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Abstract

This study utilized the Functional Movement Screen (FMS)
to assess the athletic ability of adolescent racket sport
athletes and explored its association with injury risk. The
results indicate that shoulder mobility (2.58 + 0.57) and
active straight leg raise (2.38 + 0.74) scored the highest,
while deep squat (2.08 £ 0.83), in-line lunge (1.98 £ 0.75),
and rotary stability (1.62 £ 0.49) were comparatively lower.
The ROC curve analysis yielded an AUC of 0.779 (95% ClI:
0.639-0.919, P < 0.001), suggesting a significant predictive
value for injury risk. Athletes scoring < 15 points on the
FMS exhibited a higher risk of injury, with a relative risk
(RR) of 1.58. The findings emphasize the importance of
core strength and lower limb stability training, along with
optimized warm-ups and technical guidance, to reduce
injury risks among young athletes. These insights offer
theoretical support for future training and rehabilitation
strategies.
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Introduction

Research background

In recent years, the Functional Movement Screen
(FMS) has become an essential tool for assessing the
injury risk of athletes, particularly in adolescent athletic
populations. FMS evaluates seven key movements
to detect individuals’ functional abilities, movement
patterns, and asymmetries, helping to identify potential
injury risks. In the fields of sports medicine and exercise
science, FMS scores have been widely used to predict

the occurrence of non-contact sports injuries, especially
among adolescent athletes with poor movement
patterns or functional deficiencies [1,2].

Research questions and objectives

Some studies have shown a significant association
between FMS scores below 14 and a higher risk of sports
injuries. Among adolescent athletes, individuals with
lower FMS scores are more prone to overuse injuries
in areas such as the knees and ankles [3]. Additionally,
FMS scores are correlated with athletic performance,
with higher-scoring athletes typically demonstrating
better flexibility, balance, and strength control [4]. The
objective of this study is to validate the application
of FMS among adolescent racket sports enthusiasts,
explore its relationship with injury risk, and provide
theoretical support for training and injury prevention
strategies for this group.

Significance of the study

Systematic reviews and meta-analyses have found
that FMS not only effectively predicts sports injuries
but also serves as a tool for evaluating the outcomes
of training interventions, aiding in the design of more
targeted training and rehabilitation programs for
adolescents [5]. Although FMS has shown promise in
predicting sports injuries, there are ongoing debates
regarding its sensitivity and specificity across different
genders, age groups, and sports types. Some studies
suggest that the predictive ability of FMS may differ
between male and female athletes, and its applicability
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Table 1: Basic information of participants.

Basic Indicators Minimum Maximum 7 xS P value
Height (M) 1.50 1.78 1.67 + 0.59 0.241
Weight (KG) 43.70 69.40 57.48 £ 6.36 0.347
BMI 17.15 23.19 20.58 £ 1.48 0.061
Years of Sports Experience 1 4 2.60+0.84 -

to different types of athletes requires further validation
[2,3]. However, there is limited research focusing on
adolescents with regular exercise habits. Compared to
professional athletes, adolescent sports enthusiasts
represent a larger population. Therefore, further
research is needed to provide theoretical support for
preventing injuries in this group and to confirm the
general applicability of FMS.

Research Subjects and Methods

Research subjects

The subjects of this study are adolescents who
are racket sports enthusiasts, and the objective is to
predict injury risks using FMS. A total of 53 middle
school students from a city were randomly selected,
all of whom had more than one year of experience in
racket sports. Participants were required to have no
history of major surgery or prolonged rehabilitation in
the past year, and all subjects consented to participate
in interviews and signed informed consent forms.
Their baseline information is shown in Table 1, and no
significant statistical differences were found among the
measured indicators prior to the tests.

Research methods

Literature review method: This study used databases
including CNKI, Web of Science, PubMed, and Elsevier to
search for literature with keywords such as “Functional
Movement Screen,” “sports injuries,” “badminton,”
“table tennis,” “tennis,” and “racket sports.” Relevant
books and articles were also reviewed to understand
FMS assessment methods and scoring systems, as
well as factors related to sports injuries, providing a
theoretical foundation for this research.

Testing method: In strict accordance with the FMS
standards, 53 adolescent racket sports enthusiasts
were evaluated using the Functional Movement Screen
[6-8]. Before the tests, the content, procedures, and
precautions were explained to participants in detail,
with demonstrations provided as well.

FMS consists of seven movements: shoulder mobility,
active straight leg raise, rotary stability, trunk stability
push-up, in-line lunge, hurdle step, and deep squat. The
deep squat and trunk stability push-up are symmetrical
movements, while the others are asymmetrical,
requiring separate assessments for both sides of the
body. Additional exclusion tests were conducted for
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shoulder mobility, rotary stability, and trunk stability
push-up to identify specific limitations.

For scoring, each movement was evaluated on a
scale from 0 to 3 points:

- 3 points: The participant performed the

movement correctly.
- 2 points: Compensatory movements occurred.
- 1 point: The movement was not completed.
- 0 points: Pain occurred during the movement.

Each movement was tested three times, with a
maximum score of 21 points. To ensure data consistency,
all tests and records were conducted and documented
by the same researcher. The testing equipment included
the FMS kit (approximately 1.2m long rods, short rods,
a 0.bm x 1.8m testing board, and elastic cords) and a
Nikon D7500 camera.

Statistical analysis method: SPSS 29.0 was used to
analyze baseline information and FMS scores. Normally
distributed data were expressed as X + S, while non-
normally distributed data were expressed as quartiles
(Q1/Q2/Q3). The critical value for injury risk was
determined using the Receiver Operating Characteristic
(ROC) curve and the Youden index. Chi-square tests
were used to compare the injury risks between athletes
scoring above and below the FMS threshold, with
relative risk (RR) and 95% confidence intervals (Cl)
calculated. Logistic regression analysis determined the
influence of FMS scores on injury risk, with odds ratios
(OR) used to assess injury risk in adolescent racket
sports training.

Interview method: In this study, injuries were
defined as any physical damage caused by racket sports,
excluding those resulting from traveling, falls, or other
accidents. Semi-structured interviews were conducted
to collect participants’ injury history, affected areas,
and causes. The participants were adolescents who
regularly engaged in badminton, table tennis, or tennis.

The interview questions were designed based on
relevant literature and research objectives, aiming
to gain a deeper understanding of participants’ injury
experiences and contributing factors. Core questions
were asked to all participants, with additional questions
tailored to each individual’s circumstances.

The interview questions included the following:
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Figure 1: Distribution of injury sites and causes among adolescents.
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Table 2: Distribution of total FMS scores among 53 adolescents.

FMS score n Percentage/%
More than 18 points 1 1.9%

18 points 1 1.9%

17 points 2 3.8%

16 points 11 20.8%

15 points 11 20.8%

14 points 12 22.6%

13 points 9 17.0%

12 points 3 5.7%

Less than 12 points 3 5.7%

1. In which sports have you sustained injuries?
Please describe the injured areas (e.g., shoulder,
knee, ankle).

2. What do you think were the primary causes
of these injuries (e.g. overtraining, improper
technique, environmental factors)?

The interviews were conducted in small groups,
with each session lasting 10 minutes. The researcher
interviewed participants individually in a quiet, private
setting, ensuring they could express themselves
comfortably. All interviews were recorded and
transcribed for subsequent data analysis.

Research Results

Interview results of adolescents

Distribution of injury sites among adolescents:
The interview results showed that the most frequently
reported injury sites were the shoulders and knees.
Specifically, shoulder injuries were reported by 21
participants (40%). Since the shoulder is heavily utilized
in racket sports such as badminton and tennis, excessive
use and improper techniques place significant strain on
the joint. Knee injuries were reported by 19 participants
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(35%). During rapid starts and stops in sports like
badminton and tennis, the knees endure considerable
twisting forces, increasing the risk of injury. Lower back
injuries were reported by 16 participants (30%). As the
core is involved in frequent rotations and bending, this
region is prone to strain. Ankle injuries were reported
by 13 participants (25%). Ankle injuries often result from
instability or insufficient preparation during sudden
directional changes or jumps. Wrist injuries were
reported by 11 participants (20%). Improper technique
or lack of guidance can lead to overuse injuries in the
wrist, given the torque it endures during racket swings
(Figure 1).

Causes of injuries from interviews: Interviews with
53 adolescents identified key factors contributing to
sports injuries. Improper technique was mentioned
by 28 participants (52.8%) as the main cause of injury,
especially during swings, sudden stops, and turns. These
improper movements increased the risk of shoulder,
knee, and back injuries. Insufficient warm-up was cited
by 22 participants (41.5%). Inadequate preparation
left joints and muscles unready for high-intensity
sports loads, especially contributing to knee and ankle
injuries. Lack of professional guidance was mentioned
by 18 participants (34%). Beginners, in particular, found
it challenging to master proper techniques without
professional training, leading to injuries. Absence of
protective gear was reported by 10 participants (18.9%).
The lack of protective gear, such as knee pads, ankle
supports, or wrist braces, increased the risk of acute
injuries, especially during high-intensity sports activities.

Basic results of FMS testing

Distribution of total FMS scores among adolescents:
The FMS scores of 53 participants are summarized in
Table 2. The most common score was 14 points, with
12 participants (22.6%). The next most frequent scores
were 15 points and 16 points, each with 11 participants
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Figure 2: ROC curve diagram.

Table 3: Distribution of individual FMS scores among 53 adolescents.

Action pattern gg;gg)scorel @ 3 Scor: proportlor;I% V2R

Deep squat 1/2/3 37.7 32.1 30.2 2.08 +0.83
Hurdle step 2/2/3 28.3 491 22.6 2.06 +0.72
In-line lunge 1/2/3 26.4 45.3 28.3 1.98 £0.75
Shoulder mobility 2/3/3 62.3 34 3.8 258 +0.57
Active straight leg raise 2/3/3 52.8 32.1 15.1 2.38+0.74
Trunk stability push-up 1/2/2 3.8 67.9 28.3 1.75+0.52
Rotary stability 1/2/2 0 62.3 37.7 1.62 £ 0.49

Table 4: Area of the ROC curve.

95%CI
AUC SE P value
Lower Upper
0.779 0.072 P < 0.001 0.639 0.919

(20.8%). The average score was 14.45 + 1.70 with
quartiles (Q1/Q2/Q3) of 13/14/16. The highest score was
19 points, achieved by only one participant, while three
participants scored as low as 11 points. No participants
achieved a perfect score, and the distribution suggests
that fewer participants reached the higher score range.

Distribution of scores in individual FMS components:
The individual FMS scores of 53 participants, as shown
in Table 3, revealed variability in functional abilities.
Shoulder mobility (2.58 + 0.57) and active straight leg
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raise (2.38 £ 0.74) showed relatively good performance.
Specifically, 62.3% of participants scored 3 points in
shoulder mobility, and 52.8% achieved 3 points in the
straight leg raise. Lower scores were observed in rotary
stability (1.62 + 0.49) and trunk stability push-ups (1.75
+ 0.52). Notably, 37.7% of participants scored only 1
point in rotary stability. Tests related to lower limb
stability, such as in-line lunge (1.98 + 0.75), hurdle step
(2.06 £ 0.72), and deep squat (2.08 + 0.83), also showed
significant variability. For example, 49.1% of participants
scored 2 points in the hurdle step, while 30.2% scored
only 1 point in the deep squat.

These results highlight that participants performed
better in flexibility tests but displayed notable
weaknesses in core stability and lower limb control.
These findings underscore the importance of improving
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core strength and lower limb stability to reduce the risk
of injury.

ROC curve and injury threshold results

ROC curve analysis: Data analysis using SPSS 29.0
produced the ROC curve results shown in Table 4 and
Figure 2. With an area under the curve (AUC) between
0.7 and 0.9, the model demonstrated good predictive
value. The AUC value for adolescents was 0.779 (SE =
0.072, 95% Cl: 0.639-0.919, P < 0.001), indicating that
the model has statistically significant predictive ability
for injury risk.

Injury threshold results: Based on ROC curve
analysis, as shown in Table 5, the optimal threshold for
predicting injury risk was determined to be an FMS total
score of 14.5. At this threshold, the sensitivity was 0.846,
specificity was 0.625, and the Youden index reached
0.471. Given the integer nature of FMS scoring, a score
of 15 points was selected as the cutoff for distinguishing
high-risk individuals. Adolescents scoring below 15
points should be considered at increased risk of injury.

Comparison of injury rates between two groups

Using 15 points as the threshold, participants were
divided into two groups: Those scoring above 15 and
those scoring 15 or below. The injury rate in the < 15

group was 84.2%, while the rate in the > 15 group was
53.3%. These findings indicate that adolescents with
lower FMS scores are more likely to experience injuries,
with a calculated relative risk (RR) of 1.58, meaning that
adolescents scoring < 15 points are 1.58 times more
likely to suffer injuries than those scoring above 15
points. The chi-square test results are shown in Table 6.

Evaluation of injury risk based on different
movement patterns: Binary logistic regression analysis
was used to determine the predictive value of the seven
FMS movements for injury risk, as shown in Table 7. Key
findings include: deep squat (OR = 0.246, P = 0.032),
where each 1-point reduction in the deep squat score
increases the likelihood of injury by 4.06 times; in-
line lunge (OR = 0.124, P = 0.008), where each 1-point
reduction in the lunge score raises the injury risk by 8.06
times; and rotary stability (OR =0.118, P = 0.039), where
a 1-point reduction increases the risk by 8.47 times.

These results suggest that deficits in core strength,
lower limb stability, and whole-body coordination
significantly raise the risk of injuries. Training programs
for adolescents should prioritize improving these
movement patterns to reduce injury risks effectively.
Other movements, such as hurdle step and shoulder
mobility, showed some trends but did not reach

Table 5: ROC curve coordinates and Youden index.

FMS total score Sensitivity 1-Specificity Specificity Youden's Index
10.0000 1.000 1.000 0.000 0.000

11.5000 1.000 0.925 0.075 0.075

12.5000 1.000 0.850 0.150 0.150

13.5000 0.923 0.650 0.350 0.273

14.5000 0.846 0.375 0.625 0.471

15.5000 0.538 0.200 0.800 0.338

16.5000 0.231 0.025 0.975 0.206

17.5000 0.154 0.000 1.000 0.154

18.5000 0.077 0.000 1.000 0.077

20.0000 0.000 0.000 1.000 0.000

Table 6: Chi-square test results for FMS total score grouping.

Variable Pearson Chi-Square (X?) df P value
FMS Total Score (< 15vs. > 15 5.539 1 0.019

Table 7: Logistic regression analysis of the impact of different movement patterns on sports injuries in adolescents.

Action pattern OR 95% Cl P value
Lower Upper
Deep squat 0.246 0.068 0.884 0.032
Hurdle step 0.357 0.093 1.372 0.134
In-line lunge 0.124 0.026 0.580 0.008
Shoulder mobility 1.231 0.268 5.644 0.789
Active straight leg raise 0.582 0.165 2.050 0.399
Trunk stability push-up 0.733 0.127 4.245 0.729
Rotary stability 0.118 0.015 0.901 0.039
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statistical significance (P > 0.05), suggesting their
predictive value is relatively limited.

Discussion

With the increasing popularity of sports programs in
schools and the continuous improvement of facilities,
students are actively engaging in various sports.
However, the rate of sports injuries has also risen. This
study used the Functional Movement Screen (FMS) as
a tool to evaluate the athletic abilities and injury risks
of adolescent racket sports enthusiasts. The results
indicate that both total and individual FMS scores are
closely related to the risk of sports injuries among
adolescents, with a cutoff score of 15 points identified
as the injury risk threshold.

Previous research reported varying injury thresholds
based on different sports and athlete populations. For
example, Linxian Fu [9] found a threshold of 17 points
with a risk ratio (RR) of 13 in badminton athletes [9].
Meanwhile, Kangkang Zhou [10] identified 12 points as
the injury threshold for elite table tennis athletes, with
an RR of 28.5 [10]. For professional football players, two
studies by Kiesel, et al. [11,12] found 14 points to be
the injury threshold [11,12]. Similarly, Mokha, et al. [13]
suggested a threshold of 14 points for collegiate athletes
in sports like football, volleyball, and rugby [13] Studies
on non-athlete populations, such as coast guard trainees
and soldiers, found the same 14-point threshold [14,15].
In other research, firefighters were found to have an
injury threshold of 15 points [16], while military recruits
had a threshold of 13 points [17]. A meta-analysis also
indicated that the effectiveness of FMS as a direct injury
prediction tool may vary across populations and contexts
due to study heterogeneity [18].

This study analyzed the FMS results and injury risks of
53 adolescent racket sports enthusiasts. Common injury
sites included the shoulders, knees, ankles, and lower
back, accounting for 26.7%, 23.3%, 16.7%, and 20.0%
of reported injuries, respectively. The primary causes of
injuries were identified as improper technique (35.9%),
insufficient warm-up (28.2%), lack of guidance (23.1%),
and insufficient use of protective gear (12.8%).

The results highlight that participants performed
well in shoulder mobility (average score: 2.58 + 0.57)
and active straight leg raise (2.38 + 0.74). These results
are likely associated with the rapid growth phase
of adolescents, during which joint and soft tissue
development may be uneven. However, lower scores
in deep squats (2.08 + 0.83) and in-line lunges (1.98 *
0.75) were strongly correlated with higher rates of knee
and ankle injuries. This suggests that deficiencies in
lower limb strength and control may increase the risk of
injuries. The findings align with previous studies, which
indicate that weak ankle mobility and improper lower
limb mechanics are linked to ankle instability and knee
injuries [19].
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The occurrence of lower back injuries was associated
with weak core stability, as reflected in the low average
score for trunk stability push-ups (1.75 £ 0.52). Frequent
rotational movements in sports like badminton and
table tennis may exacerbate fatigue and strain in the
lower back [20].

Conclusion

This study demonstrates that the FMS test effectively
predicts the risk of sports injuries among adolescent
racket sports enthusiasts and identifies key movement
patterns linked to injury. Common injury sites included
the shoulders, knees, ankles, and lower back. The
primary causes were found to be improper technique,
insufficient warm-up, and lack of guidance. The higher
scores in shoulder mobility and straight leg raise reflect
the participants’ strengths in flexibility, but their
weaknesses in lower limb stability and core strength
significantly increased the risk of knee and lower back
injuries.

Based on these findings, future research should focus
on optimizing the use of FMS in racket sports, particularly
by exploring the specific movement demands of
different sports. Additionally, personalized training and
rehabilitation programs should be developed to address
the developmental characteristics of adolescents during
growth spurts, with a focus on enhancing core strength
and lower limb stability to prevent injuries. Longitudinal
studies with larger sample sizes will further validate
the predictive validity of the FMS and support the
development of effective injury prevention strategies.

Given the low cost and ease of administration, the
FMS test is recommended as a regular screening tool
for coaches and teachers to monitor the athletic health
of adolescent racket sports enthusiasts and prevent
injuries. In this study, a total FMS score of 15 points
was identified as the injury risk threshold, providing a
valuable reference point for assessing the risk of sports
injuries among young athletes.

References

1. Chorba RS, Chorba DJ, Bouillon LE, Overmyer CA, Landis
JA (2010) Use of a functional movement screening tool to
determine injury risk in female collegiate athletes. N Am J
Sports Phys Ther 5: 47-54.

2. Zeng J, Zhang RB, Ke JJ, Wu X, Chen LH, et al. (2021)
Reliability evaluation of functional movement screen for
prevention of military training injury: A prospective study in
China. J Occup Health 63: €12270.

3. Knapik JJ, Cosio-Lima LM, Reynolds KL, Shumway RS
(2015) Efficacy of functional movement screening for
predicting injuries in coast guard cadets. J Strength Cond
Res 29: 1157-1162.

4. Bagherian S, Ghasempoor K, Rahnama N, Wikstrom EA
(2019) The effect of core stability training on functional
movement patterns in college athletes. J Sport Rehabil 28:
444-449,

5. Chao W, Shih J, Chen K, Wu C, Wu N, et al. (2018) The

*Page 6 of 7 «



https://doi.org/10.23937/2469-5718/1510270
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://pubmed.ncbi.nlm.nih.gov/34423506/
https://pubmed.ncbi.nlm.nih.gov/34423506/
https://pubmed.ncbi.nlm.nih.gov/34423506/
https://pubmed.ncbi.nlm.nih.gov/34423506/
https://pubmed.ncbi.nlm.nih.gov/25264669/
https://pubmed.ncbi.nlm.nih.gov/25264669/
https://pubmed.ncbi.nlm.nih.gov/25264669/
https://pubmed.ncbi.nlm.nih.gov/25264669/
https://pubmed.ncbi.nlm.nih.gov/29405798/
https://pubmed.ncbi.nlm.nih.gov/29405798/
https://pubmed.ncbi.nlm.nih.gov/29405798/
https://pubmed.ncbi.nlm.nih.gov/29405798/
https://pubmed.ncbi.nlm.nih.gov/29064343/

DOI: 10.23937/2469-5718/1510270

ISSN: 2469-5718

10.

1.

12.

13.

effect of functional movement training after anterior cruciate
ligament reconstruction: A randomized controlled trial. J
Sport Rehabil 27: 541-545.

Davis JD, Orr R, Knapik JJ, Harris D (2020) Functional
Movement Screen (FMS) scores and demographics of us
army pre-ranger candidates. Mil Med 185: e788-e794.

Brien W, Khodaverdi Z, Bolger L, Tarantino G, Philpott C,
et al. (2022) The assessment of functional movement in
children and adolescents: A systematic review and meta-
analysis. Sports Med 52: 37-53.

Sun LL (2011) Summary of the functional movement screen
in the US. Sport Science Research 32: 29-32.

Fu LX, Zheng X (2024) Predictive study on functional
movement screening on sports injuries in adolescent
badminton players. Bulletin of Sport Science & Technology
32: 39-43.

Zhou KK, Huang ZH, Zhang L, Wang X, Luo C, et al. (2017)
An applied research on the functional movement screen
threshold of injury risk of chinese high-level table tennis
athletes. Journal of Beijing Sport University 40: 112-119.

Kiesel K, Plisky PJ, Voight ML (2007) Can serious injury in
professional football be predicted by a preseason functional
movement screen? N Am J Sports Phys Ther 2: 147-158.

Kiesel KB, Butler RJ, Plisky PJ (2014 ) Prediction of injury by
limited and asymmetrical fundamental movement patterns
in American football players. J Sport Rehabil 23: 88-94.

Mokha M, Sprague PA, Gatens DR (2016) Predicting
musculoskeletal injury in national collegiate athletic

Lin and Guan. Int J Sports Exerc Med 2024, 10:270

14.

15.

16.

17.

18.

19.

20.

association division Il athletes from asymmetries and
individual-test versus composite functional movement
screen scores. J Athl Train 51: 276-282.

Bushman TT, Grier TL, Canham-Chervak M, Anderson MK,
North WJ, et al. (2016) The functional movement screen
and injury risk. Am J Sports Med 44: 297-304.

Cosio-Lima L, Knapik JJ, Shumway R, Reynolds K, Lee Y,
et al. (2016) Associations between functional movement
screening, the y balance test, and injuries in coast guard
training. Mil Med 181: 643-648.

Minghui C (2023) Study on functional movement screen on
the prediction of the firefighters’ injury risk. Contemporary
Sports Technology 13: 25-28.

Sun LK, Fan ZZ, Peng P, Shang MF, Fan WL, et al. (2022)
Predicting military training injury in recruits by functional
movement screening: A cohort study. Academic Journal of
Chinese PLA Medical School 43: 602-606.

Shu L, Chen GZ (2021) Feasibility of functional movement
screening for predicting sports injuries: A meta-analysis of
a prospective cohort study. Journal of Shanghai University
of Sport 45: 84-94.

Zhao G, Guo Q (2023) Correlation analysis between
functional training and flexibility of college students based
on functional movement screen test. SPIE 12597.

Liu X, Imai K, Zhou X, Watanabe E (2022) Influence of ankle
injury on subsequent ankle, knee, and shoulder injuries
in competitive badminton players younger than 13 years.
Orthop J Sports Med 10: 23259671221097438.

)

;
CLINME

INTERNATIONAL LIBRARY

Js

*Page 7 of 7 «



https://doi.org/10.23937/2469-5718/1510270
https://pubmed.ncbi.nlm.nih.gov/26794630/
https://pubmed.ncbi.nlm.nih.gov/26794630/
https://pubmed.ncbi.nlm.nih.gov/26794630/
https://pubmed.ncbi.nlm.nih.gov/26657573/
https://pubmed.ncbi.nlm.nih.gov/26657573/
https://pubmed.ncbi.nlm.nih.gov/26657573/
https://pubmed.ncbi.nlm.nih.gov/27391617/
https://pubmed.ncbi.nlm.nih.gov/27391617/
https://pubmed.ncbi.nlm.nih.gov/27391617/
https://pubmed.ncbi.nlm.nih.gov/27391617/
https://xuebao.301hospital.com.cn/en/article/doi/10.3969/j.issn.2095-5227.2022.05.019
https://xuebao.301hospital.com.cn/en/article/doi/10.3969/j.issn.2095-5227.2022.05.019
https://xuebao.301hospital.com.cn/en/article/doi/10.3969/j.issn.2095-5227.2022.05.019
https://xuebao.301hospital.com.cn/en/article/doi/10.3969/j.issn.2095-5227.2022.05.019
http://shtyxyxb.xml-journal.net/en/article/doi/10.16099/j.sus.2021.07.009
http://shtyxyxb.xml-journal.net/en/article/doi/10.16099/j.sus.2021.07.009
http://shtyxyxb.xml-journal.net/en/article/doi/10.16099/j.sus.2021.07.009
http://shtyxyxb.xml-journal.net/en/article/doi/10.16099/j.sus.2021.07.009
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12597/1259720/Correlation-analysis-between-functional-training-and-flexibility-of-college-students/10.1117/12.2671962.short
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12597/1259720/Correlation-analysis-between-functional-training-and-flexibility-of-college-students/10.1117/12.2671962.short
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/12597/1259720/Correlation-analysis-between-functional-training-and-flexibility-of-college-students/10.1117/12.2671962.short
https://pubmed.ncbi.nlm.nih.gov/35647208/
https://pubmed.ncbi.nlm.nih.gov/35647208/
https://pubmed.ncbi.nlm.nih.gov/35647208/
https://pubmed.ncbi.nlm.nih.gov/35647208/
https://pubmed.ncbi.nlm.nih.gov/29064343/
https://pubmed.ncbi.nlm.nih.gov/29064343/
https://pubmed.ncbi.nlm.nih.gov/29064343/
https://pubmed.ncbi.nlm.nih.gov/31819968/
https://pubmed.ncbi.nlm.nih.gov/31819968/
https://pubmed.ncbi.nlm.nih.gov/31819968/
https://pubmed.ncbi.nlm.nih.gov/34524655/
https://pubmed.ncbi.nlm.nih.gov/34524655/
https://pubmed.ncbi.nlm.nih.gov/34524655/
https://pubmed.ncbi.nlm.nih.gov/34524655/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2953296/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2953296/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2953296/
https://pubmed.ncbi.nlm.nih.gov/24225032/
https://pubmed.ncbi.nlm.nih.gov/24225032/
https://pubmed.ncbi.nlm.nih.gov/24225032/
https://pubmed.ncbi.nlm.nih.gov/26794630/
https://pubmed.ncbi.nlm.nih.gov/26794630/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Research background 
	Research questions and objectives 
	Significance of the study 

	Research Subjects and Methods 
	Research subjects 
	Research methods 

	Research Results 
	Interview results of adolescents 
	Basic results of FMS testing 
	ROC curve and injury threshold results 
	Comparison of injury rates between two groups 

	Discussion
	Conclusion
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Figure 1
	Figure 2
	References

