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Abstract: Objectives: Strong physical abilities and morphological symmetry are important factors
for pilots to withstand aerial G-tolerance. Therefore, this study aimed to determine the symmetry
difference between cadets by measuring functional movement screen (FMS) and functional leg length
of Korea Air Force cadets for the first time and to understand the pass–fail relationship of the G-test
by variable. Methods: Altogether, 72 fourth-year cadets (male, 72; mean age, 23.8 ± 0.6) were
included in the study, and their body composition, FMS, functional leg length, and G-test results were
measured. Results: The G-test results according to the FMS score revealed that the G-test passed
(GP) group scored significantly higher than the G-test failed (GF) group in terms of the following:
hurdle step (p =0.000), inline lunge (p = 0.006), active straight leg raise (p = 0.001), and T = trunk
stability push-ups (p = 0.001). Conclusions The G-test results according to leg length demonstrated a
significant difference between both groups. Morphological symmetry of leg length is an important
factor in the functional aspect of exercise and exercise persistence. Moreover, a high G-test success
rate can be expected if a follow-up study is conducted to improve the symmetry and balance of the
body of air force cadets.

Keywords: functional movement screen; leg length; morphological symmetry; air force cadet; G-test

1. Introduction

To become a pilot of F-15K and F-35 jets, the best fighter jets currently operated by the
Air Force, one must pass 7G for 20 s (F-15K) and 9G for 15 s (F-35) (1G = 1 × body weight).
The G-test is a high-intensity physical activity that is greatly influenced by individual body
composition and physical strength, and the physical performance levels of F-15K and F-35
fighter pilots are almost the same as those of world-class athletes [1]. Continuous exposure
to high G above 7G can lead to musculoskeletal injuries, such as those of the cervical
and lumbar vertebrae [2–4]. In fact, 36% of South Korean pilots complain of back pain.
However, research specifically determining the causes of such injuries remains lacking.

To prevent spinal injuries from high G during pilot missions, morphological symmetry
is critical. Leg length differences are commonly referred to as leg length inequality (LLI) or
leg length discrepancy and are generally classified into structural length inequality and
functional LLI [5]. Previous studies have reported that the larger the difference in functional
leg length, the higher the chronic tension of the spinal cord [6], thus resulting in pain and
scoliosis; a difference of >5 mm can cause injury and affect muscle strength and range of
motion [7].
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Hence, measuring the functional movement screen (FMS) and functional leg length
to predict physical performance improvement, injury risk, and morphological symmetry
of an air force cadet, a preliminary pilot, would be a critical process. FMS is commonly
used to examine underlying exercise patterns [8]. The FMS is used as a measurement tool
to assess not only individual limitations and asymmetry along the exercise chain but also
the quality of basic exercise patterns. The reliability between and within the measurement
classes of the FMS has already been demonstrated in previous studies [9,10]. The FMS
comprises seven basic mobility tests that require mobility, stability, and balance. Each test
is scored on a scale of 0 to 3 based on the execution of a particular movement pattern, with
a maximum score of 21 points. Competitors with ≤14 points are classified as having a high
risk of injury [11].

Functional movement can be defined as the ability to effectively identify dysfunction,
reduce the likelihood of potential injury, improve exercise function, and ultimately im-
prove quality of life [12]. Therefore, the current study analyzes the symmetry difference
between cadets by measuring FMS and functional leg length, which has not been previously
attempted for air force cadets, and aims to understand the pass–fail relationship of the
G-test by variable. Based on the results of this study, the physical imbalance of cadets was
evaluated to predict and educate on injuries.

2. Materials and Methods
2.1. Participants

Altogether, 72 senior cadets (male, 72; mean age, 23.8 ± 0.6; mean ± standard devia-
tion) who conducted the G-test in 2022 were recruited from the Republic of Korea Air Force
Academy. The participants were classified into the no gravity induced loss of consciousness
(G-LOC) (G-test passed group; GP) and G-LOC (G-test failed group; GF) groups according
to their G-test results (Figure 1). Before this study was conducted, all the participants
were provided with a detailed description of the purpose, methods, and risks of the study
and were informed that if they desired, they could withdraw from the experiment at any
time. Subsequently, they signed an informed consent form. The injured, those who did not
conduct G-test, and those who did not wish to participate in the study were excluded. This
study was approved by the Institutional Bioethics Committee of the Air Force Aerospace
Medical Center (ASMC-22-IRB-002).
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Table 1. Description of the participant’s physical characteristics.

Factors GP (n = 40) GF (n = 32)

Height (cm) 173.47 ± 5.02 172.54 ± 8.57
Body weight (kg) 72.91 ± 7.71 69.05 ± 8.94

Skeletal muscle mass (kg) 34.37 ± 5.48 31.93 ± 5.46
Fat mass (kg) 12.47 ± 2.81 12.43 ± 2.32
Body fat (%) 17.39 ± 5.00 18.27 ± 4.15

Body mass index (kg/m2) 24.17 ± 1.54 23.11 ± 1.53
Values are expressed as mean ± standard deviation. GP, G-test passed; GF, G-test failed.

2.2. Body Composition Measurement

Body composition was measured 2 weeks before the G-test, and the test was conducted
at 07:00 am to ensure the participants had an empty stomach. Body composition measure-
ments, including weight (kg), skeletal muscle mass (%), body fat mass (kg), and body mass
index (kg/m2), were measured using Inbody 720 (Biospace Cop, Seoul, Republic of Korea).

2.3. G-Test

The G-test was performed using high-speed centrifugal gondolas (ETC Cop, New York,
NY, USA) located at the Air Force Academy of Aerospace Medical Center. The participants
sat in cockpit seats and performed a G-test for 30 s at 5 G acceleration of gravity. Imme-
diately after the start, the gondola started rotating at a speed of 0.8 G, and acceleration of
gravity to 5 G began as soon as the participants pulled the lever. The measurement ended
30 s after the start or when the participant pushed the lever or lost consciousness due to
gravity-induced loss of consciousness (G-LOC). G-LOC was declared when the participant
met all of the following criteria: bent forward upper body, non-arbitrary eye closing, and
mouth opening due to the acceleration of gravity. Before the start of the G-test, instructors
with >20 years of experience conducted training on postures, L-1 breathing methods (anti-G
training maneuvers), and the precautions required for the G-test.

2.4. FMS Measurements

The participants were screened using an FMS (AMT Cop, Seoul, Republic of Korea)
protocol that comprised the following seven movement patterns: deep overhead squat,
inline lunge, hurdle step, active straight leg raise, trunk stability push-up, shoulder mobility,
and rotary stability(Figure 2).

The participants were provided three trials for each movement pattern, and each trial
was scored on a 3-point scale according to the FMS rater manual and previous research [11].
The scores indicated the following: 0, if pain occurred during a test; 1, if the participant
could not perform the movement; 2, if the participant could complete the movement but
compensated in some way; and 3, if the participant performed the movement correctly [13].

In this study, five movements (hurdle step, inline lunge, shoulder mobility, active
straight leg raise, and rotary stability) were additionally analyzed on each side to identify
physical imbalance.

2.5. Leg Length Measurements

All measurements were made using the tape measure method, and the average value
was calculated three times for both sides with the participants in supine and standing
positions while wearing light clothes. All the measurements were conducted according
to the following: ASIS-MM, distance from the anterior superior iliac spine (ASIS) to the
medial malleolus; ASIS-HF, distance from the ASIS to the fibular head of the fibula; and
ASIS-G, distance from ASIS to the ground.
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2.6. Statistical Analysis

For data processing, the mean and standard deviation of all data were calculated using
the SPSS version 22 (IBM Corp, Armonk, NY, USA) statistical program. An independent
sample t-test was used to analyze the difference in FMS and leg length based on G-test re-
sults. In addition, correlation analysis was conducted to confirm the relationships between
all variables. The normality distribution of all factors was confirmed, and the significance
level of hypothesis verification was p < 0.05.

3. Results
3.1. G-Test Results by FMS Score

Compared to the GF group, the GP group had significantly higher results in the
hurdle step of the right (p = 0.000), inline lunge of the left (p = 0.006), active straight leg
raise (p = 0.022), active straight leg raise of the left (p = 0.001), and trunk stability push-up
(p = 0.000). In the case of shoulder mobility (p = 0.008), the GF group had significantly
higher results than the GP group (Table 2).

Table 2. G-test results according to functional movement screen scores.

Factor GP (n = 40) GF (n = 32) t p

Deep squat Total 2.05 ± 0.60 1.94 ± 0.062 0.782 0.782

Hurdle step

Total 1.60 ± 0.59 1.50 ± 0.62 0.697 0.686

Right 1.73 ± 0.72 1.22 ± 0.42 *** 0.354 0.000

Left 1.75 ± 0.71 1.31 ± 0.59 2.800 0.126

Inline lunge

Total 1.65 ± 0.58 1.50 ± 0.51 1.152 0.642

Right 1.68 ± 0.57 1.69 ± 0.47 −0.099 0.153

Left 1.73 ± 0.45 1.50 ± 0.51 ** 1.986 0.006
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Table 2. Cont.

Factor GP (n = 40) GF (n = 32) t p

Shoulder mobility

Total 1.98 ± 0.58 ** 2.41 ± 0.67 −2.945 0.008

Right 1.88 ± 0.56 2.41 ± 0.67 −3.669 0.019

Left 2.03 ± 0.62 2.41 ± 0.67 −2.511 0.036

Active straight leg raise

Total 1.84± 0.59 1.63 ± 0.51 * −1.661 0.022

Right 1.65 ± 0.55 1.63 ± 0.49 −1.402 0.186

Left 1.88 ± 0.42 1.63 ± 0.59 *** −1.270 0.001

Trunk stability push-up Total 2.08 ± 0.57 1.97 ± 0.18 *** 1.011 0.000

Rotary stability

Total 2.30 ± 0.46 2.31 ± 0.47 −0.113 0.823

Right 2.30 ± 0.46 2.31 ± 0.47 −0.113 0.823

Left 2.23 ± 0.66 2.31 ± 0.47 −0.632 0.114

Total score 13.29 ± 2.12 13.47 ± 2.11 −0.237 0.962
Values are expressed as mean ± standard deviation. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. GP by t-test. GP,
G-test passed; GF, G-test failed.

3.2. G-Test Results According to LLI

Compared the GP group, the GF group had significantly higher results in terms of
length of the ASIS-MM of the right (p = 0.034), ASIS-MM of the left (p = 0.014), ASIS-G of
the right (p = 0.010), and ASIS-G of the left (p = 0.006) (Table 3).

Table 3. G-test results according to leg length difference.

Factor GP (n 40) GF (n 32) t p

ASIS-MM
Right 89.36 ± 3.53 89.70 ± 5.16 * −0.339 0.034

Left 89.48 ± 3.10 90.29 ± 4.93 * −0.854 0.014

ASIS-HF
Right 55.35 ± 6.58 53.78 ± 3.46 1.220 0.743

Left 55.49 ± 6.41 54.29 ± 3.03 0.967 0.497

ASIS-G
Right 96.36 ± 3.58 96.47 ± 5.46 ** −0.099 0.010

Left 96.58 ± 3.63 96.85 ± 5.80 ** −0.236 0.006
Values are expressed as mean ± standard deviation. * p < 0.05, ** p < 0.01, and vs. GP by t-test. GP, G-test passed;
GF, G-test failed.

3.3. Comparison of LLI According to G-Test Passed and Failed Groups

In the GP group, no significant differences in any of the factors were observed (Table 4).
In the GF group, a significant difference was observed between ASIS-MM (p = 0.001) and
ASIS-HF (p = 0.002). The left side of the ASIS-G was longer than the right side (p = 0.069).
However, no significant difference in the ASIS-G leg length was observed in the two groups
(Table 5).

Table 4. Leg length inequality in the G-test passed group.

Factor Right Left t p

ASIS-MM 89.36 ± 3.53 89.48 ± 3.10 0.586 0.561
ASIS-HF 55.35 ± 6.58 55.49 ± 6.41 1.077 0.288
ASIS-G 96.36 ± 3.58 96.58 ± 3.63 1.010 0.319
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Table 5. Leg length inequality in the G-test failed group.

Factor Right Left t p

ASIS-MM 89.70 ± 5.16 90.29 ± 4.93 *** 3.848 0.001
ASIS-HF 53.78 ± 3.46 54.29 ± 3.03 ** 3.291 0.002
ASIS-G 96.47 ± 5.46 96.85 ± 5.80 1.883 0.069

Values are expressed as mean ± standard deviation. Values are expressed as mean ± standard deviation.
** p < 0.01, *** p < 0.001 vs. GF by t-test.

3.4. Coefficients for Pearson’s Correlation between FMS Score and Leg Length

Considering the relationships between FMS score and leg length, active straight leg
raise was significantly correlated with ASIS-MM of the right leg (p = 0.041), and rotary
stability was significantly correlated with ASIS-HF of the left leg (p = 0.039).

The total score was significantly correlated with the ASIS-MM of the right hemisphere
(p = 0.025) (Table 6).

Table 6. Coefficients for Pearson’s correlation between FMS score and leg length.

Factor DS HS IL SM ASLR TSPU RS TS FLLR FLLL AHLLR AHLLL AGLLR AGLLL

DS
HS 0.052 **
IL 0.296 * 0.665 **

SM 0.179 −0.204 −0.157
ASLR 0.497 ** 0.587 ** 0.440 ** 0.283 *
TSPU 0.420 ** 0.258 * 0.279 * −0.114 0.314 **

RS −0.201 −0.314 ** −0.101 0.249 * −0.156 −0.453 **
TS 0.753 ** 0.700 ** 0.635 ** 0.363 ** 0.788 0.442 ** −0.027

FLLR −0.165 −0.111 0.023 −0.332 ** −0.241 * 0.042 −0.173 −0.265 *
FLLL −0.183 −0.042 0.380 −0.348 ** −0.187 0.036 −0.149 −0.218 0.962 **

AHLLR −0.108 0.136 −0.116 −0.234 * −0.024 −0.018 −0.224 −0.155 0.217 0.311 **
AHLLL −0.060 0.134 −0.144 −0.191 0.723 0.013 −0.243 * −0.118 0.173 0.255 * 0.988 **
AGLLR −0.238 ** 0.080 0.136 −0.344 ** −0.124 0.026 −0.203 −0.184 0.896 ** 0.898 ** 0.367 ** 0.428 **
AGLLL −0.201 0.060 0.137 −0.366 ** −0.121 0.074 −0.312 ** −0.193 0.915 ** 0.902 ** 0.361 ** 0.409 ** 0.936 **

DS, deep squat; HS, hurdle step; IL, inline lunge; SM, shoulder mobility; ASLR, active straight leg raise; TSPU,
trunk stability push-up; RS, rotary stability; TS, total score; FLLR, ASIS-MM of the right; FLLL, ASIS-MM of the
left; AHLLR, ASIS-HF of the right; AHLLR, ASIS-HF of the right; AGLLR, ASIS-G of the right; AGLLL, ASIS-G of
the left. ** p < 0.01. * p < 0.05.

4. Discussion

This study was conducted to analyze the effect of success or failure of the G-test on
Korea Air Force Academy cadets based on differences in FMS scores and leg length in
morphological symmetry factors and to predict injuries.

Functional movement refers to “the ability to perform functional maintenance and
stabilisation actions while maintaining control in the motor chain” [12]. The FMS is useful
for evaluating deficiencies in certain movements [14], and Cook et al. [11] have reported
that periodic FMS evaluations have a positive effect on damage prevention and motor
function improvement. An FMS total score of <14 points indicates a relative injury risk of
1.87 [15].

According to the results of this study, the overall score was ≤14 points in the GP and
GF groups. These results support those of a previous study that showing air force cadets
perform activities at the elite athlete level, requiring similar physical factors and being
vulnerable to injury [1] because the G-test is a high-intensity physical activity that is greatly
influenced by individual body composition and physical strength. Chorba et al. [16] have
indicated neuromuscular control, reduced core muscle stability, and skeletal muscle imbal-
ance as important intrinsic risk factors for injury. The low FMS score indicates asymmetry
according to the imbalance, and in this study, a statistically significant correlation was
confirmed when the correlation between morphological factors of leg length and FMS score
was identified. These results are consistent with those of studies demonstrating FMS as a
useful tool for assessing specific movement deficits [14].

In the measurement items (deep squats, hurdle stubs, inline lunges, and active straight
leg raises), which are deeply related to the morphological structure of the lower extremities,
the GP group scored significantly higher than the GF group. The GP group demonstrated
higher mobility, stability, and control of the hip, knee, and both sides of the ankles, as well
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as equal load distribution and core control at asymmetric locations, than the GF group [17].
This strong power zone strengthens the spine and core muscles, and the stability of the core
muscles creates balanced movements, such as those of the spine and pelvis [18], and acts
as a driving force for continuously pushing the footrest under control during the G-test.
Furthermore, the strengthening of the spine and core lower body muscles increases muscle
strength and endurance, maintains high peripheral pressure in high-acceleration situations,
and plays a positive role in preventing G-LOC due to acceleration [19].

A program that fits all approaches is not the most effective [20]. An appropriate
musculoskeletal damage screening process must first be identified to improve the effec-
tiveness of injury prevention programs. Thus, using an injury prevention program and a
post-injury exercise prescription program using various measurement tools is important.
The FMS is a measurement tool that ultimately establishes symmetry and reaches a balance
between mobility and stability [15], and its effectiveness increases when used with exercise
programs [21]. Therefore, developing a program that can be applied to cadets along with
FMS measurement will have a positive effect on injury prevention and motor function
improvement. Therefore, using FMS as a preventive and selective measure to prevent
injuries and improve the training performance of cadets is expected to bring time and
economic benefits.

The limitation of this study was that it was conducted only on cadets, who were
preliminary pilots, and only on male cadets, and the subject’s past–current injury history
was not identified. The pathological histories of cadets, who are preliminary pilots and
quasi-soldiers, were difficult to disclose, so they could not be used in this study. In addition,
habitual physical activity was not assessed.

5. Conclusion

As this study was conducted only on senior cadets attending the Korea Air Force
Academy, investigating the functional movement test and leg length imbalance of all cadets
was not possible. Nevertheless, this is the first study to investigate the functional movement
and lower extremity imbalance of cadets using the FMS, and a significant relationship was
revealed with the G-test results. Based on the results of this study, preventing injuries in
cadets by investigating physical activities and the risk of damage will be helpful. However,
identifying each cadet’s medical history, past or current injuries, and pain areas has lim-
itations. Thus, a close examination of the medical history or pain due to damage before
conducting analysis and measurement will provide more meaningful results.
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