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The aim of this study is to identify risk factors for lower
extremity injuries in male marathon runners. A random
sample of 1500 recreational male marathon runners was
drawn. Possible risk factors were obtained from a baseline
questionnaire 1 month before the start of the marathon.
Information on injuries sustained shortly before or during
the marathon was obtained using a post-race questionnaire.
Of the 694 male runners who responded to the baseline and
post-race questionnaire, 28% suffered a self-reported run-
ning injury on the lower extremities in the month before or
during the marathon run. More than six times race partici-

pation in the previous 12 months [odds ratio (OR) 1.66;
confidence interval (CI) 1.08–2.56], a history of running
injuries (OR 2.62; CI 1.82–3.78), high education level (OR
0.73; CI 0.51–1.04) and daily smoking (OR 0.23; CI 0.05–
1.01) were associated with the occurrence of lower extre-
mity injuries. Among the modifiable risk factor studies, a
training distance o40 km a week is a strong protective
factor of future calf injuries, and regular interval training is
a strong protective factor for knee injuries. Other training
characteristics appear to have little or no effect on future
injuries.

Running is a popular form of recreational exercise all
over the world. Besides the positive health effects of
this form of exercise, analysis of previous studies of
recreational and competitive runners reveals a yearly
incidence of injuries in runners of 26–92.4% (Nicholl
& Williams, 1982a; Kretsch et al., 1984; Lysholm &
Wiklander, 1987; Bovens et al., 1989; Walter et al.,
1989; Satterthwaite et al., 1999; Steinacker et al.,
2001). There particularly is a high incidence of lower
extremity injuries for those taking part in marathon
runs (Nicholl &Williams, 1982a; Kretsch et al., 1984;
Marti et al., 1988; Walter et al., 1989; Satterthwaite
et al., 1996). Several studies have suggested a number
of factors that may increase the risk of injuries for
runners. A review from Macera (1992) concluded
that among the modifiable risk factors studied,
weekly running distance is the strongest predictor
for future injuries. Most studies showed an increas-
ing injury rate with increasing weekly running dis-
tance beyond approximately 32 km/week (Koplan
et al., 1982; Jacobs & Berson, 1986; Bovens et al., 1989;
Macera et al., 1989; Walter et al., 1989). Previous
running injuries are also reported to be a strong
predictor for future injuries in several studies
(Kretsch et al., 1984; Macera et al., 1989, 1991;
Walter et al., 1989; Wen et al., 1998). However, few
studies investigated lower extremity injuries and their
risk factors in long-distance runners. As frequently

seen in studies in the 1980s, the methodological
quality of these studies is quite low, especially with
respect to the statistical analysis. Only one more
recent study of Wen et al. (1998), which studied the
possibility of alignment as being a risk factor for
running injuries, determined the possible risk factors
independently from the injury and additionally ap-
plied a multivariate analysis. In order to enhance the
prevention of running injuries, it is of interest to
enlarge the knowledge concerning potential risk
factors, especially modifiable risk factors. Therefore,
the aim of this study was to examine prospectively
the relationship between possible risk factors and
lower extremity injuries occurring shortly before or
during a marathon run.

Methods
Study participants

The Rotterdam marathon was held on April 10, 2005 over a
standard-length course (42.2 km) through Rotterdam. The
daily mean temperature in Rotterdam was 7.6 1C (range 4.3–
11.0 1C), and the daily mean relative atmospheric humidity
was 86%. Of the approximately 6000 recreational male
runners who signed in for the Rotterdam marathon, a random
sample of 1500 recreational runners was drawn. The ques-
tionnaires were added to every fourth start package that was
sorted out on start number by the mail-order firm. One month
before the start of the marathon, a baseline questionnaire was

Scand J Med Sci Sports 2008: 18: 691–697 Copyright & 2007 The Authors

Journal compilation & 2007 Blackwell MunksgaardPrinted in Singapore . All rights reserved
DOI: 10.1111/j.1600-0838.2007.00768.x

691



sent by a mail-order firm to the 1500 randomly selected
recreational runners. These were asked to return the ques-
tionnaire by mail before April 10, 2005. Immediately after the
Rotterdam marathon, a second questionnaire was sent to all
included runners. Those not returning the post-race question-
naire were sent a reminder letter. Residual non-responders
were then contacted by telephone and asked to return the
completed questionnaire.

Athletes were included in this study if they met the following
criteria: (1) they had to be a male resident of the Netherlands,
(2) they were recreational/amateur runners and (3) they re-
turned both the baseline questionnaire before running the
marathon and the post-race questionnaire after the marathon
run. Recreational runners were runners who signed in for the
Rotterdam marathon and were not competitive with the
professional runners in the Rotterdam marathon race.

Questionnaires

From the baseline questionnaire, we obtained information
about possible risk factors for running injuries categorized
into demographic factors, training-related factors, race event
factors, lifestyle factors and previous running injuries. Demo-
graphic factors included age, sex, height, weight and educa-
tion. In the training-related section, participants were asked
about training distance, frequency and duration (average from
last 3 months’ total), running experience, type of training
underground, training type (long-distance, interval) and
shoes. Race event factors included earlier race participations,
warming up, cooling down and stretching activities. Lifestyle
aspects included other sport participation, special nutrition,
smoking, medication and alcohol usage.

From the second questionnaire, we obtained information
regarding injuries occurring during the marathon (location of
injury, pain intensity and other complaints). We also asked
participants to report their warming-up and cooling-down
strategy, nutrition intake and brace use with respect to the
marathon run.

The researchers developed the questionnaire and it was pilot-
tested on a group of runners during the half marathon 6 months
before the investigated marathon race. Questions were mostly
multiple-choice or yes/no format. Questions about training and
race factors were generally in short-answer format.

The outcome measure for this study was a self-reported
running injury occurring 1 month before or during the mara-
thon run. The injury definition was elaborated on the injury
definition of Macera et al. (1989). A running injury was defined
as a self-reported ‘‘injury on muscles, joints, tendons and/or
bones of the lower extremities (hip, groin, thigh, knee, lower leg,
ankle, foot, and toe) that the participant attributed to running.’’
The problem had to be severe enough to cause a reduction in the
distance, speed, duration or frequency of running.

Statistical analysis

Descriptive statistics were used for baseline characteristics.
Continuous variables such as age, height, weight, training
duration, frequency and distance, running experience, years of
race participation and race participations in the last year were
categorized in tertiles.

Using running injuries as the dependent variable, univariate
regression analyses were performed on demographic, training,
race event, lifestyle and previous running injury factors for
each factor independently. Factors with a P-value �0.20 on
the Wald test in the univariate models were entered in a
multivariable logistic regression model. Backward stepwise
elimination was used for the multivariable logistic analysis of

prediction of runners at risk for injuries, and P� 0.10 was used
as a cut-off level for elimination of non-significant predictors
from the prognostic model.

Subgroup analyses were planned for the most frequently
occurring running injuries. For these analyses, factors with a
univariate P-value �0.20 on the Wald test were entered into
category-specific regression models because fewer cases were
involved in the analysis. Secondly, factors with a P-value
� 0.20 in the categorical models were entered into the full
multivariable model. For these subgroup location-specific
analyses, the factor ‘‘other incident injury than that location’’
was also included in the analysis.

Calibration of the logistic model was assessed using the
Hosmer–Lemeshow goodness-of-fit test (Hosmer & Leme-
show, 1989), and discrimination was assessed using the area
under the receiver operating characteristic (ROC) curve to
evaluate how well the model distinguished patients who were
injured from those who were not injured (Zweig & Campbell,
1993; Koch & Hau, 2005).

Odds ratios (ORs) are presented with 95% confidence
intervals (CI). Possible risk factors were those with P� 0.1
on bivariate analyses. All statistical analyses were performed
using SPSS for Windows, version 11.0, 2001.

Results

A total of 726 runners responded to the baseline
questionnaire. One female runner returned the ques-
tionnaire because she bought the start package,
including the questionnaire, from a registered male
and was excluded for this reason. The final study
population consisted of 694 (95.7%) male runners
who also responded to the second questionnaire. The
baseline characteristics of the study population are
represented in Table 1. The mean age of the study
population was 44 years with a standard deviation of
9.6 years, which was representative for the entire male
marathon population (42.8 � 9.3 years). Almost half
of the runners ran less than four times a week in the 3
months preceding the marathon. However, 21.3% of
the respondents ran more than 60 km a week in the 3
months preceding the marathon. More than half of
the runners had suffered a running injury during the
12 months preceding the baseline questionnaire.
Of the 694 respondents of the post-race question-

naire, 648 started the race, 46 did not start and the
remaining one respondent is unknown. Of those who
started, 35 did not finish. Of the runners who did not
start, 30 did not because of a running injury. A
comparison of age, body mass index (BMI), running
experience, weekly running distance, frequency and
previous running injuries of the runners who com-
pleted both questionnaires compared with those who
did not showed no significant differences (P40.05).
A total of 195 runners (28.1%) reported a new

running injury occurring in the month before or
during the Rotterdam marathon. Of these injuries,
15.6% (n5 108) occurred in the month before the
marathon and 17.0% (n5 118) of the runners suf-
fered a new running injury during the marathon.
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Most of the incident injuries occurred in the knee
(28.7%), calf (27.2%) and thigh (15.9%).
The median pain intensity of the 195 injured

runners in rest directly after the marathon run was
2 [interquartile range (IQR)5 3], and the median

pain intensity during exercise was 4 (IQR5 5), both
on a pain scale from 0 to 10, with higher scores
indicating more pain.
Non-musculo-skeletal comorbidities during the

marathon were seen in 97 (14%) marathon partici-

Table 1. Baseline characteristics (n 5 694)

Mean (SD) n %

Demographic characteristics
Age (years), mean (SD) 43.8 (9.6)
Height (cm) 182.1 (6.7)
Weight (kg) 78.1 (8.8)
BMI (kg/m2) 23.5 (2.1)
BMI425 105 15.1
Education level (high) 324 46.7

Training-related factors
Weekly distance (km) 50.2 (18.3)
Weekly distance (km)460 148 21.3
Weekly hours 5.7 (2.9)
Weekly frequency 3.6 (1.1)
Running experience (years) 10.8 (8.9)
Weekly distance per weekly hours (km/h) 9.4 (2.6)
Weekly distance per weekly frequency 14.0 (4.3)
Special training program (yes) 454 65.4
Athletics association (yes) 318 45.8
Hard training underground (always) 669 96.4
Tartan training underground (always) 85 12.2
Gravel training underground (always) 10 1.4
No hard training underground (always) 156 22.5
Long-distance training (always) 682 98.3
Interval training (always) 301 43.4
Warming-up (always) 344 49.6
Stretching before training (always) 359 51.7
Cooling-down (always) 300 43.2
Stretching after training (always) 434 62.5
Knee brace use (yes) 10 1.4
Ankle brace use (yes) 6 0.9
Use of several shoes (yes) 600 86.5
Alternately wearing shoes (yes) 397 57.2
Shoe advice (yes) 616 88.8

Race events
Earlier races (yes) 667 96.1
History of race participation (years) 9.0 (8.0)
Times of race participation last year 6.5 (7.6)
Participation race within framework of the marathon (yes) 325 46.8
Races 0–5 km (yes) 13 1.9
Races 6–10 km (yes) 169 24.4
Races 11–22 km (yes) 608 87.6
Races 22–42 km (yes) 295 42.5
Warming-up before race (always) 429 61.8
Stretching before race (always) 405 58.4
Cooling-down after race (always) 240 34.6
Stretching after race (always) 355 51.2
Use of same shoes race and training (yes) 618 89.0
Knee brace use race (yes) 9 1.3
Ankle brace use race (yes) 6 0.9

Lifestyle factors
Participation other sports (yes) 416 59.9
Daily smoking (yes) 22 3.2
Alcohol use (�10 glasses/week) 185 26.7
Special feeding supplements (yes) 585 84.3
Non-musculo-skeletal comorbidities (yes) 124 17.9
Medication use (yes) 70 10.1

Running injuries
Injury previous 12 months (yes) 376 54.2

BMI, body mass index.

Risk factors for running injuries
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pants. The most reported complaints were gastro-
intestinal tract (n5 33), locomotor apparatus (arms,
neck, shoulder and back) other than lower extremi-
ties (n5 30) and the skin (n5 10). Of all participants,
10.2% used pain medication shortly before or during
the marathon run while 6.5% used pain medication
after the marathon run.
Warming-up exercises before the start of the mara-

thon were performed by 46% of the runners and more
than 50% of the runners carried out some stretching
exercises before the start. Directly after the marathon,
20% carried out some running exercises while almost
40% performed stretching exercises after the run.

Risk factors

Ten of the possible 48 potential risk factors (Table 2)
were univariately associated with lower extremity
injuries (Po0.20). A multiple logistic regression
model was used to assess the combined effect of these
risk factors on the occurrence of lower extremity
injuries. The final multivariable logistic model after
backward elimination is represented in Table 2. More
than six times race participation in the last year (OR
1.66; CI 1.08–2.56) and previous running injuries (OR
2.62; CI 1.82–3.78) were associated with the occur-
rence of lower extremity injuries. High education level
(OR 0.73; CI 0.51–1.04) and daily smoking (OR 0.23;

CI 0.05–1.01) were protective factors for the occur-
rence of running injuries. The Hosmer–Lemeshow
goodness-of-fit (P5 0.87) showed no lack of fit of the
final model to the data (a large P-value indicating
that there is not a large discrepancy between observed
and expected injuries). The index of predictive dis-
crimination for this model, namely the area under the
ROC curve, was 0.65, reflecting moderate ability of
the model to discriminate between runners who do
and do not have a running injury.

Knee injuries

The occurrence of knee injuries was univariately
associated with 11 of the potential 49 risk factors.
The final multivariable logistic model is represented
in Table 3. A previous running injury in the last 12
months (OR 3.67; CI 1.79–7.49) and a running
experience of more than 15 years (OR 2.56; CI
1.22–5.34) were risk factors for the occurrence of
knee injuries shortly before or during the marathon.
Always performing interval training (OR 0.49; CI
0.26–0.93) was a protective factor for the occurrence
of knee injuries. The accuracy of the model was
moderate with an area under the curve (AUC) of
0.72, and the Hosmer–Lemeshow goodness-of-fit
(P5 0.60) showed no lack of fit of the final model
to the data.

Table 2. Univariate odds ratios (ORs) and multivariable risk model (backward elimination) for incident injuries vs no injury

Variables Univariate analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value

High education level 0.76 (0.55–1.07) 0.11 0.73 (0.51–1.04) 0.08
Long distance training

Always 0.32 (0.10–1.07) 0.06
Interval training

Always 0.76 (0.54–1.07) 0.12
Weekly distance per weekly frequency

0–10 095 (0.64–1.42) 0.81
11–15 Reference
�16 1.38 (0.86–2.22) 0.18

History of race participation (years)
0–3 1.21 (0.79–1.85) 0.39
4–10 Reference
�11 1.47 (0.96–2.24) 0.08

Times of race participation last year
0–2 1.29 (0.84–1.97) 0.25 1.33 (0.86–2.06) 0.20
3–6 Reference Reference
�7 1.55 (1.02–2.36) 0.04 1.66 (1.08–2.56) 0.02

Warming-up before race
Always 0.79 (0.55–1.12) 0.18

Daily smoking
Yes 0.25 (0.06–1.07) 0.06 0.23 (0.05–1.01) 0.05

Non-musculo-skeletal comorbidities
Yes 1.45 (0.96–2.19) 0.08

Injury previous 12 months
Yes 2.51 (1.76–3.56) 0.00 2.62 (1.82–3.78) 0.00

Only entered variables shown.

CI, confidence interval.
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Calf injuries

In the subgroup analysis, the occurrence of calf
injuries was univariately associated with seven of
the 49 potential risk factors. Table 4 represents the
final multiple logistic regression model for calf in-
juries. Having an incident injury at another localiza-
tion was a risk factor for incident calf injuries (OR
2.57; CI 1.42–4.67). A high education level (OR 0.60;
CI 0.33–1.10), a training distance o40 km a week
(OR 0.36; CI 0.17–0.78) and membership of an
athletics association (OR 0.58; CI 0.31–1.09) were
all protective factors for calf injuries. The AUC was
0.69, reflecting a moderate accuracy of the model.
The Hosmer–Lemeshow goodness-of-fit (P5 0.44)
showed no lack of fit of the final model to the data.

Discussion

This cohort study has identified several risk factors
for the occurrence of marathon-related injuries on
the lower extremities in male runners. More than six
times race participation in the previous year and a
history of running injuries were risk factors for the
occurrence of running injuries. However, this study
also revealed that a high education level and daily
smoking are protective factors for marathon-related
lower extremity injuries. We also found that a high
education level, a training distance of o40 km a
week and membership of an athletics association
were protective factors for the occurrence of calf
injuries shortly before or during the marathon run.
For knee injuries, runners with a history of running

injuries and/or a running experience of more than 15
years were at a higher risk.
In this study, 28% of the runners suffered a

running injury on the lower extremities in the month
before or during the marathon run. The incidence
rate found in this study is comparable with the
incidence rates found in other studies (Nicholl &
Williams, 1982a; Maughan & Miller, 1983; Jakobsen
et al., 1989). The knee and calf were found to be the
most predominant sites of injuries, which have also
been reported in several other studies (Maughan &
Miller, 1983; Bovens et al., 1989; Walter et al., 1989;
Satterthwaite et al., 1996; Wen et al., 1998; Taunton
et al., 2003).

Risk factors

In this study, a multivariable analysis of several
modifiable risk factors was performed. Previous
studies on running injuries were mostly retrospective
and only represented a univariate analysis. However,
several studies have reported numerous risk factors
for injuries in long-distance runners.
The rates of injuries among runners in this study

do not increase with increasing age. Previous studies
have reported higher age as a significant risk factor
(Nicholl & Williams, 1982b; Wen et al., 1998; Sat-
terthwaite et al., 1999; Taunton et al., 2003) but
higher age is also reported as a protective factor for
the occurrence of running injuries (Nicholl &Williams,
1982a; Kretsch et al., 1984; Satterthwaite et al.,
1999). However, in the majority of the literature,
age was not associated with running injuries and this
is supported by the present study.
A history of running injuries was reported to be a

significant risk factor for the occurrence of running
injuries shortly before or during the marathon. This
result was confirmed in other studies reporting re-
lative risks of 1.7–2.7 (Macera et al., 1989, 1991;
Walter et al., 1989; Wen et al., 1998). This could
suggest a possible role of unfavorable individual
structural and biomechanical characteristics of in-
jury-sensitive runners, or an insufficient healing of
the primary lesion, or both (Marti et al., 1988). The
increased risk of previous injuries may have also been
influenced by the severity of the primary injury,
inadequate rehabilitation and/or premature return
to sports activity.
A high education level (vocational college/university)

is shown to be a protective factor for running
injuries. However, the association between running
injuries and education level has not been investigated
so far. Nevertheless, a high education level is often
seen as a protective factor for the occurrence of
musculo-skeletal complaints (Reynolds et al., 2000).
Runners with a high education level may be more
capable of dealing with upcoming injuries and there-

Table 3. Multivariable risk model (backward elimination) for incident

knee injuries vs no knee injury

OR 95% CI P-value

Interval training (always) 0.49 0.26–0.93 0.03
Injury previous 12 months 3.67 1.79–7.49 0.00
Running experience 0.03

0–4 years 1.43 0.63–3.26 0.40
151 2.56 1.22–5.34 0.01

CI, confidence interval; OR, odds ratio.

Table 4. Multivariable risk model (backward elimination) for incident calf

injuries vs no calf injury

OR 95% CI P-value

High education level 0.60 0.33–1.10 0.10
Training distance (km) 0.04

0–40 0.36 0.17–0.78 0.01
601 0.57 0.27–1.19 0.14

Athletics association 0.58 0.31–1.09 0.09
Incident injury at another localization 2.57 1.42–4.67 0.00

CI, confidence interval; OR, odds ratio.

Risk factors for running injuries

695



fore do not develop the more serious injuries that are
reported in the questionnaire.
The present study indicates that daily smoking

helps to prevent running injuries, but there is no
evidence in the existing literature to support this
finding, although Satterthwaite et al. (1999) found
a negative association between smoking and the
occurrence of blisters. However, blisters were not
included in this study and so it remains difficult to
explain these findings. We cannot give a possible
physiological explanation for this finding. However,
we think that daily smoking is a proxy variable for a
non-measured variable in our study.
As mentioned in the introduction, weekly training

distance is the most frequently cited risk factor for
running injuries. However, we did not find an in-
creased risk for injuries with increased weekly run-
ning distance. Following previous studies, runners
would be at greater risk when running more than
60 km a week (Macera et al., 1989; Walter et al.,
1989). Nevertheless, Kretsch et al. (1984) suggested
that marathon entrants need to average at least
60 km/week in the 2–3 months before the race to
minimize the risk requiring treatment on race day. In
our study population, 27% of the runners with a
weekly running distance of more than 60 km a week
were injured against 30.5% injured runners with a
weekly running distance of 0–40 km a week. Hence,
the association between weekly running distance in
the 3 months before the marathon and the occur-
rence of running injuries remains unclear.
A high education level, a training distanceo40 km

a week and a membership of an athletics association
are found to be protective factors for the occurrence
of calf injuries. These last two factors are modifiable
and indicate that the risk on calf injuries may be
reduced. The factor membership of an athletics
association may be covered by several other training
factors; however, these factors did not remain in the
model.
The occurrence of knee injuries in this study

was associated with previous running injuries and
a running experience of more than 15 years and a
lack of interval training. Several studies showed a
previous injury to be a significant predictor for the
occurrence of a new injury and this study indicates
that this is true for knee injuries also. Satterthwaite
et al. (1999) already reported an association between
knee injuries and participation in a marathon for the
first time. Our findings suggest the opposite: more
experienced runners who probably have more experi-
ence on marathon runs are at greater risk for knee
injuries. A relationship with higher age can be
suggested; however, the factor age does not survive
in the multivariate model. Nevertheless, more than
40% of the experienced injured runners in our
study are 50 years old or older vs 20% of the less

experienced injured runners. This could suggest that
these older runners might experience symptoms of
early osteoarthritis. This should be in correspon-
dence with the study of Lievense et al. (2003) show-
ing some evidence for the fact that long-distance
running predisposes for hip osteoarthritis. How-
ever, for knee osteoarthritis no such evidence has
been found yet (Lane et al., 1986; Cymet & Sinkov,
2006).

Strength and limitations of the study

The strength of this study was its prospective study
design. Injury information was obtained prospec-
tively and extensive information was available con-
cerning runners’ characteristics, running experience
and training patterns. One limitation of this study
was that all outcomes and risk factors were self-
reported and thus may not be completely reliable.
Unfortunately, because we have no information from
a physical examination, possible risk factors such as
runners’ strength, running pattern and alignment
could not be taken into consideration. Running
injuries were also self-registered. We chose not to
mention the duration of an injury in our definition.
However, it could have been useful to register the
duration of a self-reported running injury as an index
for injury severity. Furthermore, we chose a signifi-
cance level of 0.1. Hence, we defined variables
associated with running injuries whose OR was not
included in the 95% confidential interval. However,
in our guidelines, these variables are associated with
running injuries.
The response rate of the baseline questionnaire

was 48.4%, which is somewhat lower than we had
expected. A comparably relative high non-response
was found in other athletics-based studies as well
(Egermann et al., 2003; Kazemi et al., 2005; McKean
et al., 2006). For the baseline questionnaire, it was
impossible to post reminders and to telephone the
non-responders because of the anonymous mailing
by a mail-order firm. Nevertheless, the response rate
of the post-race questionnaire was very high; i.e.
95%. The 1-year prevalence of running injuries
found in the present study might have been influ-
enced by selection bias. Subjects who were already
injured or recently had a running injury might have
been more willing to participate, in which case the
prevalence rates could have been overestimated.
The intention of this cohort study was to draw a

random sample out of 10 000 male and female
athletes. However, through a communication pro-
blem with the mail order-firm, the random sample
was only performed within the male runners group.
As a consequence, this study is about male recrea-
tional runners only.
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Perspectives

Several risk factors were taken into account in this
prospective cohort study. A high education level was
found to be protective for running injuries and a
history of running injuries in the previous 12 months
is shown to be a risk factor. This result is also
confirmed in several other studies and so great care
should be taken regarding subjects with a history of
running injuries, especially in the 12 months before
the marathon event. Prior injuries should be suffi-

ciently healed before participating in a marathon
run. Among the modifiable risk factors studied,
o40 training kilometers a week is a strong risk
factor for future calf injuries and always performing
interval training is a strong protective factor for knee
injuries. Other training characteristics seem to have
little or no effect on the injury rate.

Key words: running, injuries, marathon, risk factors.

References

Bovens AM, Janssen GM, Vermeer HG,
Hoeberigs JH, Janssen MP, Verstappen
FT. Occurrence of running injuries in
adults following a supervised training
program. Int J Sports Med 1989: 10(3
Suppl.): 186–190.

Cymet TC, Sinkov V. Does long-distance
running cause osteoarthritis? J Am
Osteopath Assoc 2006: 106(6): 342–
345.

Egermann M, Brocai D, Lill CA, Schmitt
H. Analysis of injuries in long-distance
tri athletes. Int J Sports Med 2003:
24(4): 271–276.

Hosmer DWJ, Lemeshow S. Applied
logistic regression. New York, NY:
John Wiley & Sons, 1989.

Jacobs SJ, Berson BL. Injuries to runners:
a study of entrants to a 10,000 meter
race. Am J Sports Med 1986: 14(2):
151–155.

Jakobsen BW, Kroner K, Schmidt SA,
Jensen J. [Running injuries sustained
in a marathon race. Registration
of the occurrence and types of
injuries in the 1986 Arhus Marathon]
Lobeskader ved motionsmarathon.
Registrering af skadehyppighed og
skadetyper ved Arhus Marathon 1986.
Ugeskr Laeger 1989: 151(35): 2189–
2192.

Kazemi M, Shearer H, Choung YS. Pre-
competition habits and injuries in
Taekwondo athletes. BMC
Musculoskelet Disord 2005: 6: 26.

Koch HJ, Hau P. ROC analysis as an
additional method to characterize time
to event data. Pathol Oncol Res 2005:
11(1): 50–52.

Koplan JP, Powell KE, Sikes RK, Shirley
RW, Campbell CC. An epidemiologic
study of the benefits and risks of
running. JAMA 1982: 248(23): 3118–
3121.

Kretsch A, Grogan R, Duras P, Allen F,
Sumner J, Gillam I. 1980 Melbourne

marathon study. Med J Aust 1984:
141(12–13): 809–814.

Lane NE, Bloch DA, Jones HH, Marshall
WH Jr., Wood PD, Fries JF. Long-
distance running, bone density, and
osteoarthritis. JAMA 1986: 255(9):
1147–1151.

Lievense AM, Bierma-Zeinstra SM,
Verhagen AP, Bernsen RM, Verhaar
JA, Koes BW. Influence of sporting
activities on the development of
osteoarthritis of the hip: a systematic
review. Arthritis Rheum 2003: 49(2):
228–236.

Lysholm J, Wiklander J. Injuries in
runners. Am J Sports Med 1987: 15(2):
168–171.

Macera CA. Lower extremity injuries in
runners. Advances in prediction.
Sports Med 1992: 13(1): 50–57.

Macera CA, Pate RR, Powell KE,
Jackson KL, Kendrick JS, Craven TE.
Predicting lower-extremity injuries
among habitual runners. Arch Intern
Med 1989: 149(11): 2565–2568.

Macera CA, Pate RR, Woods J, Davis
DR, Jackson KL. Postrace morbidity
among runners. Am J Prev Med 1991:
7(4): 194–198.

Marti B, Vader JP, Minder CE, Abelin T.
On the epidemiology of running
injuries. The 1984 Bern Grand-Prix
study. Am J Sports Med 1988: 16(3):
285–294.

Maughan RJ, Miller JD. Incidence of
training-related injuries among
marathon runners. Br J Sports Med
1983: 17(3): 162–165.

McKean KA, Manson NA, Stanish WD.
Musculoskeletal injury in the masters
runners. Clin J Sport Med 2006: 16(2):
149–154.

Nicholl JP, Williams BT. Medical
problems before and after a popular
marathon. Br Med J (Clin Res Ed)
1982a: 285(6353): 1465–1466.

Nicholl JP, Williams BT. Popular
marathons: forecasting casualties. Br
Med J (Clin Res Ed) 1982b: 285(6353):
1464–1465.

Reynolds K, Williams J, Miller C, Mathis
A, Dettori J. Injuries and risk factors in
an 18-day Marine winter mountain
training exercise. Mil Med 2000:
165(12): 905–910.

Satterthwaite P, Larmer P, Gardiner J,
Norton R. Incidence of injuries and
other health problems in the Auckland
Citibank marathon, 1993. Br J Sports
Med 1996: 30(4): 324–326.

Satterthwaite P, Norton R, Larmer P,
Robinson E. Risk factors for injuries
and other health problems sustained in
a marathon. Br J Sports Med 1999:
33(1): 22–26.

Steinacker T, Steuer M, Holtke V.
[Orthopedic problems in older
marathon runners] Orthopadische
Probleme bei alteren Marathonlaufern.
Sportverletz Sportschaden 2001: 15(1):
12–15.

Taunton JE, Ryan MB, Clement DB,
McKenzie DC, Lloyd-Smith DR,
Zumbo BD. A prospective
study of running injuries: the
Vancouver Sun Run ‘‘In Training’’
clinics. Br J Sports Med 2003: 37(3):
239–244.

Walter SD, Hart LE, McIntosh JM,
Sutton JR. The Ontario cohort
study of running-related injuries.
Arch Intern Med 1989: 149(11):
2561–2564.

Wen DY, Puffer JC, Schmalzried TP.
Injuries in runners: a prospective study
of alignment. Clin J Sport Med 1998:
8(3): 187–194.

Zweig MH, Campbell G. Receiver-
operating characteristic (ROC) plots: a
fundamental evaluation tool in clinical
medicine. Clin Chem 1993: 39(4): 561–
577.

Risk factors for running injuries

697


