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Abstract
Background—Current methods measuring sports activity after anterior cruciate ligament (ACL)
injury are commonly restricted to the most knee-demanding sport, and do not consider
participation in multiple sports. We therefore developed an online activity survey to prospectively
record monthly participation in all major sports relevant to our patient-group.

Objective—To assess the reliability, content validity, and concurrent validity of the survey, and
evaluate if it provided more complete data on sports participation than a routine activity
questionnaire.

Methods—One hundred and forty-five consecutively included ACL-injured patients were
eligible for the reliability study. The retest of the online activity survey was performed two days
after the test response had been recorded. A subsample of 88 ACL-reconstructed patients were
included in the validity study. The ACL-reconstructed patients completed the online activity
survey from the first to the twelfth postoperative month, and a routine activity questionnaire 6 and
12 months postoperatively.

Results—The online activity survey was highly reliable (κ ranging from 0.81 to 1). It contained
all the common sports reported on the routine activity questionnaire. There was substantial
agreement between the two methods on return to preinjury main sport (κ = 0.71 and 0.74 at 6 and
12 months postoperatively). The online activity survey revealed that a significantly higher number
of patients reported to participate in running, cycling and strength training, and patients reported to
participate in a greater number of sports.

Conclusion—The online activity survey is a highly reliable way of recording detailed changes in
sports participation after ACL injury. The findings of this study support the content and concurrent
validity of the survey, and suggest that the online activity survey can provide more complete data
on sports participation than a routine activity questionnaire.
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INTRODUCTION
After an anterior cruciate ligament (ACL) injury, a major concern for athletically active
patients is when, if at all, they will be able to return to sport.[1] Return to sport has therefore
become a commonly used measure of treatment success.[2] A multitude of different
methods of recording activity level after ACL injury has been reported in the literature,
including project-specific questionnaires, patient interviews, and activity rating scales.[3–5]
The reported outcome is frequently based on whether or not the patient resumes one specific
sport,[6] or a score reflecting only the most demanding sport patients participate in post
injury.[7]

Current methods only provide a limited view of the full complexity of sports participation.
Although return to sport is considered indicative of a successful outcome, it does not
guarantee normal knee function[8] or sustained sports participation.[9] Further, it may
expose the athlete to considerable risk of additional injuries or reinjuries.[1, 10] In studies
reporting reinjuries, sports participation between index and secondary injury can provide
valuable data on patient-time at risk,[11] although this is rarely reported in the literature.
Additionally, ACL-injured patients often participate in multiple sports both prior to, and
following, ACL injury. While it has been shown that many patients do not return to their
preinjury activity level,[2] less attention has been paid to the extent to which patients return
to, or take up, alternative sports activities. Hence, assessments of sports participation after
ACL injury should not only include if patients return to sport or not, but also how the full
sports activity profile changes. Finally, as sports participation is highly dynamic, optimal
quantification requires repeated reports during the observation time. Frequent reporting also
limits the risk of inaccurate recall by reducing the retrospective period.

In order to address these concerns, we developed an online activity survey to prospectively
record monthly participation in all major sports activities relevant to ACL-injured patients
treated at our clinic. The aims of this study were (1) to assess the test-retest reliability of the
online activity survey in a sample of non-operatively and operatively treated ACL-injured
patients; (2) to evaluate if the content of the online activity survey provided a valid
representation of sports participation at 6 and 12 months after ACL reconstruction; (3) to
assess the concurrent validity of the questionnaire in respect to return to preinjury main sport
at 6 and 12 months after ACL reconstruction; and (4) to evaluate if the online activity survey
provided more complete data on sports participation compared to a routine activity
questionnaire.

METHODS
Subjects

All patients were enrolled in a prospective cohort study conducted at the Norwegian Sports
Medicine Clinic (Nimi) between 2007 and 2012.[12] In order to be included in the study,
patients had to have sustained a unilateral ACL rupture within the previous 3 months.
Diagnosis was confirmed with magnetic resonance imaging (MRI) and a side-to-side
KT-1000 difference of ≥3 mm.[13] Other inclusion criteria included age 13–60 years and
preinjury participation in level I or level II sports (Table 1)[14] ≥ twice a week. Patients
were excluded if they had bilateral injuries, previous injuries to either knee, or if the MRI
showed other grade III ligamentous injury, fracture, or full-thickness articular cartilage
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damage. Patients with meniscal injuries were excluded only if they had symptoms during
plyometric activities that were not resolved within 3 months from injury. Finally, patients
that were not able to understand written and spoken Norwegian were also excluded.

All patients signed an informed consent prior to inclusion. The study was carried out in
accordance with the directives given in the Declaration of Helsinki, and was approved by the
Regional Ethical Committee for South-Eastern Norway.

Data collection
Online activity survey—The online registration was carried out with an online survey
tool (Questback v. 9.6, Questback AS, Oslo, Norway). Every month, each patient received a
standardised e-mail that contained a unique link to the online activity survey. A reminder
was automatically sent to patients that had not responded after one week.

The online activity survey consisted of the question: “Which of the following sports have
you participated in during the last 4 weeks?”, followed by the sports listed in Table 1.
Patients were then asked: “How many times per week have you, on average, participated in
these sports?”. The listed sports were intended to cover all major sports ACL-injured
patients in our geographical region participate in. The selection of sports was based on
previously published studies on ACL-injured patients, discussions with physiotherapists
with extensive experience in ACL-rehabilitation, and results from a previous cohort study on
ACL-injured patients performed at our institution.[15] In this latter study, patients
completed a questionnaire in which they were asked to list all sports they participated in.

Routine activity questionnaire—All patients attended follow-up visits at our clinic 6
and 12 months postoperatively. Following an established test battery,[12] they completed a
routine activity questionnaire without supervision in the clinic waiting room. On the routine
activity questionnaire, patients listed the types of sports or exercise they currently
participated in, and how many times per week they participated in sports or exercise.

Reliability (aim 1)—In February 2012, all patients (n=145) were invited to participate in
the test-retest of the online activity survey (Fig. 1). Based on our power calculations,[16] it
was estimated that fifty subjects would be needed to detect a κ of ≥ 0.4 at 0.80 power. The
retest was sent 2 days after the test response was recorded. To avoid measuring true changes
in sports participation, we decided a priori to exclude patients that responded to the retest ≥5
days after their test response.

Validity (aims 2–4)—All patients that had undergone ACL reconstruction between 2007
and 2010 (n=88, fig. 1) were included in the comparisons between methods. Non-
operatively treated patients were excluded from aims 2–4 because a merged sample of non-
operatively and operatively treated patients would not allow for clear clinical interpretation
of the data. Patients who had undergone ACL-reconstruction after 2010 were excluded due
to incomplete follow-up data.

To evaluate if the content of the online activity survey included all common sports, we used
the responses from the routine activity questionnaire at 6 and 12 months postoperatively.
“Common sports” was operationally defined as sports that ≥ 10 % of patients participated in.
We examined if patients reported sports that were not part of the online activity survey, and
how many patients participated in those sports. We expected that the routine activity
questionnaire would not disclose any sports, in which ≥10 % of patients reported to
participate, other than those included in the online activity survey.
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To evaluate the concurrent validity of the online activity survey, we examined the agreement
between return to preinjury main sport recorded with the online activity survey and the
routine activity questionnaire at 6 and 12 months postoperatively. We expected substantial
agreement (κ > 0.6)[17] between the online activity survey and the routine activity
questionnaire.

To evaluate if the online activity survey provided more complete data on sports participation
than our routine method, we compared the number of sports patients participated in 12
months postoperatively, the number of patients that participated in each sport 12 months
postoperatively, and the number of patients that participated in level I, II and III sports at 6
and 12 months postoperatively. The online activity survey was designed with a list of
specific sports in order to avoid bias that may come from patients having to decide which
sports are relevant to report. Therefore, we expected that patients would report participation
in a higher number of sports, and that more patients would report to participate in some
sports, compared to the routine activity questionnaire.

Data management and statistics
Participation in level I, level II and level III activities was defined as reported participation
in at least one sport of the respective level (Table 1). The patients were classified as having
returned to preinjury main sport if they reported participation in their preinjury main sport,
regardless of their level of participation.

Test-retest reliability was quantified using κ with 95 % confidence intervals. Linearly
weighted κ was used for frequency of sports participation. Following recent guidelines for
reporting reliability and agreement studies,[18] the proportion of absolute agreement was
reported. Agreement between methods in assessing return to preinjury main sport was
quantified using κ. Paired t-test and McNemar’s test were used for between-methods
comparisons of the number of sports patients participated in, the number of patients that
participated in specific sports, and the number of patients that participated in sports of
different levels. All statistical analyses were conducted with SPSS v. 17 (SPSS Inc.,
Chicago, Illinois).

RESULTS
Reliability

Of 145 eligible patients, 101 (69 %) responded to the test questionnaire, and 90 (62 %) also
responded to the retest questionnaire 2–4 days later (Fig. 1). Sixty-seven patients (74.4 %)
had undergone reconstructive surgery, and 23 patients (25.6%) were non-operatively treated
(Table 2). The most frequent preinjury main sports were football (28.9 %) and handball
(25.6 %). Both the test and the retest responses showed that most patients participated in
sports 2–3 times per week, with the most frequent sports activities being strength training,
running, cross-country skiing and cycling (Table 3). The data collection was carried out in
February, which is reflected by the high number of patients participating in winter sports. κ
ranged from 0.81 to 1, and the proportion of agreement ranged from 0.91 to 1.

Validity
Of 88 ACL-reconstructed patients, 74 (84.1%) completed the monthly online activity survey
and attended follow-ups 6 and 12 months postoperatively (Fig. 1). This group included 39
(52.7 %) women and 35 (47.3 %) men, with a mean age of 24.5 (6.9) years. The most
frequent preinjury main sports were football (39.2 %) and handball (28.4 %). The sixth
online activity survey was completed 6.3 (SD: 0.4) months postoperatively, and the 6 month
routine questionnaire 6.1 (0.3) months postoperatively. The twelfth online activity survey
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and the 12 month routine questionnaire were completed 12.4 (0.5) and 12.1 (0.5) months
postoperatively, respectively.

Content validity of the online activity survey—Eleven sports activities that were not
included in the online activity survey were reported on the routine activity questionnaire
(Table 4), either at 6 months or 12 months postoperatively. The routine activity
questionnaire did not disclose any additional sports in which ≥10 % of patients participated.

Concurrent validity of the online activity survey—Six months postoperatively, the
return to preinjury main sports rates were 21.9 % based on the online activity survey, and
23.4 % based on the routine activity questionnaire (Fig 2). At 12 months postoperatively, the
return to preinjury main sport rates were 59.7 % and 55.6 % for the online activity survey
and the routine activity questionnaire, respectively. κ between the two methods was 0.71 (95
% Confidence Interval [CI]: 0.51–0.91) 6 months postoperatively, and 0.74 (0.59–0.90) 12
months postoperatively.

Completeness of data on sports participation—Twelve months postoperatively, the
online activity survey showed participation in a significantly greater number of sports
activities (3.7 [SD:2.3]) compared to the routine activity questionnaire (2.3 [1.2], p<0.001).
The analysis of specific sports at 12 months postoperatively (Fig. 3) revealed that a
significantly higher number of patients participated in running (online activity survey: 63.5
%, routine activity questionnaire: 36.5 %, p<0.001), cycling (online activity survey: 67.6 %,
routine activity questionnaire: 39.2 %, p<0.001) and strength training (online activity
survey: 78.4 %, routine activity questionnaire: 66.2 %, p=0.049).

Six months postoperatively, the online activity survey showed that a significantly higher
number of patients participated in level II sports (online activity survey: 18.8 %, routine
activity questionnaire: 6.8 %, p=0.040, fig. 4). Twelve months postoperatively, the online
activity survey showed that a significantly higher number of patients participated in level II
(online activity survey: 39.2 %, routine activity questionnaire: 27.0 %, p=0.035) and level
III sports (online activity survey: 93.2 %, routine activity questionnaire: 81.1 %, p=0.049).
There were no other significant differences between the methods (all p>0.227).

DISCUSSION
The results of this study showed that the online activity survey was highly reliable. It also
included all common sport activities in this patient-group, supporting its content validity.
Further, there was substantial agreement between the methods on return to preinjury main
sport, supporting the concurrent validity. Finally, participation in a greater number of sports,
and a higher number of patients participating in some sports, indicated that the online
activity survey offers more complete data on sports participation compared to the routine
activity questionnaire.

Sports participation after an ACL injury can be recorded for at least three purposes. Most
commonly, authors report proportions of patients that have returned to sport as a measure of
treatment outcome.[7, 15, 19, 20] However, as returning to sport entails a high risk of
reinjury, several authors have questioned if return to sports should be the main aim of the
treatment.[1, 21, 22] Rerupture and subsequent injuries have thus become increasingly
important in evaluating treatment outcome. Although sports participation places the patient
at higher risk of injury,[1, 10] few studies on reinjuries after ACL injuries account for sports
exposure,[23, 24] a key factor in sports injury epidemiological research.[11] The second
purpose of recording sports participation should therefore be to adjust for sports exposure in
analyses of reinjuries. Lastly, it is unknown how an ACL injury affects general physical
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activity levels in the long term. While it is well documented that many patients do not return
to sport,[2, 25] less attention has been paid to whether patients become inactive after
quitting their preinjury sport or if they take up other forms of physical activity. The online
activity survey utilized in this study holds the potential of providing data that may elucidate
all three areas.

All items in the online activity survey showed almost perfect agreement, defined as κ >
0.80.[17] Furthermore, all items except participation in cycling and dancing/aerobics
showed a κ > 0.87. The period between test and retest registrations was limited to 2–4 days
because participation in some of the recorded sports is highly dynamic. Participation in
organised sports, such as football and handball, may be more consistent than participation in
unorganised activities. We did not find an overall pattern of differences between organised
and unorganised sports. Thus, we believe the results were not largely affected by changes in
true participation rates. A disadvantage of having a short period between the test-retest
registrations is the chance that the retest response is influenced by recollection of the test
response. Based on the feedback from patients, the online activity survey is very easy to
complete and takes no more than 1 minute. While the possibility that the results were
influenced by patient recall cannot be excluded, the potential for bias is likely smaller with
this method compared to methods that require more time and deliberation to complete.

Regarding the content validity of the online activity survey, the routine activity
questionnaire did not disclose any sports activities, in which more than 10 % of patients
participated, that was not included in the online activity survey. This supports the content
validity of the online activity survey, in that it includes all common sports activities in this
patient population (Table 4). There was also substantial agreement between the two methods
on return to preinjury main sport at 6 and 12 months post ACL-reconstruction. This
indicates that the online activity survey can be used to determine return to preinjury main
sport. The online activity survey also offers more detailed knowledge on the timing of return
to sports (Fig. 2). How long they will be out of sports is a main concern for the majority of
ACL-injured patients,[1] and detailed knowledge on this topic enables clinicians to provide
a more accurate timeline for the resumption of sports participation.

The online activity survey showed participation in a significantly greater number of sports,
and also that a higher number of patients reported to participate in low-level sports
compared to the routine activity questionnaire. In the online activity survey, patients ticked a
box if they had participated in any of the listed activities. In contrast, the routine activity
questionnaire contained an open-ended question where patients listed the sports they were
participating in. Responses to open-ended questions rely on assumptions about what
constitutes an informative answer, which may lead to underreporting of sports patients do
not come to think of or deem less important.[26] Our results are likely explained by patients
underreporting sports that were perceived as less important when filling out the routine
activity questionnaire. Thus, the online activity survey seems to offer more complete data on
sports participation.

We acknowledge there are limitations to this study. Firstly, the absence of established,
comparable methods inevitably hampers the ability of demonstrating validity of the online
activity survey. In this study, we compared the online activity survey with a routine activity
questionnaire where patients listed the sports or exercises they participate in. While the
psychometric properties of the routine activity questionnaire are unknown, we are not aware
of any instruments with established validity and reliability that measure participation in
several specific sports. Activity scales such as Tegner,[5] Cincinnati[3] and MARS[4]
provide scores based on knee-demanding sports. In contrast, the online activity survey was
not designed as a scale, but as an easy-to-use tool that would provide more detailed data on
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sports participation. Secondly, the sports recorded were selected to represent all major sports
ACL-injured patients at our institution participate in, and do not provide an accurate
representation of sports participation in other cultural or geographical settings. Thus, if used
in a different setting, the survey should be modified based on what sports the patient-group
participates in. To avoid under-reporting, we recommend that the survey includes a list of
specific sports. However, adding a free text choice where patients can report sports that are
not included in the survey should be considered to ensure that no major sports are missed.
Thirdly, the monthly online activity registration might have led to reporting bias at the 6 and
12 month follow-ups, as patients may have become accustomed to reporting sports listed in
the online activity survey. A fourth limitation is the fact that the online activity survey was
not intended to measure treatment success, but rather to provide a broader perspective on
changes in sports participation after an ACL injury. If return to sport is to be used as a
criterion for successful outcome, the survey should be modified to include questions
regarding sport performance and reasons for not returning to sport. Finally, sports frequency
was not registered for each individual sport. Recording the number of hours the patients
spend in different sports could add important data in future studies. However, if further
development of this method is performed, the benefit of increasing the level of detail in the
registration should be carefully weighed against the risk of adversely affecting response
rates.

CONCLUSION
This study showed that the online activity survey was highly reliable and provided a valid
representation of sports participation in a sample of ACL-injured patients. There was
substantial agreement between the online activity survey and a routine activity questionnaire
on determining return to preinjury main sport; however, the online activity survey provided
more complete data on sports participation. While the existing literature is predominantly
focused on activity scales and return to preinjury sport, this method provides a broader
perspective on changes in sports participation after ACL injury and surgery.
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What are the new findings?

- The online activity survey utilized in this study can provide more detailed
longitudinal data on sports participation after ACL injury than commonly
used measures like return to sport and activity rating scales

- The use of an online activity survey is a highly reliable way of collecting data
on sports participation after ACL injury

- In addition to providing a broader perspective on sports participation, the
online activity survey can be used to prospectively monitor return to
preinjury main sport

How might it impact on clinical practice in the near future?

- This study may lead to a change in methods that are used to monitor sports
participation following ACL injuries

- The online activity survey can provide clinicians with more detailed
information about changes in patients’ sports participation after injury

- By incorporating more detailed data on sports participation after injury,
future studies might provide more accurate prognoses for future sports
participation, and more accurate estimates of the risk of reinjuries
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Figure 1.
Flowchart of patient participation in the reliability and validity assessment of the online
activity survey
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Figure 2.
Return to preinjury main sport from 1 month to 1 year postoperatively, as measured with the
online activity survey and the routine activity questionnaire (n=74)
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Figure 3.
Percentage of patients participating in specific sports activities 12 months postoperatively,
as measured with the online activity survey and the routine activity questionnaire (n=74)
* p<0.05
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Figure 4.
Percentage of patients participating in level I, II and III sports from 1 month to 1 year
postoperatively, as measured with the online activity survey and the routine activity
questionnaire (n=74)
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Table 1

Sports recorded in the monthly online activity survey classified according to activity level [14]

Sport Activity level

Handball

Level I
Football (soccer)

Basketball

Floorball

Volleyball

Level II

Martial arts

Gymnastics

Icehockey

Tennis/squash

Alpine/telemark skiing

Snowboarding

Dancing/aerobics

Cross-country skiing

Level III

Running

Cycling

Swimming

Strength training
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Table 2

Characteristics of the reliability sample (n=90)

Age, mean (SD) 29.1 (8.4)

Sex, female/male (% female) 44/46 (48.9 %)

Treatment, operative/non-operative (% operative) 67/23 (74.4 %)

Preinjury activity level, level I/level II (% level I) 65/25 (72.2 %)

Months from surgery, mean (SD, min-max) 30.9 (16.4, 3–58)

Months from injury (nonoperatively treated patients), mean (SD, min-max) 38.2 (17.0, 12–62)

Days from test to retest, mean (SD) 2.5 (0.7)
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Table 3

Test-retest reliability of the online activity questionnaire (n=90)

Item Test
n (%)*

Retest
n (%)*

Cohen’s κ
(95 % CI)

Proportion of
agreement
(95 % CI)

Handball 8 (8.9) 10 (11.1) 0.88 (0.71–1.00) 0.98 (0.95–1.00)

Football 16 (17.8) 16 (17.8) 0.92 (0.82–1.00) 0.98 (0.95–1.00)

Basketball 3 (3.3) 3 (3.3) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Floorball 5 (5.6) 6 (6.7) 0.90 (0.71–1.00) 0.99 (0.97–1.00)

Volleyball 3 (3.3) 3 (3.3) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Martial arts 8 (8.9) 8 (8.9) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Gymnastics 2 (2.2) 2 (2.2) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Icehockey/bandy 5 (5.6) 5 (5.6) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Tennis/squash 5 (5.6) 4 (4.4) 0.88 (0.66–1.00) 0.99 (0.97–1.00)

Alpine/telemark skiing 14 (15.6) 13 (14.4) 0.96 (0.87–1.00) 0.99 (0.97–1.00)

Snowboarding 8 (8.9) 7 (7.8) 0.93 (0.79–1.00) 0.99 (0.97–1.00)

Dancing/aerobics 13 (14.4) 11 (12.2) 0.81 (0.63–0.99) 0.96 (0.91–1.00)

Cross-country skiing 37 (41.1) 39 (43.3) 0.95 (0.89–1.00) 0.98 (0.95–1.00)

Running 52 (57.8) 51 (56.7) 0.93 (0.86–1.00) 0.97 (0.93–1.00)

Cycling 36 (40.0) 38 (42.2) 0.82 (0.70–0.94) 0.91 (0.85–0.97)

Swimming 8 (8.9) 8 (8.9) 1.00 (1.00–1.00) 1.00 (1.00–1.00)

Strength training 60 (66.7) 62 (68.9) 0.90 (0.80–1.00) 0.96 (0.91–1.00)

Times per week 0.94 (0.87–1.00) 0.97 (0.93–1.00)

  0–1 18 (20.0) 18 (20.0)

  2–3 43 (47.8) 44 (48.9)

  4–5 22 (24.4) 22 (24.4)

  >5 7 (7.8) 6 (6.7)

Level I 28 (31.1) 29 (32.2) 0.92 (0.84–1.00) 0.97 (0.93–1.00)

Level II 42 (46.7) 40 (44.4) 0.91 (0.82–1.00) 0.96 (0.92–1.00)

Level III 77 (85.6) 77 (85.6) 0.91 (0.79–1.00) 0.98 (0.95–1.00)

Return to preinjury main sport 40 (48.2) 39 (47.0) 0.98 (0.93–1.00) 0.99 (0.97–1.00)

*
number of patients reporting to participate in the respective sports
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Table 4

Activities reported on the routine activity questionnaire that were not part of the online activity survey (n=74)

6 months postoperatively 12 months postoperatively

Physical education activity 5 (6.8 %) 2 (2.7 %)

Rock climbing 2 (2.7 %) 1 (1.4 %)

Hiking 1 (1.4 %) 1 (1.4 %)

Playing with kids 1 (1.4 %) 1 (1.4 %)

Badminton 1 (1.4 %)

Snow kiting 1 (1.4 %)

Skateboarding 1 (1.4 %)

Orienteering 1 (1.4 %)

Ice skating 1 (1.4 %)

Golf 1 (1.4 %)

Rowing 1 (1.4 %)

n (%)
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