there can be issues in

terms of interpretation of injury definition, nature, and severity

in studies that used data champions to record and submit data,

leading to underreporting or overreporting of injuries.

In the studies included in our review, there were 6 prospec-

tive ones with follow-up periods of �3 months. Many injuries

occurring during running involve overuse and are caused by

repetitive microtrauma over a long period of time, leading to

an overload on musculoskeletal structures.7,70 Therefore, pro-

spective studies with longer follow-up periods are needed to

examine all possible RRMIs because studies with shorter fol-

low-up periods may have underestimate the number of overuse

injuries.6 In addition, several studies included in our review

did not report the total number of injured runners or the total

number of injuries. Thus, this lack of clarity and consistency

among studies made it difficult to obtain accurate estimates of

injury incidence and prevalence proportions.

There are some limitations to our review. First, a systematic

search was performed only in the 3 above-mentioned
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databases. It is possible that eligible studies could have been

indexed in other search databases. Second, since the amount of

running exposure may influence the development of RRMIs,

the preferred way of reporting injury incidence is to express

the total number of injuries per 1000 h of exposure to run-

ning.19,71 However, this was not possible because only a lim-

ited number of the included studies reported the incidence or

prevalence ratio for each specific pathology. Therefore, a stan-

dardized expression of running-related injury data would

enable comparison or pooling of data for meta-analysis.6

5. Conclusion

Broad inclusion criteria were used to estimate the incidence

and prevalence proportion of RRMIs by anatomic location and

specific pathologies. To our knowledge, our review is the first to

take this approach. Among non-ultramarathoners, the highest pro-

portion of injuries in both incidence and prevalence was in the

knee, whereas among ultramarathoners the most injured site was

the ankle. The injury incidence proportions by anatomic location

between ultramarathoners and non-ultramarathoners were not sig-

nificantly different (p = 0.798). In prospective studies, the top 5

pathologies with the highest incidence proportions among

non-ultramarathoners were Achilles tendinopathy, medial tibial

stress syndrome, patellofemoral pain syndrome, plantar fasciitis,

and ankle sprain. In retrospective/cross-sectional studies, the top 5

pathologies were the same as in prospective studies except ankle

sprains were replaced by iliotibial band syndrome. These findings

are supported by previous research and systematic reviews con-

ducted on the topic. For runners who participated in ultramarathon

events that ranged from 5.0 days to 8.5 days, anterior compart-

ment tendinopathy, patellofemoral pain syndrome and Achilles

tendinopathy were the 3 most common RRMIs.

This systematic review provides valuable information to

sports medicine specialists who are deciding on the most

appropriate injury prevention measures that should be taken

for a given anatomic location or specific pathology. We recom-

mend that injury prevention measures related to the knee (e.g.,

patellofemoral pain syndrome) and ankle (e.g., Achilles ten-

dinopathy) should be implemented in order to reduce the high

incidence rates at these locations in the running population.

Future research on injury occurrences should address the

issues raised in this review.
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