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Background. Injury risk is high in Physical Education Teacher Education (PETE) students. Insights into specific injury locations
per sex, setting, sports, and curriculum year are needed to develop preventive measures. Purpose. To compare injury distributions
by body locations in PETE students and how these distributions differ by sex, type, onset, curriculum year, settings, or sports.
Methods. In a historical cohort study over 14 years, data from 2899 students (male 76.2%, n = 1947) enlisted in the first three years
of a PETE curriculum were analysed. Injuries reported at the institution’s medical facility were categorised per sex, body location,
onset, type, setting, sports, and curriculum year. Results. Forty-three percent (n = 1247) of all students (female 54.9%, n = 523, male
37.2%, and n = 429) reported a total of 2129 injuries (freshmen 56.4%; 2™ year 28.2%; 3™ year 15.5%). The most prevalent sudden
onset injury locations (63.4% of all injuries) were the ankle (32.5%) and knee (16.6). The most prevalent gradual onset injuries were
the lower leg (27.8%) and knee (25.2%). Joint/ligament injuries (45.8%) and muscle/tendon injuries (23.4%) were the most
prevalent injury types. Proportions for injury locations and injury types differed significantly between curriculum years. Injury
prevalence per setting and sport differed significantly between the sexes. Injury locations differed significantly between sports and
between the sexes per sport. Conclusion. A differential approach per injury location, onset, type, sex, setting, sports, and
curriculum year is needed to develop adequate preventive measures in PETE studies. The engagement of precurricular,
intracurricular, and extracurricular stakeholders is needed in the development of these measures.
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1. Introduction

Students in education for sports-related professions are sub-
jected to high cumulative sports loads over a prolonged period.
Consequently, they are at high risk of sustaining an injury
during their study period [1-6]. In the short term, sports
injuries negatively impact sports performance [7]. In the long
term, injuries can lead to arthritis, decreased levels of physical
activity and quality of life, and work disability [8-10]. In the
Netherlands, physical education teacher education (PETE)
students participate in more than 250 hours of intracurricular
(i.e., part of the PETE curriculum) sports classes per year
during the first three years of their curriculum. Most PETE
students also participate in extracurricular sports (i.e., leisure
time or competitive sports outside the PETE curriculum) as
well (262 min/wk on average) [2]. Although in a recent study
in Flemish freshman PETE students, a multifactorial pre-
ventive program showed promising results in some injury
categories, the overall effect was nonsignificant [11]. A better
understanding of the relationship between risk groups or
activities and their injuries could help develop targeted injury
prevention measures. Intracurricular sports with high injury
risks are track and field athletics, gymnastics, and team ball
sports [2, 6, 12]. Most extracurricular injuries occur in soccer
[2, 6]. A recent study over the first 3 years of the PETE
curriculum shows that injury risk is highest during the
freshman year and that female students have significantly
higher injury odds for overall and intracurricular injuries [12].
Knowledge of the prevalence of injury locations, types, and
onset, as well as the differences between sexes, curriculum
years, and sports types is needed. Specific risk factors for the
most frequently reported injuries and sports types could then
be investigated in this population. Based on these risk factors
and (sport-specific) injury mechanisms, targeted prevention
strategies can be developed or applied for specific injuries and
sports [13]. Recent studies on injuries in PETE students have
focused on (semesters in) the freshman year only [1, 2,4, 5, 14].
Injury locations and sports types from this period might not
represent the whole curriculum. Therefore, an investigation of
all three curriculum years (the fourth year consists mainly of
internships) is needed to provide full insight into the preva-
lence of injuries in PETE students. Furthermore, studies on
single cohorts with relatively low injury counts cannot dif-
ferentiate injury distributions between subgroups. For this
study, data on the prevalence of sports injuries by body lo-
cations, injury types, onset by sex, curriculum year, setting, and
sports types were analysed over 14 years. The primary question
was “Which body locations and injury characteristics are most
prevalent in sports injuries of male and female PETE students
during the first three years of the PETE curriculum?” The
secondary question was “How do distributions of injury lo-
cations and characteristics during the PETE study differ be-
tween sex, curriculum years, settings, or sports types?”

2. Methods

In a historical cohort study [15], all new injuries reported at
the medical facility of The Hague School for Sports Studies
(HSSS) between August 2000 and June 2014 were analysed.
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Data from injury or student records were used anonymously
with permission from the institution and following Euro-
pean privacy legislation [16].

2.1. Subjects. All students enlisted in physical education
teacher education at the HSSS between August 2000 and
June 2014 were included in this study. Since the fourth year
of the PETE curriculum consists mainly of internships,
fourth-year students were excluded from the analyses.

2.2. Injury Definition and Registration. The definition of
injury for this study was “Any new musculoskeletal com-
plaint related to sports participation for which medical
advice was sought at the medical facility of the HSSS.”
This complies with the medical attention injury definition
for multisports events [17]. At the medical facility of the
HSSS, voluntary free medical consultation was provided
twice a week. Injuries were diagnosed by the same sports
physical therapist and sports physician over the complete
period of 14 years. Advice was given on treatment options
or restrictions regarding sports participation. Students
were obliged to report injuries at this facility to be ex-
cused from (active) participation in sports classes or
exams if necessary. Data from student and injury records
were collected as previously described [12]. In short, from
all new musculoskeletal complaints reported at the
medical facility, injury location, type, onset, sports,
setting, and curriculum year were collected. During the
study period, no specific injury prevention program was
introduced.

2.3. Data Analysis. For each student included in the study,
their age at the start of the curriculum (in years) and sex were
recorded. For students who sustained more than one new
injury, all injuries were used for analysis. All injury data
from the first three curriculum years were recoded to injury
locations, types, mode of onset (sudden or gradual), and
time loss categories as proposed by Fuller et al. [18]. The
reported setting (intracurricular or extracurricular) and
sports activity were categorised. Incomplete injury records
were used only if they could be traced to an individual
student. For these records, missing data were categorised as
unknown.

Demographic data of PETE students were calculated in
mean and standard deviation (sd) for age (in years), as well
as frequencies and percentages for sex. The mean ages were
compared by sex using the independent T-test. For injuries,
frequencies and percentages for time loss (yes, no, unknown)
and duration of symptoms before consultation (<1 week,
1 week-4 weeks, >4 weeks, and unknown) were calculated as
previously described [12] and compared by sex using x>
analyses. Overall and subgroup frequencies and percentages
for injuries were reported with 95% confidence intervals
(95% CI). Proportions were compared for body locations,
injury types and onset (sudden/gradual) by sex, curriculum
year, setting (intracurricular or extracurricular), and sports
using x> analyses or the Fisher-Freeman-Halton exact test.
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For all analyses, a was set at 0.05. Statistical Package for the
Social Sciences (SPSS) version 27 (IBM, Chicago) was used
for all analyses.

3. Results

Over the full study period, 2899 PETE students (male 76.2%
and n = 1947) with a mean age at enlistment of 19.3 years (sd
2.1) were at one time enlisted at the HSSS. Male students
(19.6 and sd 2.2), on average, were almost a year older (0.93,
95% CI 0.79-1.07, and p < 0.05) than female students (18.7
and sd 1.5). Overall, 43.0% (95% CI 41.4%-44.8%) of all
students (n=1247) reported at least one injury (1-7 in-
juries). For female students, this percentage (54.9% and 95%
CI 51.8%-58.1%; n = 523) was significantly higher (p < 0.05)
than for male students (n =724, 37.2% and 95% CI 35.0%—
39.3%). A total number of 2129 injuries (male n=1142,
53.6%) was reported. Overall, 1290 injuries (60.6% and 95%
CI 58.5%-62.7%) were time loss injuries (male »n=701,
61.4% and 95% CI 58.6%—-64.2%; female n =589, 59.7% and
95% CI 56.6%-62.7%). A flow diagram of baseline de-
mographics of included students and registered injuries per
curriculum year can be found in the supplementary file here:
baseline demographics of included students and
amounts of registered injuries per curriculum year.
Percentages for time loss and duration of symp-
toms before the consultation were not significantly
different for female students compared to male
students.

3.1. Injury Locations by Sex and Onset. Table 1 shows injury
prevalence per sex and curriculum year. Comparisons of
main groupings (head/neck, trunk, upper limb, and lower
limb) for injury locations showed that lower limb injuries
(n=1462) comprised 67.0% (95% CI 65.0%-69.0%) and
upper limb injuries (n=434) comprised 20.4% (95% CI
18.7%-22.1%) of all injuries. The distribution of injuries by
main groupings was not significantly different between male
and female students.

The most frequently reported injury locations in male
students were the ankle (1 =264, 23.1% and 95% CI 20.7%—-
25.5%), the knee (1 =220, 19.3%, and 95% CI 17.0%-21.6%),
the shoulder/clavicula (n=130, 11.4% and 95% CI 9.6%-
13.2%), and the lower leg (n =118, 10.3% and 95% CI 8.5%-
12.1%). The back/pelvis/sacrum, the foot/toe, and the thigh
also showed prevalences above 5%.

The most frequently reported injury locations in female
students were the ankle (n =202, 20.5% and 95% CI 18.0%—
23.0%), the knee (n=197, 20.0% and 95% CI 17.5%-
22.5%), the lower leg (n =114, 11.6%, and 95% CI 9.6%—
13.6%), the back/pelvis/sacrum (n =94, 9.5%, and 95% CI
7.7%-11.3%), the shoulder/clavicula (n = 84, 8.5% and 95%
CI 6.8%-10.2%), and the thigh (n=57, 5.8% and 95% CI
4.3%-7.3%) (Table 1). Distributions for these frequencies
were significantly different between male and female
students (p<0.05). For no other injury location, the
prevalence for either male or female students was higher
than 4.7%.

Sudden onset injuries (n=1349, 63.4%, and 95% CI
61.3%-65.4%) were more frequently reported than gradual
onset injuries (n =670, 31.5% and 95% CI 28.8%-34.2%).
Male students (n =753, 65.9% and 95% CI 63.9%-68.0%)
reported a significantly (p =0.01) higher percentage of
sudden onset injuries compared to female students (n =596,
60.4% and 95% CI 58.3%-62.5%). For sudden onset injuries,
the ankle (n=439, 32.5% and 95% CI 30.0%-35.0%), knee
(n=224, 16.6% and 95% CI 14.6%-18.6%), shoulder/clav-
icula (n=131, 9.7% and 95% CI 8.1%-11.3%), and thigh
(n=103, 7.6% and 95% CI 6.2%-9.1%) were the most fre-
quently reported injury locations (Figure 1). For gradual
onset injuries, the lower leg (n=186, 27.8% and 95% CI
24.4%-31.2%), knee (n=169, 25.2% and 95% CI 21.9%-
28.5%), back/pelvis/sacrum (n=74, 11.0% and 95% CI
8.7%-13.4%), and shoulder/clavicula (n =71, 10.6% and 95%
CI 8.3%-12.9%) were most frequently reported. Distribu-
tions per sex for the most common injury locations were for
either onset not significantly different.

3.2. Injury Locations by the Injury Type. Overall, 976 (45.8%
and 95% CI 43.7%-48.0%) injuries were diagnosed as joint
and ligament injuries. Muscle and tendon injuries (n = 498 and
23.4% 95% CI 21.6%-25.2%) and fractures and bone stress
injuries (n=260, 12.1%, and 95% CI 10.8%-13.8%) were
frequently diagnosed as well (supplementary file 2: injury
prevalence per injury location by injury types and sex). No
significant differences in injury types were found between
male and female students. Most ankle injuries (n=411,
88.2%, and 95% CI 85.3%-91.1%) were sprain/ligament
injuries. Knee injuries were more diverse with 143 (34.3%
and 95% CI 29.7%-38.8%) sprain/ligament injuries, 118
(28.3% and 95% CI 24.0%-32.0%) lesions of meniscus or
cartilage (including patellofemoral pain syndrome) and 60
(14.4% and 95% CI 11.0%-17.8%) of the tendon. Shoulder/
clavicula injuries were most commonly diagnosed as
muscle/tendon injuries (1 =287, 40.7% and 95% CI 34.1%-
47.4%), dislocation/subluxations (n =38, 17.8% and 95% CI
12.6%-22.9%) or sprain/ligament injuries (n=31, 14.5%
and 95% CI 9.8%-19.2%). Lower leg injuries were pre-
dominantly (n=169, 72.8% and 95% CI 67.1%-78.6%)
diagnosed as other bone injuries (medial tibial stress
syndrome) and as muscle ruptures/tears/strains/cramps
(n=43, 18.5% and 95% CI 13.5%-23.5%). Most back/pelvis
sacrum injuries were diagnosed as joint/ligament injuries
(n=72, 43.6% and 95% CI 36.1%-51.2%), muscle ruptures/
tears/stains/cramps (n=35, 21.2% and 95% CI 15.0%-
27.4%). For another 45 injuries, the injury type was un-
known (27.3% and 95% CI 20.5%-34.1%). Thigh injuries
were predominantly muscle ruptures/tears/strains/cramps
(n=100, 87.0% and 95% CI 80.8%-93.1%), and foot/toe
injury types were diverse.

3.3. Injury Locations, Onset, and Types by Curriculum Year.
Of all registered injuries, 56.4% were freshman injuries,
28.2% were 2™ year injuries, and 15.5% were 3™ year in-
juries (Figure 1). Distributions per sex were not significantly
different. Comparisons of proportions of injury locations by
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TasBLE 1: Injury prevalence and proportions per injury location per sex and curriculum year for all injuries. Proportions (and 95% confidence
intervals) are calculated as percentage of total injuries per sex per curriculum year. For 37 injuries, the exact injury location was unknown.

Freshmen 2nd year 3rd year Total
Body locations Sex 95% CI 95% CI 95% CI
0 0 0 0 0, 0
n % (%) n % (%) n % (%) n % 95% CI (%)
Male 15 23 1.2-3.4 5 16 0.2-3.0 4 24 0.1-4.7 24 21 1.3-2.9
Head and neck total Female 10 1.9 0.7-3.1 9 32 12-52 6 37 08-6.6 25 25 1.5-3.5

Total 25 21 1.3-2.9 14 23 1.1-3.5 10 3.0 1.2-4.8 49 23 1.7-2.9

Male 129 19.5 16.5-22.5 84 26.7 21.8-31.6 30 182 12.3-24.1 243 21.3 18.9-237
Upper limbs total Female 114 212 17.7-247 51 179 134-224 26 159 10.3-21.5 191 194 16.9-21.9
Total 243 203 18.0-22.6 135 22.5 19.2-258 56 17.0 12.9-21.1 434 204 18.7-22.1

Male 70 10.6 8.3-129 45 143 104-182 15 9.1 4.7-135 130 114 9.6-13.2

Shoulder/clavicula Female 47 87 6.3-111 23 81 49-113 14 85 4.2-128 84 85  6.8-10.2
Total 112 98 81-11.5 68 11.3 8.8-13.8 29 88 57-11.9 214 101 8.8-11.4

Male 1 0.2 0.0-0.5 1 03 0.0-0.9 0 0.0 0.0-0.0 2 0.2 0.0-0.5
Upper arm Female 1 0.2 0.0-0.6 0 0.0 0.0-0.0 1 06 0.0-1.8 2 0.2 0.0-0.5
Total 2 0.2 0.0-0.5 1 02 0.0-0.6 1 03 0.0-0.9 4 02 0.0-0.4
Male 10 1.5 0.6-2.4 5 16 0.2-3.0 3 1.8 0.0-3.8 18 1.6 0.9-2.3
Elbow Female 7 1.3 0.3-2.3 10 35 1.4-5.6 2 1.2 0.0-2.9 19 19 1.0-2.8
Total 17 14 0.7-2.1 15 25 1.3-3.7 5 15 0.2-2.8 37 1.7 1.2-2.2
Male 3 0.5 0.0-1.0 2 06 0.0-1.5 1 06 0.0-1.8 6 05 0.1-0.9
Forearm Female 3 0.6 0.0-1.3 3 11 0.0-2.3 0 0.0 0.0-0.0 6 0.6 0.1-1.1
Total 6 0.5 0.1-0.9 5 038 0.1-1.5 1 03 0.0-0.9 12 06 0.3-0.9
Male 22 33 1.9-4.7 15 4.8 24-7.2 6 36 0.8-6.4 43 3.8 2.7-4.9
Wrist Female 28 5.2 33-7.1 3 11 0.0-2.3 2 1.2 0.0-2.9 33 33 2.2-4.4
Total 50 4.2 3.1-5.3 18 3.0 1.6-4.4 8 24 0.7-4.1 76 3.6 2.8-4.4
Male 23 35 2.1-4.9 16 5.1 2.7-7.5 5 3.0 0.4-5.6 44 39 2.8-5.0
Hand/finger/thumb Female 27 5.0 3.2-6.8 12 4.2 1.9-6.5 7 4.3 1.2-7.4 46 4.7 3.4-6.0
Total 50 4.2 3.1-5.3 28 4.7 3.0-6.4 12 3.6 1.6-5.6 90 4.2 3.3-51
Male 44 6.6 4.7-8.5 27 86 55-11.7 13 79 3.8-12.0 84 74 5.9-8.9
Trunk total Female 45 84 6.1-10.7 33 11.6 79-153 21 128 7.7-17.9 99 10.0 8.1-11.9
Total 89 7.4 5.9-8.9 60 10.0 7.6-124 34 103 7.0-13.6 183 8.6 7.4-9.8
Male 8 1.2 0.4-2.0 2 06 0.0-1.5 3 1.8 0.0-3.8 13 1.1 0.5-1.7

Sternum/ribs/abdomen Female 2 04 0.0-0.9 0.7 0.0-1.7 0.6 0.0-1.8 5 05 0.1-0.9
Total 10 0.8 0.3-1.3 4 0.7 0.0-14 4 1.2 0.0-2.4 18 0.8 0.4-1.2

Male 36 54 3.7-7.1 25 79 49-109 10 6.1 2.4-9.8 71 6.2 4.8-7.6
Female 43 8.0 5.7-103 31 109 7.3-145 20 122 7.2-17.2 94 9.5 7.711.3
Total 79 6.6 5.2-8.0 56 93 7.0-116 30 91 6.0-122 165 7.8 6.7-8.9

Male 459 69.3 65.8-72.8 197 62.5 57.2-67.8 115 69.7 62.7-76.7 771 67.5 64.8-70.2
Lower limbs total Female 360 669 62.9-70.9 189 66.3 60.8-71.8 106 64.6 57.3-71.9 655 66.4 63.5-69.3
Total 819 683 657-70.9 386 64.3 60.5-68.1 221 67.2 62.1-72.3 1426 67.0 65.0-69.0

Male 24 36 2.2-5.0 6 19 0.4-3.4 6 36 0.8-6.4 36 3.2 2.2-4.2
Hip/groin Female 16 3.0 1.6-4.4 10 3.5 1.4-5.6 0 00 0.0-0.0 26 2.6 1.6-3.6
Total 40 3.3 2.3-4.3 16 2.7 1.4-4.0 1.8 0.4-3.2 62 29 2.2-3.6

6
Male 40 6.0 4.2-7.8 13 41 1.9-6.3 5 30 0.4-5.6 58 51 3.8-6.4
Thigh Female 33 6.1 4.1-8.1 15 53 2.7-7.9 9 55 2.0-9.0 57 58 43-7.3

Total 73 6.1 4.7-7.5 28 4.7 3.0-6.4 14 43 2.1-6.5 115 54 4.4-6.4

Male 108 163 13.5-191 69 219 17.3-265 43 261 19.4-32.8 220 19.3 17.0-21.6
Knee Female 91 169 13.7-201 63 221 17.3-269 43 262 19.5-329 197 20.0 17.5-22.5
Total 199 16.6 14.5-18.7 132 22.0 18.7-253 86 26.1 21.4-30.8 417 19.6 17.9-21.3
Male 91 137 11.1-163 16 5.1 2.7-7.5 11 6.7 29-105 118 103  8.5-121
Lower leg Female 81 151 121-181 20 7.0 4.0-100 13 79 38-120 114 11.6 9.6-13.6
Total 172 14.3 12.3-163 36 6.0 4.1-7.9 24 73 45-101 232 109 9.6-12.2
Male 8 1.2 0.4-2.0 0.3 0.0-0.9 3 18 0.0-3.8 12 11 0.5-1.7
Achilles tendon Female 7 1.3 0.3-2.3 1.1 0.0-2.3 2 12 0.0-2.9 12 1.2 0.5-1.9
Total 15 1.3 0.7-1.9 0.7 0.0-1.4 5 15 0.2-2.8 24 11 0.7-1.5

[\S)
—

Back (upper and lower)/
pelvis/sacrum

W =
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TaBLE 1: Continued.

Freshmen 2nd year 3rd year Total
Body locations Sex 95% CI 95% CI 95% CI
0, 0 0, 0, 0, 0,
n % (%) % (%) n % (%) n % 95% CI (%)
Male 150 22.7 19.5-259 80 254 20.6-30.2 34 20.6 14.4-26.8 264 23.1 20.7-25.5
Ankle Female 104 19.3 16.0-22.6 69 242 19.2-29.2 29 17.7 11.9-23,5 202 20.5 18.0-23.0
Total 254 21.2 18.9-23.5 149 24.8 21.3-283 63 19.1 14.9-233 466 21.9 20.1-23.7
Male 36 54 3.7-7.1 12 3.8 1.7-5.9 11 6.7 2.9-10.5 59 52 3.9-6.5
Foot/toe Female 26 4.8 3.0-6.6 8§ 2.8 0.9-4.7 10 6.1 2.4-9.8 44 45 3.2-5.8
Total 62 5.2 3.9-6.5 20 33 1.9-4.7 21 6.4 3.8-9.0 103 4.8 3.9-5.7
Male 662 100 315 100 165 100 1142 100
Total Female 538 100 285 100 164 100 987 100
Total 1200 100 600 100 329 100 2129 100

curriculum year (Table 1) showed significant differences
(p <0.05). Ankle and knee injuries were most prevalent in all
three curriculum years. The proportion of lower leg injuries
sharply decreased after the freshman year. This decrease was
predominantly caused by a decrease in gradual onset lower
leg injuries (freshman year 36.1% and 95% CI 30.1%-43.6%;
2™ year 15.9% and 95% CI 10.7%-21.1%; 3™ year 15.9% and
95% CI 8.3%-29.6%) compared to knee injuries (freshman
year 20.6% and 95% CI 16.6%-24.6%; 2" year 28.0% and
95% CI 21.6%-34.4%; 3™ year 39.9% and 95% CI 29.5%-
50.0%) and most other gradual onset injuries. In sudden
onset injuries, the differences between curriculum years
were less obvious (Figure 1).

Comparison between curriculum years for injury types
showed significant differences compatible with those found
in gradual onset injuries. The contribution of fractures and
bone stress injuries (predominantly lower leg injuries) was
more than twice as high during the freshman year (15.7%
and 95% CI 13.6-17.7%) compared to the 2" and 3™ year
(7.3%, 95% CI 5.2%-9.4% and 8.5%, 95% CI 5.5%-11.5%,
respectively). In contrast, joint and ligament injuries in-
creased from 41.9% (95% CI 39.1%-44.7%) in the freshman
year to 51.2% (95% CI 47.2%-55.2%) and 50.5% (95% CI
451%-55.9%) in the 2" and 3™ years.

3.4. Injury Locations by Setting and Sports Type. In male
students, 48.2% (95% CI 45.4%-51.1%) of all injuries oc-
curred in intracurricular sports activities, and 35.5% (95% CI
32.7%-38.2%) occurred in extracurricular activities (Ta-
ble 2). These percentages were significantly different in fe-
male students, with 64.6% (95% CI 61.7%-67.7%) and 19.8%
(95% CI 17.3%-22.2%), respectively (p <0.05). For most
individual injury locations, the pattern was similar. Still, in
both sexes, higher percentages of lower leg injuries were
reported intracurricular, whereas higher percentages of knee
injuries were reported extracurricular. Injury distribution by
sports type (Figure 2) differed significantly (p < 0.05) be-
tween male and female students. Male students sustained
most injuries during soccer (22.6% and 95% CI 20.2%-
25.0%), other team sports (14.4% and 95% CI 12.4%-16.5%),
multiple sports (12.3% and 95% CI 10.4%-14.3%), and
gymnastics (10.2% and 95% CI 8.5%-12.0%). Female stu-
dents sustained most injuries during other team sports
(20.8% and 95% CI 18.2%-23.3%), multiple sports (16.3%

and 95% CI 14.0%-18.6%), gymnastics (14.9% and 95% CI
12.7%-17.1%), and track and field athletics (8.0% and 95%
CI 6.3%-9.7%). Soccer injuries predominantly occurred
during extracurricular activities (80.4% and 95% CI 76.1%-
84.8%), whereas 58.4% (95% CI 53.4%-63.4%) of other team
sports injuries occurred intracurricular. More than 88% of
gymnastic and track and field athletics injuries occurred in
male and female students during intracurricular activities.

Figure 3 shows analysis of most common injury loca-
tions by sport that showed significant differences between
injury locations overall and per sex. In all injury locations,
the proportion of soccer injuries was higher in male stu-
dents, whereas this was higher in female students for other
team sports. Apart from that, ankle injuries also occurred
frequently in gymnastics and thigh injuries occurred pre-
dominantly in track and field. Most lower leg injuries oc-
curred in multiple sports. The other injury locations showed
more diverse distributions but with specific patterns by sex
and sports.

4. Discussion

This study aimed to identify the most prevalent injury lo-
cations and characteristics in PETE students and to compare
their distributions between sexes, curriculum years, settings,
and sports types. Our study showed that over the first three
curriculum years, both in male and female Dutch PETE
students, injuries to the knee, ankle, lower leg, shoulder, and
back/pelvis were most prevalent. Joint and ligament injuries
were most prevalent in both sexes, followed by muscle and
tendon injuries, fractures, and bone stress injuries. Whereas
knee and ankle injuries were most prevalent over all cur-
riculum vyears, the proportion of (gradual onset) lower leg
injuries decreased after the freshman year. Most injuries
occurred in soccer (predominantly male extracurricular),
other team ball sports (both intracurricular and extracur-
ricular), intracurricular gymnastics, and track and field.
Overall and location-specific injury distributions per sport
were significantly different between the sexes.

The results of our study shed new light on injury
characteristics in PETE students over their full curriculum.
Recent studies on injury characteristics in PETE students
investigated freshman students only [1, 2, 4, 5]. Our study’s
distribution of injury locations is compatible with earlier



Translational Sports Medicine

injury locations and onset per sex and curriculum year
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*For 110 injuries, the onset was unknown.
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TaBLE 2: Prevalence of injury locations and 95% confidence intervals (95% CI) for intracurricular and extracurricular injuries and for
injuries sustained in multiple settings. *For 35 injuries, no exact body location was registered. **For 69 injuries, the setting was unknown.

. Intracurricular Extracurricular Multiple settings Total**
Body locations
n %  95% CI(%) n % 95%CI(%) n %  95% CI (%) n %
Male 70 53.8 45.3-62.4 43 33.1 25.0-41.2 7 5.4 1.5-9.3 130 100
Shoulder/clavicula ~ Female 50  59.5  49.0-70.0 16 19.0 10.7-27.4 6 7.1 1.6-12.7 84 100
Total 120 56.1 49.4-62.7 59 27.6 21.6-33.6 13 6.1 2.9-9.3 214 100
Male 31 43.7 32.1-55.2 19 268 54.4-81.9 11 15.5 7.1-23.9 71 100
Back/pelvis/sacrum  Female — 64 68.1 58.7-77.5 13 138 6.9-20.8 13 13.8 6.9-20.8 94 100
Total 95 57.6 50.0-65.1 32 19.4 13.4-25.4 24 14.5 9.2-19.9 165 100
Male 29 50.0 37.1-62.9 21 36.2 23.8-48.6 5 8.6% 1.4-15.8 58 100
Thigh Female 41 71.9 60.3-83.6 12 211 10.5-31.6 0 0.0 — 57 100
Total 70 60.9 51.9-69.8 33 287 20.4-37.0 5 4.3 0.6-8.1 115 100
Male 76 34.5 28.3-40.8 107 48.6 42.0-55.2 19 8.6 4.9-12.3 220 100
Knee Female 105 533 46.3-60.3 63 320 25.5-38.5 19 9.6 5.5-13.8 197 100
Total 181 43.4 38.6-48.2 170  40.8 36.1-45.5 38 9.1 6.4-11.9 417 100
Male 79 66.9 58.5-75.4 19 16.1 9.5-22.7 15 12.7 6.7-18.7 118 100
Lower leg Female 85 74.6 66.6-82.6 8 7.0 2.3-11.7 18 15.8 9.1-22.5 114 100
Total 164  70.7 64.8-76.5 27 11.6 7.5-15.8 33 14.2 9.7-18.7 232 100
Male 131  49.6 43.6-55.7 114 432 37.2-49.2 5 1.9 0.2-3.5 264 100
Ankle Female 137 678 61.4-74.3 46 22.8 17.0-28.6 9 1.9 1.6-7.3 202 100
Total 268 575 53.0-62.0 160 343 30.0-38.6 14 3.0 1.5-4.6 466 100
Male 32 54.2 41.5-66.9 18 30.5 18.8-42.3 2 34 0.0-8.0 59 100
Foot/toes Female 30 68.2 54.4-81.9 9 20.5 8.5-32.4 3 6.8 0.0-14.3 44 100
Total 62 60.2 50.7-69.6 27 262 17.7-34.7 5 4.9 0.7-9.0 103 100
Male 103 51.2 44.3-58.2 63 31.3 24.9-37.8 10 5.0 2.0-8.0 201 100
Other Female 122 682 61.3-75.0 28 156 10.3-21.0 12 6.7 3.0-10.4 179 100
Total 225  59.2 61.3-75.0 91 23.9 19.7-28.2 22 5.8 3.4-8.1 380 100
Male 551 48.2 45.4-51.1 405 35 32.7-38.2 76 6.7 52-8.1 1142 100
Total Female 638 64.6 61.7-67.6 195 198 17.3-22.2 80 8.1 6.4-9.8 987 100
Total 1189  55.8 53.7-58.0 600 28.2 26.3-30.1 156 7.3 6.2-8.4 2129 100

studies but showed a higher proportion of knee and ankle
injuries during the freshman year and overall, especially
compared to lower leg injuries [1, 2, 4, 6]. The majority of
these lower leg injuries were gradual onset injuries. In our
registration of medical attention injuries, possibly only
more persistent lower leg injuries were registered, com-
pared to other studies with prospective registration of all
injuries [1, 2, 4, 6]. Intercultural differences in student
fitness or curriculum load might also be of influence. In
Flemish PETE studies, the curriculum starts with 12 weeks
of sports classes, whereas in Dutch PETE studies, periods
of 6 or 7 weeks of sports classes are followed by a 3-week or
4-week period without practical classes. Although a seri-
ous problem in freshman students [8, 16], the percentage
of gradual onset lower leg injuries in our study dropped
during the 2™ and 3" years. These results are compatible
with the decrease of new lower leg injuries after the first
trimester, found in freshman students [14]. Whether these
injuries have dissolved in later years, students learn to
cope with them, or they do not report them anymore,
needs further investigation. The increase in the proportion
of gradual onset knee injuries over the years in our study
indicates that more prolonged/sustained preventive
measures over all curriculum years are needed for these
injuries. This holds for acute knee and ankle injuries.

Comparison between sexes showed a significant but
relatively small difference in distribution by injury location.
However, female athletes sustained a significantly larger
part of their injuries (64.6%) during intracurricular ac-
tivities than male students (48.2%). This is in line with the
higher overall intracurricular injury risk we found for
females compared to male PETE students (rate ratio female
to male: 2.38, 95% CI 1.97 to 2.87) who completed their full
curriculum [19]. In Flemish freshman PETE students,
a comparable but nonsignificant higher intracurricular
injury risk was found for female students, whereas in ex-
tracurricular injuries, it was the other way around [4]. A
possible bias for the higher extracurricular prevalence we
found in male students is a larger cumulative exposure time
to extracurricular sports activities in male students [4].
Furthermore, the attribution of injuries to a certain setting
or sport differs between studies. In one study, unsupervised
training in the context of curricular sports is categorised as
an extracurricular activity [4]. Like in the study of Twellaar
et al. [6], we included both sudden and gradual onset
injuries in our distribution between settings and sports
because this classification was closest to the original injury
registration and best represented the students’ perceptions
of the onset of their injuries. According to the students,
more than 50% of injuries attributed to multiple sports
were associated with intracurricular sports. How these



Translational Sports Medicine

injury distribution per sex per setting by sport
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FIGURE 2: Prevalence of injuries per sport as percentage (and 95% confidence intervals) of all injuries per sex per setting. * Another 137

injuries were sustained during activities in multiple settings.

perceptions must be interpreted needs further in-
vestigation. In extracurricular sports, students compete at
their own level of play and training. In many intra-
curricular sports that are new to students, extensive rep-
etitions of new sports techniques might lead to gradual
onset injuries. On top of that, the differences in physical
capacities between sexes might explain the higher per-
centage of intracurricular injuries in female students
compared to male students [20].

A comparison of injuries by sports types showed that
team ball sports were most frequently (32.5%) reported. The
higher contribution of (predominantly extracurricular)
soccer (22.6%) in male students compared to female (6.5%)
students could be explained by the popularity of male soccer
in the Netherlands [21]. Other team ball sports were more
frequently reported in female (20.8%) compared to male
(14.4%) students, but for both sexes, most of these injuries
(58% and 59%, respectively), were sustained during intra-
curricular sports activities. Gymnastic and track and field
athletics injuries were also predominantly (more than 88%)
sustained during intracurricular activities. These results
align with contemporary results in Dutch freshman PETE
students [2].

The found distributions by sex and sports implicate that
for soccer injuries (male students) and other extracurricular
team sports (both sexes), risk factors should be derived from
sports representative of extracurricular activities. For
intracurricular team sports, gymnastics, and track and field
athletics, risk factors should be investigated in

intracurricular activities. Their risk factors and injury
mechanisms might be more related to mistakes in technique
and high repetitive loads due to new motor skills that have to
be acquired in sports unfamiliar to PETE students. The
higher injury rates for practice sessions than for sports
classes found in earlier studies confirm this assumption
[6, 11]. In first-year students, one third of all injuries are
gradual onset noncontact injuries, and during curricular
practices, 44% of injury mechanisms are noncontact [22]. To
develop tailor-made injury prevention programs for PETE
students, the distribution of these mechanisms for specific
injury locations and sports needs further investigation.
Goossens et al. found a nonsignificant (p = 0.061) 20%
reduction in injury rates after implementing a combined
programme of injury awareness and preventive strategies in
their regular PETE programme. Their program showed
a significant reduction in extracurricular injury risk but not
in intracurricular injury risk [23]. Considering the higher
proportion of intracurricular injuries than extracurricular
injuries, enhanced prevention strategies are needed. Com-
pared to extracurricular injuries, a more differentiated ap-
proach for intracurricular activities might help reduce the
risk of intracurricular injury. The specific injury profiles per
injury location, setting, and sports per sex found in this study
could help specify preventive measures further. For most
ankle injuries, wearing an ankle brace could reduce the risk
of injury by more than half [24]. Both for knee and ankle
injuries, neuromuscular training has shown to be effective in
team sports players [24, 25]. To reduce the number of thigh
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injuries, besides strength training interventions [26], load
management of fatigued students in track and field and team
sports is warranted [27]. Considering the already high load
on PETE students and related high injury risk in the first
year of their curriculum [12], extrinsic risk factors such as
rapid increases in training load [28] also need to be con-
sidered in gradual onset injuries in general and specifically of
the lower leg and knee. A precurricular neuromuscular
training program for novice PETE students could address
(sex specific) risks factors for specific injuries. Such training
programs can improve landing kinematics related to both
sudden and gradual onset knee injuries in female athletes
[29, 30]. The addition of basic exercises to get familiar with
new techniques in gymnastics and other (new) intra-
curricular sports could further help novice (female) students
to adapt to new physical loads before the curriculum starts.
Reducing the overall physical load of the curriculum for
female (freshmen) students could help minimize the risk
difference between sexes for all intracurricular sports,
irrespective of specific injury locations.

The strength of our study was the prospective regis-
tration of injuries over all curriculum years over 14 years by
the same sports medical professionals. The resulting high
number of registered injuries enabled subanalyses that
helped get more insight into the injuries in PETE students.
The interpretation of the results of our study also needs to
consider the weaker points. The registration of injuries at the
HSSS was initiated before the publication of the consensus
statement of Fuller et al. [18], and injury locations and
categories were categorised retrospectively. According to the
student, the registered sport/setting during which an injury
occurred is not always the sport/setting responsible for that
injury. In sudden and gradual onset injuries, the accumu-
lative load from earlier activities can contribute to an injury
event [31]. Our study was conducted in a single institution
on Dutch PETE students, but our results align with those
from other studies on Dutch PETE students [1, 2]. However,
interpretation of our results in other countries should
consider intercultural differences in sports participation and
curriculum load [2-5].

4.1. Perspective. Compared to previous studies on freshman
students [1, 2, 4, 5], our analyses of 2129 injuries from three
curriculum years allow for enhanced recommendations for
research on risk factors and preventive measures in PETE
students [11, 23]. For intracurricular sports that students are
unfamiliar with, novice athletes’ risk factors and injury
mechanisms should be targeted. A precurricular preventive
program aimed at these sports could help (female) students
adapt to the high curricular load before the freshman year.
Including Nordic hamstring exercises in precurricular
preventive programs could reduce the high number of thigh
injuries in sprint-related sports [26]. For these thigh injuries
and for (knee and lower leg) gradual onset injuries, the effect
of load management and distribution over the curriculum
years needs investigation. The higher injury risk for female
students [12, 19], irrespective of injury location, could
further be targeted with a reduction of their physical load

Translational Sports Medicine

compared to male students. The high contribution of (ex-
tracurricular) team sports to acute ankle and knee injuries
implies the need to investigate existing sports-specific
preventive programs in PETE students [11, 24, 25]. These
programs should be implemented in extracurricular sports,
adjusted to students’ individual extracurricular playing
levels. The preventive effect of ankle braces during intra-
curricular and extracurricular team sports and gymnastics
should be investigated [24]. To tackle the diverse nature and
distribution of injuries over the curriculum in PETE stu-
dents, a differentiated multisetting approach including
precurricular, intracurricular, and extracurricular stake-
holders is needed.
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