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Background: Children who participate in sports have reduced cardiovascular risk, obesity, and type 2 diabetes. However, sports
participation also comes with an inherent risk of sports-related injuries.

Purpose: To examine the efficacy of a school-based neuromuscular warm-up program (NWP) in reducing the risk of school
sports injury (SSI) in children and the impact of different levels of compliance on the effectiveness of the program.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 421 students from grades 4 to 6 at a single school (age range, 9-14 years) were randomized by grade to an
intervention group and a control group. The intervention group participated in a 13-week simplified (8-minute) NWP designed to
reduce SSI risk. The control group participated in a standard warm-up of the same length and duration. Exposure, compliance,
and injury data were collected via a weekly form. The primary injury outcome was all SSls. Secondary outcomes included injuries
from physical education (PE) and non-PE class, upper and lower extremity injuries, other location injuries, and time-loss injuries. A
Poisson regression model using an intent-to-treat analysis was performed to estimate the incidence rate ratio (IRR) for all injuries
in the intervention group compared with the control group. To examine the influence of level of compliance, we divided the inter-
vention group into low compliance (participation 1-2 times/wk) and high compliance (participation >2 times/wk) then compared
the difference on injury rates (IRs) between these groups and the control group.

Results: There were significant differences between the intervention and control groups regarding all SSis (IRR, 0.47; 95% Cl,
0.23-0.96; P = .038), PE class injuries (IRR, 0.37; 95% CI, 0.14-0.99; P = .048), and other location injuries (IRR, 0.20; 95% Cl,
0.05-0.82; P = .025). The compliance analysis revealed that although the low-compliance group was able to reduce the risk of
SSis (IR, 4.43; 95% Cl, 2.49-6.37) compared with the control group (IR, 7.60; 95% Cl, 5.61-9.59), the high-compliance group pro-
duced a better effect in reducing the SSI risk (IR, 1.80; 95% CI, 0.04-3.56).

Conclusion: The simplified NWP used in this study was efficacious in the reduction of SSls in children.
Registration: ChiCTR2100043875 (Chinese Clinical Trial Registry; http://www.chictr.org.cn).

Keywords: neuromuscular warm-up program; school sports injuries; children; cluster RCT

Participation in sports has many advantages for children children and adolescents are not life-threatening, they
and adolescents, including reducing cardiovascular risk may result in direct pain, short-term disability, school
factors, enhancing bone health, elevating mental health,2° absence, and long-term consequences, such as osteoarthri-
and reducing obesity and type 2 diabetes.®'® However, par- tis in later life,2! all of which leads to high direct and indi-
ticipation in sports also comes with an inherent risk of rect costs.’

sports-related injuries.® Although most sports injuries in In recent years, many researchers have found that

school sports injury (SSI) is prevalent among children
and adolescents.>%172331 For example, findings from a sur-
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sports during the previous year.!? The authors found that
the incidence proportion was 40.2% for injuries requiring
medical attention, 8.1% for injuries evaluated at a hospital
emergency department, 49.9% for injuries resulting in
time loss from sport, and 9.3% for injuries resulting in
loss of consciousness. The greatest proportion of injuries
occurred in basketball, hockey, soccer, and snowboarding,
and the top 5 injury types were sprain, contusion, concus-
sion, fracture, and muscle strain.'?

In December 2020, we investigated the incidence of SSI
among children and adolescents from 3 kindergarten
through 12th grade (K-12) schools in Shanghai, China.”
The participating students (N = 1303) were in grades 4 to
5 of elementary school and grades 7 to 9 of middle school.
Results calculated using a cluster random sampling method
showed that the overall incidence of SSI was 29.5%, which
was similar to the findings of investigations on SSI among
middle school students in southern China.® Surprisingly,
however, we found the risk of SSI to be higher among
grades 4 to 5 elementary school students in the 3 participat-
ing schools (School A, 40.2%; School B, 35.1%; School C,
42.7%).” Tt would therefore be useful to have an effective
injury prevention strategy in this population.

In our 2022 meta-analysis,® we found that a neuromus-
cular warm-up program (NWP) had the strongest effect
among 3 warm-up programs in reducing SSI (incidence
rate ratio [IRR] ranging from 0.30 to 0.54).1%222% Given
this finding, we decided to adopt the NWP to prevent the
occurrence of SSI in the current intervention trial. Typi-
cally, in previous studies, the participants in NWPs were
mainly junior high/middle school students/athletes.!!52
So far, there is scarce research on the prevention of sports
injuries among primary school students through an NWP.
In addition, previous studies have also shown that compli-
ance with intervention programs®’ is an important factor
influencing the preventive effect on SSI. However, the rela-
tionship between the intervention and the level of compli-
ance has rarely been discussed.

The purpose of this study was to examine the efficacy of
a school-based NWP in reducing the risk of SSI in children
and the impact of different compliance levels on the effect
of the program.

METHODS
Study Design and Participants

The study complied with ethical standards and the Decla-
ration of Helsinki. The study protocol received ethics
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committee approval, and all participating children and their
parents received information about the aim and the method-
ology of the project before the start of the study and pro-
vided written consent/assent. Participation was voluntary.
In cases where participation was declined, the parents
informed their children’s physical education (PE) teachers,
and those teachers notified us about the dropouts.

This study was designed as a 2-armed, cluster random-
ized controlled trial (RCT) according to the CONSORT
(Consolidated Standards of Reporting Trials) statement
guidelines. A foreign language school was selected from 3
K-12 schools in Shanghai, China (School C from our 2020
study”), and this RCT was registered on the Chinese Clin-
ical Trial Registry. Participating classes were randomized
into an intervention and a control group. All students of
the same class were randomized into the same group (clus-
tered allocation, with the class serving as a cluster) to min-
imize the risk of contamination. Computer-generated
cluster randomization was conducted by a single
researcher (S.L.) who had no direct contact with the school
or school officials and who was not involved in the inter-
vention. Grades and number of participating classes per
grade served as the strata for the randomization.

The observation period was from March 1 to June 18,
2021, including 2 weeks of preparation and 13 weeks of
intervention. According to our 2020 investigation,” stu-
dents in grades 4 to 6 of a single foreign language school
in Shanghai sustained more frequent SSIs than their coun-
terparts in grades 7 to 9, so these students were recruited
to participate in the study. A total of 421 students from 12
classes in grades 4 to 6 (age range, 9-14 years) were
enrolled for this trial by a single author (L.D.). PE classes
in Shanghai are compulsory at 120 minutes per week in
elementary schools. Classes usually meet 3 times per
week, and students are also able to participate in other
school sports activities, such as activity class, morning
exercise, and recess. Our inclusion criteria for the trial
were students who (1) were in good health; (2) did not sus-
tain any SSI in the past month; and (3) had no history of
systemic disease (eg, cancer, arthritis, heart disease, etc)
or neurologic disorder (eg, head injury, cerebral palsy,
etc). Our exclusion criteria were students who (1) were
unable to participate in normal sports activities and/or
(2) did not agree to engage in the study.

Sample Size Calculation

The sample size calculation was based on an expected dif-
ference of 50% in the injury rate (IR)?>?2® between the
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TABLE 1
Simplified Neuromuscular Warm-up Program Used
in This Study (7.5-8 min/Session for 13 Weeks)

Exercise Repetitions®
Aerobic component (8 movements)

1. Forward running 1 lap

2. Forward running with skipping 1 lap

3. Forward running with knee lifts 1 lap

4. Forward running with heel kicks 1 lap

5. Speed runs 1 lap

6. Two-leg squat jumps 16 times

7. Two-leg squats (forward, 4 X 4 times

backward, left, and right)

8. Skate jump 8 X 2 times
Strengthening component (4 movements)

9. Plank on elbows 1 X 20-30 s

10. Side plank on elbows 2 X 20-30 sec

(each side)
15 s (each side)
4 times (each side)

11. Static lunges
12. Walking lunges
Balance component (1 movement)

13. Single-leg balance with eyes closed 15-20 s (each leg)

“One lap is approximately 150-200 m.

intervention (IR, 4.0) and control groups (IR, 8.0). The total
exposure time of every student in the 13-week trial was
about 30 hours (PE and non-PE class activities), adjusted
by an expected dropout rate of 1% and a coefficient of 1.2
for the cluster RCT design. Assuming a type 1 error of
.05 and type 2 error of 0.20, a minimum of 402 students
(201 per study group) was calculated to detect a reduction
in the risk of injury.

NWP (Intervention)

Our intervention adapted the 15-minute NWP designed by
the Sport Injury Prevention Research Center at the Uni-
versity of Calgary, Canada, which has been employed by
researchers of school-based sport injury prevention and
has produced satisfactory efficacy.'*152¢ However, we
had to consider its feasibility when using a foreign inter-
vention program to prevent SSIs in Chinese PE classes.
In China, PE classes in elementary or middle schools usu-
ally last 35 to 40 minutes. If our NWP were to last 15
minutes, it would be impossible for PE teachers to teach
students more skills and complete their teaching tasks in
the PE class. Therefore, we decided to shorten the inter-
vention program to 7.5 to 8 minutes at the beginning of
the PE classes. We chose to keep its original structure
but reduce the movements and repetitions of every compo-
nent. Our simplified NWP included 13 movements, 8
of which were aerobic exercises, 4 of which were strength-
ening exercises, and 1 of which was a balance exercise
(Table 1).

The control group used a standard warm-up (including
running and stretching only) of the same duration.
Because there is only 1 PE teacher for each grade, the class
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content after the warm-up was the same for the interven-
tion group and the control group in each grade. Both the
intervention and the control programs lasted 13 weeks.

Outcome Measures

The primary injury outcome was all SSIs. Secondary out-
comes included PE class injuries, non-PE classes injuries,
upper extremity injuries, lower extremity injuries, other
location injuries, and time-loss injury. The definition of
SSI, adapted from previous studies of sport injuries in chil-
dren and adolescents,'%?¢ was any physical injury (eg, con-
tusion, sprain, fracture) sustained during PE class,
extracurricular sports activities, extracurricular sport
training sessions, or extracurricular sport games at school
that resulted in >1 of the following conditions: (1) a break
in the current activity, (2) inability to (fully) participate in
the next planned activity, (3) absence from school the next
day, and/or (4) medical attention (ranging from first aid to
hospitalization).?* In addition, if an injury occurred during
the NWP, it was reported as an adverse event.

Before the start of the study, a workshop was conducted
to inform the PE teachers of both the intervention and the
control programs about the aims and procedures of the
study, which provided detailed instructions and practical
application on the intervention program and the control
program. The workshop lasted 2.5 hours and included
a video outlining the warm-up components, practice time,
and group discussions for action planning to address poten-
tial barriers to the program. To achieve blinding, the PE
teachers were only told to practice the intervention pro-
gram or the control program in their classes. At the begin-
ning of the trial, every intervention class selected a student
to demonstrate the NWP. All the selected students were
trained in how to lead the NWP and rehearsed beforehand
to ensure that they executed our intervention programs
strictly with no misunderstanding of the program.

Every week, the PE teachers in each class recorded the
exposure time of school sports activities, any injuries, and
compliance with the intervention or control program for all
students on a weekly school sport participation form
(Appendix Figure Al). The teachers then completed an
injury report form that was available on an online survey
platform (Wenjuanxing website; www.wjx.cn) by scanning
a QR code on a poster (Appendix Figure A2). A single
researcher (L.D.) visited each class weekly to inquire about
any injury during the week and to supplement the injury
records, thereby minimizing the probability of recall bias
and reporting bias.

The intensity of exercise was measured by a Suunto
heart rate (HR) monitor (model t6¢c; Suunto Electro Oy 2)
in a subgroup of 42 students (age range, 11-13 years)
selected at random from the participants. The students
were randomized to an intervention group (n = 19) or a con-
trol group (n = 23) and asked to execute either the NWP or
the standard warm-up according to their allocation. Dur-
ing the routines, the HR (in beats per minute [bpm]) was
recorded by the monitor to measure the intensity of the
exercise. Both the maximum and the mean HR and the
time spent at >75% maximum HR (in minutes; calculated



4 Ding et al

The Orthopaedic Journal of Sports Medicine

[ Emnrollmemnt ]|

Sesessed for eligibility [n=427)

Excluded (m=8).

¥

+ Mot meaeting inclusion eriteria {n=1})
+ Oifher reasons (n=5)

Randomized (12 classes; n=421)

y | Allocation | >

Sllocated to intervention (5 classes; n=211)
+ Receivad allocated intervention (n=211)
+ Did not receive allocated intervention (m=0).

Lllocated to Confrol (6 classes; n=290)
+ Received allocated interveniion [n=210)
+ Did not receive allocated intervention (n=0)

L.

- Follow-1p: I -

Lost to follow-up [car accident) (n=1)
Discontinuad intervention {n=0)

Lost to follow-up (fransfer a mew school) {n=1)
Disconfinued intervention {m=0}

* I BAmalysis I .

Analysed (B classas; n=210)
+ Excluded from analysis {n=0)

Analysed (6 classes; n=205)
+ Excluded from analysis (n=0)

Figure 1. Flowchart of participant enrollment.

as 0.75[220 — student age]) were measured during the mid-
dle of our cluster RCT.

Statistical Analysis

The maximum and mean HR and time spent at >75% max-
imum HR were compared as mean differences and related
95% Cls between the intervention and control groups using
Student ¢ tests. To determine the efficacy of the simplified
NWP in reducing the risk of SSI, a comparison of the IR
(number of injuries per 1000 sport participation hours)
between the intervention and control groups was conducted
based on the IRR. A modified intention-to-treat multivariate
Poisson regression analysis (with school sport hours included
as an offset and adjustment for clustering by class and
important covariates [eg, sex, body mass index) was
used to estimate the IRR for all injuries in the interven-
tion group compared with the control group. To examine
the influence on SSI of compliance with the intervention
program, we divided compliance level into low (participation
1-2 times/wk) and high (participation >2 times/wk), then
compared the difference on IRs and related 95% ClIs between
the control group and the 2 compliance groups. STATA 15.0
(StataCorp) was used to complete all data analyses. The
threshold for statistical significance was set at P < .05.

RESULTS
Descriptive Statistics

A total of 421 students from 3 grades and 12 classes par-
ticipated in this study. Of these participants, 210 students

from 6 classes (112 male, 98 female) were in the final
intervention group and 209 students from 6 classes
(116 male, 93 female) were in the final control group. Fig-
ure 1 outlines school recruitment, allocation of partici-
pants, and dropouts according to group. The dropout
rates were 0.47% (1/211) for the intervention group
and 0.48% (1/210) for the control group. Table 2
shows all baseline characteristics, which indicated no sig-
nificant differences between the intervention and control
groups.

A total of 80 sport-related injuries were reported over-
all, including multiple injuries (in the intervention group,
1 student had 3 injuries; in the control group, 9 students
had 2 injuries and 2 students had 3 injuries). A total of
24 sport injuries (n = 22) occurred in the intervention
group and 56 sport injuries (n = 43) occurred in the control
group. Compared with the control group, the intervention
group demonstrated a significantly higher mean HR
(mean difference, 13.4 bpm [95% CI, 4.1-22.6 bpm]; P =
.006), and more time spent at >75% maximum HR (mean
difference, 2.2 minutes [95% CI, 1.2-3.2 minutes]; P <
.001) (Table 3).

Analysis of SSls

Table 4 outlines the number of injuries, total hours of
school sports, and IRs in both the intervention and control
groups. Lower extremity injuries represented the greatest
proportion of injuries occurring in both the intervention
group (14/24; 58.3%) and the control group (29/56;
51.8%). The overall IR was 3.56 (95% CI, 2.14-4.99) in
the intervention group and 7.60 (95% CI, 5.61-9.59) in
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TABLE 2
Baseline Participant Characteristics Between the Intervention and Control Groups®
Intervention Control
Characteristic (n = 210) (n = 209) 2t P
Sex 0.199 .656
Male 112 (53.3) 116 (55.5)
Female 98 (46.7) 93 (44.5)
Age, y 11.06 = 0.76 10.91 = 0.91 1.747 .081
Height, m 1.52 = 0.08 1.51 = 0.09 1.174 241
Weight, kg 46.4 + 12.62 44,49 + 13.43 1.502 134
Waist circumference, cm 67.10 = 10.56 65.99 = 10.86 1.065 .288

“Data are shown as n (%) or mean + SD.

TABLE 3
Subgroup Comparison of HR Estimates Between the Intervention and Control Groups®
Intervention Control
(n=19) (n = 23) Mean Difference (95% CI) tao P
Max HR, bpm 182.3 (176.4 to 188.1) 173.2 (164.2 to 182.1) 9.1 (—1.8 to 20.0) 1.69 .099
Mean HR, bpm 150.4 (144.3 to 156.6) 137.0 (130.1 to 144.0) 13.4 (4.1 to 22.6) 2.93 .006
Time at >75% max HR, min 4.1 (3.2 to 5.0) 1.8 (1.3 to 2.4) 2.2 (1.2 to 3.2) 4.55 <.001

“Data are reported as mean (95% CI). Boldface P values indicate statistically significant difference between groups (P < .05; 2-tailed ¢

test). bpm, beats per minute; HR, heart rate; max, maximum.

the control group. The IR of PE classes in the intervention
group was 1.78 (95% CI, 0.77-2.79) and 4.88 (95% CI, 3.29-
6.48) in the control group, respectively.

The Poisson regression model (adjusting for sex, body
mass index, and clustering by class using total hours of
school sport participation as an offset) demonstrated that
the NWP was protective of all sports injuries (IRR, 0.47;
95% CI, 0.23-0.96), PE class injuries (IRR, 0.37; 95% CI,
0.14-0.99), and other location injuries (IRR, 0.20; 95% CI,
0.05-0.82). Though not statistically significant, the point
estimate suggested a protective effect of simplified NWP
in reducing the risk of non-PE class injuries, upper
extremity injuries, lower extremity injuries, and time-
loss injuries (IRR, 0.51-0.85).

Compliance Analysis

Injury incidence decreased with the increasing utilization
rate of the NWP. The risk of injury was lower in both the
high- and the low-compliance groups compared with the
control group. The compliance analysis revealed that 1 to
2 times each week of intervention in PE classes was able
to reduce the risk of SSI (IR, 4.43; 95% CI, 2.49-6.37) com-
pared with the control group (IR, 7.60; 95% CI, 5.61-9.59),
but only >2 times each week of intervention in PE classes
produced a better effect in reducing the SSI (IR, 1.80; 95%
CI, 0.04-3.56). The risk of injury in the high-compliance
group was lower by more than half compared with the
low-compliance group (Table 5).

DISCUSSION

This study demonstrated a decreased risk of SSI in the
intervention group, compared with controls, over a 13-
week study period. For our intervention, we adapted an
NWP that targeted modifiable intrinsic risk factors (eg,
strength, endurance, and balance) to achieve the purpose
of decreasing the risk of SSI.'®?® This is our first pilot
RCT to examine the efficacy of a simplified NWP in ele-
mentary school students.

Sport Injury Prevention

The study indicated that the NWP could reduce the risk of
all SSIs by 53%, PE class injuries by 63%, and other loca-
tion injuries by 80%. The reduced risk of all SSIs found
in this study is consistent with that in other studies exam-
ining similar prevention programs.'®?%2¢ In the previous
studies, researchers found that the NWPs including
strength, balance, aerobic, and agility components can
reduce the risk of musculoskeletal injuries >35% in team
sport and other youth sport settings.'®

However, the previous school-based intervention studies
of sport injuries did not demonstrate the specific effect on
PE classes.'®?% In addition, little research exists on the inter-
vention effect of upper extremities and other locations (eg,
head, face, neck, mouth, nose, etc) sport injuries resulting
from the NWP.11:152226 T the previous studies, the NWP



6 Ding et al

The Orthopaedic Journal of Sports Medicine

TABLE 4
IRRs by Injury Type Based on Poisson Regression Analysis Adjusted for Cluster and Covariate®
Injury Type No. of Students No. of Hours No. of Injuries IR (95% CI)® IRR (95% CI)* P
All sports injuries .038
Control 209 7370 56 7.60 (5.61 to 9.59) 1
Intervention 210 6741 24 3.56 (2.14 to 4.99) 0.47 (0.23 to 0.96)
PE class injuries .048
Control 209 7370 36 4.88 (3.29 to 6.48) 1
Intervention 210 6741 12 1.78 (0.77 to 2.79) 0.37 (0.14 to 0.99)
Non-PE class injuries 491
Control 209 7370 20 2.71 (1.52 to 3.90) 1
Intervention 210 6741 12 1.78 (0.77 to 2.79) 0.65 (0.19 to 2.21)
Upper extremity injuries? .254
Control 209 7370 15 2.04 (1.01 to 3.07) 1
Intervention 210 6741 8 1.19 (0.36 to 2.01) 0.60 (0.25 to 1.44)
Lower extremity injuries® .233
Control 209 7370 29 3.93 (2.50 to 5.37) 1
Intervention 210 6741 14 2.08 (0.99 to 3.17) 0.51 (0.17 to 1.54)
Other location injuries’ .025
Control 209 7370 12 1.63 (0.71 to 2.55) 1
Intervention 210 6741 2 0.30 (—0.12 to 0.71) 0.20 (0.05 to 0.82)
Time-loss injuries® .846
Control 209 7370 4 0.54 (0.01 to 1.08) 1
Intervention 210 6741 3 0.45 (—0.06 to 0.95) 0.85 (0.16 to 4.44)

“Boldface P values indicate statistically significant difference between control and intervention groups (P < .05). IR, injury rate; IRR, inci-

dence rate ratio; PE, physical education.
®IR, No. of injuries/1000 hours.
“Adjusted for sex, body mass index, and clustering by class.
9Includes shoulder, arm, elbow, hand, finger, and wrist.
°Includes foot, thigh, lower leg, knee, and ankle.
fincludes head, face, neck, mouth, nose, hip, and trunk.

#Includes missing the next planned activity, missing school the next day, and/or requiring medical attention (ranging from first aid to

hospitalization).

TABLE 5
Comparison of IR in the Low- and High-Compliance Groups Versus the Control Group®

Low Compliance
(n = 147)

Control
(n = 209)

High Compliance
(n = 63)

IR (95% CI)
NWP sessions/wk, mean * SD (range)

4.43 (2.49-6.37)
1.39 = 0.44 (0.0-2.0)

1.80 (0.04-3.56) 7.60 (5.61-9.59)
2.60 = 0.07 (2.23-2.62) NA

“The low-compliance group followed the NWP a mean 1 to 2 times per week, and the high-compliance group followed the NWP a mean of
>2 times per week. IR, injury rate (No. of injuries/1000 hours); NWP, neuromuscular warm-up program; NA, not applicable.

was usually used to reduce the incidence of lower extremity
injuries. 22252032 Pindings from a systematic review and
meta-analysis showed that NWP can reduce the risk of lower
extremity injuries by 36% (IRR, 0.64; 95% CI, 0.49-0.84; P <
.01) and the risk of knee injuries by 24% (IRR, 0.74; 95% CI,
0.51-1.07; P > .05). In contrast, our trial indicates that the
NWP has the same protective effect on lower extremity inju-
ries (IRR, 0.51; 95% CI, 0.17-1.54), although this finding was
not statistically significant (P = .233).

This study demonstrated that the warm-up program is
effective in preventing injuries for the PE session right
after the warm-up. This study does not serve to indicate
the 8-minute warm-up program significantly affected

exercise sessions performed after a certain time interval
from the warm-up. Further research is needed to address
the effectiveness in injury prevention when there is a mea-
sured time gap between the warm-up and the physical
activity.

Intervention Effects and Compliance

Warm-up is a series of physical exercises performed before
a more vigorous exercise.? From the perspective of our trial
result, there is no doubt that the school-based NWP is an
effective warm-up, which can increase participants’ HR
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and sweat with ease. Some research has indicated that the
ideal intensity of the warm-up is debatable, but the consen-
sus seems to lie with a mild sweat without fatigue.?

Our trial results showed that NWP interventions were
also protective against non—-PE class injuries, upper
extremity injuries, lower extremity injuries, and time-
loss injuries (IRR, 0.51-0.85); however, the difference
between the intervention and control groups was not sig-
nificant, and the 95% CIs of the IRR for those injuries
exceeded 1. This result showed that the mean value of
the intervention effect of the neuromuscular warm-up on
these types of sports injuries had decreased significantly,
but the variance was large, so the difference between 2
groups did not meet conventional levels of statistical signif-
icance. There are 2 possible reasons for this result: insuffi-
cient sample size and unstable intervention -effect.
Therefore, in future studies it is necessary to collect more
samples and to improve the stability of the intervention
effect through the improvement of compliance, so as to fur-
ther verify the effect of the intervention program.

In addition, time-loss injuries reflect the severity of the
injury. From the results of the study, there were only 7
cases of children’s time-loss injuries (3 cases in the inter-
vention group and 4 cases in the control group), which
were mainly abrasions, bruises, and sprains but no strains,
fractures, and dislocations, and so forth. This was mainly
related to the age (range: 8-13 years) of primary school stu-
dents. Usually, the sports that primary school students
participate in are much less intense and dangerous than
those of middle school students, and dangerous apparatus
sports (such as parallel bars and horizontal bar) are rarely
practiced among primary school students, so the propor-
tion of time-loss injuries we observed in this trial was lower
than in the middle school student population in related
studies.?®

The compliance analysis demonstrated that compared
with the controls, NWP intervention once or twice
a week was able to decrease the IR to 4.43 (95% CI, 2.49-
6.37), while compliance of >2 times of NWP intervention
per week decreased the IR significantly (IR, 1.80; 95% CI,
0.04-3.56). Hislop et al found a similar result, demonstrat-
ing a protective effect of the intervention program in youth
rugby players when exercises were performed >3 times per
week (IRR, 0.28; 95% CI, 0.14-0.51)." Both studies showed
that with the increase of weekly intervention frequency, the
incidence of sports injury continues to decrease. In general,
>2 times of intervention per week can achieve the desirable
effects in sports injury prevention.

Strengths and Limitations

The strengths of our study are that (1) the participants in
this trial were students in grades 4 to 6 of primary school,
of a younger age than participants of previous studies
(junior high/middle school students); (2) in this trial, no
adverse events occurred because of students’ participation
in the NWP, which demonstrated that the simplified NWP
is safe as well as feasible; and (3) we used prospective lon-
gitudinal data in the cluster RCT to analyze the effect from
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the intervention of NWP, compensating for the shortcom-
ings in our previous observational research.”

There also exist several limitations in this trial. First,
due to the limited scientific research funds, the researchers
were unable to buy enough HR monitors. Therefore, 42 stu-
dents (22 boys and 20 girls) were randomly selected from
the total participants and divided into an intervention
group and a control group to test the difference in exercise
intensity between the NWP and standard warm-up groups
through limited HR monitors. Second, our NWP had not
been included in the school PE curriculum, so the compli-
ance of the NWPs cannot be guaranteed, which also weak-
ens the intervention effect of NWP on the reduction of SSI.
Third, due to limited time and research funding, the pres-
ent study focused on the school with the highest injury pro-
portion and primary school students at higher risk of SSI
among those schools and participants in the previous
investigation in our cluster RCT. Fourth, we found that
the protective effect of simplified NWP in reducing the
risk of non—-PE class injuries, upper extremity injuries,
lower extremity injuries, and time-loss injuries might be
influenced by our small sample size, which resulted in
a non-statistically significant intervention effect (P >
.05). Future studies should adopt a multicenter trial design
to further validate the intervention effect of the simplified
NWP through a larger sample trial. Finally, in the section
of sample size calculation in this paper, we only calculated
the power between the intervention group and control
group. We did not separate the intervention group into
high-compliance and low-compliance groups because we
were not sure about the status of participants’ compliance
in the intervention group at the beginning of the trial.

CONCLUSION

Although the NWP in the study was shortened into a half
duration compared with its original one, the simplified
NWP was still efficacious in the reduction of SSI among
children, and it is suggested to utilize the NWP >2 times
per week to achieve the desirable effects in sports injury
prevention.

ACKNOWLEDGMENTS

The authors thank all students, parents, teachers, and offi-
cials at School C of Shanghai for participating in this
research. The authors appreciate Professor Ping Xiang at
Texas A&M University for her feedback and suggestions
for the revision of the manuscript. In addition, the authors
appreciate the Physical Education College of Shanghai
Normal University for providing them with the Suunto
heart rate monitors used in the study.

REFERENCES

1. Abernethy L, MacAuley D. Impact of school sports injury. Br J Sports
Med. 2003;37(4):354-355.

2. Bishop D. Warm up II: performance changes following active warm up
and how to structure the warm up. Sports Med. 2003;33(7):483-498.



10.

11.

12.

13.

14.

15.

16.

17.

Ding et al

. Brant JA, Johnson B, Brou L, Comstock RD, Vu T. Rates and patterns

of lower extremity sports injuries in all gender-comparable US high
school sports. Orthop J Sports Med. 2019;7(10):2325967119873059.

. Burchard R, Stolpp A, Kratz T, et al. School sport-associated injuries

in adolescents: a single center experience. Technol Health Care.
2017;25(6):1053-1059.

. CaiWC, Gao'Y, Yang WD, et al. Physical activity-related injury and its

associated factors among middle school students in southern China.
Int J Env Res Public Health. 2018;15(6):1244.

. Cassas KJ, Cassettari-Wayhs A. Childhood and adolescent sports-

related overuse injuries. Am Fam Physician. 2006;73(6):1014-1022.

. Ding L, Brewer BW, Mackey M, et al. Factors associated with school

sports injury among elementary and middle school students in
Shanghai, China. Int J Environ Res Public Health. 2022;19(11):6406.

. Ding L, Luo J, Smith DM, et al. Effectiveness of warm-up intervention

programs to prevent sports injuries among children and adolescents:
a systematic review and meta-analysis. Int J Environ Res Public
Health. 2022;19(10):6336.

. Ekblom B, Astrand PO. Role of physical activity on health in children

and adolescents. Acta Paediatr. 2000;89(7):762-764.

Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BH. Effec-
tiveness of a home-based balance-training program in reducing
sports-related injuries among healthy adolescents: a cluster random-
ized controlled trial. Can Med Assoc J. 2005;172(6):749-754.

Emery CA, Meeuwisse WH. The effectiveness of a neuromuscular
prevention strategy to reduce injuries in youth soccer: a cluster-
randomised controlled trial. Br J Sports Med. 2010;44(8):555-562.
Emery CA, Meeuwisse WH, McAllister JR. Survey of sport participa-
tion and sport injury in Calgary and area high schools. Clin J Sport
Med. 2006;16(1):20-26.

Emery CA, Pasanen K. Current trends in sport injury prevention. Best
Pract Res Clin Rheumatol. 2019;33(1):3-15.

Emery CA, Rose MS, McAllister JR, Meeuwisse WH. A prevention
strategy to reduce the incidence of injury in high school basketball:
a cluster randomized controlled trial. Clin J Sport Med. 2007;
17(1):17-24.

Emery CA, van den Berg C, Richmond SA, et al. Implementing a junior
high school-based programme to reduce sports injuries through neu-
romuscular training (iISPRINT): a cluster randomised controlled trial
(RCT). Br J Sports Med. 2019;54(15):913-919.

Foss KDB, Thomas S, Khoury JC, Myer GD, Hewett TE. A school-
based neuromuscular training program and sport-related injury inci-
dence: a prospective randomized controlled clinical trial. J Athl Train.
2018;53(1):20-28.

Greier K, Riechelmann H. Frequency, nature and distribution of
school sport injuries at different types of schools. Sportverletz
Sportschaden. 2012;26(4):212-217.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The Orthopaedic Journal of Sports Medicine

Hallal PC, Victora CG, Azevedo MR, Wells JC. Adolescent physical
activity and health: a systematic review. Sports Med. 2006;
36(12):1019-1030.

Hislop MD, Stokes KA, Williams S, et al. Reducing musculoskeletal
injury and concussion risk in schoolboy rugby players with a pre-
activity movement control exercise programme: a cluster rando-
mised controlled trial. Br J Sports Med. 2017;51(15):1140-1146.

Ho FKW, Louie LHT, Wong WH, et al. A sports-based youth develop-
ment program, teen mental health, and physical fitness: an RCT.
Pediatrics. 2017;140(4):e20171543.

Kujala UM, Kettunen J, Paananen H, et al. Knee osteoarthritis in for-
mer runners, soccer players, weight lifters, and shooters. Arthritis
Rheum. 1995;38(4):539-546.

LaBella CR, Huxford MR, Grissom J, et al. Effect of neuromuscular
warm-up on injuries in female soccer and basketball athletes in urban
public high schools: cluster randomized controlled trial. Arch Pediatr
Adolesc Med. 2011;165(11):1033-1040.

Lincoln AE, Caswell SV, Aimquist JL, et al. Trends in concussion inci-
dence in high school sports: a prospective 11-year study. Am J
Sports Med. 2011;39(5):958-963.

Nauta J, Knol DL, Adriaensens L, et al. Prevention of fall-related inju-
ries in 7-year-old to 12-year-old children: a cluster randomised con-
trolled trial. Br J Sports Med. 2013;47(14):909-913.

Olsen OE, Myklebust G, Engebretsen L, Holme |, Bahr R. Exercises
to prevent lower limb injuries in youth sports: cluster randomised
controlled trial. BMJ. 2005;330(7489):449.

Richmond SA, Jian K, Doyle-Baker PK, Nettel-Aguirre A, Emery CA.
A school-based injury prevention program to reduce sport injury risk
and improve healthy outcomes in youth: a pilot cluster-randomized
controlled trial. Clin J Sport Med. 2016;26(4):291-298.

Rdssler R, Junge A, Bizzini M, et al. A multinational cluster rando-
mised controlled trial to assess the efficacy of “11+ kids’’: a warm-
up programme to prevent injuries in children’s football. Sports
Med. 2018;48(6):1493-1504.

Safran MR, Seaber AV, Garrett WE Jr. Warm-up and muscular injury
prevention: an update. Sports Med. 1989;8(4):239-249.

Schiff MA, Caine DJ, O’Halloran R. Injury prevention in sports. Am J
Lifestyle Med. 2010;4(1):42-64.

Soligard T, Myklebust G, Steffen K, et al. Comprehensive warm-up
programme to prevent injuries in young female footballers: cluster
randomised controlled trial. BMJ. 2008;337:A2469.

Swenson DM, Yard EE, Collins CL, Fields SK, Comstock RD. Epide-
miology of US high school sports-related fractures, 2005-2009. Clin J
Sport Med. 2010;20(4):293-299.

Waldén M, Atroshi I, Magnusson H, Wagner P, Hagglund M. Preven-
tion of acute knee injuries in adolescent female football players: clus-
ter randomised controlled trial. BMJ. 2012;344:e3042.



The Orthopaedic Journal of Sports Medicine Efficacy of Neuromuscular Warm-up 9

APPENDIX
Monday (minutes) Tuesday (minutes) Wednesday (minutes) Thursday (minutes) Friday (minutes)
Class ID | Name | Sex Memo
Non Non Non Non Non
PE PE Co | In | PE PE Co | In | PE PE Co| In PE PE Co | In | PE PE Co | In
43 3 John | Male | 40 0 v 40 10 v v | 40 40 v 40 10 v 0 10 v Sample

Appendix Figure A1. Sample of the weekly school sports participation form detailing exposure, compliance, and injuries. The
exposure time of a PE class was 40 minutes per class, and the exposure time of a non-PE class included 10 minutes of morning

exercise + 40 minutes of activity class + 20 minutes of class recess + sports team training time, if applicable. Co, compliance; ID,
identification number; In, injury; PE, physical education.

IR 46D

Appendix Figure A2. Poster with link to the school sports injury report form. This poster was placed on the wall of the gymna-
sium at the school, and each physical education (PE) teacher was asked to keep a smaller copy in his or her folders. The teachers
scanned the QR code on the poster to access an online form for entering details regarding a student’s injury. Information col-
lected on the form included student information (class, identification number), injury date, activity (PE class, extracurricular sports
activity, other, etc), venue (outdoor, indoor), sport (running, throwing, volleyball, etc), severity (minor/serious), injury category
(lower extremity, upper extremity, other), injury location (ankle, foot, calf, knee, etc), injury type (sprain, abrasion, etc), reason
for injury (wrong skills, distracted, etc), and consequence (break in the current activity, require medical attention, etc).



