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Abstract 
Knowledge about prevalence and etiology of running-related in-
juries (RRIs) is important to design effective RRI prevention pro-
grams. Mental aspects and sleep quality seem to be important po-
tential risk factors, yet their association with RRIs needs to be 
elucidated. The aims of this study are to investigate the epidemi-
ology of RRIs in recreational runners and the association of men-
tal aspects, sleep, and other potential factors with RRIs. An inter-
net-based questionnaire was sent to recreational runners recruited 
through social media, asking for personal and training character-
istics, mental aspects (obsessive passion, motivation to exercise), 
sleep quality, perceived health, quality of life, foot arch type, and 
RRIs over the past six months. Data were analyzed descriptively 
and using logistic regression. Self-reported data from 804 ques-
tionnaires were analyzed. Twenty-five potential risk factors for 
RRIs were investigated. 54% of runners reported at least one RRI. 
The knee was the most-affected location (45%), followed by the 
lower leg (19%). Patellofemoral pain syndrome was the most-re-
ported injury (20%), followed by medial tibial stress syndrome 
(17%). Obsessive passionate attitude (odds ratio (OR):1.35; 95% 
confidence interval (CI):1.18-1.54), motivation to exercise 
(OR:1.09; CI:1.03-1.15), and sleep quality (OR:1.23; CI:1.15-
1.31) were associated with RRIs, as were perceived health 
(OR:0.96; CI:0.94-0.97), running over 20 km/week (OR:1.58; 
CI:1.04-2.42), overweight (OR:2.17; CI:1.41-3.34), pes planus 
(OR:1.80; CI:1.12-2.88), hard-surface running (OR:1.37; 
CI:1.17-1.59), running company (OR:1.65; CI:1.16-2.35), and 
following a training program (OR:1.51; CI:1.09-2.10). These fac-
tors together explained 30% of the variance in RRIs. A separate 
regression analysis showed that mental aspects and sleep quality 
explain 15% of the variance in RRIs. The association of mental 
aspects and sleep quality with RRIs adds new insights into the 
multifactorial etiology of RRIs. We therefore recommend that be-
sides common risk factors for RRI, mental aspects and sleep be 
incorporated into the advice on prevention and management of 
RRIs. 
 
Key words: Running, injury, etiology, epidemiology, injury pre-
vention, rehabilitation. 

 
 

Introduction 
 
Running has become the most popular form of physical ac-
tivity (Rothschild, 2012). Due to its affordability and con-
venience, needing less equipment than many other sports, 
the number of runners has increased in recent decades 
(Lopes et al., 2012). Recreational runners comprise the 
largest group of runners worldwide (Hespanhol et al., 

2013). Running has many benefits, such as improvement 
of mental and physical health: a study reported a 45% 
lower risk of cardiovascular mortality in runners compared 
to non-runners (Lee et al., 2014). Running-related injuries 
(RRIs) are the major drawback of running. Incidence rates 
from 19% to 79% were reported for RRIs, depending on 
the definition used and the population studied (Van Gent et 
al., 2007). RRIs may cause individuals to quit sports and/or 
physical activities temporarily or even permanently. RRIs 
can additionally result in high treatment costs and costs re-
lated to work absenteeism, which can lead to discontinuing 
running (Fokkema et al., 2019). 

To develop preventive measures for RRIs, more 
knowledge about etiological factors is needed. According 
to the Translating Research into Injury Prevention Practice 
framework (TRIPP) (Finch, 2006), upon injury surveil-
lance the second stage is establishing the etiology of injury. 
Accordingly, identifying and understanding risk factors for 
RRIs as well as the most commonly affected anatomical 
locations are important steps toward developing an effec-
tive prevention program (van Mechelen et al., 1992). There 
is evidence that the etiology of RRI is multifactorial and 
includes both extrinsic and intrinsic risk factors (Gijon-
Nogueron and Fernandez-Villarejo, 2015; Mousavi, 2020). 
Several studies have reported risk factors predisposing run-
ners to injuries (Ceyssens et al., 2019; Gijon-Nogueron and 
Fernandez-Villarejo, 2015; Mousavi, 2020; Mousavi et al., 
2019; Van Der Worp et al., 2015), including abnormal bio-
mechanics, previous injuries, training-related risk factors, 
and insufficient running experience. However, there is still 
no consensus on the exact etiology of RRIs and not all po-
tential risk factors for RRIs have been explored. 

Besides running/training and personal factors, RRIs 
may also be impacted by mental aspects, sleep, and life-
style factors. These factors have not been explored exten-
sively in runners yet, and not enough information on their 
effects on RRIs (and vice versa) is available. Recent re-
views emphasize the role of mental aspects as an etiologi-
cal factor for sports-related injuries (Ivarsson et al., 2017; 
Johnson and Ivarsson, 2017). Alterations in mental varia-
bles can predict sports injury incidence (Ivarsson et al., 
2017; Johnson and Ivarsson, 2017). Mental attitudes such 
as passion have received increased attention in sports stud-
ies because of their potential effect on sports-related inju-
ries (Akehurst and Oliver, 2014; Lichtenstein and Jensen, 
2016). Passion is defined as a strong motivation toward an 
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activity that people like (Vallerand et al., 2003). Obsessive 
passion is an aspect of passion characterized by internal 
pressures that make the person feel compelled to engage in 
the activity (Vallerand et al., 2003). Individuals with ob-
sessive passion keep doing their activity regardless of their 
ability, loading capacity and sufficient recovery. Runners 
with obsessive passion may neglect little pains and keep on 
training with minor injuries, leading to more severe and 
difficult-to-treat gradual-onset (overuse) injuries 
(Vallerand et al., 2003). An obsessive passionate attitude is 
reported to be positively associated with sports-related in-
juries (Akehurst and Oliver, 2014; Rip et al., 2006; Stephan 
et al., 2009; Vallerand et al., 2003). The association be-
tween obsessive passionate attitude and RRIs has not been 
investigated extensively. 

Good sleep quality is vital for the process of mus-
culoskeletal recovery and concentration, which are im-
portant elements toward better performance of an activity 
such as running. By contrast, poor sleep quality is known 
to disrupt musculoskeletal recovery and reaction times plus 
influence mood and cognitive functions, increasing injury 
risk (Durmer and Dinges, 2005; Milewski et al., 2014). 
Several studies report that lack of sleep is associated with 
a higher risk of sustaining sports-related injuries (Gao et 
al., 2019; Luke et al., 2011; Milewski et al., 2014; von 
Rosen et al., 2017); no studies have examined this associa-
tion with RRIs though. 

Altogether, increasing knowledge about prevalence 
of and factors associated with RRIs could be helpful to tai-
lor more effective preventive and treatment programs. The 
likely association of mental aspects and sleep quality with 
RRIs increases the insight into the importance of these fac-
tors in occurrence of RRIs. The aims of the current study 
are therefore to investigate the prevalence of RRIs in rec-
reational runners and the association of mental aspects, 
sleep, and other potential factors such as personal charac-
teristics and training-related factors with RRIs. We hypoth-
esized that mental aspects and sleep quality are associated 
with RRIs. Specifically, higher obsessive passion for run-
ning and motivation to run and poor sleep quality are asso-
ciated with a higher reporting of RRIs. 
 
Methods 
 
Study design 
The present study is a cross-sectional survey investigating 
the prevalence of RRIs and risk factors associated with 
RRIs in recreational runners using an electronic/web-based 
questionnaire. Ethical approval for this study was obtained 
from the University Institutional Ethics Review Board 
(IR.SSRI. 1398.154). 
 
Participants 
Recreational runners were invited by flyers, posters, 
through social media, university sports and health depart-
ments, running clubs, gyms, and sports shops in the Iranian 
cities of Tehran, Mashhad, and Shiraz. A recreational run-
ner was defined as someone who has been running for at 
least 9 months prior to completing the questionnaire for a 
minimum of 5 km/week and has not been classified as an 
elite  runner  by  the track and field federation. The sample  

was selected by convenience. 
 
Data collection 
A specific questionnaire in Farsi, based on the “Start to 
Run” study questionnaire (Smits et al., 2016), was devel-
oped using Google Form. An electronic link to the online 
questionnaire was provided. 

The link was sent to runners using internet commu-
nication tools (WhatsApp, Telegram, Instagram). Upon 
clicking on the electronic link, runners were directed to a 
page containing the recreational runner eligibility criteria 
defined above, instructions for completing the question-
naire, and a consent form. In this section runners were also 
asked to consult their physicians or physiotherapists about 
their foot arch type (normal, pes planus or pes cavus), and 
possible RRIs that occurred over the past six months. An 
RRI was defined as “Running-related (training or compe-
tition) musculoskeletal pain in the lower limbs that causes 
a restriction on or stoppage of running (distance, speed, du-
ration, or training) for at least 7 days or 3 consecutive 
scheduled training sessions, or that requires the runner to 
consult a physician or other health professional” (Yamato 
et al., 2015). 

Upon completing and confirming the first section, 
the runner was able to proceed with the questionnaire. The 
questionnaire asked for personal characteristics (age, 
weight, height, educational status), running profiles (in-
cluding running experience, weekly running distance, 
speed, weekly frequency, running surface, running shoes, 
foot strike type, warm-up, cool-down, running training 
program, running in a group), foot arch type, history of 
RRIs over the past six months (injuries included patello-
femoral pain syndrome (PFPS), medial tibial stress syn-
drome (MTSS), Achilles tendinopathy (AT), patellar ten-
dinopathy (PT), iliotibial band syndrome (ITBS), plantar 
fasciitis (PF), strain, sprain, meniscal or cartilage injury, 
others), and injury location. The definition of RRI was ex-
plained and runners were asked to state whether they had 
any RRIs over the past six months based on the RRI defi-
nition. If they answered yes, they were asked to specify the 
type of RRI (based on their consultation with their physi-
cian or physiotherapist). To determine injury location, a 
manikin chart divided into 8 major locations and 22 sub-
locations was designed. Runners were asked to consult 
their physician or physiotherapist about their foot arch 
type. In addition, an instruction for evaluating foot arch di-
rected to an online link was provided. The online question-
naire also included the following instruments. 

 
Obsessive passion for running 
Obsessive passion for running was measured using the pas-
sion scale developed by Vallerand et al. (2003). The valid-
ity and reliability of this questionnaire in Farsi have been 
proven (Cronbach’s alpha = 0.86) (Jafari et al., 2018). The 
obsessive passion scale consists of six items (e.g. “I have 
almost an obsessive feeling for running” and “If I could, I 
would only run”). This scale was scored on a 7-point Lik-
ert-type scale, ranging from 1 (not agree at all) to 7 (very 
strongly agree). The total score was calculated as the mean 
of the six item scores where 1 indicates low obsessive pas-
sion and 6 indicates high obsessive passion. 
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Motivation to exercise 
Motivation to exercise was measured using the Behavioral 
Regulation in Exercise Questionnaire-2 (BREQ-2), 
(Markland and Tobin, 2004). BREQ-2 consists of 19 items 
(e.g. “I feel guilty when I don’t exercise” and “It’s im-
portant to me to exercise regularly”) assessing five sub-
scales that include 1) motivation, 2) external regulation, 3) 
introjected regulation, 4) identified regulation, and 5) in-
trinsic regulation. Using the scores on the five subscales, 
the relative autonomy index (RAI) was calculated with a 
higher RAI score showing a higher level of intrinsic moti-
vation. Farmanbar et al. (2011) reported acceptable validity 
and reliability (Cronbach’s alpha > 0.70) for the Iranian 
version of BREQ-2 (Farmanbar et al., 2011). 
 
Sleep quality 
Sleep quality was measured using the “Pittsburgh Sleep 
Quality Index” (PSQI), a valid and reliable questionnaire 
(Buysse et al., 1989). The PSQI consists of 19 items (e.g. 
“During the past month, how often have you had trouble 
sleeping because you wake up in the middle of the night or 
early morning?”). These items assess seven components of 
sleep: (1) sleep quality, (2) sleep duration, (3) sleep la-
tency, (4) sleep efficiency, (5) sleep disturbances, (6) use 
of sleep medication, and (7) daytime dysfunction. The 
PSQI provides a composite score of sleep quality and quan-
tity ranging from 0 to 21, with higher scores indicating 
poor sleep quality. Farrahi et al. (2012) reported acceptable 
validity and reliability (Cronbach’s alpha = 0.78) for the 
Iranian version of PSQI (Farrahi et al., 2012). 
 
Perceived health 
Perceived health was measured using the RAND 36-items 
(Hays et al., 1993). The RAND 36-Item includes eight con-
cepts: physical functioning, bodily pain, role limitations 
due to physical health problems, role limitations due to per-
sonal or emotional problems, emotional well-being, social 
functioning, energy/fatigue, and general health percep-
tions. It also includes a single item that provides an indica-
tion of perceived change in health. Scoring the RAND 36-
Item was performed using the instruction introduced by 
Hey et al. study. A high score defines a more favorable 
health state. Montazeri et al. (2005) reported acceptable va-
lidity and reliability (Cronbach's alpha coefficients ranging 
from 0.77 to 0.90) for the Iranian version of RAND 36-
item (Montazeri et al., 2005). 
 
Physical activity in daily life 
Physical activity in daily life was measured using the Short 
Questionnaire to Assess Health-enhancing Physical Activ-
ity (SQUASH) (Wendel-Vos et al., 2003). The SQUASH 
includes 4 domains: 1) community activities, 2) activity at 
work and school, 3) household activities, and 4) leisure 
time activities. Scoring the questionnaire was based on the 
instruction presented by Wendel-Vos et al. (2003) study. 
The higher the score, the higher severity of physical 
activity. Abdi et al. (2016) reported accaptable validity and 
reliability for the Iranian version of SQUASH (Abdi et al., 
2016). 

Data analysis 
Data were analyzed with SPSS IBM version 26. Quantita-
tive variables were reported as mean and standard devia-
tion, categorical variables as frequency and percentages. 
No quantitative variables were distributed normally. 
Mann-Whitney and Chi-square tests were used to compare 
data between runners with and without a history of RRIs. 
In order to avoid errors by repeated significance testing, the 
significance level was divided by the number of performed 
tests (Bonferroni correction). A univariate logistic regres-
sion analysis was used to assess a likely association be-
tween each variable and having an RRI. Those variables 
with a p < 0.20 were included in the multivariable logistic 
regression model (Hespanhol et al., 2013) with backward 
elimination, whereby variables remained in the model if 
their associated multivariable p-value was <0.05. Only 
modifiable factors were entered into multivariable logistic 
regression, therefore sex and age were not entered into lo-
gistic models. To establish the assumption of no multicol-
linearity among the independent variables and enhance 
model fitting, multicollinearity was tested by examining 
the variance inflation factor (VIF). The maximum VIF in 
the regression analysis was 1.3, indicating the absence of 
multicollinearity effects (VIF > 3 indicates a multicolline-
arity issue) (O’Brien, 2007). We reported the results as 
odds ratios (OR) and 95%CI (confidence interval). The OR 
in categorical variables represents the change in odds of in-
jury relative to the referenced category. The OR in contin-
uous variables represents the change in odds of injury for a 
one-unit increase. Age, obsessive passion, BREQ-2, sleep 
quality, RAND 36-items, and SQUASH are continuous 
variables. 
 
Results 
 
Runners responses and characteristics 
The questionnaire was completed by 826 runners, 22 of 
them excluded due to incorrect data (such as not meeting 
the eligibility criteria). Total data from 804 questionnaires 
were analyzed: 644 from Tehran city, 102 from Mashhad, 
and 58 from Shiraz city. 

Table 1 shows the description of runners’ 
characteristics divided into two groups, with/without injury 
history. Male runners comprise 57% (462) of runners. 
Runners who reported an injury had significantly higher 
obsessive passion for running, higher score on sleep quality 
(indicating poorer sleep quality) and lower perceived 
health (p < 0.001). 80% of runners had <5 years’ running 
experience; 59% and 69% had a running duration of up to 
60 min/session and up to 3 sessions/week, respectively; 
80% of runners reported a BMI in the healthy range (18 < 
BMI < 25); 80% reported participation in other sports. 
Most runners reported doing warm-up (92%) and cool-
down (84%) exercises. 
 
Running injuries and location 
Of the 804 runners, 432 (54%) reported at least one RRI 
over  the  last  six   months;   74  (17%)  reported  multiple 
injuries   (74   reported   tw o injuries,  10  reported   three  
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injuries); 55% (256) of male runners and 51% (176) of 
female runners reported at least one RRI. Runners reported 
that about 89% of self-reported injuries were diagnosed by 
either a physician or a physiotherapist. In total, 516 RRIs 
were reported. Table 2A shows the injury type of RRIs.  
PFPS was the most-reported injury (20%),  MTSS (17%). 
Table 2B shows the anatomical sites of RRIs. The knee 
(45%) was the most-frequently reported injury location, 
followed by the lower leg/Achilles tendon (26%). Tables 3 
and 4 describe running injury type and location by gender. 
 

Running injuries and associated factors 
Table 5 shows the results of univariate logistic regression 
analysis between runners with and without history of 
injury. A higher obsessive passion for running, lower 
perceived health, running over 20 km/week and 60 
min/sessions, being overweight, pes planus or cavus, 
running on hard surfaces, and performing other sports are 
the factors significantly associated with running-related 
lower limb injuries (p < 0.05). 

 

Table 1. Runners’ characteristics (comparing characteristics between runners with injury history and those without injury 
history) 

Variable 
Total runners 

(n=804) 
Runners with injury history 

(n=432) 
Runners without injury history 

(n=372) 
P-value 

 Sex                  Female, n (%) 342 (42.5) 176 (40.7) 166 (44.6) 
                          Male, n (%) 462 (57.5) 256 (59.3) 206 (55.4) 

  Total, n (%) 804 432 (54) 372 (46) 
Age (years) 27 (11) 27 (12) 27 (12) 0.48 
Obsessive passion 3.0 (1.3) 3.2 (1.4) 2.7 (1.2) <0.001
BREQ-2  10.5 (3.1) 10.7 (2.8) 10.3 (3.4) 0.594
Sleep quality 5.9 (2.8) 6.6 (2.8) 5.1 (2.5) <0.001
RAND 36-items 77.0 (11.9) 74.9 (12.5) 79.6 (10.6) <0.001
SQUASH 6418.9 (5421.3) 6278.8 (5227.4) 6582.7 (5640.8) 0.751 
Running distance (km/week) 15 (15) 15 (20) 15 (10) 0.04 
  Up to 10, n (%) 298 (37.1) 148 (34.3) 150 (40.3) 

0.002   Between 10 & 20, n (%) 266 (33.1) 132 (30.6) 134 (36.0) 
  Over 20, n (%) 240 (29.9) 152 (35.) 88 (23.7) 
Running experience (years) 2 (4) 2 (4) 2 (3.2) 0.49 
  Up to 2, n (%) 452 (56.2) 244 (56.5) 208 (55.9) 

0.109   Between 2 & 5, n (%) 198 (24.6) 96 (22.2) 102 (27.4) 
  Over 5, n (%) 154 (19.2) 92 (21.3) 62 (16.7) 
Running sessions (No/week) 3 (2) 3 (2) 3 (2) 0.146 
  Up to 3, n (%) 558 (69.4) 304 (70.4) 254 (68.3) 

0.52 
  Over 3, n (%) 246 (30.6) 128 (29.6) 118 (31.7) 
Running duration (min/session) 45 (30) 45 (30) 40 (30) <0.001
  Up to 60, n (%) 476 (59.2) 235 (54.4) 241 (64.8) 

0.003   Over 60, n (%) 358(40.8) 197 (45.6) 131 (35.2) 
BMI (kg/m2) 23 (3.6) 23 (3.9) 23 (3.4) 0.8
  Normal, n (%) 644 (80.1) 336 (77.8) 308 (82.8) 

0.087   Overweight, n (%) 150 (18.7) 92 (21.3) 58 (15.6) 
  Obese, n (%) 10 (1.2) 4 (0.9) 6 (1.6) 
Foot type 62 (7.7%) reported “do not know”  
  Normal, n (%) 564 (70.1) 282 (65.3) 282 (75.8) 

<0.001   Pes planus, n (%) 131 (16.3) 89 (20.6) 42 (11.3) 
  Pes cavus, n (%) 47 (5.8) 35 (8.1) 12 (3.2) 
 Running surface #            Hard 1.60 (1.13) 1.83 (1.08) 1.34 (1.14) <0.001 
                                            Soft 0.29 (0.71) 0.28 (0.67) 0.31 (0.76) 0.92 
                                            Treadmill 0.67 (0.94) 0.61 (0.79) 0.73 (1.08) 0.10 
                                            Others 0.18 (0.61) 0.21 (0.69) 0.15 (0.51) 0.43 
  Running company          Group, n (%) 252 (31.3) 146 (33.8) 106 (28.5) 

0.11 
                                             Alone, n (%) 552 (68.7) 286 (66.2) 266 (71.5) 
Following a running program No, n (%) 424 (52.7) 213 (49.3) 211 (56.7) 

0.036 
                                                  Yes, n (%) 380 (47.3) 219 (50.7) 161 (43.3) 
 Other sports                          Yes, n (%) 642 (79.9) 358 (82.9) 284 (76.3) 

0.021 
                                                  No, n (%) 162 (20.1) 74 (17.1) 88 (23.7) 
  Special shoes                          No, n (%) 248 (30.8) 124 (33.3) 124 (28.7) 

0.21 
                                                 Yes, n (%) 556 (69.2) 248 (66.7) 308 (71.3) 
 Special insole                          No, n (%) 687 (85.4) 359 (83.1) 328 (88.2) 

0.042 
                                                  Yes, n (%) 117 (14.6) 73 (16.9) 44 (11.8) 
Warm up    Yes, n (%) 740 (92) 392 (90.7) 348 (93.5) 

0.143 
  No, n (%) 64 (8) 40 (9.3) 24 (6.5) 
 Cool down                            Yes, n (%) 672 (83.6) 362 (83.8) 310 (83.3) 

0.86 
  No, n (%) 132 (16.4) 70 (16.2) 62 (16.7) 
 Foot strike       Rearfoot, n (%) 432 (53.7) 224 (51.9) 208 (55.9) 

0.205   Midfoot, n (%) 192 (23.9) 116 (26.9) 76 (20.4) 
  Forefoot, n (%) 148 (18.4) 76 (17.6) 72 (19.4) 

Continuous data are expressed as mean and standard deviation (tested by the Mann-Whitney test). All categorical data are expressed by number of 
runners and percentages (using Chi-square test). Type of surface: hard (cement, asphalt), treadmill, soft (gravel, grass, off-road track), and other (syn-
thetic, sand). Bold p-value shows the statistically significant difference between those with and without injury history [p < 0.002 0.05/30 (the number 
of comparisons)].  
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Table 2. Running-related injury types* and injury location 
A. Running-related injury B. Location of injury 

Injury 
Total  

n (%*) 
Location 

Total 
n (%) 

PFPS 102 (19.8) Knee 230 (44.6) 

MTSS 87 (16.9) Lower 
leg/Achilles 

135 (26.2) 

Thigh strain 45 (8.7) Foot/toe 48 (9.3) 
Meniscus or 
cartilage injury 

42 (8.1) Ankle 36 (7.0) 

ITBS 36 (7.0) 
Hip/groin/bu
ttock 

29 (5.6) 

AT 36 (7.0) Thigh 23 (4.5) 
Ankle sprain 35 (6.8) Lower back 15 (2.9) 
PF 28 (5.4)   
PT 20 (3.9)   
Knee sprain 12 (2.3)   
Calf strain 11 (2.1)   

Others 62 (12.0)   
* Proportion of any RRI in total RRIs. Abbreviations: PFPS patellofemo-
ral pain syndrome. MTSS medial tibial stress syndrome, ITBS iliotibial 
band syndrome, AT Achilles tendon injury, PF plantar fasciitis, PT patel-
lar tendinopathy 
 
Table 3. Description of running injury type among gender. 
Data are n (%). 

Injury Women Men 
PFPS 48 (27.3) 52 (21.1) 
MTSS 31 (17.6) 56 (21.9) 
Thigh strain 18 (10.2) 27 (10.5) 
Meniscus or cartilage injury 18 (10.2) 24 (9.4) 
ITBS 12 (6.8) 24 (9.4) 
AT 8 (4.5) 28 (10.9) 
Ankle sprain 21 (11.9) 14 (5.5) 
PF 12 (6.8) 16 (6.3) 
PT 4 (2.3) 16 (6.3) 
Knee sprain 6 (3.4) 6 (2.3) 
Calf strain 2 (1.1) 9 (3.5) 
Others 29 (16.5) 33 (12.9) 

* Proportion of any RRI among sex*injured (injured sex). PFPS patello-
femoral pain syndrome, MTSS medial tibial stress syndrome, ITBS ili-
otibial band syndrome, AT Achilles tendon injuries, PF plantar fasciitis, 
PT patellar tendinopathy. 
 
Table 4. Description of injury location among gender. Data 
are n (%). 

Injury  Women Men
Knee 95 (0.45) 135 (0.44) 
Lower leg 34 (0.16) 65 (0.21) 
Foot/toe 21 (0.10) 27 (0.09) 
Ankle 22 (0.11) 14 (0.05) 
Achilles 8 (0.04) 28 (0.09) 
Hip/groin/buttock 11 (0.05) 18 (0.06) 
Thigh 10 (0.05) 13 (0.04) 
Lower back 8 (0.04) 7 (0.02) 

 
Table 6 shows the results of multivariable logistic 

regression analysis of risk factors associated with each 
injury type. Results of multivariable logistic regression 
analysis for calf strain and knee sprain are reported in Table 
7. Associated factors for RRIs were: obsessive passion (OR 
1.35, 95%CI 1.18-1.54), motivation to exercise (OR 1.09, 
95%CI 1.03-1.15), sleep quality (OR 1.23, 95%CI 1.15-
1.31), perceived health (OR 0.96, 95%CI 0.94-0.97), 
running over 20 km/week (OR 1.58, 95%CI 1.04-2.42), 
overweight  (OR 2.17, 95%CI 1.41-3.34), pes planus (OR 
1.80,  95%CI 1.12-2.88),  hard surface  (OR 1.37,  95%CI 

1.17-1.59), running company (OR 1.65, 95%CI 1.16-2.35), 
and following a training program (OR 1.51, 95%CI 1.09-
2.10). Nagelkerke R2 indicates that the predictor variables 
together can explain 30% of the variance in RRIs. The 
classification accuracy indicates that the model was correct 
71% of the time. 

 
Table 5. Results of univariate logistic regression analysis, in-
jury versus injury-free runners. 
Variable OR (95% CI) P 
Sex (male R) 0.85 (0.65-1.13) 0.27 
Age 1.0 (0.98-1.02) 0.97 
Obsessive passion 1.36 (1.22-1.52) <0.001*

BREQ-2 1.04 (0.99-1.08) 0.122*

Sleep quality 1.24 (1.17-1.31) <0.001*

RAND 36-items 0.97 (0.95-0.98) <0.001*

SQUASH 1.00 (1.00-1.00) 0.43 
Running distance (km)   
  Up to 10R Reference  
  Between 10 & 20 1.0 (0.72-1.39) 0.99 
  Over 20 1.75 (1.24-2.48) 0.002*

Running Experience (years)   
  Up to 2R Reference  
  Between 2 & 5 0.80 (0.57-1.12) 0.20 
  Over 5 1.27 (0.87-1.83) 0.22 
Training sessions (No/pw)   
  Up to 3R Reference  
  Over 3 0.91 (0.67-1.22) 0.52 
Running duration (min/session) 
  Up to 60R Reference  
  Over 60 1.54 (1.16-2.05) 0.003*

BMI   
  Normal R Reference  
  Overweight 1.45 (1.01-2.09) 0.043*

  Obese 0.61 (0.17-2.19) 0.45
Foot type   
  Normal R Reference  
  Pes planus 2.12 (1.42-3.17) <0.001*

  Pes cavus 2.92 (1.48-5.74) 0.002*

Training surface    
  Hard 1.30 (1.14-1.48) <0.001*

  Soft 0.95 (0.78-1.15) 0.60 
  Treadmill 0.88 (0.75-1.02) 0.08*

  Others 1.11 (0.90-1.41) 0.35 
Running company (alone R) 1.28 (0.95-1.73) 0.11*

Running program (no R) 1.35 (1.02-1.78) 0.036*

Other sports (No R) 1.50 (1.06-2.12) 0.022*

Special shoes (yes R) 1.24 (0.92-1.68) 0.16* 
Special insole (yes R) 1.32 (1.03-2.27) 0.11*

Warm-up (yes R) 1.48 (0.87-2.50) 0.15*

Cool-down (yes R) 0.97 (0.67-1.41) 0.86
Foot strike  
  Rearfoot R Reference 
  Midfoot 1.22 (0.94-2.00) 0.088*

  Forefoot 0.98 (0.68-1.42) 0.92 
R reference values. * variables entered into multivariable logistic analysis 
for injured vs. non-injured runners.  

 
Association of mental aspects and sleep quality with 
RRIs 
The results of the multivariable regression analysis (Table 
6) revealed that mental aspects and sleep quality together 
with other abovementioned factors compose a model of 
risk factors associated with RRIs. We conducted a separate 
multivariable logistic regression analysis with only mental 
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aspects and sleep quality included as covariates to analyze 
the association of these factors with RRIs. The results were 
as follows: obsessive passion (OR 1.34, 95%CI 1.19-1.50, 
p < 0.001), motivation to exercise (OR 1.07, 95%CI 1.01- 
1.12, p = 0.012), sleep quality (OR 1.25, 95%CI 1.18-1.33, 
p < 0.001). Nagelkerke R2 indicates that these factors can 
explain 15% of the variance in RRIs. The classification ac-
curacy indicates that this model was correct in 62% of the 
time. 
 

Association between running injury types and risk fac-
tors 
Figure 1 shows the distribution of each RRI between male 
and female runners. Frequency of each RRI was compared 
between injured male and female runners using the chi-
square test. Men reported more AT than women (77.8% vs 
22.2%, X2 (1, N = 432) = 5.58, p = 0.018) and more PT 
than women (80% vs 20%, X2 (1, N = 432) = 4.73, p = 
0.040); women reported more ankle sprains than men (60% 
vs 40%, X2 (1, N = 432) = 5.85, p = 0.016). No significant 
differences were found for frequencies of other RRI types 
between injured male and female runners (p > 0.05). The 
results of univariate logistic regression showed that male 
had higher odds of reporting AT (OR 2.82, 95%CI 1.25-
6.25) and PT (OR 3.22, 95%CI 1.06-9.83) than female. 

The results of multivariable logistic regression are 
described for PFPS, MTSS, ITBS, and AT. The factors as-
sociated with PFPS were (Table 6): obsessive passion (OR 
1.50, 95%CI 1.24-1.81), motivation to exercise (OR 1.11, 
95%CI 1.01-1.21), sleep quality (OR 1.14, 95%CI 1.02-
1.27), perceived health (OR 0.96, 95%CI 0.93-0.98), run-
ning over 20 km/week (OR 2.18, 95%CI 1.10-4.33), over 
3 sessions/week (OR 0.37, 95%CI 0.19-0.73), pes planus 
(OR 1.81, 95%CI 1.02-3.85), pes cavus (OR 4.06, 95%CI 
1.46-11.25), hard surface (OR 1.42, 95%CI 1.11-1.81), and 
running company (OR 2.16, 95%CI 1.26-3.72). 

Nagelkerke R2 indicates that the predictor variables to-
gether were able to explain 29% of the variance in RRIs. 
The classification accuracy indicates that the model was 
correct 81% of the time. 

The final step of the backward stepwise method of  
multivariable logistic regression for variables associated 
with MTSS includes (Table 6): obsessive passion (OR 
1.33, 95%CI 1.08-1.63), sleep quality (OR 1.19, 95%CI 
1.07-1.33), perceived health (OR 0.95, 95%CI 0.93-0.98), 
over 3 sessions/week (OR 0.33, 95%CI 0.16-0.67), pes ca-
vus (OR 3.91, 95%CI 1.21-12.63), hard surface (OR 1.68, 
95%CI 1.31-2.15), and running company (OR 2.27, 95%CI 
1.28-4.04), and following a training program (OR 2.73, 
95%CI 1.52-4.89). Nagelkerke R2 indicates that the predic-
tor variables together were able to explain 30% of the var-
iance in RRIs. The classification accuracy indicates that the 
model was correct 82% of the time. 
 
Discussion 
 
The aims of the current study were to investigate the epi-
demiology of RRIs in recreational runners and the associ-
ation of mental aspects, sleep, and other potential risk fac-
tors with RRIs. We analyzed 804 questionnaires, 432 
(54%) reporting at least one RRI. The most-reported injury 
was PFPS (20%), followed by MTSS (17%). The most af-
fected injury location was the knee (45%), followed by the 
lower leg/Achilles tendon (26%). Greater obsessive pas-
sion, motivation, poor sleep quality, lower perceived 
health, running over 20 km/w, overweight, having pes 
planus and/or cavus, hard surface running, and running in 
a group were associated with RRIs. Our study highlights 
the role of mental aspects and sleep quality in RRIs. These 
two factors account for half of the total variance explained 
by all factors in RRIs (15% vs. 30%). 

 
 

 

, 
 
 

          Figure 1. Distribution of each RRI type between male and female runners (sex*injured). OR odds ratio (95%CI).
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 Table 6. Results of multivariable logistic regression analysis* for each specific injury type.  
            Injury 
Variables 

Injured runners PFPS MTSS Thigh strain 
Meniscus  
injuries 

ITBS AT Ankle sprain PF PT 

Obsessive passion 
1.35 (1.18-1.54), 

p < 0.001 
1.50 (1.24-1.81),

p < 0.001 
1.33 (1.08-1.63),

p = 0.008 
  

1.31 (1.01-1.71),
p = 0.047 

2.93 (2.00-4.30),
p < 0.001 

 
1.67 (1.12-2.50), 

p = 0.012 
1.76 (1.24-2.50), 

p = 0.002 
Motivation to  
exercise (BREQ-2) 

1.09 (1.03-1.15), 
p = 0.003 

1.11 (1.01-1.21),
p = 0.030 

 
1.18 (1.04-1.34),

p = 0.011 
 

1.43 (1.19-1.71),
p < 0.001 

 
1.30 (1.09-1.56), 

p = 0.003 
  

Sleep quality 
1.23 (1.15-1.31), 

p < 0.001 
1.14 (1.02-1.27),

p = 0.022 
1.19 (1.07-1.33),

p = 0.002 
1.21 (1.05-1.38),

p = 0.008  
1.23 (1.06-1.43),

p = 0.006 
1.58 (1.29-1.93),

p < 0.001 
1.27 (1.06-1.54), 

p = 0.012 
1.39 (1.07-1.79), 

p = 0.012 
1.24 (1.01-1.53), 

p = 0.049 
Perceived health 
(RAND 36) 

0.96 (0.94-0.97), 
p < 0.001 

0.96 (0.93-0.98),
p = 0.001 

0.95 (0.93-0.98),
P < 0.001 

0.95 (0.92-0.98),
p = 0.001 

0.92 (0.89-0.95),
p < 0.001 

0.93 (0.89-0.97),
P < 0.001 

0.95 (0.91-0.98),
p = 0.004 

0.94 (0.91-0.98), 
P = 0.002 

  

Over 20 km/week 
1.58 (1.04-2.42), 

p = 0.034 
2.18 (1.10-4.33),

p = 0.025    
3.22 (1.10-9.37), 

p = 0.032  
3.01 (1.03-8.80), 

p = 0.045 
12.65 (2.55-62.73),

p = 0.002  

2-5 years’  
experience 

        
7.88 (1.82-34.11), 

p = 0.006  

Over 5 years’  
experience 

        
10.79 (2.15-54.23), 

p = 0.004 
 

Pes planus 
1.80 (1.12-2.88), 

p = 0.016 
1.81 (1.02-3.85),

p = 0.045   
3.16 (1.32-7.54),

p = 0.010  
4.34 (1.55-

12.18), p = 0.005
4.31 (1.59-11.70), 

p = 0.004 
43.31 (10.63-

176.45), p < 0.001 
 

Pes cavus  
4.06 (1.46-

11.25), p = 0.007
3.91 (1.21-

12.63), p = 0.023  
3.06 (0.84-

11.14), p = 0.090   
11.02 (2.44-49.77), 

p = 0.002 
  

Hard surface 
1.37 (1.17-1.59), 

p < 0.001 
1.42 (1.11-1.81),

p = 0.005 
1.68 (1.31-2.15),

p < 0.001 
 

1.45 (1.07-1.96),
p = 0.017 

1.43 (1.00-2.03),
p = 0.049 

    

Running company 
1.65 (1.16-2.35), 

p = 0.005 
2.16 (1.26-3.72),

p = 0.005 
2.27 (1.28-4.04),

p = 0.005 
       

Training program 
1.51 (1.09-2.10), 

p = 0.014  
2.73 (1.52-4.89),

p = 0.001 
2.48 (1.24-4.99),

p = 0.011 
3.43 (1.53-7.65),

p = 0.003    
0.18 (0.04-0.76), 

p = 0.020  

Other sports      
3.37 (1.13-

10.07), p = 0.030      

Special insole          
4.92 (1.61-15.0), 

p = 0.005 

Special shoes    
3.43 (1.32-8.87),

p = 0.011 
      

Warm up        
0.20 (0.05-0.81), 

p = 0.024 
  

Nagelkerke R2 (%) 30 29 30 20 28 30 50 43 57 22 
Classification  
accuracy (%) 

71 81 82 90 92 92 95 95 99 95 

* Odds ratio (95% CI) for categorical variables compared to the references specified in Table 3.PFPS patellofemoral pain syndrome, MTSS medial tibial stress syndrome, ITBS iliotibial band syndrome, AT Achilles tendon 
injuries, PF plantar fasciitis, PT patellar tendinopathy.  
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                    Table 7. Results of multivariate logistic regression analysis for calf strain and knee sprain 

Injury Calf strain Knee sprain 
Sleep quality  1.27 (1.03-1.57), p = 0.023 
Perceived health (RAND 36) 0.91 (0.86-0.97), p= 0.003  
2-5 years’ experience 19.80 (2.72-144.43), p = 0.030  
Over 5 years’ experience 7.95 (1.01-62.57), p = 0.049 11.59 (2.22-60.39), p = 0.004 
Overweight 12.17 (2.21-67.10), p = 0.004  
Pes planus 12.04  (2.14-67.57), p = 0.005  
Pes cavus 24.71  (2.50-244.13), p = 0.006  
Nagelkerke R2 (%) 50 32 
Classification accuracy (%) 92 84 

 
 

Epidemiology 
The prevalence of RRIs over the previous six months was 
54%. This number is in accordance with previous studies 
on RRIs in recreational runners, reporting a 36.5-79.3% 
prevalence (Borel et al., 2019; Hespanhol et al., 2013, 
2016; Van Gent et al., 2007). The period over which inju-
ries are reported and injury definition used may affect in-
cidence. The most-reported injury was PFPS, in line with 
previous studies (Francis et al., 2019; Hespanhol et al., 
2012; Lopes et al., 2012). MTSS was the second-most 
commonly reported RRI. Prevalence of PFPS (20) and 
MTSS (17) exceed other RRIs (<9). Men reported more AT 
(78% vs. 22%) and PT (80% vs. 20%) than women; women 
reported more ankle sprains than men (60% vs.40%). We 
found only one study that classified RRIs by gender 
(McKean, K. A.; Manson, N. A.; Stanish, 2004). In line 
with ours, that study reported more AT in men than in 
women. The knee was the most-affected injury site, with 
44% of injuries attributed to a higher proportion of PFPS. 
This number is in line with previous studies identifying the 
knee as the most-common injured location in runners 
(Francis et al., 2019; Hespanhol et al., 2016; Linton and 
Valentin, 2018; Lopes et al., 2012). The high rate of knee 
injuries may be attributed to the greater accumulated im-
pact forces imposed on it when running (Jafarnezhadgero 
et al., 2018). 
 
Mental aspects and sleep 
Having more obsessive passion for running is associated 
with higher odds for RRIs. In other words, runners with a 
more obsessively passionate attitude are more likely to re-
port RRIs. Previous studies concluded that mental aspects 
such as harmonious and obsessive passionate attitude and 
mental detachment affect injury incidence (Balk et al., 
2019; De Jonge et al., 2020; Wiese-Bjornstal, 2019) and 
injury rehabilitation (Ardern et al., 2013). Mental aspects 
influence training variables such as the training loads that 
a runner can tolerate before incurring an injury (Vallerand, 
2010). Obsessive passion for running is a strong motivation 
toward running; runners keep running regardless of their 
abilities and physical capacities (Vallerand et al., 2003). 
The effect of obsessive passion gained significance when 
an analysis of our runners revealed that runners reporting 
multiple injuries scored significantly higher obsessive pas-
sion than those with one injury. In fact, obsessive passion 
drives runners to keep on running while injured. This can 
lead to multiple, recurrent and gradual onset injuries. Our 
results are in line with a recently published study showing 
that runners with more obsessive passion are more likely to 

report RRIs (De Jonge et al., 2020). Because of their ob-
sessive passion for running these runners do not suffi-
ciently weigh the situation and circumstances leading to 
running excesses, thereby predisposing themselves to 
RRIs. 

Poor sleep quality is also associated with higher 
odds for RRIs. In other words, runners with poorer sleep 
quality are more likely to report RRIs. Previous studies 
highlighted lack of sleep as a risk factor for sports injuries 
(Gao et al., 2019; Luke et al., 2011; Milewski et al., 2014; 
von Rosen et al., 2017) while considering only sleep dura-
tion. One study showed that less than 8 hours of sleep per 
night is associated with increased risk of injuries in adoles-
cent athletes (Milewski et al., 2014). It seems that explor-
ing sleep quality that reflects sleep characteristics, as meas-
ured in our study, can be more relevant to studying sports 
injuries than exploring sleep duration alone. Good sleep 
quality is necessary for adequate adaptation and repair of 
muscles, and increases concentration (Gao et al., 2019). 
This results in better recovery and improved performance 
in sports activities like running. Poor sleep quality, on the 
other hand, increases the risk for injuries (Milewski et al., 
2014). One should realize that being injured contributes to 
poor sleep quality. Hence due to our study design it             
remains unclear whether poor sleep quality is cause or con-
sequence of RRIs. 

 
Perceived health 
Perceived health, which refers to a person’s general per-
ception of her/his health, might be linked to injury (Messier 
et al., 2018; Raysmith and Drew, 2016). Low perceived 
health has been reported as a reason to discontinue running 
(Fokkema et al., 2019). We also found an association be-
tween perceived health and RRIs. Runners with a history 
of injury reported lower RAND 36-item scores than those 
without any such history. A reduced RAND-36 score was 
shown for all types of RRIs (except for PF and PT). Our 
analysis showed that injured female runners reported sig-
nificantly lower perceived health than their male counter-
parts. Injuries seem to have more perceived health effects 
in women than men, or it could be that women with lower 
perceived health are more prone to injury than men. 
 
Training-related factors 
Running over 20 km/w (OR 1.58-12.68) was associated 
with an increased risk for RRIs, which may imply that run-
ners should reduce their weekly running distance to a lower 
level of 20 km/w to prevent RRIs. Contradictory results 
have been reported in the literature so far on running        
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distance and RRIs (Nielsen et al., 2012; Van Der Worp et 
al., 2015). It seems that a safe running distance may vary          
between populations and is related to other training factors 
such as running duration, frequency and speed (Damsted et 
al., 2018). 

Running on hard surfaces had between 1.37 and 
1.68 higher odds of RRIs. Two studies highlighted hard-
surface running as a risk for RRIs (Hespanhol et al., 2012; 
Wen et al., 1997). By contrast, a prospective study reported 
that hard surface is not associated with RRIs in recreational 
runners (Hespanhol et al., 2013). Our results showed that 
hard-surface running was one of the contributing factors 
for the four most common RRIs. These results may account 
for hard-surface running causing greater musculoskeletal 
stress to the lower limbs than any other surface (Tessutti et 
al., 2012). Hard surface may affect the distribution of load 
to the lower limb by altering lower limb biomechanics dur-
ing running (Hardin et al., 2004). About 82% of runners 
reported at least one session/week running on asphalt 
and/or cement, surfaces that are most easily accessible. Re-
sults showed that treadmill running is associated with 
lower reporting of MTSS (OR 0.71) – perhaps because it 
reduces the total stress on the lower leg musculoskeletal 
system compared to hard surfaces (Dierick et al., 2004). 

Running in a group was associated with 1.65 times 
higher odds of reporting injuries. Nevertheless, it is diffi-
cult to conclude the causative effect of the association be-
tween running in a group or alone and RRIs. Our results 
showed that about 51% of runners who ran in a group fol-
lowed a training program. Also, those following a training 
program showed higher odds of RRIs and MTSS. Group 
runners most likely all follow the same training program. 
It may therefore be concluded that following the same 
group running program may increase the odds of RRIs. 
This indeed underlines the individuality principle in sports 
training. We therefore recommend individualization of 
training programs for runners. 

 
Foot arch type 
Pes planus and cavus are significantly associated with most  

of the RRIs. A subgroup analysis revealed that about 50% 
of runners reporting multiple injuries had either pes planus 
or pes cavus. About 80% of runners reporting PF had either 
pes planus or pes cavus. Previous studies also highlighted 
the importance of foot arch for RRIs (Kaufman et al., 1999; 
Pérez-Morcillo et al., 2019; Williams et al., 2001). A recent 
study showed that pes planus and cavus are associated with 
20 to 77 times higher odds of RRIs than normal feet, re-
spectively (Pérez-Morcillo et al., 2019). A systematic re-
view reported that pes planus and cavus are associated with 
lower limb injuries (Tong and Kong, 2013). Another sys-
tematic review reported strong and limited evidence that 
pes planus is a risk factor for MTSS and PFPS, respectively 
(Neal et al., 2014). 
 
Limitations and strengths 
Our survey results should be interpreted with caution. This 
is a cross-sectional study, so it is difficult to determine the 
causative association between risk factors and RRIs. Recall 
bias could also be a limitation of our study because all data 
were collected using a self-reported questionnaire. Injuries 
and foot type were self-reported; however, runners re-
ported that 93% of injuries and 89% of foot types (Tables 
8 and 9) were reported based on consultation with their 
physician or physiotherapist, which increases the validity 
of these data. To minimize this bias we also provided run-
ners with a clear definition for each RRI and foot arch type.  
The measurement of foot arch type was not matched for all 
runners so it can bias the results of foot arch type. This is 
the first study investigating the association of mental as-
pects and sleep quality with RRIs. As our results showed 
the association of these factors with RRIs, future prospec-
tive studies are warranted among recreational runners to 
substantiate whether these factors are risk factors for RRIs. 
 
Practical implications 
Amongst training-related factors and foot type, mental as-
pects and sleep should also be considered to prevent and/or 
manage RRIs. We therefore recommend personalized 
training programs that include 1) counseling to increase

 
Table 8. Self-reported results showing who diagnosed running-related injuries.  

Who diagnosed PFPS MTSS 
Thigh 
strain 

Meniscus 
injuries

ITBS AT 
Ankle 
sprain

PF PT 
Knee 
sprain 

Calf 
strain 

Others 

Physician or 
physiotherapist 

102 86 41 42 35 35 32 28 20 12 9 40 

Sports expert or 
running coach 

 1 2  1 1 2    1 10 

Myself   2        1 9 
Others       1     3 
Total 102 87 45 42 36 36 35 28 20 12 11 62 

PFPS patellofemoral pain syndrome, MTSS medial tibial stress syndrome, ITBS iliotibial band syndrome, AT Achilles tendon injuries, PF plantar 
fasciitis, PT patellar tendinopathy. 
 
 
 

                                                     Table 9. Self-reported results showing who diagnosed foot types. 
 Foot arch type 
Who diagnosed Normal Pes planus Pes cavus 
Physician or physiotherapist 498 121 42 
Sports expert or coach 52 8 4 
Myself 5 1  
Others 9 1 1 
Total 564 131 47 
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awareness of the potential risk of obsessive passion for run-
ning as well as the importance of good and sufficient sleep, 
2) controlling running distance and reducing running on 
hard surfaces, and 3) consideration to correcting pes planus 
and cavus. Passionate runners should be encouraged to fol-
low education programs in order to integrate running more 
harmoniously because harmonious passion is assumed to 
lead to flexible persistence and full control of an activity, 
so that runners can reduce or stop running when encoun-
tering with harmful conditions (Bélanger et al., 2013). Sev-
eral studies have reported exercise and nutritional interven-
tions as effective modalities for improving sleep quality 
(Chen et al., 2016; Dolezal et al., 2017; Halson, 2014). 
These interventions might be helpful to improve runners’ 
sleep quality. Interventions such as using foot orthoses, ex-
ercise programs and gait retraining modalities have been 
reported as effective for modifying pes planus and cavus 
(Jafarnezhadgero et al., 2017; Kim and Kim, 2016; 
Mousavi, 2020; Mousavi et al., 2021). 

 

Conclusion 
 
Over the past six months, 54% of recreational runners re-
ported having an RRI. Our results on the association of 
mental aspects and sleep quality with RRIs add new in-
sights to the literature on the complex and multifactorial 
etiology of RRIs. More research is needed to determine 
causality between these factors and RRIs. Researchers and 
clinicians are advised to consider these factors toward pre-
venting and/or managing RRIs. 
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Key points 
 

 54% of runners reported at least one RRI.PFPS (20%) 
and MTSS (17%) were the most-reported injuries. 

 The knee (45%) and lower leg/Achilles (26%) were 
the most-reported injury locations. 

 More obsessive passionate attitude and poor sleep 
quality were associated with most of RRIs. 

 Lower perceived health and pes planus or cavus were 
also associated with most of RRIs. 
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