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ABSTRACT

Current methods of sports injury surveillance are limited by lack of medical validation of self-
reported injuries, and/or incomplete information about injury consequences beyond time-loss from
sport. The aims of this study were to 1) evaluate the feasibility of the SMS, Phone and medical
Examination injury surveillance (SPEx) system 2) to evaluate the proportion of injuries and injury
consequences reported by SPEx when compared to outcomes from a modified version of the Oslo
Sports Trauma Research Centre (OSTRC) Overuse Injury Questionnaire. We followed 679 elite
adolescent handball players over 31 weeks using the SPEx system. During the last 7 weeks, we also
implemented a modified OSTRC questionnaire in a subgroup of 271 players via telephone
interviews. The weekly response proportions to the primary SPEx questions ranged from 85% to
96% (mean 92%). SMS responses were received from 79% of the participants within 1 day. 95% of
reported injuries were classified through the telephone interview within a week, and 67% were
diagnosed by medical personnel. Comparisons between reported injuries from SPEx and OSTRC
demonstrated fair [k=39.5% (25.1% to 54.0%)] to substantial [PABAK=66.8% (95% CI 58.0% to
75.6%)] agreement. The average injury severity score difference between SPEx and the OSTRC
approach was -0.2 (95% CI -3.69 to 3.29) out of possible 100 with 95% limits of agreement from
(-14.81 to 14.41).

These results support the feasibility and validity of the SPEx injury surveillance system in elite
youth sport. Future studies should evaluate the external validity of SPEx system in different cohorts

of athletes.

KEYWORDS: ATHLETIC INJURY, SURVEILLANCE, VALIDATION STUDY, INJURY

REGISTRATION, HANDBALL
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INTRODUCTION

The benefits of engaging in physical activity in youth are well documented (1, 2), and organized
sport participation increases opportunities for health-related physical activity and may decrease
cardiovascular risk (3, 4). However, sport participation can also have negative consequences due to
injuries. Injury is one of the main reasons for individuals to cease participation in sport and is a
source of disability in the short and long term (5). Thus, injury prevention in youth sports seems to
be important to reduce morbidity and maximize opportunities for health-related physical activity
across the lifespan. However, effective prevention efforts depend on high-quality information on
the occurrence and consequences of injury (6).

Traditionally, sports injury surveillance research has focused on the identification and prevention of
serious time-loss traumatic injuries (7). Consequently, little is known about other injury types, (e.g.,
overuse injuries not resulting in time loss), as well as the consequences (e.g., change in function and
performance) beyond time lost from sport experienced by injured athletes. One reason for this
knowledge gap has been the lack of surveillance methods to identify the full spectrum of sport-
related injuries.

Recent technological and methodological advances have provided new opportunities to measure
sport-related injury. The Oslo Sports Trauma Research Centre (OSTRC) Overuse Injury
Questionnaire was developed to improve the identification of sport-related injuries and their
consequences, €.g., change in function and performance. This method involves a weekly e-mail
distribution of four primary questions to record overuse injuries (7). This represents an important
advance in injury epidemiology as it identifies many injuries missed with traditional approaches as
well as their consequences (7). However, the large volume of questions needed to address multiple
injuries can be problematic (7, 8) as can the delivery of questions via e-mail in young athletes who

may be more accustomed to other modes of communication such as SMS messaging (9, 10).
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Another drawback to the OSTRC Overuse Injury Questionnaire is the lack of validation of the self-
reported injuries by medical personnel, which is a possible threat to the validity of the data.

We developed the SMS, Phone, and medical staff Examination (SPEx) sports injury surveillance
system to address these limitations by integrating a SMS messaging and clinician involvement to
capture all types of injury and injury consequences. We, thus, modified the questions in the OSTRC
Overuse Injury Questionnaire so that it can be used to record the consequences of all injuries and
not only for overuse injuries in a specific body region. Our previous study demonstrated the ability
of SPEx to accurately measure sport exposures, time-loss and medical injuries when compared to
injury surveillance performed by trained observers (11). The SPEx system identified 88% of all
reported injury registrations, and 33% more injuries compared to the trained observers. However,
the ability of the SPEx system to measure injuries irrespective of time-loss and medical attention,
and their consequences, as well as the feasibility when applied in larger cohorts, remains unknown.
Therefore, the main objectives of this study were to assess the feasibility of measuring sport
exposures and injuries via the SPEx system in a large cohort of adolescent athletes in terms of
response proportions and response time. In SPEx, the four modified OSTRC Overuse Injury
questions are sent only to injured players by SMS. Therefore, we aimed to examine the agreement
between measures of injury occurrence and injury consequences obtained by the SPEx system and
by an approach where the modified OSTRC questions are delivered to all players via telephone

interview.

METHODS

Design
We followed adolescent handball players for 31 weeks from October 13™ 2013 until May 11" 2014.

Sports injuries were recorded weekly using the SPEx injury surveillance system. During the last 7
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weeks, we also measured injury occurrences and injury consequences using the modified version of
the OSTRC Overuse Injury questions delivered via telephone interviews (7). The 7-week period
was determined based on our sample size calculation. This study also involved a baseline testing

procedure, but this was not included in the present paper.

Injury definition

In accordance with the 2006 injury consensus statement (12), injuries were defined as any sport-
related physical problem irrespective of the need for time-loss or medical attention. We decided to
use the phrase “physical problem” instead of “physical complaints” used by Fuller et al. 2006. This
was done to maintain consistency with the OSTRC Overuse Injury Questionnaire (7) and because
some players had difficulty understanding the interpretation of “complaint” in Danish translation.
Prior to enrolment, participants received oral and written information explaining the definition of a
“physical problem” (pain, discomfort, soreness, stiffness). This was also included in the main injury

question in our series of SMS messages as described later.

The SPEX sports injury surveillance system

Our first step in the development of the SPEx system has been described in detail elsewhere (11).
Briefly, SPEx obtains weekly information from players in three ways: SMS messaging, telephone
interviews, and physical examinations performed by medical personnel. The SMS messages
comprise seven questions delivered in two parts (Figure 1). Part one includes three questions to
identify training and match exposures and injury occurrence. Part two is based on the OSTRC
Overuse Injury Questionnaire (7) and consists of four additional questions sent to injured athletes to
record the consequences of injuries identified in part one. These questions were translated from the
original Norwegian version into Danish by the principal investigator (MM). Then the translated
version was reviewed by the Norwegian author (GM to check for inconsistencies in the translation

process. An injury consequence score was calculated from participants’ answers to part 2 questions



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

(questions 4-7) (7, 13). Injury consequence scores ranged from 0 to 100, with higher scores
representing greater consequences resulting from injury. We classified substantial injuries as
injuries leading to moderate or severe reductions in training volume or performance, or total

inability to participate (players who selected option 3,4 or 5 in either question 5 or 6) (7).

Based on player feedback and the results from our preliminary study (11), we made three changes
in our SPEx questions compared to the original OSTRC Overuse Injury Questionnaire:
1. Part two questions (Figure 1, questions 4-7) were only sent to injured players.
2. To reduce the volume of questions, the players answered the part 2 questions (Figure 1,
questions 4-7) with reference to all physical problems and not to specific body regions.
3. We added an additional response option (response 5) to Question 7: “Cannot participate at
all”. This outcome was scored the same as “Severe pain” (response 4) when calculating the

injury consequence score.

[Please place Figure 1 near here]

Players who reported an existing injury at baseline, or a new injury during the course of the study,
underwent a standardized 5-10-minute telephone interview within one week. Four trained
physiotherapists performed the interviews every Monday after the initial SMS, and every
Wednesday and Thursday after the reminder-SMS. The interview identified the mechanism(s),
location(s) and type(s) of injury as described previously (10). When multiple injuries were reported,
players were asked to identify their worst injury, and then continue to reference this injury in

subsequent reporting.
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Next, a trained physiotherapist conducted a 30-minute standardized physical examination on injured
players 1-2 weeks from the original report. Recurrent injuries in the study period were only
examined if the player felt it was necessary, or if the injury diagnosis was uncertain. Injury
diagnoses were documented with ICD-10 and Orchard codes (version 10.1). In total, six full-time
physiotherapists conducted the telephone interviews, and performed physical examinations for 6
clubs. For the remaining 23 clubs, local physiotherapists were recruited. All physiotherapists
participated in a one-day training session to ensure standardization of the study procedures. The
musculoskeletal examination procedures were primarily based on recommendations from and
Brukner & Khan (14). When players were referred to a hospital for assessment of their sport-related

injury, we obtained the relevant medical records to avoid repetitive physical examinations.

Comparison method

During the last seven weeks of the study, we also recorded injuries (irrespective if it was a new or
existing injury) using the four modified OSTRC Overuse Injury Questionnaire part 2 questions
(Figure 1). Each week, a random sample of 40 players who were not previously selected, were
asked the four questions through a standardized telephone interview. The interviews were
conducted by one or two physiotherapists who were blinded to the players’ SPEx outcomes. During
the interview, the four modified OSTRC questions were presented. When an injury was identified,
the interviewer asked whether the player had reported that injury via SMS. Reasons for reporting
discrepancies were explored in one follow-up question. An injury consequence score was calculated

from participant’s answers to these questions (questions 4-7) as described earlier (7, 13).

Participants
We recruited elite handball players from all First Division U-18 (under 18 years of age) teams in
Denmark, and from First Division U-16 teams from clubs that also had a participating U-18 team.

The recruitment period was from August to October 2013. First, coaches were contacted about
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participation. If they accepted, the principal investigator provided players and parents with oral and
written information at a training session prior to study enrollment. New players were allowed to
enter the study at midseason (December 2013 to January 2014).

No incentives were offered for participation, and all participants gave their informed consent prior
to study enrolment. Permission for the study was granted by the Danish Data Protection Agency
(J.nr. 2013-41-2137) and The Central Denmark Region Committees on Health Research Ethics

(request 89/2013).

Statistical analysis

All statistical analyses were conducted in Stata version 14.1 software (StataCorp, College Station,
TX, USA). The feasibility of the SPEx system was evaluated in terms of response rates, response
times to SMS messages, number of injuries reported by SMS that were classified by follow-up
telephone interviews, time to classification of injuries, and number of classified injuries that were
diagnosed by physical examination. We calculated the weekly injury prevalence by dividing the
number of players who reported an injury by the number of SMS respondents the given week
(Clarsen et al 2014).

When comparing injury occurrence between SPEx and the comparison method, we used any injury
registration irrespective if it was new or pre-existing. First, we evaluated the proportion of injuries
reported by both methods, and calculated the percentage of injury reports reported by SPEx only, by
the comparison method only, and by both (15).

Agreement for dichotomous outcomes (injury occurrence) was estimated using Cohen’s linear
weighted kappa statistics. Kappa values can be influenced by the prevalence of injuries and by

systematic differences (bias) between the data sources (16, 17). We therefore also calculated the
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indices of prevalence and bias, and prevalence-adjusted bias-adjusted kappa (PABAK) coefficients
to assist kappa interpretations.

Benchmarks suggested by Landis and Koch (18) were used to interpret kappa and PABAK
outcomes (>0.81, almost perfect; 0.61 to 0.80, substantial; 0.41 to 0.60, moderate; 0.21 to 0.40, fair;
0.00 to 0.20, slight; and <0.00, poor). When injury registrations were identified by both methods,
injury consequence scores were compared using Bland Altman bias and limits of agreement (19).
For feasibility and kappa analyses, missing answers to question 3 (Figure 1) in SPEx were handled
in the following way: If the player reported an injury in both the previous and subsequent weeks,
we considered the player to be injured. Otherwise, the player was classified as not injured (11). For
the comparison method, it was not possible to impute missing values as participants were randomly
sampled for only one measurement point. Therefore, all missing values in this approach were coded
as no injury.

The number of participants included in the comparison analysis was based on our a priori thoughts
of estimating the sensitivity of injury outcomes obtained by SPEx system when compared to the
modified OSTRC method. Using this approach, the number of measurements needed to estimate a
sensitivity of 80% with a corresponding 95% confidence interval of £0.15 was calculated with the
following formula: N =1.96"2 / (b/2)"2 * sens * (1 - sens) / p. Where sens is sensitivity and p are
the prevalence of injuries according to the gold standard, and the width of the 95% Cl is b.

The prevalence of physical problems measured with the modified OSTRC (22%) was expected to
be 10% higher than that obtained by SPEx (20%). Based on these assumptions, we therefore
required 280 independent measurements to achieve sufficient precision. We divided this on a 7-

week period, as we were capable of calling 40 players each week.
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RESULTS

Study population

Participant flow is presented in Figure 2, and demographics of the study population are described in
Table 1. In total, 68 U-18 teams and 31 U-16 teams were invited to participate. Fifty-four percent of
the invited teams (15 U-16 teams and 37 U-18 teams), comprising 686 players (44% female), were
enrolled in the study. Of the 46 teams who declined to participate, 32 teams did not respond to the
invitation, 11 teams did not have time to be tested in the given time-period, and 3 teams were not
interested in participation. Seven players (1.0%) were excluded from the analysis as they failed to
respond to any SMS messages. Data from 36 players (5.2%) were censored when they reported that
they would cease to respond to messages. Of these, eleven players stopped playing handball, 6
withdrew from the league, 4 expressed a lack of interest in the study, 3 experienced a season ending
injury, 2 changed to another team that was not participating in the study, and 10 withdrew for
unknown reasons.

From this sample of 679 players, 280 players were randomly selected for the method comparison
analysis. Data from 9 players (1.1%) were excluded from the comparison analysis as they were

among the participants who were lost to follow up or the participants who were censored.

[Please place Figure 2 near here]

[Please place Table 1 near here]

Feasibility of SPEx

The weekly response proportions to question 1 ranged from 97% at the beginning of the study to
88% at the end of the 31-week study period. The weekly response proportions to all part 1 questions
(questions 1-3, Figure 1) ranged from 85% to 96% (mean 92%). Response proportions to part 2

questions (questions 4-7, Figure 1) ranged from 98% to 100% per week. Fifty-three percent of

10



237  players reported on all part 1 questions during all 31 weeks of the study. Eighty-five percent of
238  players provided part 1 answers during more than 80% of the study period, with 95% of all players
239  providing part 1 answers during more than 50% of the study period. Ninety-three percent of the
240  injured players provided complete answers to the 7 weekly SMS questions during the 31-week
241  study period.

242 Among participants who replied to part 1 questions, 79% responded on the day the SMS messages
243  were sent, 87% the day after, 95% on the second day (after first reminder), and 99% by the day
244  three (after the second reminder). Of the injured players, 72% had responded to all seven questions

245  the same day, 82% the day after, 92% the second day, 97% the third day, and 99% after four days.

246  Injuries reported by SPEx

247  Of 744 new and recurrent injuries reported via SMS, 709 injuries (95%) were evaluated via

248 telephone interviews; of these, 84% were evaluated the day after the SMS response, and 95% within
249  one week. Sixty-six percent of players were successfully contacted on the first phone call attempt
250  and 95% after 3 phone calls. Following telephone interview, 77 injuries (11%) were classified as
251  trivial, thus negating the need for physical examination. Of the remaining 667 injuries, 447 (67%)
252 were examined and diagnosed by a study physiotherapist (415 injuries) or by hospitals (32 injuries).
253

254  Figure 3 shows the prevalence of injuries and the response proportions to the part 1 questions for
255  each week. There was a decline in the injury prevalence and the response proportions during the
256  season.

257

258  [Please place Figure 3 near here]

259
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Comparison of injuries and injury consequence score

During the last seven weeks of the study, we obtained a total of 67 registrations of injury
occurrences out of 271 observations by the SPEx and comparison methods. The two methods
agreed upon 21 injury registrations (32%) and 106 non-injury registrations (53%) (Table 2).
Twenty-two injury registrations (33%) were captured by SPEx only, 24 injury registrations (36%)
by the comparison method only (Table 2). The overall agreement, after we imputed missing values
in SPEx, was estimated to 83.39%, the kappa value was estimated to 39.5 (95% CI 25.1 to 54.0)
and the PABAK value was estimated to 66.8 (95% CI 58.0 to 75.6). The indices of prevalence and
bias were estimated to -0.67 and 0.00, respectively.

SPEx had 43 (16%) missing answers, of these, 1 missing value was imputed as an injury. In the

comparison method 165 (61%) responded to the phone calls (Table 2).

[Please place Table 2 near here]

All 22 injuries not recorded by the comparison method were due to missing responses to the phone
calls. A total of 24 injuries were not recorded by SPEx. Of these, 9 were due to non-response to the
SMS messages. Among the remaining 15 injuries, only one was classified as substantial. Nine
injuries not identified in the present comparison week had already been identified by SPEx in
previous weeks. SPEx identified the two substantial injuries, and two minor injuries the week
before the comparison week. Further details of the 15 injuries not captured by SPEx are listed in

Table 3.

[Please place Table 3 near here]
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The mean injury consequence score reported by SPEx was 70.6 (95% CI 52.2 to 89.0) and by the
comparison method it was 70.4 (95% CI 53.2 to 87.7) There was no evidence of a systematic
difference in injury consequence scores between the two methods (-0.2; 95% CI -3.7 to 3.3), and

the limits of agreement between SPEx and the comparison method were -14.8 and 14.4.

DISCUSSION

In this study, we aimed to explore the feasibility of the SPEx sports injury surveillance system, and
its ability to capture injury reports not leading to time-loss or medical attention. The SPEx system
was able to monitor a large cohort of athletes over the course of a 31-week season. Feasibility of
this approach was demonstrated by the large proportion of responding players and short time of
response to SMS messaging, telephone interviews, and attendance at physical exams. After
correcting for the effects of prevalence and bias, comparisons of injury and injury consequence
scores measured by the SPEx system and the modified OSTRC Overuse Injury Questionnaire
approach using telephone interview demonstrated substantial levels of agreement. The difference
found between kappa and PABAK coefficients was due to the large differences found in the
prevalence of positive and negative determinations of injuries, which makes it impossible to get
high Kappa values, thus a Kappa value should always be considered together with the prevalence of
the cases studied (Byrt el al 1993).

There are several factors that need to be considered when interpreting the results. In our study,
injured players had to answer seven SMS messages compared with one or three to four SMS
messages in previous studies, who have reported similar response proportions (9, 10, 20, 21). The
response proportion to the four extra questions for injured players ranged between 96-100%,

indicating that the additional questions did not negatively impact the proportion of SMS responses.
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The response proportion and the number of reported injuries decreased during the season. A similar
decline has been reported by Ekegren et al. (2014), who only used one SMS question and this may
be an indicator of response fatigue resulting from the duration of monitoring, irrespective of the
number of SMS questions. This decline was not observed in a large cohort of children during 2.5
years of weekly messaging, irrespective if the children were sport active or not, but in this study, it
was the parents who responded to the SMS messages and not the children (22). In the present study,
96% of new injuries were classified by telephone interviews, and 84% of these injuries were
classified within one day of initial reporting via SMS. This demonstrates the SPEx telephone
interviews to be acceptable to players and feasible when applied in a large cohort. This makes it
possible for the research or medical personnel to respond rapidly to injury reports from players, and
thereby minimizing the risk for recall bias, and facilitating referral to medical physical examination
when needed. To our knowledge, no other large-scale studies in adolescent team sports have
validated injury self-reports with physical examinations by medical personnel, which represents an
advantage compared to the original OSTRC Overuse Injury Questionnaire. Despite the moderate
proportion of injuries evaluated by physiotherapists, our study demonstrates that it is feasible.
However, our study suggests that this procedure can be improved by having two part-time
physiotherapists connected to each club, so that the procedure is less vulnerable for illness or
absence for other reasons. One of the main challenges of this part of the SPEx system was that the
injured players were already examined by the club’s physiotherapists or at hospital, and therefore,
some of these players were not willing to undergo additional physical examination. We tried to
collect these data from the local hospitals, but this was a time-consuming process, and efforts
should be made to avoid this procedure as a part of the SPEx system in future studies.

In this study, it was not possible to provide a real-world evaluation of the financial costs of the

SPEx-system, and future studies should evaluate this aspect of the feasibility of the SPEx system.
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However, the SMS messaging and telephone interview part can be completed for minimum
expenses, and these parts alone provides more detailed injury information than what is obtained by
for instance the OSTRC Overuse Injury Questionnaire.

We modified the OSTRC Overuse Injury Questionnaire for use in the SPEx injury surveillance
system by recording all injuries, and not solely in predefined anatomical areas. Additionally,
feedback from players in our previous study indicated a further need for modification (11). As a
result, we modified the questionnaire to clarify situations in which players were unable to
participate in training or match play for reasons other than injury. We also added the additional
response option “cannot participate at all”, to the question: “To what extent have you experienced
pain related to your sport during the last week? ” (Figure 1, question 7). This change clarifies
situations in which players whose participation is limited for reasons other than pain (e.g.,
concussion). Based on our results, we argue that these modifications should be considered when
using the original OSTRC Overuse Injury Questionnaire. However, the most important difference
between SPEx and the OSTRC Overuse Injury Questionnaire is that only injured players receive the
4 modified OSTRC Overuse questions, and as such the questions are only used as a method for
recording consequences of injuries beyond time lost form sport. While we felt this to be a
necessary modification due to limit response fatigue it is possible that this change restricted the
reporting of some injuries when compared to if all players had received all questions. The OSTRC
Overuse Injury Questionnaire is a valid measure of overuse injuries in athletes and an informative
comparator for new approaches, but still, there is currently no criterion for measuring all sport-
related injuries and illnesses irrespective of time lost from sport and medical attention. We,
therefore, included the minor modifications to the OSTRC questions in our comparison method to
avoid the duplication of questions for each body region. Additionally, to prevent response fatigue or

misunderstandings to the SMS messages in SPEx, we chose to implement the OSTRC Overuse

15
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Injury Questionnaire by telephone rather than e-mail as originally described (7). Therefore, it
should be emphasized that our results may not represent a direct comparison between the SPEx and
the OSTRC Overuse Injury Questionnaire. Nevertheless, we argue that the use of structured
telephone interviews is likely to yield better information than self-reported responses submitted by
email, and this may have improved the validity of our modified OSTRC questionnaire outcomes.
Sixty-one percent of participants responded to the phone calls, and this is similar to responses
reported in senior handball (63%) using the original OSTRC Overuse Injury Questionnaire (23). In
contrast, the mean proportion of response to part 1 SPEx messages was 92%, demonstrating that
SMS messaging may be preferable to other modes of communication such as email or telephone.
Importantly, if missing values were dropped from the analysis, the modified OSTRC telephone
interviews captured 15 (43%) more injuries when compared to SPEx. However, this is unlikely to
be an accurate reflection of the false negative rate (Table 3). SPEx had already captured 6 of 15
injuries in prior weeks (ID 1, ID 3,ID 4, ID 5, ID 6, ID 7). Furthermore, 14 of 15 injuries missed
by the SPEx method were classified as minor. Six of 15 players only reported mild pain in question
4 in the comparison method and did not consider this to be a physical problem. Consequently, the
false negative responses did not represent substantial injuries.

These results should be considered in light of the study’s strengths and limitations. This study is the
first to record all injury occurrences, irrespective of time loss or medical attention, and to include
player measures of injury consequences assessed using a system comprising SMS messaging,
telephone interview and medical examination in a large cohort of elite athletes with weekly
reporting over an entire 3 1-week season. It is also the first study to evaluate two self-reports
methods that uses the same expanded injury definition irrespective of the need of medical attention

or time-loss from sport.
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Limitations include the relatively short comparison period for the comparison analyses (seven
weeks). The choice of period was based on our sample size calculation. This was based on our a
priori thoughts of estimating the sensitivity of SPEx. However, to estimate the sensitivity requires
that the reference method is guaranteed to have higher validity than the method we seek to validate.
This was not the case in this study. Instead we have examined the agreements between the
approaches, and it would have been informative to compare response proportions and injury
occurrence over a longer duration. The comparison between the two methods was made at the end
of'a 31-week study period, where the lowest response and injury rates in SPEx were found
(Figure2). It is possible that the results would have been different if we had done the comparison at
the beginning of the study with higher response proportions. We imputed missing values in SPEx
differently than in the comparison method, where all missing values were imputed as zero injuries.
However, only one missing value was imputed as injury using that approach, and therefore it is
unlikely that this has influenced the results.

Only 54% of eligible players were enrolled in the study, which limits the external validity of our
results. It is likely, that many did not respond to our invitation because this study also included a
testing procedure, which required one training session from each team. Furthermore, 11 teams were
excluded as it was impossible to find the time for testing. Importantly, we had only 7 players who
were excluded from follow-up and only 5% of all players were censored which emphasize the
feasibility of the SPEx system.

Finally, the study sample comprised elite adolescent athletes, and these results may not generalize

to other populations.

PERSPECTIVES

The accurate measurement of sport exposure time and injury occurrence is key to effective injury

prevention and management (6). To achieve sustainable access to data, injury surveillance systems
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must be convenient for the responders/players, and still provide valid information. We have, in this
and in our previous study (11), demonstrated the SPEx system to be a feasible and valid option for
researchers, coaches, teams, and others working with injury surveillance. This information is likely
to provide medical and research staff with clinically relevant injury information, as well as the
opportunity to monitor the training and match load, which is important to understand the causes and
prevention of injury in sport (24). Future studies should evaluate the external validity of SPEx

system in different cohorts of athletes.
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TABLES AND FIGURES

Table 1. Demographics of study population

Sub sample for comparison All
(n=271) (n=679)

Sex

Boys n (%) 152 (56) 372 (55)

Girls n (%) 119 (44) 307 (45)
Age Group

Ul6 n (%) 83 (31) 240 (35)

Ul8 n (%) 188 (69) 439 (65)
Mean Age (sd)
Player position

Back players n (%) 123 (45) 306 (45)

Wing players n (%) 63 (23) 170 (25)

Line players n (%) 47(17) 106 (16)

Goal keepers n (%) 38 (14) 97 (14)
Mean years handball experience (sd) 9.07 (2.87)** 9.29 (3.94)*
Mean hours weekly handball training (sd) 5.37 (1.41)**** 5.38 (1.37)***

* Missing data from 17 players ** Missing data from 5 players *** missing data from 7 players
*H%* missing data from 4 players.



Table 2. Injury registrations by SPEx and OSTRC telephone interviews.

Comparison Method (Modified OSTRC approach)

SPEx No injury Injury Unknown injury status due
to missing responsens

No injury 106 15 64

Injury 0 21 22

Unknown injury status 14 9 20

due to missing responses
Total 120 45 106

Total
185
43
43

271




Table 3. Detailed description of injury registrations not captured by SPEx compared to OSTRC (phone) when
all missing answers from both methods are dropped.

ID Previously OSTRC OSTRC OSTRC OSTRC OSTRC Reason for not
registered by Q1 Q2 Q3 Q4 score registered by SPEx
SPEx
1 Yes. The week 3 2 2 3 46
before
2 No 1 1 1 2 8 Did not consider this as
any physical problem
3 Yes. The week 2 1 2 3 31
before
4 Yes. The week 2 1 1 1 8
before
5 Yes, 3 weeks 2 1 2 2 22
before
6 Yes, the week 4 5 3 2 71 This week the players
before also had the flu and
registered that instead
7 Yes, 10 weeks 1 1 2 3 23
before
8 No 1 1 1 2 8 Did not consider this as
any injury/problem
no 2 1 1 2 16
10 no 1 1 1 2 8 Only a bit sore during
warm up
11 no 1 1 1 2 8 Did not consider this as
any injury/problem
12 no 1 1 2 2 14
13 no 2 1 1 3 31
14 no 2 1 1 3 25
15 no 1 1 1 2 8 Bruises




PART 1

Question 1

Y

Question 2

Y

Question 3

Training exposure
State in numbers, how many hours you have participated in handball training during the past
week?

Match exposure
State in numbers, how many minutes you have participated in handball matches
during the past week?

Injury or illness

Have you been able to participate in handball training and match WITHOUT any physical
problems (pain/complaints, soreness, stiffness) or medical contact or illness?

R1 Yes

R2 No, due to a NEW physical problem

R3 No, due to the SAME physical problem as last week

R4 No, due to illness

RS Have not participated due to other reasons

RI,
> Ras St

R2-3 PART 2

Question 4

Question 5

N

Question 6

Question 7

Participation in normal training and competetion

Have you had any difficulties particpating in normal training and competition due to physical
problems during the past week?

R1 Full participation without physical problems R3 Reduced participation due to physical problems
R2 Full participation but with physical problems R4 Cannot participate due to physical problems

Reduced training volume
To what extent have you reduced your training volume due to physical problems during the past
week?

R1 No reduction R4 To a major extent

R2 To a minor extent RS Cannot participate at all

R3 To a moderate extent

Reduced performance

To what extent have physical problems affected your performance during the past week?

R1 No effect R4 To a major extent
R2 To a minor extent RS Cannot particpate at all
R3 To a moderate extent

Pain
To what extent have you experienced pain related to your sport during the past week?

R1 No pain R4 Severe pain
R2 Mild pain RS Cannot particpatipate at all*
R3 Moderate pain

Figure 1. The SMS messaging part of the SPEx injury surveillance system. *extra added response possibility compared
to the original OSTRC overuse injury questionnaire.



Potential teams meeting sampling criteria and
assessed for eligibility
(n=199)

v

Study population
(Teams = 52, players = 686)

v

Participants available for feasibility analysis
(n=679)

l

Participants selected for comparison analysis
(n=271)

Figure 2. Study flow diagram.

v

Excluded teams (n = 47)

1. Ineligible
+ Not meeting inclusion criteria (n=1)

2. Eligible but not included
+ Declined to participate (n=46)

Participants lost to follow up (n=7)

1. Excluded from analysis
+ Not responding to SMS messages (n=7)
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Figure 3. Response proportion to part I SMS injury questions in the SMS, Phone, and Physical Examination (SPEx)
system (Figurel), and the prevalence of injuries reported by players via SPEx each week during one adolescent

handball season.



