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Abstract: 

Purpose (1) Examine the influence of extra physical education (EPE) on the number of 

musculoskeletal injuries in public schools accounting for organized sports participation 

(OSP) outside school. (2) Examine the major injury subgroup: growth-related overuse (GRO) 

through the overuse-related injury group. 

Methods A longitudinal school-based natural experiment. In total 1216 children participated 

aged 6.2-12.4 years. Six schools (701 children) with EPE and four control schools (515 

children) were followed with weekly-automated mobile phone text messages for information 

on musculoskeletal problems and OSP. Healthcare personnel diagnosed the children. Data 

were analyzed using a two-part model; zero-inflated negative binomial regression. 

Results School-type had no influence on odds of sustaining an injury but increased the 

probability of sustaining a higher injury count if the child belonged to the group of children 

with injuries; total injuries and overuse by a factor 1.29 (SD 1.13), GRO 1.38 (SD 1.17). 

Weekly mean OSP decreased odds of belonging to the group with no injuries by a factor 0.29 

(SD 0.28), 0.26 (SD 0.25) and 0.17 (SD 0.16) – total, overuse and GRO respectively. OSP 

also increased the probability of sustaining a higher injury count for the children with injuries 

by a factor 1.11 (SD 1.12), 1.10 (SD 1.11), and 1.14 (SD 1.14). 

Conclusions Children enrolled in EPE-schools with high OSP have the highest odds of injury 

and a high probability of sustaining a higher injury count compared to their peers at schools 

with normal PE. Special attention should be assigned these children during the compulsory 

PE. 

Keywords: 
Children’s injuries 
Children and exercise 
Children and adolescents 
School intervention 
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INTRODUCTION 

Paragraph 1: Health related benefits of regular engagement in physical activity (PA) in the 

population are widely known and include decreased risk of cardiovascular disease, obesity, 

diabetes mellitus type II, and osteoporosis. Physical education (PE) in school is an important 

arena for PA, because it is compulsory in most countries and therefore includes the least 

active children (17). In Denmark, the number of schools with increased amount of PE, 

referred to as “sport schools”, is increasing. In May 2011, 38 sport schools (2.8%) existed 

spread across 18 municipalities in Denmark. The total number of students in those schools 

were 10,315, an increase of 24% compared to May 2010 (34). There are roughly two 

different types of sport schools. One type of sport schools have general sports classes from 

preschool to 6th grade, with broad and all-round PE and the goal of increasing the overall 

fitness and health, both in the short and long term (21 schools). The second type of sport 

schools have sports classes from 7th to 9th grade with more specific PE to support talents in 

specific sports in their development (21 schools). From the total 38 schools, some have both 

types. Six schools are located in the municipality of Svendborg (May 2011). Although this 

setting is specific to Denmark, the applicability of an increased amount of PE in a school 

setting would be possible in most countries.  

Paragraph 2: A major drawback of enlarged engagement in sports and PA is the increased 

risk of sport related injuries, both during PE-classes in school but also during participation in 

organized sport and PA in leisure time (37). It has been speculated that an increasing number 

of children undertake intensive physical training at younger ages or participate in multiple 

sports, increasing the overall exposure. In some cases leaving too little time for tissue 

remodeling and growth, leading to increased risk of acute and overuse injuries (1, 14). A 

polarization in sport activity between children in Denmark is seen in the period 1997 to 2007 
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with a decline in children participating in sport (89% to 84%) and an increase in children 

spending at least 4 hours per week on sport (44% to 53%) (31).   

Paragraph 3: Overuse injuries have been reported to account for up to 50% of all injuries in 

children and adolescents (11, 39). Growth-related overuse (GRO) injuries are a major 

subgroup of injuries in the growing individual (20, 27). Osgood-Schlatter’s disease, Sinding-

Larsen Johansson’s disease and Sever’s disease are examples of typical GRO-injuries, to the 

apophyseal centre of ossification, at the point of attachment of a major musculotendinous unit 

to bone, also called traction apophysitis (26, 33). Traction apophysitis usually occurs during 

periods of rapid growth, when the growing and ossification of cartilage occurs at locations 

involved in considerable and repetitive tension forces from pulling muscles (27, 29). Overuse 

injuries in children and adolescents may be the result of training error, excessive training with 

increased intensity and inadequate rest, the growth process combined with repetitive training, 

improper technique, muscular imbalance, participation in multiple sports or early 

specialization (5, 14, 27). 

Paragraph 4: Sport related injuries have negative short- and long-term effects. On the short 

term, injuries lead to pain, disability, decreased socialization, and participation in sports. 

Injuries related to joints e.g. cartilage, ligaments, and joint capsules increase the risk for 

development of secondary osteoarthritis, permanent loss of function, absence from work later 

in life, and significant health-care cost (21, 35).  

Paragraph 5: Increasing the amount of PE-lessons in public schools has several important 

potential health-related benefits. However, increasing the amount of PE-lessons in public 

schools may have ethical considerations. The overall outcome of interest is improved health, 

therefore the drawbacks must be minor and exceeded by improved health for the continuation 

and expanding of public schools with extra PE-lessons. In this setting, the injuries are the 

obvious concern. If increased amount of PE-lessons shows increased risk of injuries, then the 
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severity and extent have to be evaluated to ensure the ethical concerns of the concept.  

 

AIMS 

Paragraph 6: To investigate the influence of extra PE in public schools on the number of 

injuries, adjusted for participation in organized sport to account for the total organized 

exposure, for each child. Further to investigate the major injury subgroup: growth-related 

overuse injuries through the injury group of overuse-related injuries.  

 

MATERIALS AND METHODS 

Study population 

Paragraph 7: Ten public schools in the municipality of Svendborg, Denmark, were 

investigated. Six schools had extra PE (EPE) with 270 min/week and four schools had the 

normal amount of 90 min/week. Schools with EPE were planned by the municipality, in 

cooperation with the schools, and were matched with four schools with normal physical 

education (NPE) based on size and geography - hence a natural experiment (10). This study 

was a sub-study of “The Childhood Health, Activity, and Motor Performance School Study 

Denmark” (The CHAMPS-study DK) (40).  The children were followed for 2 years. In 

August 2009, 1216 children participated (NPE: 515, EPE: 701). The project was continuously 

open for new participants.  

 

PE-lessons on EPE-schools 

Paragraph 8: To insure optimal quality of the PE-lessons, PE-teachers and pedagogues 

participated in a 40-hour course in “Age-related concepts of training” by Team Denmark, 

which was held to ensure targeted and responsible training for the growing individual (32). 

Furthermore, a handbook was provided with inspiration for the content of PE lessons with 
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practical suggestions and exercises (3).  

 

Short Messaging Service (SMS) 

Paragraph 9:  Injuries and organized sports participation (OSP) were derived from a weekly 

“SMS-Questionnaire” (SMS-track, New Agenda Solutions version 2.1) (28). The method 

functions as a “follow up” procedure and is used to investigate the fluctuations in complaints 

from the musculoskeletal system and sports participation over time. Parent reports were used 

as proxy for the children’s response and considered appropriate in this cohort, as self-report 

questionnaire in young children has shown to be unreliable (4). Previous studies have shown 

SMS-track to be more reliable and cheaper compared to repeated paper-based surveys with 

recall over longer periods of time (19). A Swedish study has found the SMS-track system 

among low back patients aged 16 to 69 years in the primary care sector as user friendly with 

high response rates (82.5%) unaffected by season (2). 

Paragraph 10: The questions used in the present study were automatically sent to the 

parent’s mobile phone at the end of each week asking two questions on different SMS’es:  

Question 1: “Has (the child’s name) during the last week had any pain?” with answer 

possibilities of 1: neck, back or low back, 2: shoulder, arm or hand, 3: hip, leg or foot or 4: no 

my child has not had any pain.  

Question 2: “How many times did (the child’s name) engage in sports during the last week?” 

With answer possibilities of 0: none, 1: once, 2: twice…. 8: more than seven times. 

The returned answers were automatically recorded in a database distributed by SMS-track, 

New Agenda Solutions (28). To improve compliance rate, a reminder was automatically sent, 

if participants had not responded within 72 and 120 hours after receiving the first message.  

Furthermore, the respondents were contacted by phone if the answer did not meet the 

instructions.  
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Paragraph 11: The answer rate for SMS-track question 1 was 92.19% (5.75% missing 

answers, 1.63% technical errors, 0.36% invalid answers and 0.07% empty answers). For 

SMS-track question 2 the answer rate was 92.10% (5.52% missing due to unanswered 

question 1, 1.58% technical error, 0.53% missing answers, 0.22% invalid answers and 0.05% 

empty answers).  

 

Data on injuries 

Paragraph 12: Data on injuries as the number of ICD-10 diagnoses (International 

Classification of Diseases, WHO) were collected based on “SMS-track”. Parents of children 

reporting any pain in the past week were contacted by phone by researchers with healthcare 

education (physiotherapists or chiropractors). The child was examined if an injury was 

possible. Occasionally the child had already been, or was to be, examined by other healthcare 

units and the information was then collected (e.g. Emergency Departments, specialists or 

Hospitals). The injury definition in this study was any ICD-10 diagnosis related to the 

musculoskeletal system.  

The term “GRO-injuries” is used for the group of non-traumatic injuries observed in the 

growing individual related to the growth zones in the extremities. The International 

Classification, WHO defines this injury group “chondropaties” comprising the ICD-10 

groups M91-M94 (41). From those, the injuries around the knee and heel show similar 

etiology with traction-apophysitis of the calcaneus, patella, and tuberositas tibiae. 

  

Data on organized sports paticipation 

Paragraph 13: Organized sports participation (OSP) in leisure time was collected through 

SMS-track. The analyses were corrected for OSP in leisure time, since participation was 

expected to play a significant role in the exposure of possible injuries.  
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Ethics 

Paragraph 14: The study was carried out in accordance with the Declaration of Helsinki and 

was approved by the local scientific ethics committee (ID S20080047) and registered in the 

Danish Data Protection Agency (J.nr. 2008-41-2240). Parents of the children gave written 

informed consent and the children gave verbal consent.  

 

Outcome measures 

Paragraph 15: In this study the total number of experienced injuries for each child was of 

interest. Diagnoses made by the research team with healthcare background and from other 

healthcare units were summarized for each child and further divided into subgroups with 

counts of overuse and GRO-injuries. GRO consisted of Calcaneal apophysitis, Osgood-

Schlatter, and Sinding-Larsen-Johansson disease (ICD-10 M92.8, M92.5 & M92.4). 

 

Statistical analysis 

Paragraph 16: A total of 1305 children participated in the study of which 1206 were 

included at baseline, August 2009, and 99 were included by drop-in. Forty-one children did 

not participate in SMS-track, 33 had only missing answers and 3 children had only invalid 

answers. A minimum participation of 60% answers, of the possible 87 weekly answers on 

OSP, was used as inclusion in analyses leading to exclusion of 166 children (NPE=66, 

EPE=100 corresponding to 13% and 14% of all children at NPE- and EPE-schools 

respectively).  

Analyses were performed for the outcomes: total injury count, overuse-related injury count, 

and GRO-injury count with school-type as primary explanatory variable and OSP, sex, and 

grade level at baseline as co-variables. OSP was used as mean sports participation per week 
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for each child. The number of injuries was heavily skewed to the right and contained a high 

proportion (40.3%, 50.5% and 69%) of zero counts. Initially, a graphical visualization was 

performed investigating how well the outcomes fitted both a Poisson and a negative binomial 

distribution. Overall, the negative binomial distribution seemed to fit data better than the 

Poison distribution. Also, Poisson models were not considered appropriate since the mean 

and variance were not equal, but differed with a factor 1.3 to 1.9. The data structure was 

hierarchical with three levels with children nested within classes nested within schools. 

Initially, a three-level Poisson regression model for each of the three outcome measures 

(number of injuries) was fitted with school, classes within school, and children within classes 

as random effects. The baseline grade level was included as a fixed effect at class level and 

school-type (EPE, NPE) was included as a fixed effect at school level. The models had a poor 

fit due to the high proportion of zero counts and unequal mean and variance in data. 

Lachenbruch suggests a two-part model (zero-inflated model) for semi-continuous data 

mixing a discrete point mass at zero (injury count equals zero) and a continuous random 

variable (1-10 injuries) when the data shows clumping at zero (23). Count outcomes such as 

number of injuries are often characterized by a large proportion of zeros. Zero-inflated 

models (as the zero-inflated negative binomial model) are specifically developed for analysis 

of count outcomes with excess zeros in order to get better insights into the investigation of 

the factors associated with the outcome. Alternatives to this modelling approach include a 

logistic regression of injuries categories as a binary variable (injury: yes, no) with loss of 

information regarding the number of injuries for students with more than one injury. The 

zero-inflated models can examine the effect of the explanatory variables and covariates in a 

model, simultaneously modelling the risk of getting an injury and the number of injuries. A 

zero-inflated negative binomial model was fit to the data (ZINB). The multi-level data 

structure was accounted for by using a robust variance estimator. Data were analyzed using 
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STATA® (version 11.1) and a 5% significance level. Backward elimination of non-

significant co-variables was performed. However, these models were compared with 

alternative models since backward elimination is problematic in zero-inflated models 

favoring the inflate-part over the negative binomial-part. Model choice was based on plots 

visualizing differences between observed and predicted values, choosing the model with the 

best model fit supported with the Voung test (24, 38). Two interactions were found in the 

analyses of GRO-injuries, one between sport mean and grade level in the inflate part of the 

model giving a more complicated model without improved model fit or interpretation. 

Another interaction was found between sport mean and sex in the negative binomial part of 

the model leading to a decrease in model fit without notably added information. 

 

Results 

Paragraph 17: Table 1 and figure 1 summarize the analyzed study population. In total 1062 

children had 1416 injuries, including 1005 overuse-related injuries of which 454 were GRO-

injuries. Participation in organized sport (figure 2) was surprisingly low at EPE schools 

underlining the importance of adjusting the statistical models for this effect when 

investigating school-type differences in injuries. Coefficients for the final ZINB models are 

shown in table 2, separated into the logistic and the negative binomial part of the model.  

 

Total injuries and overuse-related injuries 

Paragraph 18: School-type had no effect on the odds of getting injured or not (logistic part 

of the models). For each additional OSP per week the odds of belonging to the group of 

children with no injuries decreased by a factor 0.29 and 0.26 respectively holding all other 

variables constant (total; 0.29 (SD 0.28), overuse; 0.26 (SD 0.25)). 
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Looking at the group of injured children (the negative binomial part of the models) EPE 

school-type increased equally the probability of sustaining a higher number of injuries 

compared to their peers at NPE-schools by a factor 1.29 (SD 1.13). OSP increased the 

expected injury count almost equally (total; 1.11 (SD 1.12), overuse; 1.10 (SD 1.11)). Girls 

had a higher injury count than boys, especially for overuse injuries (total; 1.10 (SD 1.10), 

overuse; 1.23 (SD 1.11)). 

 

Growth-related overuse injuries as subgroup 

Paragraph 19: School-type had no effect on the odds of getting a GRO-injury or not (logistic 

part of the model). Again, for each additional OSP per week the odds of belonging to the 

group of children with no GRO-injury decreased by a factor 0.17 (SD 0.16) holding all other 

variables constant. Looking at the group of children with GRO-injuries (the negative 

binomial part of the model) EPE school-type increased the probability of sustaining a higher 

number of GRO-injuries by a factor 1.38 compared to their peers at NPE-schools (SD 1.17). 

OSP was borderline significant (P=0.051); however, OSP increased the expected injury count 

almost equally compared to the count models for the total injuries and overuse injuries 

(GRO-injuries; 1.14 (SD 1.14)). No effect of sex was found. 

The difference in accumulated probability of experiencing one or more injuries as weekly 

OSP varies is shown in figure 3. A higher mean OSP resulted in a higher probability of 

injuries. The school-type difference is most pronounced for GRO-injuries as weekly OSP 

increases. 

Paragraph 20: Six diagnoses in the category of “ICD-10 Chondropathies” were not analyzed 

together with the GRO-injuries, which only counted apophysitis at the heel and knee. The six 

injuries consisted of three children with M93.9 "Osteochondropathy, unspecified", two had 

osteochondrosis related to the upper extremities (M92.0 & M92.2), and one had juvenile 
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osteochondrosis of pelvis (M91.0, iliac crest). All six additional osteochondroses were self-

limiting.  

 

Discussion 

Paragraph 21: Our data and analyses identified 59.7% children with injuries during the 2-

year period. The proportion of children with overuse-related injuries was consistent with 

earlier estimations of overuse-related injuries, estimated to account for approximately 50% of 

all pediatric injuries (36). GRO-injuries to the heel and knee were identified to be the largest 

sub-group of all injuries with a similar etiology (32% of all injuries). Although not serious 

compared to fractures, sprains, and more severe GRO-injuries, any injury is considered 

important in a health perspective and in the prevention of lifestyle related diseases through 

education in an active lifestyle (7, 8, 12, 15, 16, 25). Also severe injuries as a group have a 

more non-uniform etiology and prevention compared to e.g. the analyzed GRO-injuries. 

Evaluation of the increased amount of PE-lessons in schools may include advises on further 

education of PE-teachers, e.g. knowledge about the very common GRO-injuries. 

Paragraph 22: Especially sports involving a high rate of physical contact, jumping, sprinting, 

and pivoting have been shown to cause injuries in children and adolescents (6, 13). LaBella et 

al. found that a 20-min. neuromuscular warm-up program reduced noncontact lower 

extremity injuries in female high school soccer and basketball athletes (22). Collard et al. 

investigated an 8-month school-based injury prevention program among children aged 10-12 

years with no overall significant findings. However the low active children showed an 

intervention effect (9). In general comprehensive warm-up with neuromuscular control, 

balance, flexibility, strength, technique, and agility drills fitted to the following activity have 

shown preventive effect in various combinations (18, 30, 36).  
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Paragraph 23: Alternatives to ordinary exercises may be a way to prevent injuries provoked 

in the mandatory PE-lessons. Differential activities will allow children with present overuse 

pain on high intensive or prolonged activities to participate in the PE-lessons. 

With the believed etiology and general injury prevention in mind, alternative activities with 

emphasis on technique, coordination, and precision, without repetitive tensile forces through 

the major muscle-groups over knee and heel, would be a reasonable suggestion. 

Paragraph 24: Our results identified the active children at schools with EPE to have the 

highest probability of a high injury count. It is important to be aware of the overall exposure. 

Children are exposed through 1) PE-lessons at schools, 2) organized sports participation and 

3) non-organized physical activity including activities in school breaks and leisure time. This 

means that active children who engage in multiple sports or are training at high level outside 

school are exposed to an even higher training load than usual and, maybe more important, 

have less time between activities to recover. Special attention should be placed on these 

children during the compulsory PE.  

Paragraph 25: An advantage of the present intervention is that it is easily implementable 

outside the reseach environment, increasing the transmissibility to everyday life. A possible 

bias in this study is over-reporting of pain during the weekly SMS questionnaire leading to 

over-diagnosis of injuries. However the chiropractors and physiotherapists were aware of this 

issue and each ICD-10 diagnosis were made based on the presence of relevant clinical 

findings only. We assume equal report behavior on injuries between the school-types based 

on the very high answer rate of the weekly SMS-track (10.01% missing on NPE-schools, 

6.17% missing on EPE-schools) and an overall mean of 80.7 answer weeks out of 87 

possible.  
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Strengths and limitations 

Paragraph 26: A major strength in this study is the repeated measurement of injuries and 

organized sports participation. Other strengths are the professional evaluation of injuries and 

the high participation and response rates. Limitations are missing information on 

participation rate in PE-lessons and non-organized leisure time activity. Measurements of PA 

by accelerometry may increase the information about overall exposure. 

 

Conclusions  

Paragraph 27: Sixty percent of all children experienced one or more musculoskeletal 

injuries. GRO-injuries to the knee and heel accounted for 32% of all injuries and were 

identified as the largest subgroup of injuries with a similar etiology. Children enrolled in 

schools with EPE and a high OSP have the highest odds of injury and a high probability of 

sustaining a higher injury count compared to their peers at schools with the normal amount of 

PE. Special emphasis should be placed on these children during the compulsory PE in 

schools. 
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What are the new findings? 

• Children enrolled in schools with extra PE and a simultaneous high organized sports 
participation have the highest odds of injury and a high probability of sustaining a 
higher injury count compared to their peers at schools with the normal amount of PE. 

• Special attention should be placed on these children during the compulsory PE.  
• Growth-related overuse injuries is a major subgroup of injuries with a similar etiology 

in young school-aged children. 
 

 

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

• Modification of extra physical education in public schools. 
• Increased injury preventive awareness towards children with a high organized sports 

participating, inside and outside school. 
• The present study gives updated knowledge of growth-related overuse injuries among 

young school-aged children. 
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Paragraph 32:  

Figure captions: 

Figure 1 Injuries divided into subgroups: schools with extra PE (normal PE) 

 

Figure 2 Weekly leisure time sports mean participation by school-type, presented over grade 

level at baseline. The children were followed for two years. Grade level is given as grade 

level at baseline August 2009. 

 

http://www.teamdanmark.dk/Fokusomrader/Elitekommuner/Artikler/Ydelser-Idraetsskoler.aspx
http://www.teamdanmark.dk/Fokusomrader/Elitekommuner/Artikler/Ydelser-Idraetsskoler.aspx
http://www.who.int/classifications/icd/en/


Christiansen et al.  Page 19 of 25 

Figure 3 Probabilities of experience injuries as weekly OSP varies from 0 to 5. The 

probabilities are the cumulated probabilities of experiencing one or more injuries and 

correspond to the negative binomial part of the zero-inflated negative binomial regression 

model. The vertical dashed line marks the overall mean participation in organized sports. 
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