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What Are the Main Risk Factors for Lower
Extremity Running-Related Injuries?

A Retrospective Survey Based on 3669 Respondents

Damien Sanfilippo,*™ MD, Charlotte Beaudart,™ PhD, Allan Gaillard,™ MSc,
Stephen Bornheim,™ PhD, Olivier Bruyere,® PhD, and Jean-Francois Kaux,™ MD, PhD

Investigation performed at University and University Hospital of Liege, Liege, Belgium

Background: Despite the many studies on running-related injuries (RRls), risk factors for injury remain unclear in the literature.
Purpose: To investigate the risk factors of RRls.
Study Design: Case-control study; Level of evidence, 3.

Methods: An online survey was conducted among 3669 injured and noninjured runners. Injury was defined as pain of various
kinds, without attention to its consequences on running practice. The survey included 41 questions on 5 main categories—per-
sonal characteristics, daily lifestyle, training and running characteristics, practice of other sporting activities, and prevention
habits —as well as information about the occurrence of RRI over the previous 12 months. Continuous and qualitative variables were
analyzed by Student t test and chi-square test, respectively. Sixteen variables were selected for multivariate binary logistic
analysis.

Results: Among the 3669 runners, 1852 (50.5%) reported at least 1 injury over the previous 12 months. Overuse injuries were
largely represented (60.6%). The variables associated with RRIs that remained significant in the fully adjusted model were previous
injury (odds ratio [OR], 1.62; 95% CI, 1.42-1.86), higher weight (OR, 1.006; 95% CI, 1.00-1.012), competitive running (OR, 1.53;
95% Cl, 1.19-1.98), running >2 h/wk (OR, 1.28; 95% ClI, 1.01-1.62), running >20 km/wk (OR, 1.25; 95% CI, 1.001-1.55), and
stretching before running (OR, 1.46; 95% CI, 1.25-1.71).

Conclusion: Previous injury remains the most relevant risk factor for RRIs according to the current study and previous data. Many
training characteristics seem to be involved but still have to be confirmed in view of conflicting data in the literature. Further

research would help clinicians better understand RRIs and how to prevent them.

Keywords: running-related injuries; prevalent injuries; risk factors; survey

Over the past few decades, there has been increased focus
on healthier lifestyles in developed countries. Physical
activities in daily life and running activities in particular
have become popular because of their ease of implementa-
tion, low cost, and reputation of being beneficial for
health.6’19’23’27

Endurance running efficiently provides substantial ben-
eficial effects on body mass, body fat, resting heart rate,
maximum amount of oxygen, triglycerides, and high-
density lipoprotein cholesterol. It has also been shown that
the longer the length of training, the higher the achieved
health benefits.® However, endurance running is associated
with a high rate of injuries, especially lower extremity inju-
ries. A large recent systematic review® highlighted an
injury prevalence in runners of 43% + 19.8%. The large
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variability observed in these results may be explained by
differences in the characteristics of the target populations
investigated as well as in the definition of running-related
injury (RRI) used across studies.®

Acute injuries (ankle strain, fracture) can occur, but
most of the time, runners experience overuse injuries.®
These have been defined as an injury to the muscular-
skeletal system that results from repetitive submaximal
loading applied over a prolonged period, causing strain
that goes beyond the structure’s ability to adapt.?? This
can limit running speed, distance, duration, or frequency
for at least 1 week.1%1* The predominant site of lower
extremity overuse injury is the knee,?® and the most com-
mon injury is patellar-femoral pain syndrome. Other com-
mon overuse injuries include stress fractures, medial
tibial stress syndrome, plantar fasciitis, and patellar and
Achilles tendinopathies.*®

Multiple authors have tried to identify the cause and risk
factors of RRI to reduce the injury rate. Risk factors are
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usually classified into 2 categories: intrinsic (anatomic, bio-
mechanical, and global health) and extrinsic (training char-
acteristic). Most studies®112%23 suggest that previous
injuries are the most well-established RRI risk factor. How-
ever, these injuries are not the result of an isolated variable
but rather the consequence of a structural and functional
combination of different factors, and this is the main diffi-
culty for clinicians and researchers.” Other risk factors are
still not clear in the literature.

The goal of our study was therefore to investigate the
risk factors associated with injury in a population of run-
ners. With this survey study in a large population, our aim
was to confirm that previous injury is a risk factor for fur-
ther RRI. Our secondary aim was to investigate a large
number of variables as potential risk factors.

METHODS

This study followed the guidelines for reporting observa-
tional studies from the STROBE checklist (Strengthening
the Reporting of Observational Studies in Epidemiology).2®
We conducted an online survey among runners to identify
the potential risk factors for lower extremity RRI. As the
participants completed the survey anonymously and on a
volunteer basis, this study did not require ethical commit-
tee approval.

Population

To be included in this study, runners had to be at least 18
years old and have at least 12 months of running experi-
ence. After completing the survey, eligible participants
were placed into an injured or noninjured group depending
on whether they had experienced a lower extremity RRI
within the previous 12 months. Injury was considered any
kind of pain, without paying attention to its consequences
on running practice.

The link to the survey was published on social media
platforms. Several running event organizers also agreed
to send the link to their large mailing lists. Numerous run-
ning magazines published the survey on their websites, and
the survey was promoted at multiple running events. Data
were collected from April to July 2017.

Development of the Survey

Our survey was developed through the following steps:
(1) We investigated the literature to identify categories of
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potential risk factors, and (2) we then contacted experts
(doctors, physical therapists, running coaches) and asked
them to validate our categories or generate additional ones
using their expertise. Finally, we developed a survey
including all categories identified in steps 1 and 2. The
questionnaire was developed by translating items into
questions. It was made up of 35 general questions plus 6
questions related to injured runners. The questionnaire
was composed of a majority of closed but also semiclosed
and open questions.
The survey was divided into 5 parts.

Personal characteristics: sex, age, weight, height, later-
ality, previous injury

Daily lifestyle: professional activity type, weekly work
hours, daily sleeping hours, dietary habits, tobacco/
alcohol consumption

Training and running characteristics: running speed,
mileage and hours per week, weekly number of work-
outs, types of practice, trail versus road and drop,
years of practice, goals of practice, annual number of
competitions and distance, hydration behavior, fore-
foot versus rearfoot strike, planning methodology,
fasted running sessions or not

Practice of others sports activities and prevention habits

Occurrence of RRI over the last 12 months: 1 question
allowed us to categorize athletes as injured or nonin-
jured (“I have suffered from an RRI in the last 12
months”).

Statistical Analysis

Normality of continuous variables were investigated using
histogram, Q-Q plot, comparison of mean with median,
and the Shapiro-Wilk test. As all the continuous variables
followed a normal distribution pattern, data were
expressed as means and standard deviations. Further-
more, categorical variables were expressed as absolute
(number) and relative (percentage) frequencies. To iden-
tify possible associations between risk factors and RRI, we
initially performed a univariate analysis using the gener-
alized estimating equation for each independent variable,
with occurrence of RRI as the dependant variable. Contin-
uous and qualitative variables were analyzed by Student
t test and chi-square test, respectively. All variables that
had significant associations (P < .05) in the univariate
analysis were selected for inclusion in the multivariate
binary logistic analysis. The results were expressed as
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odds ratio (OR) and 95% confidence interval. All data anal-
yses were performed using SPSS Statistics (Version 24.0;
IBM).

4105 runners

428 excluded
(no information on

l
presence of injury)

3677 runners

o

1817 noninjured 1860 injured
runners runners
8 excluded
—» | (inconsistent
answers)

1817 non-injured
runners included runners included

N

3669 total runners
included in analyses

1852 injured

Figure 1. Flowchart of included population.
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RESULTS
Participants

The survey was completed by 4105 runners. However, 436
respondents were excluded: 428 did not provide informa-
tion about injury, and 8 gave inconsistent answers to open
questions related to injury. Therefore, 3669 respondents
were included for statistical analysis (Figure 1): 2123
(57.8%) men and 1546 (42.2%) women. The mean age of the
population was 36.1 + 10.9 years, and the mean body mass
index (BMI) was 22.9 + 4.5 kg/m?.

A total of 1852 runners (50.5%) reported at least 1 lower
extremity RRI over the previous 12 months and were
included in the injury group. Injured participants were sig-
nificantly more often older (P < .001), heavier (P =.01), and
male (P < .001). They also presented a higher prevalence of
previous injuries beyond the previous 12 months as com-
pared with noninjured participants (P < .001) and indi-
cated a greater importance on diet (P = .03). No
difference was found for height, BMI, laterality, tobacco/
alcohol consumption, professional activity, or hours of work
and sleeping time (Table 1).

Incidence and Typology of RRI

Most injured runners (69.5%) cited only 1 injury (Table 2).
A total of 2538 injuries were reported, and 2218 pathologies

TABLE 1
Characteristics of the Study Participants®
All (N = 3669) Noninjured (n = 1817) Injured (n = 1852) P Value®

Female sex 1546 (42.1) 820 (45.1) 726 (39.2) <.001
Age, y 36.1+11.1 35.4+11.3 36.8 +10.7 <.001
Weight, kg 6791114 67.3+11.5 68.4+11.3 .01
Height, cm 172.9 + 8.73 172.7+£ 8.7 173.2 + 8.8 .09
Body mass index, kg/m? 22.9 +4.60 22.7+45 23.0+4.6 .13
Tobacco use .89

None 3482 (94.9) 1723 (94.8) 1759 (95)

1-10 cigarettes/d 165 (4.5) 82 (4.5) 83 (4.5)

>10 cigarettes/d 22 (0.6) 12 (0.7) 10 (0.5)
Alcohol use 77

Never 504 (13.7) 256 (14.1) 248 (13.4)

Once a week 2333 (63.6) 1146 (63.1) 1187 (64.1)

More than once a week 832 (22.7) 415 (22.8) 417 (22.5)
Sleep, h .12

<6 263 (7.2) 116 (6.4) 147 (7.9)

6-8 2855 (77.8) 1416 (77.9) 1439 (77.7)

>8 551 (15.0) 285 (15.7) 266 (14.4)
Importance given to diet .03

Low 415 (11.3) 227 (12.5) 188 (10.2)

Moderate 2517 (68.6) 1247 (68.6) 1270 (68.6)

High 737 (20.1) 343 (18.9) 394 (21.3)
Laterality: right 3178 (86.7) 1575 (86.7) 1603 (64.3) 91
History of injury beyond the previous 12 mo 2149 (58.6) 957 (52.7) 1192 (35.6) <.001

“Data are reported as No. (%) or mean + SD.

bP value obtained from Student ¢ test for continuous variables and from chi-square test for categorical variables. Bold P values indicate
statistically significant difference between the noninjured and injured groups (P < .05).
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were identified. The remaining 320 were classified as other
because of unclear description. Among pathologies, overuse
was widely represented (60.6%) and included patellofe-
moral pain syndrome, Achilles tendon injury, medial tibial
stress syndrome, plantar fasciitis, iliotibial band syndrome,
stress fracture, and back pains. Traumatic injuries (frac-
ture and strain) and muscular injuries (stiffness/tear)
represented 19.1% and 20.3%, respectively.

TABLE 2
Information on Injuries®

Injured Group (n = 1852)

No. of injuries

1 1288 (69.5)
2 461 (24.9)
3 88 (4.75)
4 11 (0.6)

5 4(0.2)

Type of injuries

Overuse 928 (50.1)
Traumatic 293 (15.8)
Muscle 311 (16.9)
Other 320 (17.3)

“Data are reported as No. (%).
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Risk Factors for RRls

Univariate analyses revealed that some lifestyle factors
were significantly associated with the risk of injuries
(Table 3). Regarding training characteristics, results
showed higher risks for training >2 sessions per week,
training >2 h/wk, running >21 km/wk, and running >10
km/h during training (P < .001 for all). We also found sig-
nificant differences for type of practice (trail runners at
higher risk vs road runners; P < .001), practice goals (run-
ners preparing for a competition at higher risk vs runners
not preparing; P < .001), number of competitions per year
(higher risk if >5; P < .001), running surface (higher risk if
on an athletic track [P < .001] or in the woods [P = .01]),
vertical drop (higher risk if the usual route includes signif-
icant elevation; P < .001), stretching session (higher risk
for the ones who stretch before running; P < .001), preven-
tion technique (higher risk for those who performing pre-
vention techniques; P < .001).

Based on the analysis, 16 variables were included in the
multivariate binary logistic analysis, and some of these
associations were maintained in the multivariate model
(Table 4). The following variables increased the risk of
injury: heavier weight (OR, 1.006; 95% CI, 1.00-1.012),
presence of a previous injury (OR, 1.62; 95% CI, 1.42-
1.86), participating in competitions (OR, 1.535; 95% CI,
1.19-1.98). running >2 h/wk (OR, 1.28; 95% CI, 1.01-1.62),

TABLE 3
Injury Risk Factors: Univariate Analyses®
All (N = 3669) Noninjured (n = 1817) Injured (n = 1852) P Value®

Years of practice 7.47+17.74 745+ 175 7.49%17.9 .87
Type of practice <.001

Trail 694 (18.9) 305 (16.8) 389 (21.0)

Road 976 (26.6) 556 (30.6) 420 (22.7)

Both 1999 (54.5) 956 (52.6) 1043 (56.3)
Competition: yes 3262 (88.9) 1543(84.9) 1719 (92.8) <.001
No. of races per y: >5 2160 (57.4) 944 (37.3) 1162 (62.7) <.001
Sessions per wk: >2 2226 (60.7) 997 (54.9) 1229 (66.4) <.001
Hours run per wk: >2 h 21778 (75.7) 1268 (69.8) 1510 (81.5) <.001
Distance per wk: >20 km 2482 (67.6) 1108 (61.0) 1374 (74.2) <.001
Pace: >11 km/h 1856 (50.6) 782 (44.9) 959 (53.0) <.001
Drop: >100 m/10 km 2566 (69.9) 1166 (67.1) 1270(70.5) <.001
Type of ground

Woods 3180 (86.7) 1547 (14.9) 1633 (88.2) .01

Road 2106 (57.4) 1049 (57.7) 1057 (57.1) .69

Track 753 (20.5) 331 (18.2) 422 (22.8) <.001

Other 34(0.9) 19 (1.0) 15 (0.8) .46
Stretching before running <.001

Never 2747 (74.9) 1416 (77.9) 1331 (71.9)

Yes, most of the time 795 (21.7) 346 (19.0) 449 (24.2)

Yes, always 127 (3.5) 55 (3.0) 72 (3.9)
Stretching after running 1

Never 921 (25.1) 481 (26.5) 440 (23.8)

Yes, most of the time 1943 (53.0) 933 (51.3) 1010 (54.5)

Yes, always 805 (21.9) 403 (22.2) 402 (21.7)

“Data are reported as mean * SD or No. (%).

bP value obtained from Student ¢ test for continuous variables and from chi-square test for categorical variables. Bold P values indicate
statistically significant difference between the noninjured and injured groups (P < .05).
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TABLE 4
Injury Risk Factors: Multivariate Analysis
B Odds
Coefficient Ratio 95% CI P Value”
Male sex -0.11 0.99 0.85-1.15 .888
Age 0.001  1.001 0.99-1.008 7195
Weight 0.006  1.006 1.00-1.012 .039
Low importance of food -0.21 0.81 0.65-1.002 .052
Previous injury: yes 0.485 1.62 142-1.86 <.001
Competition: yes 0.428 1.53 1.19-1.98 .001
Races per y: >5 0.143 1.15 0.99-1.35 .07
Sessions per wk: >2 0.037 1.037 0.86-1.25 .70
Hours per wk: >2 h 0.24 1.28 1.01-1.62 .041
Distance per wk: >20 km 0.22 1.25 1.001-1.55 .049
Pace: >11 km/h 0.139 1.15 0.99-1.34 .07
Drop: >100 m/10 km -0.153 0.86 0.73-1.01 .86
Type of ground: woods 0.10 1.11 0.89-1.38 .34
Type of ground: track 0.12 1.13 0.95-0.34 17
Stretching before: yes 0.38 146 1.25-1.71 <.001
Type of practice: trail 0.16 1.17 0.97-1.41 .10

“Bold P values indicate statistical significance (P < .05).

running >20 km/wk (OR, 1.25; 95% CI, 1.001-1.55), and,
surprisingly, stretching before running (OR, 1.46; 95% CI,
1.25-1.71).

DISCUSSION

In the context of the growing interest in running and the
numerous injuries resulting from it, the goal of our study
was to investigate the risk factors associated with injuries
among a large and heterogeneous population of runners.
Several risk factors were identified, but only some were con-
firmed through multivariate regression analyses: presence
of previous injury, doing competitions, running >2 h/wk,
running >20 km/wk, heavier weight, and, quite surpris-
ingly, stretching before running.

In our sample of 3669 runners, we found a 50.5% preva-
lence of RRIs. The prevalence of injuries has been reported
to range from 19.4% to 79.3% in 1 systematic review pub-
lished in 2007.8 The large range of observed prevalence can
be explained by several assessment biases. First, the RRI
definition seems often to be poorly described. For example,
Buist et al* defined an injury when pain is responsible for a
total stop of running for a week, while Hespanhol et al®
considered an injury to be a single training session not
performed because of pain. In our study, we considered an
injury as any kind of pain without paying attention to its
consequences on running practice. Despite this very broad
definition of injury, the percentage of injured runners
remained modest as compared with other studies. Second,
we observed large heterogeneity among studies in terms of
the definition of runner and one’s level of running. Indeed,
most of the training factors and personal characteristics
could be different when comparing, for example, recrea-
tional and elite runners.

In our study, more than half of the injuries were overuse
ones (60.6%), which seems in accordance with the available
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literature.'®® Our results highlighted that the presence of
previous injuries increased the odds of injury by 62%. This
is the largest association found in our multivariate model.
Studies'??32* have reported previous injury as one of the
most common factors associated with RRI. However, Buist
et al* emphasized that studies did not used to pay attention
to the nature of these previous injuries (eg, type of injury,
connection or not with running practice). Furthermore, it
would be very useful to know whether the recurrent inju-
ries are the same or related.

In addition, the results of the current study indicated
that runners who took part in competitions were more at
risk to develop RRI, with an increased risk of 53%. We
found that only 1 study, by Walter,2® considered this risk
factor. It was a prospective study with a cohort of 1680
runners monitored during a 12-month follow-up, and the
authors noted a similar strength of association (risk ratio,
1.73 [95% CI, 1.21-2.49] for men and 1.93 [95% CI, 0.97-
3.89] for women). Competitive runners will usually run at
a faster speed, run more kilometers, and run more fre-
quently. However, the association of competition with
higher RRI risk seems confirmed in the multivariate anal-
ysis that considered these individual parameters. More-
over, when nonprofessional runners sign up for a
competition, they often do it rather late, mainly because
of their other activities (eg, family, professional activities,
other sports). As a result, a significant increase in the vol-
ume and intensity of their practice is typically observed
within a short period. Workout-planning error (ie, errors
in the variation and distribution over time of the volume
and intensity of training) may also be a major factor in the
occurrence of RRI, but we did not investigate this parame-
ter in our study.

Our survey included several questions on training char-
acteristics. Training errors are considered to be responsible
for a large part of RRI.2%1%26 According to our data about
weekly mileage, running >20 km/wk multiplied runners’
risk of having an injury by 1.25. In the same vein, we
observed that the risk of injury is increased for runners who
perform >2 hours of running per week. In 2 prospective
studies, Walter®® and Macera'* provided strong evidence
that a weekly distance >64 km increased the risk of RRI.
Conversely, Kelsey et al'> and many other studies found
that either there was no connection or longer distances had
a protective effect. Bovens et al,2 who expressed rate of
injuries on 1000 hours of exercise, reported that the num-
ber of injuries decreased when weekly mileage during an
18-month period increased from 15 to 37 miles per week.
Accordingly, in a recent systematic review that took into
account data from 36 studies, Hulme et al'! found no com-
pelling evidence to support whether longer or shorter abso-
lute running distances affect RRI. In this same review, the
authors concluded, using 8 prospective and retrospective
studies, that there was not enough scientific evidence of
any relation between duration and RRI development.

Univariate and multivariate analysis uncovered connec-
tions with weight. The heavier runners would be more at
risk of RRI. In contrast, no significant differences were
found for BMI. Most of the studies did not find any connec-
tion with weight,'1'2® while others reported some
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conflicting data. Our data are consistent with several stud-
ies!1%23 ghowing no significant connections between BMI
and RRI. In contrast, Nielsen et al,'® who performed a 1-
year follow-up of 930 novice runners, stated that runners
with a BMI >30 kg/m? were significantly more at risk to
injury. Buist and Bredeweg® noted similar results:
increased risk by 31.8% of sustaining an RRI among novice
runners with a BMI >25 kg/m? versus <25 kg/m?. Faced
with the conflicting results, more studies should be per-
formed to assess this point.

We found more injured runners among the ones who are
used to stretching before training sessions or at another
time. Shrier?! conducted a meta-analysis on this variable.
Among 17 studies that examined stretching before run-
ning, 7 suggested that it was beneficial, 3 indicated that
it was detrimental, and 7 noted no difference. When results
of all these studies are pooled, the clinical evidence does not
support the evidence that stretching before exercise pre-
vents injury. Authors also highlighted that stretching at
another time than just before or after the race may have
a protective effect. However, only 2 studies isolated the
effect of stretching after running or at another time. From
our point of view, it is very hard to study the effect of
stretching because of numerous variables (number of mus-
cles stretched, tension level, duration, number of repeti-
tions, active or passive stretches, etc). Even if we
frequently see in clinical practice that athletes who perform
stretching have already been injured and stretch precisely
to avoid any new injury, our results did not support this
hypothesis. Indeed, results revealed that the contribution
of stretching beforehand was independent of history of
injury.

One of the particularities of our study was to study RRI
incidence between road runners and trail runners. Indeed,
we did not find a single study that focused on this aspect.
However, once again, these 2 kinds of practices included
several variables, and it would be very difficult to extract
clear data out of this study. We found significantly more
injured runners among trail runners, but the relationship
was not confirmed in multivariate analysis. Several points
could be discussed regarding this relationship. First, it
would be interesting to study injury typology and incidence
of traumatic injuries (eg, ankle and knee strain, fracture).
Without considering traumatic injuries, this relationship
would nevertheless be conserved, explained by the course’s
topography (eg, more demanding ascents and descents) as
well as the ground’s topography (importance of the muscles
supporting the pelvis and the back when the ground is not
flat). Moreover, we found a significant difference regarding
vertical drop (ie, more injured runners with higher vertical
elevation). Furthermore, the theoretical protective effect of
running on a soft surface was discussed in 1 study in which
authors measured vertical acceleration of the tibia on 35
runners who ran on different surfaces at different speeds.!
In contrast, Hulme et al'! gathered results from 19 studies
focusing on this point and concluded that topographic fea-
tures and the compliancy of particular surfaces did not
affect RRI risk. Our data on surface uncovered more
injured runners among those who perform some athletic
track sessions. This result makes sense because track
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racers usually do a lot of interval running. In hindsight, it
would have been interesting in our questionnaire to con-
sider this type of training as a potential risk factor of RRI.

We consider that the main strength of this study was the
large number of respondents and variables studied. Fur-
thermore, to our knowledge, no studies have compared
injury rate between trail runners and road runners. There
are, however, some limitations to this study. First, it was a
retrospective study, and runners had to remember a lot of
information about last 12 months, leading to a recall bias.
Second, the injured status was self-reported. There was no
medical diagnosis allowing for the objectification of the
injury. Last, regarding training characteristics, we took
into account the mean value for pace, mileage, and fre-
quency over a period of time. For these parameters, we
discussed the importance of variation over time to explain
injury occurrence.

In light of these last sections, the link between training
characteristics and running injuries seems to be very com-
plex. We discussed several methodological discrepancies
that can explain some of this complexity. Some other points
could be considered. Theoretically, injury occurs when
cumulative training load, over 1 or several runs, exceeds
the capacity of various tissues to perform adaptive repair.°
Accordingly, this training load should be evaluated at each
training session. Furthermore, this training load will have
a different impact on tissues depending on distribution over
a period of time. This final point explains why fixed or abso-
lute data, such as mean weekly values, seem to be inappro-
priate. Nielsen et al'” conducted a systematic review on this
point (training errors) and came up with the hypothesis
that a complex relationship involving distance, frequency,
duration, and pace should exist and has not been investi-
gated yet. It is probably the reason why data recorded until
now have not allowed us to better understand these
running-related risk factors.

CONCLUSION

This study confirms that previous injury remains the pri-
mary risk factor for RRI. Other main risk factors for RRIs
have been highlighted in our survey: being a trail runner,
doing competitive running, running >2 h/wk, and stretch-
ing before running. Future targeted and prospective stud-
ies should be able to improve risk factor knowledge and
result in the implementation of effective preventive
measures.
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