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Little is known about the true extent and severity of
overuse injuries in sport, largely because of methodologi-
cal challenges involved in recording them. This study
assessed the prevalence of overuse injuries among Nor-
wegian athletes from five sports using a newly developed
method designed specifically for this purpose. The Oslo
Sports Trauma Research Center Overuse Injury Ques-
tionnaire was distributed weekly by e-mail to 45 cross-
country skiers, 98 cyclists, 50 floorball players, 55
handball players, and 65 volleyball players for 13 weeks.
The prevalence of overuse problems at the shoulder,
lower back, knee, and anterior thigh was monitored

throughout the study and summary measures of an injury
severity score derived from athletes’ questionnaire
responses were used to gauge the relative impact of
overuse problems in each area. The area where overuse
injuries had the greatest impact was the knee in volleyball
where, on average, 36% of players had some form of
complaint (95% CI 32–39%). Other prevalent areas
included the shoulder in handball (22%, 95% CI
16–27%) the knee in cycling (23%, 95% CI 17–28%), and
the knee and lower back in floorball (27%, 95% CI
24–31% and 29%, 95% CI 25–33%, respectively).

In recent years, increasing attention has been drawn to
the challenge of accurately measuring the extent and
severity of overuse sports injuries in epidemiological
research. By definition, overuse injuries are the result
of a cumulative process of tissue damage rather than
instantaneous energy transfer (Cook & Finch, 2011;
Bahr et al., 2012; Finch & Cook, 2013). In most cases,
therefore, the onset of overuse-related symptoms and
disability is gradual and the point at which they can be
called an “injury” is blurred. It is well documented that
athletes often continue to train and compete despite the
existence of overuse injuries and that their threshold for
ceasing sports participation may be high, particularly at
an elite level (Bahr, 2009). Traditional injury surveil-
lance systems, which rely on a clearly identifiable onset
and which use the duration of time-loss from sport as
the sole means of measuring severity, may therefore be
inappropriate for studying overuse injuries (Bahr,
2009).

In order to address these challenges, we have recently
developed a new approach to recording the extent of
overuse sports injuries (Clarsen et al., 2013). The
method involves the administration of an overuse injury
questionnaire to an entire group of athletes at regular
intervals throughout the duration of a study, with
primary outcome measures based on the prevalence of
overuse problems (the percentage of athletes with

complaints at a given time point) rather than injury inci-
dence (number of new cases during the observation
period).

As a part of the development and validation of this
method, we used it in a prospective study of Norwegian
athletes from five different sports: cross-country skiing,
road cycling, floorball, handball, and volleyball (Clarsen
et al., 2013). However, the validation study used pooled
data from all sports, as it was beyond its scope to describe
and discuss the results of each sport individually. As little
high-quality information exists on the extent of overuse
injuries in these five sports, the main aim of this paper is
to describe the extent of overuse problems in each sport.
This paper is also intended to test the application of the
new method for recording overuse injuries in sport and
demonstrate how comparisons can be made between
groups using repeated measures of prevalence, how
summary measures of injury severity can be used to
contrast the impact of overuse problems between and
within groups, and how missing questionnaire data can be
handled using multiple imputation (MI) techniques.

Methods

This was a prospective cohort study using a panel design. Online
survey software (Questback vs 9692, QuestbackAS, Oslo, Norway)
was used to distribute the Oslo Sports Trauma Research Center
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Overuse Injury Questionnaire (Clarsen et al., 2013) to all athletes in
the study each week for 13 weeks during the period October
2010–March 2011. E-mails linking athletes to the questionnaire
were sent every Sunday, and a reminder e-mail sent to
nonresponders 3 days later. The questionnaire consisted of four
questions on each anatomical area of interest (Clarsen et al., 2013);
athletes in all groups received questions related to the knee, lower
back, and shoulder, while cyclists and cross-country skiers also
received questions on the anterior thigh. The complete question-
naire is available as online Supporting Information to this article.

Within a month of the final questionnaire, all athletes were
contacted by a physiotherapist for a telephone interview to review
their questionnaire responses and determine the type and nature of
each problem reported. Based on these interviews, all cases were
classified as either acute or overuse injuries and separate datasets
were created for each injury type. Acute injuries were defined as
those associated with a specific, clearly identifiable injury event.
All other cases were regarded as overuse injuries, regardless of
whether their onset was gradual or rapid. Recurrent overuse con-
ditions at the same location and of the same nature were treated as
a single case despite periods of symptom remission (Finch &
Cook, 2013).

Participants

All study participants competed on the highest level of competi-
tion in Norway at either a senior or under-19 (junior) level. The
cross-country skiers (n = 45) were recruited from a junior team
representing the Oslo region. Road cyclists (n = 98) were recruited
from five semi-professional teams, one professional women’s
team, and five junior teams. Floorball players (n = 50) were
recruited from men’s and women’s elite club teams and the junior
men’s team from a large club in Oslo. This was similar for hand-
ball players (n = 55), who were recruited from the men’s and
women’s elite teams and junior women’s teams from an Oslo club.
Volleyball players (n = 65) were recruited from a special boarding
school that combines a 3-year senior high school program with
daily volleyball training for all students. The teams included in the
study were a convenience sample and there was a wide variation in
the distribution of athletes’ age, sex, height, body mass, and
number of years of participation in the sport between the five
groups, as shown in Fig. 1. The study was approved by the Nor-
wegian Data Inspectorate and reviewed by the South-Eastern
Norway Regional Committee for Research Ethics. All athletes
provided written informed consent to participation.

Prevalence measures

The prevalence of overuse problems was calculated for each ana-
tomical area each week of the study by dividing the number of
athletes that reported any problem (i.e., anything but the minimum
value in any of the four questions) by the number of questionnaire
respondents. Weekly prevalence data were plotted over time to
identify trends over the course of the study, and the average weekly
prevalence of overuse problems was calculated for each anatomi-
cal area and athlete group. As all physical complaints were
included in this measure, regardless of their consequence on sports
participation or performance, the injury definition used is consis-
tent with the recommendations of methodological consensus state-
ments from a variety of sports (Fuller et al., 2006, 2007; Pluim
et al., 2009).

A second prevalence measure was also calculated for each
anatomical area and sporting group; the average prevalence of
substantial overuse problems. This was calculated and expressed
in the same way as described above. However, the numerator in the
prevalence calculations only included overuse problems leading to
(self-reported) moderate or severe reductions in training volume or

sporting performance, or a total inability to participate (i.e.,
responses 3, 4, or 5 in either question 2 or 3). This was done in
order to filter out the most minor overuse problems from preva-
lence measures.

Relative impact of overuse problems

Every time an athlete responded to a questionnaire, a severity
score was calculated for each anatomical area, based on their
responses to the four key questions (Clarsen et al., 2013). At the
conclusion of the study, a cumulative severity score was calculated
for each area for each sporting group by summing athletes’ sever-
ity scores over the 13 weeks, adjusted for differing group sizes and
response rates. These scores were compared as an assessment of
the relative impact of overuse problems in each anatomical area
within and between sports.

Fig. 1. Boxplot comparisons of the demographic characteristics
of males (white boxes) and females (shaded boxes) from each of
the five sports; cross-country (XC) skiing (29 males/16 females),
cycling (84/14), floorball (33/17), handball (19/36), and volley-
ball (27/38).
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Statistical procedures

Missing data

Preliminary analyses showed that, on average, 6.6% of data were
missing in each of the repeated outcome measures and that 19% of
subjects had incomplete datasets. The patterns of missing data
were then analyzed in two ways. Firstly, univariate and multivari-
able logistic regression analyses were performed to assess whether
baseline variables (sport, gender, age and years of sports partici-
pation) were associated with missing follow-up data. Secondly,
logistic regression analyses were performed to evaluate if outcome
data at specific follow-up points were related to missing data at the
next follow-up point. These analyses revealed that demographic
characteristics were not statistically predictive of incomplete data.
However, nonresponse to one questionnaire was predictive of
nonresponse the following week. This indicated that information
from previous outcome measures could be used to predict outcome
at later time points, which is a strong reason for assuming it to be
of the type “missing at random” (van Buuren, 2012). We therefore
used the MI method to handle the missing data, which led to the
pooled results of five multiple imputed datasets. MI was based on
the Multivariate Imputation by Chained Equation algorithm in
combination with a predictive mean matching approach, as cur-
rently implemented in SPSS statistical software (SPSS V.21, IBM
Corporation, New York, USA; van Buuren, 2012). Sensitivity
analyses were performed comparing the MI results with complete-
case analyses (i.e., deleting each case with missing data before the
analysis). As these analyses showed no differences in results, we
chose to report all statistical analyses using the imputed data.

Comparison of sporting groups

In order to assess differences in the prevalence of all overuse
problems and substantial overuse problems between sporting

groups over time, generalized estimating equations (GEE) were
performed using SPSS software. GEE accounts for the correlation
of repeated outcome measures within subjects over time. We chose
GEE in preference to a generalized linear mixed model because we
were interested in group-averaged compared with person-specific
relationships. Subject age, gender, years of sports participation,
height, and weight were included in the GEE models, as univariate
analyses of each of these factors revealed a possible association
with the various injury outcomes over time (P < 0.2). An
exchangeable covariance matrix was used and the significance
level (α) was 0.05 for all analyses.

Results
Response rate

The response rate to the 13 weekly questionnaires was
96% in cross-country skiing, 92% in cycling, 90% in
floorball, 98% in handball, and 91% in volleyball.
Eighty-one percent of athletes answered all 13 question-
naires and 91% answered 11 or more.

Prevalence of overuse problems

The prevalence of all overuse problems and of substan-
tial overuse problems in each anatomical location over
the 13 weeks is illustrated in Fig. 2. As illustrated in the
figure, the prevalence of all problems tended to be
highest at the beginning of the study in all groups,
whereas the prevalence of substantial problems
remained relatively stable throughout the 13 weeks.

Fig. 2. Prevalence of all overuse problems (light gray area) and substantial overuse problems (dark gray area) located in the knee,
lower back, shoulder, and anterior thigh in each of the five sports over 13 weeks.
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Table 1 shows the average prevalence of all overuse
problems and of substantial overuse problems for each
anatomical area in all sports.

Relative impact of overuse problems

Figure 3 shows the relative impact of overuse problems
in each anatomical area for each sport, based on the
adjusted cumulative severity score over the 13-week
study. As shown in the figure, knee problems among
volleyball players had the greatest relative impact.

Inter-sport comparisons

The odds ratios of experiencing overuse problems
between each sport are shown in Table 2. All calcula-
tions are adjusted for the effect of athletes’ demographic
characteristics. Table 3 shows the relationships between
demographic characteristics and the various injury out-
comes, based on multivariable GEE analyses. As shown
in the table, female athletes had a reduced risk of sub-
stantial knee and lower back problems, lighter athletes
had an increased risk of substantial knee problems, and
heavier athletes had an increased risk of thigh problems
and substantial thigh problems.

Discussion

In this paper, we have measured the prevalence and
impact of overuse problems across a variety of sports
using a new method designed specifically for this
purpose. Comparisons were made between groups pri-
marily in order to illustrate how the new method can be
applied for this purpose. Several particular problem
areas were identified, such as knee complaints among
the volleyball players, which was the most prevalent
overuse problem that we measured and clearly the one
posing the greatest impact on the athletes. While this
finding is supported by those of previous studies that
used different methods of data collection, in other cases,
our results were contrary to previous reports.

The rate of overuse problems was generally low
among cross-country skiers, with the lowest prevalence
of knee, shoulder, and lower back problems of all the
sports. The latter finding contrasts with several previous
studies, which suggest that lower back pain may be a
particular problem among high-level cross-country
skiers (Orava et al., 1985; Eriksson et al., 1996; Bahr
et al., 2004; Bergstrom et al., 2004; Alricsson & Werner,
2005, 2006). However, of these investigations, four
did not consider the extent to which lower back pain
affected participation and skiing performance, and one
of the two that did so concluded that while back pain was
relatively common among young elite skiers, its effect

Table 1. Average prevalence of all overuse problems and of substantial problems, % (95% CI)

XC skiing Cycling Floorball Handball Volleyball

All overuse problems
Knee 8 (5–11) 23 (17–28) 27 (24–31) 20 (16–25) 36 (32–39)
Lower back 5 (2–9) 16 (12–20) 29 (25–33) 12 (8–16) 14 (11–16)
Shoulder 1 (0–3) 7 (4–10) 15 (9–20) 22 (16–27) 16 (14–19)
Anterior thigh 12 (8–15) 8 (7–9)

Substantial overuse problems
Knee 1 (0–2) 8 (7–9) 4 (2–6) 8 (6–10) 15 (13–17)
Lower back 1 (1–2) 6 (4–7) 3 (1–4) 2 (1–3) 1 (1–2)
Shoulder 1 (0–1) 1 (0–1) 1 (0–2) 6 (4–8) 5 (4–6)
Thigh 7 (5–8) 4 (3–5)

Substantial overuse problem: causing moderate/severe reductions in training volume or sports performance, or complete inability to participate in training
or competition.
XC, cross-country.

Fig. 3. Relative impact of overuse problems located in the knee,
lower back, shoulder, and anterior thigh between the different
sporting groups, shown as the adjusted cumulative severity score
for each group. CX, cross-country skiing; CY, road cycling; FB,
floorball; HB, handball; VB, volleyball.
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on their skiing ability was negligible (Eriksson et al.,
1996). Based on our results, we concur with this
conclusion.

In comparison to the knee, lower back, and shoulder,
the prevalence of anterior thigh problems was relatively
high among the cross-country skiers. While there is little

documentation of this in the literature, it is our clinical
experience that disabling quadriceps muscle pain and
fatigue is a common overuse condition among young
elite skiers. This opinion was shared by the coaches of
the athletes involved in this study, who specifically
asked that questions on the anterior thigh be included for

Table 2. Multivariable adjusted odds ratios of overuse problems in the knee, lower back, shoulder, and anterior thigh between the five different sports

XC skiing Cycling Floorball Handball

Knee problems (all overuse)
Cycling (ref) 0.43 (0.16–1.13)
Floorball (ref) 0.42 (0.16–1.13) 0.98 (0.50–1.90)
Handball (ref) 0.36 (0.14–0.93)* 0.83 (0.33–2.08) 0.85 (0.33–2.17)
Volleyball (ref) 0.18 (0.07–0.49)* 0.43 (0.21–0.86)* 0.44 (0.19–1.00)* 0.51 (0.22–1.20)

Substantial overuse knee problems
Cycling (ref) 0.30 (0.09–1.04)
Floorball (ref) 0.41 (0.12–1.40) 1.36 (0.56–3.34)
Handball (ref) 0.09 (0.03–0.35)* 0.32 (0.08–1.35) 0.23 (0.06–0.83)
Volleyball (ref) 0.08 (0.02–0.28)* 0.27 (0.10–0.70)* 0.20 (0.07–0.54)* 0.85 (0.29–2.52)

Lower back problems (all overuse)
Cycling (ref) 0.57 (0.20–1.62)
Floorball (ref) 0.35 (0.13–0.92)* 0.60 (0.32–1.15)
Handball (ref) 0.66 (0.25–1.71) 1.14 (0.45–2.88) 1.90 (0.77–4.68)
Volleyball (ref) 0.68 (0.25–1.90) 1.19 (0.56–2.52) 1.98 (0.83–4.63) 1.04 (0.41–2.63)

Substantial overuse lower back problems
Cycling (ref) 0.29 (0.07–1.25)
Floorball 0.64 (0.14–2.84) 2.17 (0.90–5.23)
Handball (ref) 0.60 (0.15–2.36) 2.05 (0.68–2.35) 0.94 (0.26–3.39)
Volleyball (ref) 0.33 (0.08–1.43) 1.13 (0.40–3.17) 0.52 (0.14–1.92) 0.55 (0.18–1.71)

Shoulder problems (all overuse)
Cycling (ref) 0.20 (0.04–0.93)*
Floorball (ref) 0.10 (0.02–0.43)* 0.49 (0.25–0.97)*
Handball (ref) 0.08 (0.02–0.30)* 0.39 (0.16–0.91)* 0.78 (0.34–1.77)
Volleyball (ref) 0.11 (0.02–0.54)* 0.57 (0.25–1.33) 1.15 (0.48–2.78) 1.48 (0.63–3.48)

Substantial overuse shoulder problems
Cycling (ref) 1.02 (0.09–11.63)
Floorball (ref) 0.35 (0.06–2.16) 0.35 (0.06–2.06)
Handball (ref) 0.08 (0.02–0.36)* 0.08 (0.01–0.51)* 0.24 (0.07–0.76)*
Volleyball (ref) 0.24 (0.02–0.83)* 0.13 (0.02–0.99)* 0.38 (0.07–2.12) 1.61 (0.44–5.95)

Anterior thigh problems (all overuse)
Cycling (ref) 1.48 (0.46–4.79)

Substantial overuse anterior thigh problems
Cycling (ref) 1.85 (0.43–7.99)

*P < 0.05.
All data are odds ratios with 95% confidence intervals in parentheses. Based on GEE analyses adjusted for age, sex, years of sports participation, height,
and weight.
Ref, reference group; XC, cross-country.

Table 3. Multivariable analyses of the effect of demographic variables on the odds ratios for overuse and substantial overuse problems

Female sex Age (year) Participation (year) Height (cm) Body mass (kg)

All overuse problems
Knee 0.80 (0.38–1.68) 1.04 (0.97–1.12) 0.96 (0.88–1.04) 1.00 (0.95–1.04) 1.01 (0.97–1.02)
Lower back 0.99 (0.45–2.14) 1.06 (0.98–1.15) 0.96 (0.88–1.04) 0.97 (0.93–1.02) 1.02 (0.99–1.04)
Shoulder 1.79 (0.73–4.35) 1.05 (0.97–1.13) 1.01 (0.93–1.10) 1.01 (0.96–1.07) 1.01 (0.99–1.04)
Anterior thigh 0.74 (0.20–2.75) 1.04 (0.93–1.17) 1.00 (0.88–1.14) 0.98 (0.93–1.04) 1.02 (1.01–1.04)*
Substantial overuse problems
Knee 0.28 (0.11–0.70)* 1.03 (0.95–1.13) 0.95 (0.85–1.06) 1.02 (0.96–1.09) 0.95 (0.90–1.00)*
Lower back 0.27 (0.07–0.96)* 1.02 (0.91–1.13) 1.00 (0.89–1.11) 0.96 (0.90–1.02) 1.00 (0.94–1.06)
Shoulder 2.95 (0.55–15.75) 1.01 (0.82–1.24) 1.00 (0.83–1.21) 1.04 (0.94–1.15) 1.01 (0.95–1.07)
Anterior thigh 0.88 (0.13–5.96) 1.09 (0.94–1.26) 1.03 (0.88–1.21) 0.98 (0.91–1.06) 1.02 (1.00–1.03)*

*P < 0.05.
All data are odds ratios per unit change in independent variables, with 95% confidence interval in parentheses. Based on GEE analyses adjusted for sporting
group.
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cross-country skiers. Our results suggest that this is an
area warranting further research.

All previous studies of overuse injuries among elite
road cyclists have found the knee is a commonly affected
area of injury (Callaghan & Jarvis, 1996; Barrios et al.,
1997; Clarsen et al., 2010; de Bernado et al., 2012). Our
findings certainly support this, given the large number of
cyclists that experienced knee problems over the course
of the study and the relatively high average prevalence of
substantial knee problems. The reported extent to which
lower back pain is a problem for elite cyclists varies
between studies. We have previously conducted a cross-
sectional study in which 58% of professional male
cyclists reported having experienced lower back pain in
the previous 12 months, with 41% reported having
sought outpatient medical assistance for it (Clarsen
et al., 2010). While the results of the current study give a
slightly more conservative estimation of the extent of the
problem, the fact that the average prevalence of substan-
tial lower back problems was at least double that of the
other sports lends support to our previous conclusion
that lower back pain among elite road cyclists is a
problem that warrants research attention.

Despite the limited amount of research into floorball
injuries, three prospective cohort studies have been con-
ducted and all report a relatively low rate of overuse
problems (Wikstrom & Andersson, 1997; Snellman
et al., 2001; Pasanen et al., 2008). In contrast, we found
a high prevalence of overuse problems in the knee, lower
back, and shoulder among floorball players. Closer
inspection of our data reveals that a vast majority of the
overuse problems reported had little consequence on
players’ participation or performance, reflected in the
low prevalence of substantial overuse problems.
However, because of the high prevalence of minor prob-
lems over the duration of the project, the overall impact
of overuse problems was relatively high compared with
other sports, particularly in the lower back and knee.

Epidemiological studies of handball players have
largely focussed on acute injuries, with few reporting the
rate of overuse complaints. However, several prospective
cohort studies have found a moderate rate of overuse knee
and shoulder injury despite having used a time-loss defi-
nition (Nielsen & Yde, 1988; Seil et al., 1998; Møller
et al., 2012), and two cross-sectional studies have reported
a high prevalence of overuse shoulder complaints among
elite players (Gohlke et al., 1993; Myklebust et al., 2013).
In the current study, the rate of knee and shoulder problems
was high among the handball players, with an average
prevalence of 20% and 22%, respectively. As both areas
were among the problems representing the greatest overall
impact on athletes in this study, future efforts toward their
prevention are warranted.

A high prevalence of overuse knee injuries is well
documented among volleyball players (Lian et al., 2005;
Bahr, 2009). Our results strongly support this, being the
area with the highest recorded prevalence of overuse

problems and of substantial overuse problems. The
shoulder and lower back are also reported to be common
sites of overuse injury in volleyball (Wang & Cochrane,
2001; Bahr & Reeser, 2003; Verhagen et al., 2004; Bahr,
2009; Reeser et al., 2010). In the current study, we found
a relatively high prevalence of shoulder complaints and it
is worth noting that the prevalence of substantial shoul-
der problems was comparable to the handball players. In
contrast, the prevalence of lower back problems was low
among the volleyball players in this study.

This study uses a newly designed method for record-
ing overuse problems based on direct reporting from
athletes. This approach allows for the use of a broad, “all
physical complaints” definition without the systematic
bias that could be expected if third-party injury record-
ers, such as team medical staff, were used to record
injuries (Orchard & Hoskins, 2007). Therefore, this
study is perhaps the first to make valid and reliable
comparisons of the rate of overuse problems across a
variety of different sports. Two methods of comparison
were used: GEE and relative impact. The main benefit of
using GEE is that, as repeated measures are accounted
for, changes in injury prevalence can be assessed over
time. In contrast, the relative impact score is a more
crude summary measure, which does not account for
change over time or confounding. However, it is easy to
calculate, takes into account all available data on the
consequences of overuse injuries, and allows for com-
parisons between and within sports that are relatively
easy to communicate. For example, among the volley-
ball players in the current study, the impact of knee
problems was more than six times greater than the
impact of lower back problems. Similarly, the impact of
lower back problems was more than three times greater
in cycling than in cross-country skiing.

One of the major strengths of this study is that the
response rate to the weekly questionnaires was very high,
ranging from 91% to 98% across the five sports. Further-
more, the effects of missing questionnaire data were
analyzed and MI techniques were used to estimate the
studied relationships. We recommend that studies using
similar methods employ this approach where possible, as
it allows for the inclusion of all athletes’ questionnaire
data in statistical analyses, rather than only those with
complete responses. This latter method is most frequently
used but has proven to give severely biased results
(Eekhout et al., 2012). As a minimum standard, studies
should report their missing data rate thoroughly and
comment on the reasons and likely impact of missing
questionnaire responses on the validity of injury data (von
Elm et al., 2007; Sterne et al., 2009).

It must be recognized that this study has several limi-
tations. Firstly, as the design requires that a limited
number of areas of interest be defined a priori, it does not
give a complete picture of the extent of overuse injury in
the five sports. For example, anterior tibial pain is
reported to be common in handball and floorball (Pasanen
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et al., 2008; Møller et al., 2012), but was not registered in
this study.As these data were originally collected in order
to test and validate the new surveillance method, we chose
to include areas that are generally regarded to be common
sites of overuse sporting injury. The exception was to
include questions on the anterior thigh for the skiers and
cyclists, as we saw this as an opportunity to document a
potentially important problem for the first time. However,
in future studies using these methods, we recommend that
the choice of areas to include should be based on previous
research, the opinion of key stakeholders in the sport and
thorough pilot testing.

A second limitation is that we did not record specific
diagnoses for the overuse problems that athletes reported.
While this is possible and has been done in other studies
using similar methods (Clarsen et al., 2014), close
follow-up from medical staff is required for the duration of
the data collection period and this was beyond the scope of
the current study. Instead, we conducted telephone inter-
views at the study’s conclusion; an approach limited by
recall bias and by athletes’ lack of medical expertise. Using
this method, we felt confident to categorize problems into
overuse and acute injuries, but did not trust that athletes
could provide us with a reliable diagnosis themselves.

Another limitation to this study is that comparisons
have been made between groups of athletes with large
differences in their demographic characteristics. As
shown in Table 3, in certain cases, athlete characteristics
such as sex and body mass were significantly associated
with injury outcomes. Even in cases where statistical
significance was not found, demographic characteristics
were found to have a confounding effect on comparisons
of injury prevalence between sports. We therefore rec-
ommend that future studies aiming to compare groups of
athletes using these methods should make every effort to
ensure baseline comparability of athletes’ demographic
characteristics and use multivariable models that adjust
for their effects.

It is also of interest to note that the prevalence of overuse
problems fell over the duration of the study in every sport
across all anatomical regions. As data collection occurred
at slightly different times for each sport and thus the part of
the season in which data were collected varied, it is
unlikely that this represented a true phenomenon. Instead,
we suspect that athletes’ threshold for reporting minor
problems increased over the course of the study because of
so-called “respondent fatigue” (Ben-Nun, 2008) In con-
trast, the prevalence of substantial overuse problems was
much more stable throughout the course of the study in all
areas. This has implications for the interpretation of data
from future studies using these methods.

A final limitation to this study is the variation in the
extent to which each group can be considered represen-
tative of all elite Norwegian athletes from that sport. For
example, the cohort of cyclists included almost every
elite-level cyclist in the country, whereas the floorball
and handball players came from a single club and may
not be representative of all elite-level players in Norway.
Furthermore, it is important to note that this study was
only conducted over 3 months and therefore does not
account for potential variations in injury prevalence over
the entire season. Ideally, studies using this design
should include large numbers of subjects and encompass
at least one whole season or calendar year.

Perspectives

This paper reports the prevalence and impact of
overuse injuries in cross-country skiing, cycling,
floorball, handball, and volleyball. Previous injury
studies of these sports have used methods poorly suited
to prospective recording of overuse injuries, whereas in
this study, we used a new method specifically designed
for such a purpose. Our data may therefore represent a
more valid picture of the extent of overuse injuries in
these sports, and help guide the direction of future
injury prevention research. Particular focus should be
placed on those areas with the greatest impact, such as
the knee in volleyball, the knee and shoulder in hand-
ball, the knee and lower back in floorball, and the knee
in cycling.

This paper also demonstrates how groups of athletes
can be compared using the Oslo Sports Trauma Research
Center method of recording overuse injuries. Missing
data is an important factor to consider when these tech-
niques are used and MI techniques should be considered.
This has implications for future studies using these
methods of data collection, particularly in risk factor
studies and injury prevention trials.

Key words: Epidemiology, cross-country skiing,
cycling, floorball, handball, volleyball.
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