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ARTICLE INFO ABSTRACT

Keywords: This study aimed to assess the impact of a 16-week combined training program on the physical
Athl‘?tic performance performance of 20 male Air Force pilots, with an average age of 31.87 + 2.75 years, body mass of
Physical performance 76.33 + 0.79 kg, and height of 175.55 + 3.65 cm. This intervention encompassed both aerobic

Concurrent training
Combined training

Resistance training

Aerobic training

and strength training, involving six weekly training sessions. The participants were categorized
into two groups based on their initial physical performance levels to explore potential baseline
influences on post-intervention adaptations. The study measured changes in estimated maximal
oxygen uptake (VO3 max), maximal strength, muscular endurance, and long jump performance
before and after the training program. Repeated measures ANOVA revealed significant differences
over time in the VO, max (F = 86.898; p < 0.001; ng = 0.821), handgrip strength right hand (F =
160.480; p < 0.001; n2 = 0.894), handgrip strength left hand (F = 102.196; p < 0.001; 03 =
0.843), squat maximal strength (F = 525.725; p < 0.001; ng = 0.965), push-ups (F = 337.197; p
< 0.001; n2 = 0.974), sit up (F = 252.500; p < 0.001; n2 = 0.930) and standing long jump (F =
521.714; p < 0.001; ng = 0.965). In conclusion, the 16-week combined training regimen
significantly enhanced the physical performance of Air Force pilots, regardless of their initial
performance levels.

1. Introduction

Physical fitness is crucial for military personnel in the Air Forces as it enhances operational readiness, combat performance, and
mission success while promoting overall health and mental toughness [1]. Given its pivotal role among Air Force pilots, it is highly
advisable to incorporate year-round physical conditioning into military practices [2,3]. This approach assists personnel in sustaining
their capacity to execute various tasks [4,5] while maintaining optimal health conditions and reducing the risk of non-communicable
diseases [6].

Physical fitness can be described as the capability to proficiently perform daily tasks and engage in physical activities with a high
degree of functionality, typically attained through regular physical conditioning. Vital facets of physical fitness encompass body
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composition, strength, power, cardiorespiratory fitness, and flexibility [7], which collectively equip individuals to withstand the
demanding physical challenges faced by air force pilots. Furthermore, a well-developed level of physical fitness is anticipated to reduce
the risk of injuries linked to specific tasks carried out by air force pilots [5].

For instance, during training or missions, pilots frequently encounter substantial G-forces. Prolonged exposure to G-forces
exceeding 7G can lead to musculoskeletal injuries, particularly affecting the cervical and lumbar vertebrae [8-10]. Research indicates
that for each additional 100 h of flight time, the risk of spinal pain increases by 6.9 % [11]. Alarmingly, 20 % of high-performance
aircraft pilots suffer from disabilities that impair their ability to carry out flight duties [12]. Simultaneously, musculoskeletal disor-
ders rank as the predominant health issue among military pilots [13]. The prevalence of flight-induced musculoskeletal symptoms
among active pilots varies from 32 % [12,14-16] to as high as 89 % [13,17].

Prior studies have highlighted that appropriate physical training can enhance the precision of tasks performed during military
operations in isolation. Superior and healthier outcomes can thus be attained through effective physical training [18]. Consequently,
physical training proves highly advantageous for Air Force pilots aiming to uphold both their occupational competence and overall
health [19].

Among various physical fitness parameters, maintaining adequate aerobic fitness is paramount for air force pilots. As an illus-
tration, different countries have established specific aerobic fitness requirements for their air force personnel, recognizing its critical
role in their readiness. For instance, the Institute of Aviation Medicine mandates a minimum aerobic fitness level of >40 m-kg-1-min-1
for Norwegian Air Force personnel [20].

The significance of aerobic fitness for this population can be attributed to several factors. Firstly, it ensures an appropriate
cardiorespiratory and cardiovascular status, which in turn improves the delivery of oxygen to the mitochondria and enhances the
regulation of muscle metabolism [21]. Consequently, this contributes to the normalization of blood pressure, reduces the risk of stroke,
and serves as a preventive and therapeutic measure against cardiometabolic conditions such as obesity, type 2 diabetes, and car-
diovascular diseases.

In addition to aerobic fitness, muscular strength holds significant importance in both optimizing the performance of air force pilots
and enhancing their overall health. For instance, past research has illuminated the substantial activation of neck muscles in pilots
during flight, indicating a considerable burden on these muscle groups [22]. This heightened strain can set the stage for the prevalence
of low back pain, which reportedly affects 36 % of air force pilots [23]. To mitigate low back pain and fortify the body’s capacity to
withstand these physical stresses, bolstering neck strength assumes paramount significance. Supporting this notion, Lange et al. have
uncovered compelling evidence suggesting that specific neck strength exercises tailored for fighter pilots can effectively alleviate the
severity of neck pain [24]. In a parallel context, a randomized controlled study revealed that the incidence of lower back pain is
significantly lower among US Air Force pilots who incorporate specific core muscle exercises into their routines, compared to a control
group that abstains from these exercises [25].

Acknowledging the paramount importance of physical fitness parameters, including aerobic and muscular strength, significant
efforts have been directed towards crafting comprehensive strength and conditioning programs tailored for air force pilots. Never-
theless, existing programs often focus solely on one type of training [26,27], neglecting the benefits of a combined approach that
encompasses both aerobic and strength training. Integrated training, which combines cardiorespiratory and strength exercises, is
indeed recommended. In civilian and athletic populations, this holistic regimen concurrently enhances cardiovascular health,
endurance, and muscular strength [28,29]. It bolsters overall performance by augmenting oxygen delivery to muscles, bolstering
endurance for extended missions, and fortifying the body to withstand the rigorous physical demands inherent to air force duties [30].
Consequently, it emerges as a highly effective strategy for optimizing physical fitness in the demanding profession of air force service.

Despite its potential benefits, combined training has yet to be extensively studied in the context of air force pilots, presenting a
noticeable gap in research. This gap is significant, as combined training holds promise as a supportive framework for daily practices
within the air force, potentially improving physical fitness, overall health, and quality of life while reducing the risk of pain or injuries.
Given the unique characteristics of this population, there is a pressing need to expand research on combined training to ascertain its
impact, or lack thereof, on the physical fitness and health of air force pilots. With this gap and the importance of addressing it in mind,
this study aims to investigate the effects of a combined aerobic fitness and strength training intervention on male Chinese People’s
Liberation Army Air Force pilots’ physical fitness and overall health using a pre-post quasi-experimental design.

2. Methods

The present article followed the guidelines set forth in the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement for reporting observational studies [31].

2.1. Study design

A pre-post quasi-experimental design was conducted to evaluate the effectiveness of a 16-week combined aerobic fitness and
strength training intervention on subjective and objective health indicators of physical fitness and overall health among male pilots of
the Chinese People’s Liberation Army Air Force. The study received ethical approval from the Institutional Ethical Review Board of
Chengdu Institute of Physical Education under the reference code 2023#145.
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2.2. Setting

The study was carried out from 2023.5.29 to 2023.10.1 in the city of Chengdu. The recruitment process involved sending direct
invitations to the Air Force Aviation Force of the Western Theater Command of China, which took place between 2023.5.10 and
2023.5.20.

2.3. Participants

The a priori sample size for this study was determined using G*Power 3.1 software (Diisseldorf, Germany) [32]. With a statistical
power of 0.85 and a medium effect size of 0.35, considering two groups and three measures, a total sample size of 18 participants is
recommended.

Convenience sampling was utilized. To be eligible for participation, pilots had to meet certain criteria: (a) age greater than 29 years,
(b) flight time exceeding 1500 h, (c) previous international/domestic flight missions, and (d) a body mass index (BMI) of 23 or higher.
Pilots who required special tasks during the intervention were excluded.

Participants were self-selected pilots recruited from the Air Force Aviation Force of the Western Theater Command of China. The
author of this study also served as a professional physical trainer.

To account for potential dropouts and increase the ability to detect smaller differences, an initial total of 25 subjects were recruited.
Ultimately, 20 participants (all males) with an average age of 31.87 + 2.75 years, body mass of 76.33 + 0.79 kg, and height of 175.55

[ Enroliment ] Assessed for eligibility (n=25)

Excluded (n=5)

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n=1)

+ Other reasons (n=2)

A 4

Randomized (n=20)

}

: Allocation ] Y
Allocated to intervention to those in higher baseline leve Allocated to intervention to those with lower baseline level
(n=10) (n=10)
+ Received allocated intervention (n=10) + Received allocated intervention (n=10)
+ Did not receive allocated intervention (give reasons) (n= + Did not receive allocated intervention (give reasons)
0) (n=0)

y [ Follow-Up ] v
A J
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
[ Analysis ] Y
\ 7
Analysed (n=10) Analysed (n=10)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)

Fig. 1. Flowchart of participant selection.
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=+ 3.65 cm met the inclusion criteria. On average, they have 1989.11 + 419.5 flight hours.

Next, the participants were divided into two subgroups based on their baseline scores. One subgroup consisted of participants who
scored below the median for each primary outcome, while the other subgroup included those who scored above the median. This
categorization created two distinct groups and enabled a comprehensive discussion regarding the impact of individual adaptation in
relation to both lower and higher baseline values. For a visual representation of participant enrollment and retention, please refer to
Fig. 1.

Informed consent was obtained from all participants before their involvement in the study. Permission from the military was also
secured, and pilots had the option to withdraw from the intervention at any time without providing a reason. To ensure data blinding
and anonymity during data analysis, participants were assigned unique identification codes instead of using their names on the
informed consent forms.

2.4. Assessment procedures

Anthropometric measurements, fitness assessments, and physiological evaluations were conducted at baseline, at the midpoint of
the intervention (8th week), and following a 16-week intervention period. The following sequence of tests were made: (i) anthro-
pometry; (ii) grip strength; (iii) maximum squat strength; (iv) standing long jump; (v) muscular endurance; (vi) 20-m shuttle running
test. The assessment battery was made at the same day, and the tests were interspaced by 5 min of rest. In order to ensure the con-
sistency of data comparisons, the baseline and post-intervention assessments were scheduled for the same day of the week, at the same
time of day (approximately 1.5 h), and under identical environmental conditions (25 °C temperature and 53 % humidity). The as-
sessments were conducted in both a laboratory and an in-field setting. To preserve the confidentiality of the military participants, all
were instructed to assemble at the designated measurement site within the military installation for their evaluations, precisely at 3:00
p.m. as specified.

To ensure the privacy of the military personnel, the author did not directly participate in the assessment process (the assessment
was blind to researchers). The hospital, arranged by the military, performed physical examinations on the participants, following the
measurement values specified in the study regulations.

2.5. Anthropometry assessment

Anthropometric measurements of participants were conducted following standardized procedures. Height and body mass were
measured using a Smart Health digital weighing scale and stadiometer (601, WJ-H, China), with a technical error of +£0.5 cm and +0.1
kg, respectively. Measurements were taken with participants wearing a regular shirt and shorts, excluding shoes. To ensure accuracy,
height and body mass were measured three times, and the average of the three measurements was used as the statistical data for each
assessment moment. Body mass index (BMI) was subsequently calculated based on the obtained height and body mass values.

Waist circumference was measured by identifying the top of the hip bones and the bottom of the ribcage and taking the mea-
surement at a level midway between these landmarks. Hip circumference as measured at the widest part of the hip, typically at the
level of the greater trochanter of the femur. The measurements were conducted by researchers designated by the military district, who
had expertise in anthropometric assessment (ISAK level). The reliability of the measurements was high, with a +value of 0.5 cm. To
ensure measurement accuracy, the researchers utilized measuring tape with waist to hip ratio calculator (203, seca, China) with a
technical error of +0.1 cm. The waist and hip circumferences were measured three times following standardized procedures, and the
average value was used as statistical data. Subsequently, the waist-to-hip ratio was calculated based on the obtained waist and hip
circumferences.

2.6. Handgrip strength

Participants’ grip strength was assessed using the KDCS-3 Grip Strength Tester (KDCS-3, Beijing, China). This grip strength tester is
known for its minimal systematic error (0.1 kg) and is considered a highly reliable tool for evaluating the grip strength of military
personnel. To ensure the accuracy of measurements, participants were provided with instructions to fully extend their arms and exert
maximum force on the dynamometer using their dominant hand. They were instructed to maintain this grip strength for at least 3 s and
perform the task twice, with the peak force being recorded for analysis. Each participant completed 3 trials for each hand, with a rest
period of 2 min between trials and 3 min between assessments of each hand. The best of trials was used as the main outcome.

2.7. Maximum squat strength

The Smith squat rack (MX-G9, MASSFIT, China) was employed to assess the participants’ maximum squat strength. This particular
rack is known for its effective safety features and its ability to provide precise measurements of a participant’s maximum squat
strength.

The testing protocol began with participants performing a warm-up with a self-selected load that allowed them to complete a
minimum of 6-10 repetitions, which corresponds to approximately 50 % of their predicted 1RM (one-repetition maximum). Following
this warm-up, participants rested for 5 min. They then selected a weight based on their previous effort, which allowed them to perform
three repetitions. After an additional 3-min rest period, participants increased the load by 10 % and attempted to lift their 1RM.
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The test continued until participants reached muscular failure, preventing them from completing a squat repetition. The 1IRM was
determined as the maximum load lifted in a successful manner.

2.8. Standing long jump

The standing long jump physical fitness test instrument (AL, Lingkang, China) was used to evaluate the standing long jump of the
participants. This instrument features a high-definition camera with 8 million pixels or more and an error margin of 0 cm, making it the
most reliable choice for assessing the standing long jump. Participants were instructed to stand on the starting line with their legs
slightly apart and knees slightly bent, while leaning their bodies forward. They were then asked to swing their arms back and forth
naturally twice, while flexing and extending their legs accordingly. To generate a powerful jump, participants were instructed to push
off the ground quickly with the soles of their feet, fully extending their knee joints, and jumping forward with their hips extended. The
distance covered upon landing was recorded. Each participant performed 3 trials, with a 1-min rest between trials. Statistical analysis
was conducted by taking the highest value of the trials.

2.9. Muscular endurance

Muscular endurance was assessed using established methods, as previously documented [33,34]. Participants engaged in 1-min
sessions of push-ups and sit-ups. During push-ups, participants were directed to place their hands vertically on the ground, main-
taining proper alignment of the torso with shoulders, hips, knees, and ankles throughout the entire range of motion. They raised their
hands off the ground between each push-up, with the push-up rhythm regulated by a metronome. Participants aimed to complete as
many repetitions as possible within 1 min while ensuring correct form [33].

For the sit-up assessment, participants were instructed to lie supine on a floor mat, with knees flexed at approximately 90° and feet
flat on the ground. With their hands raised, the task involved a swift transition from a lying position to a seated one. They flexed their
upper body forward, reaching for their feet while lowering their head. Participants were then required to return to the seated position
and repeat this sequence within a 1-min timeframe [34].

2.10. Estimated maximal oxygen uptake

The participants’ estimated maximal oxygen uptake (VO2 max) was determined through a 20-m shuttle running test, following the
original protocol [35]. During this test, participants were instructed to shuttle run between two lines positioned 20 m apart while
circling around a central point located between these lines. They were required to pivot without crossing the lines before each
turnaround, maintaining their activity within these boundaries. The test concluded when a participant failed to reach a line after two
consecutive beeps or if they did not await two consecutive beeps before proceeding. The total distance covered by each participant was
measured and recorded as the primary outcome. Furthermore, the participant’s VO, max was estimated based on the number of stages
completed, using the following formula: VO2 max = —24.4 + 6.0 final velocity achieved [35].

2.11. Training intervention

The combined aerobic fitness and strength training intervention spanned 16 weeks, with training sessions taking place 6 times a
week. Each session had a duration of 120 min. For a detailed breakdown of the training sessions, please consider Table 1. During the
training phase, sets were separated by 3-min rest intervals, and the intensity was adjusted to maximal exertion to complete the highest

Table 1
Description of the training intervention.

Warm-up phase

Training phase

Relaxation phase

Session Jogging (5min) barrel agility Backhand pull-ups (3 x 15), static grip (3 x 15), static hang (3 x 15), alternate Foam roller massage
1 training (15 min) fingers gripping the barbell plates (3 x 15) sit-ups (3 x 15) (80min) (20min)
Session Jogging (10min) pnf stretch Freestyle kick training (6 x 15) (30min) 3000 m running freestyle
2 activation (5min) Freestyle one-arm alternating training (6 x 15) (30min) (20min)
Freestyle arm and breathing training (6 x 15) (25min)
Session Jogging (5min) barrel agility Wall handstand (3 x 15), hanging pull-ups (3 x 15), finger pull-ups (3 x 15), L- Yoga (20min)
3 training (15 min) shaped pull-ups (3 x 15), rope/towel pull-ups (3 x 15), maximum weight pull-ups
(3 x 15), elastic band-assisted pull-ups (3 x 15) (80min)
Session Jogging (10min) pnf stretch Freestyle kick training (6 x 15) (30min) 3000 m running freestyle
4 activation (5min) Freestyle one-arm alternating training (6 x 15) (30min) (20min)
Freestyle arm and breathing training (6 x 15) (25min)
Session Static stretching (10min) foam Finger-assisted one-arm pull-ups (3 x 15), towel/rope-assisted one-arm pull-ups (3 ~ Massage by
5 rolling activation (10min) x 15), reverse pull-ups (3 x 15), static grip (3 x 15), standard pull-ups (3 x 15) physiotherapist (20min)
(80min)
Session Jogging (10min) pnf stretch Freestyle kick training (6 x 15) (30min) 3000 m running freestyle
6 activation (5min) Freestyle one-arm alternating training (6 x 15) (30min) (20min)

Freestyle arm and breathing training (6 x 15) (25min)
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number of trials before reaching fatigue (closer to failure). Participants self-regulated the intensity using the weight of the equipment,
the speed of contraction during the concentric phase, and/or the range of motion. Trainers introduced these variations, and a
monitoring scale was employed to ensure consistency in the reported intensity by participants, thereby controlling the stimulus.

Participants were instructed not to engage in any military activities or other sports training during this period. At baseline, the
group was divided into two subgroups. One subgroup included participants who scored below the median for each primary outcome,
while the other subgroup included participants who scored above the median. Both subgroups underwent the same exercise
intervention.

Aerobic fitness and strength training sessions are conducted at 3 p.m. at the designated training ground by the military region. Each
session begins with a 20-min warm-up, followed by 80 min of combined aerobic fitness and strength training. Finally, a 20-min cool-
down session is included. To enhance participants’ comprehension of aerobic fitness and strength training and to achieve optimal
training results, we have implemented a schedule alternating between 3 times aerobic fitness sessions and 3 times strength training
sessions per week.

2.12. Statistical procedures

The descriptive statistics are depicted in the form of mean and standard deviation. Sub-groups were stratified based on the cu-
mulative Z-scores computed for the average of each physical fitness component. To accomplish this, the Total score of athleticism
(reference) was utilized: individuals with scores above 0.0 were categorized as the better fitness group (BFT), while those with scores
below 0.0 were designated as the lower fitness group (LFT).

The normality of the sample was assessed using the Shapiro-Wilk test (p > 0.05), and homogeneity was verified using the Levene
test (p > 0.05). Following the confirmation of these statistical assumptions, the mixed ANOVA test (group*time) was employed.
Pairwise comparisons were conducted using the Bonferroni post hoc test, and effect size was assessed using Cohen’s standardized
measure. A repeated measures ANOVA was applied to the entire participant cohort, and post-hoc Bonferroni tests were employed to
compare assessments at different time points.

All statistical analyses were carried out using SPSS software (version 28.0.0, IBM, USA) with a significance threshold set at p < 0.05.

3. Results

Body mass index varied from 23.9 + 1.0 at baseline to 23.1 + 0.8 kg/m? post-intervention. Waist circumference ranged from 80.5
+ 2.1 to 77.3 £+ 1.4 cm, while hip circumference ranged from 89.4 + 1.9 cm to 85.4 + 1.9 cm. Fig. 2 illustrates the anthropometric
variations observed for all participants throughout the study.

Descriptive statistics of the participants exposed to the intervention program can be observed in Table 2. Repeated measures
ANOVA revealed significant differences over time in the VO max (F = 86.898; p < 0.001; ng = 0.821), handgrip strength right hand (F
=160.480; p < 0.001; '1;2) = 0.894), handgrip strength left hand (F = 102.196; p < 0.001; ng = 0.843), squat maximal strength (F =
525.725; p < 0.001; ng = 0.965), push-ups (F = 337.197; p < 0.001; ng = 0.974), sit up (F = 252.500; p < 0.001; ng = 0.930) and
standing long jump (F = 521.714; p < 0.001; '1,2; = 0.965).

Descriptive statistics pertaining to VO, max, handgrip strength, and maximal strength during squat exercises among distinct groups
(comprising sub-groups categorized by their initial fitness status) are presented in Fig. 3. The results from a mixed analysis of variance
(ANOVA) indicate that there is no statistically significant interaction effect (group*time) with respect to VO, max (F = 1.045; p =
0.339; ng = 0.055), handgrip strength right hand (F = 0.328; p = 0.617; ng =0.018), handgrip strength left hand (F = 0.408; p = 0.606;
ng = 0.022) and maximal strength during squat exercises (F = 2.007; p = 0.149; ng = 0.100)

Post hoc analysis revealed no significant differences between groups with respect to VO3 max (p = 0.289; ng = 0.062), handgrip
strength left hand (p = 0.075; ng = 0.166) and maximal strength during squat exercises (p = 0.079; ng = 0.161). However, significant
differences between groups were found at handgrip strength right hand (p = 0.022; ng = 0.258).
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Fig. 2. Descriptive statistics of the anthropometric variations observed throughout the study. (a) body mass; (b) waist circumference; and (c) hip
circumference.
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Table 2
Descriptive statistics (mean =+ standard deviation) of the physical fitness parameters measured over the time.
Baseline Middle Post- Differences (2—1) Differences (1-3) Differences (2—3)
1) assessment (2) intervention (3)
VO, max (ml/kg/ 43.8+1.3 46.4+1.3 49.5 + 2.4 +2.6 ml/kg/min |p < +5.7 ml/kg/min |p < +3.1 ml/kg/min |p <
min) 0.001 |d = 2.0 0.001 |d = 3.1 0.001 |[d =1.7
Handgrip 53.8+5.9 55.8 £ 4.9 57.6 + 4.6 +2.0kg |[p < 0.001 |d = +3.8kg |[p < 0.001 |d = +1.8kg [p < 0.001 |d =
strength R 0.4 0.7 0.3
(kg)
Handgrip 52.7+£5.5 54.2 + 4.8 55.7 £ 4.7 +1.8kg |[p < 0.001 |d = +3.3kg |[p < 0.001 |d = +1.5kg [p < 0.001 |d =
strength L 0.4 0.7 0.3
(kg)
Squat 1RM (kg) 747+83 883 +82 101.9 + 8.4 +13.6 kg |[p < 0.001 |[d  +27.2kg |[p<0.001 |d  +13.6 kg |p < 0.001 |d
=1.6 =33 =1.6
Push-ups (n) 418468 47.9+6.1 52.4 + 5.8 4+6.1n|p<0.001|d=  +10.6n|p<0.001|d= +45n|p<0.001|d=
0.9 1.7 0.8
Sit up (n) 55.5+3.7 60.2+4.1 63.7 + 3.7 +47n|p<0.001|d=  +82n|p<0001|d=  +35n|p<0.001|d=
1.2 2.2 0.9
Standing long 2.48 £ 2.59 £ 0.07 2.67 £ 0.07 +0.1m|p<0.00l|d= +0.2m|p<0.001|d= +0.1m|p<0.001|d=
jump (m) 0.08 1.6 2.7 1.1
R: right; L: left.
3a) 3b) 3c) 3d)
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Fig. 3. Descriptive statistics for both the Lower Fitness Group (LFG) and the Better Fitness Group (BFG) include estimated maximal oxygen uptake
(VO, max), handgrip strength, and maximal squat repetitions. (a) VO, max in LFG; b) VO, max in BFG; ¢) squat 1 maximum repetition (RM) in LFG;
d) squat 1 maximum repetition (RM) in BFG; e) handgrip strength — right hand in LFG; f) handgrip strength — right hand in BFG; g) handgrip strength
— left hand in LFG; h) handgrip strength — left hand in BFG.

Descriptive statistics pertaining to push ups, sit up and standing long jump (comprising sub-groups categorized by their initial
fitness status) are presented in Fig. 4. The results from a mixed analysis of variance (ANOVA) indicate that there is no statistically
significant interaction effect (group*time) with respect to push ups (F = 3.105; p = 0.057; n§ =0.147), situp (F = 2.082; p = 0.154; ng
= 0.104) and standing long jump (F = 0.468; p = 0.581; ng = 0.025).

Post hoc analysis revealed no significant differences between groups with respect to sit up (p = 0.580; ng = 0.017) and standing
long jump (p = 0.095; '1,2; = 0.147). However, significant differences between groups were found at push ups (p = 0.025; ng = 0.248).

4. Discussion

This study aimed to assess the effects of a 16-week comprehensive training program, combining aerobic fitness and strength
training, on the health and physical fitness of male pilots within the Chinese People’s Liberation Army Air Force. The results indicate
substantial improvements in various key physical fitness parameters following the intervention, including VO2 max, handgrip
strength, squat 1RM, push-ups, sit-ups, and standing long jump. Particularly noteworthy was the remarkable 36 % increase in squat
1RM performance. Although improvements in other metrics were relatively smaller, they remained statistically significant. These
improvements can be attributed partially to the participants’ initial baseline levels, as the amount of training during the initial stage
was not extensive, allowing greater room for improvement.

Importantly, the intervention yielded significant enhancements in both higher and lower fitness level groups over the 16-week
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Fig. 4. Descriptive statistics for both the Lower Fitness Group (LFG) and the Better Fitness Group (BFG) include push up, sit up and standing long
jump. a) push-ups in LFG; b) push-ups in BFG; c) sit up in LFG; d) sit up in BFG; e) standing long jump in LFG: f) standing long jump in BFG.

period, demonstrating consistent progress regardless of baseline fitness. This suggests that there is room for improvement regardless of
initial fitness levels. Despite concerns about potential plateaus in progression, assessments conducted at various intervals revealed no
such occurrence between the 8th and 16th weeks. Therefore, future research should consider extending the duration of the experiment
to further explore the potential for improvement over time.

A significant aspect of this study was its evaluation of the training program’s impact across a range of initial fitness levels among
participants. Importantly, the intervention effectively enhanced physical fitness across individuals with differing baseline fitness
levels, highlighting its broad applicability and value in improving the physical fitness of male pilots within the Chinese People’s
Liberation Army Air Force.

The significant improvements in maximal oxygen uptake observed in Air Force pilots after a 16-week period of combined strength
and aerobic exercise can be comprehensively explained through physiological mechanisms. This dual approach harnesses the
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synergistic effects of both muscle strength and cardiovascular adaptations to enhance the pilots’ overall physical performance [36-38].
Strength training (e.g., circuit training), for instance, induces neuromuscular adaptations and increases lean body mass, which, in turn,
elevates the pilot’s muscular endurance and favors cardiorespiratory improvement [39].

Simultaneously, aerobic exercise augments cardiovascular fitness, fostering a more efficient transport of oxygen to the muscles
[40]. This leads to improved oxygen utilization and reduced reliance on anaerobic pathways, ultimately delaying the onset of fatigue
during prolonged missions [41]. Furthermore, the enhanced cardiovascular capacity promotes increased stroke volume and cardiac
output, ensuring a steady supply of oxygen to the working muscles [42]. This improved oxygen delivery, coupled with the heightened
oxygen-carrying capacity due to aerobic training, results in a considerable enhancement in the pilots’ maximal oxygen uptake.
Integrating aerobic training with high-volume multi-joint resistance exercises for the legs and upper body enhances aerobic endurance
and predictive VO max [43]. Strength training, such as squat 1RM and push-ups, can improve oxygen distribution to mitochondria
and muscle metabolism regulation, likely due to improvements in oxygen delivery and utilization in skeletal muscle [44].

Combined training over the course of 16 weeks has been shown to significantly enhance the maximum strength of Air Force pilots.
After the intervention, there was a significant enhancement in the pilot’s grip strength, showing a 7.1 % increase in the right hand and
a 6.3 % increase in the left hand. However, the most remarkable effect witnessed was a substantial 36 % improvement in squat 1RM.
Although significant, these gains are smaller than those performed in similar studies. For instance, Hickson [45] and Kraemer et al.
[46] demonstrated significant disparities in strength gains from pre-training to post-training between the strength group and the
combined training group, with improvements of 30 % and 19.5 %, and 35 % and 24 %, respectively.

Strength training is designed to target the development of muscle mass, power, and neuromuscular adaptations [47,48]. Resistance
exercises, in particular, stimulate hypertrophy, or muscle growth [49], which directly contributes to increased maximum strength [50]
Moreover, strength training improves the neural pathways and coordination necessary for maximal force production [51]. This not
only results in the heightened recruitment of muscle fibers but also enhances the synchronization of motor units, ultimately leading to
greater strength gains [52].

In addition, the increased circulation resulting from aerobic exercise is crucial for delivering oxygen and nutrients to muscles,
thereby aiding in their recovery and growth [53]. Improved aerobic capacity also enables pilots to endure longer and more intense
strength training sessions, which in turn leads to better gains in muscle strength [54]. The combination of aerobic and strength training
within the context of Air Force pilot fitness promotes a synergistic effect. Aerobic conditioning provides the necessary endurance for
pilots to withstand prolonged and high-intensity strength training sessions, which facilitates muscle growth and strength development
[55]. This enhanced cardiovascular fitness also plays a pivotal role in the recovery process, allowing for more frequent and intense
strength workouts [56].

The significant improvement in long jump performance following the combined training regimen can be attributed to several
interconnected physiological mechanisms. First and foremost, the gains in maximal strength resulting from strength training are
pivotal to enhancing long jump performance [57]. Increased maximal strength allows athletes to generate greater force during the
take-off phase, enabling them to achieve a more explosive and powerful jump. This improved strength contributes to greater kinetic
energy transfer from the athlete to the take-off board, propelling them further into the air [58]. Additionally, it is noteworthy that
previous research findings have consistently highlighted the advantage of prioritizing resistance training over endurance training in
the context of lower limb strength development, without any detrimental effects on aerobic capacity [59].This distinction in training
emphasis must be underscored within the training process, as it elucidates the rationale behind our approach. In summary, the
combined training approach promotes gains in maximal strength, which amplify the force generation during the take-off, leading to a
more dynamic jump and greater kinetic energy transfer [60].

The results of our investigation revealed a significant enhancement in muscle endurance following the combined training regimen.
Specifically, we observed a remarkable 25 % increase in push-up performance and a 15 % improvement in sit-up capabilities among
the participating air force pilots. Notably, this improvement was more pronounced in upper body strength compared to core strength.
However, it is crucial to acknowledge that prior research has not consistently identified associations between changes in muscular
endurance assessments. These findings appear to diverge from our own, suggesting that while advancements in muscular endurance
within core muscles might exist, improvements in upper body muscular endurance may not be readily apparent [61].

It is worth noting that endurance training typically does not lead to significant muscle fiber hypertrophy [62-66]. Instead, it in-
duces various adaptations that optimize endurance performance. These adaptations encompass an augmentation in capillary density
[62,63,65,67,68], an increase in mitochondrial volume density [69],and heightened oxidative enzyme activity [64,67]. Simulta-
neously, strength training enhances muscular strength and the ability to resist fatigue [70]. This combination promotes greater
resistance to muscle fatigue by improving the oxidative capacity of muscle fibers, ultimately enhancing overall muscle endurance [71].

Despite the promising findings of the study, there are several limitations that should be considered. Firstly, the study focused
exclusively on male pilots within the Chinese People’s Liberation Army Air Force, which limits the generalizability of the results to
other populations. Future research could benefit from including a more diverse sample, encompassing individuals from different
military branches or even civilian populations. Additionally, while the 16-week intervention led to significant improvements in various
physical fitness parameters, the absence of a control group makes it challenging to attribute these changes solely to the training
program. Incorporating a control group receiving no intervention or a different type of intervention would allow for a better un-
derstanding of the specific effects of the combined training regimen. Finally, the study did not investigate the long-term sustainability
of the observed improvements. Future research could explore the durability of the effects over an extended period to assess whether
continued training is necessary to maintain the enhanced physical fitness levels. Despite these limitations, the study provides valuable
insights into the effectiveness of combined strength and aerobic training interventions for improving the health and physical fitness of
military personnel, laying the groundwork for further investigation in this field.
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Practically, this study highlights the potential benefits of combined training for Air Force pilots, as it demonstrated improved
physical performance, irrespective of baseline levels. This suggests that such training could be a valuable addition to their routine,
contributing to their overall fitness and readiness for challenging missions. These findings could also have broader implications for
enhancing the physical training programs for military personnel in general, offering opportunities to optimize their physical capa-
bilities for the demands of their roles.

5. Conclusion

In conclusion, the findings of this study demonstrate the significant effectiveness of a 16-week comprehensive training interven-
tion, which combines aerobic fitness and strength training, in enhancing the health and physical fitness of male pilots within the
Chinese People’s Liberation Army Air Force. Our results indicate substantial improvements in key parameters of physical fitness,
including VO2 max, handgrip strength, squat 1RM, push-ups, sit-ups, and standing long jump. The intervention showed to be equally
effective across individuals with varying baseline fitness levels, highlighting its broad-reaching benefits and equitable nature. These
findings underscore the importance of implementing training programs that address the specific needs of military personnel, regardless
of their initial physical fitness status. Moving forward, continued research in this area is warranted to further optimize training
protocols and ensure the long-term sustainability of the observed improvements in physical fitness among Air Force pilots.

Ethical

The study received ethical approval from the Institutional Ethical Review Board of Chengdu Institute of Physical Education under
the reference code 2023#145.

Financial conflicts

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data availability statement
The data is available upon a reasonable request addressed to the corresponding author.
CRediT authorship contribution statement

DeSen Feng: Writing — review & editing, Writing — original draft, Methodology, Formal analysis, Data curation, Conceptualization.
Li Li: Writing - review & editing, Writing — original draft, Methodology, Investigation. Qi Xu: Writing — review & editing, Writing —
original draft, Methodology. TingYu Li: Writing — review & editing, Writing — original draft.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] R.T. Silva, F.A.D. Campos, L.C.B. Campos, M.Y. Takito, E.M. Miron, iL. Pellegrinotti, E. Franchini, Anthropometrical and physical fitness Predictors of
operational military test performance in air force personnel, Int. J. Exercise. Sci. 13 (4) (2020) 1028-1040.

[2] J. Molloy, T. Pendergrass, 1. Lee, K. Hauret, M. Chervak, D. Rhon, Musculoskeletal injuries and United States Army readiness. Part II: management challenges
and risk mitigation Initiatives, Mil. Med. 185 (2020) 1472-1480.

[3] R. Orr, T. Sakurai, J. Scott, J. Movshovich, J.J. Dawes, R. Lockie, B. Schram, The use of fitness testing to predict occupational performance in tactical personnel:
a critical review, Int. J. Environ. Res. Publ. Health 18 (2021) 7480.

[4] J. Turner, T. Wagner, B. Langhals, Biomechanical and psychological predictors of failure in the air force physical fitness test, Sports 10 (4) (2022) 54.

[5] M.C. Canino, S.A. Foulis, E.J. Zambraski, B.S. Cohen, J.E. Redmond, K.G. Hauret, et al., US Army physical demands study: differences in physical fitness and
occupational task performance between trainees and active duty soldiers, J. Strength Condit Res. 33 (7) (2019) 1864-1870.

[6] N.D. Barringer, C.J. McKinnon, N.C. O’Brien, J.R. Kardouni, Relationship of strength and conditioning metrics to success on the Army ranger physical
assessment test, J. Strength Condit Res. 33 (4) (2019) 958-964.

[7] C.E. Garber, B. Blissmer, M.R. Deschenes, B.A. Franklin, M.J. Lamonte, 1. Lee, et al., Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise, Med. Sci. Sports Exerc. 43 (2011)
1334-1359.

[8] R.K. Gore, T.S. Webb, E.D. Hermes, Fatigue and stimulant use in military fighter aircrew during combat operations. Aviat. Space, Environ. Med. 81 (2010)
719-727.

[9] R. Shiri, H. Frilander, M. Sainio, K. Karvala, R. Sovelius, T. Vehmas, E. Viikari-Juntura, Cervical and lumbar pain and radiological degeneration among fighter
pilots: a systematic review and meta-analysis, Occup. Environ. Med. 72 (2015) 145-150.

[10] E.M. Chumbley, A. Stolfi, J.C. McEachen, Risk factors for cervical pain in F-15C pilots, Aerosp. Med. Hum. Perform. 88 (2017) 1000-1007.
[11] J.J. Albano, J.B. Stanford, Prevention of minor neck injuries in F-16 pilots, Aviat Space Environ. Med. 69 (12) (1998) 1193-1199.
[12] W.E. Drew Sr, Spinal symptoms on aviators and their relationship to G-exposure and aircraft seating angle, Aviat Space Environ. Med. 71 (1) (2000) 22-30.

10


http://refhub.elsevier.com/S2405-8440(24)08208-2/sref1
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref1
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref2
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref2
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref3
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref3
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref4
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref5
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref5
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref6
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref6
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref7
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref7
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref7
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref8
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref8
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref9
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref9
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref10
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref11
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref12

D. Feng et al. Heliyon 10 (2024) 32177

[13]
[14]
[15]
[16]

[17]
[18]

[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]
[36]

[37]

[38]
[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]

[49]
[50]

[51]
[52]
[53]
[54]

[55]
[56]

[57]
[58]
[59]

[60]

A. Kikukawa, S. Tachibana, S. Yagura, G-related musculoskeletal spine symptoms in Japan Air Self Defence Force F-15 pilots, Aviat Space Environ. Med. 66 (3)
(1994) 269-272.

0. Hamaélainen, H. Vanharanta, R. Bloigu, +Gz-related neck pain: a follow-up study, Aviat Space Environ. Med. 65 (1) (1994) 16-18.

0. Hamadlainen, Thoracolumbar pain among fighter pilots, Mil. Med. 164 (8) (1999) 595-596.

J.A. Jones, S.F. Hart, D.S. Baskin, et al., Human and behavioural factors contributing to spine-based neurological cockpit injuries in pilots of high-performance
aircraft: recommendations for management and prevention, Mil. Med. 165 (1) (2000) 6-12.

D.G. Newman, +Gz-induced neck injuries in Royal Australian Air Force fighter pilots, Aviat Space Environ. Med. 68 (6) (1997) 520-524.

A. Tomczak, J. Dabrowski, T. Mikulski, Psychomotor performance of Polish Air Force cadets after 36 hours of survival training. Annals of agricultural and Env,
Med 24 (3) (2017).

H. Rintala, A. Hakkinen, S. Siitonen, H. Kyrolainen, Relationships between physical fitness, demands of flight duty, and musculoskeletal symptoms among
military pilots, Mil. Med. 180 (12) (2015) 1233-1238.

E. Gulliksen, A.S. Wagstaff, Luftforsvarets medisinske kravtil luftpersonell (Air Force medical requirements for air personnel). 5th Revised Ed. Blinderen, Oslo,
Norway: Insitute of Aviation Medicine, Norwegian Armed Forces Medical Services, 2009.

A.M. Jones, H. Carter, The effect of endurance training on parameters of aerobic fitness, Sports Med. 29 (2000) 373-386.

R. Sovelius, M. Mantyla, H. Heini, J. Oksa, R. Valtonen, L. Tiitola, et al., Joint helmet-mounted cueing system and neck muscle activity during air combat
maneuvering, Aerosp. Med. Hum. Perform. 90 (2019) 834-840.

Y. Yang, S. Liu, M. Ling, C. Ye, Prevalence and potential risk factors for occupational low back pain among male military pilots: a study based on questionnaire
and physical function assessment, Front. Public Health 9 (2022) 744601.

B. Lange, P. Toft, C. Myburgh, G. Sjggaard, Effect of targeted strength, endurance, and coordination exercise on neck and shoulder pain among fighter pilots: a
randomized-controlled trial, Clin. J. Pain 29 (2013) 50-59.

Y. Brandt, L. Currier, T.W. Plante, C.M. Schubert Kabban, A.P. Tvaryanas, A randomized controlled trial of core strengthening exercises in helicopter
crewmembers with low back pain, Aerosp Med Hum Perform 86 (2015) 889-894.

M. Murray, B. Lange, K. Spgaard, G. Sjogaard, The effect of physical exercise training on neck and shoulder muscle function among military helicopter pilots and
crew: a secondary analysis of a randomized controlled trial, Front. Public Health 8 (2020) 546286.

W. Heng, F. Wei, Z. Liu, X. Yan, K. Zhu, F. Yang, et al., Physical exercise improved muscle strength and pain on neck and shoulder in military pilots, Front.
Physiol. 13 (2022) 973304.

E.C. Schroeder, W.D. Franke, R.L. Sharp, D.C. Lee, Comparative effectiveness of aerobic, resistance, and combined training on cardiovascular disease risk
factors: a randomized controlled trial, PLoS One 14 (1) (2019) e0210292.

N.R. Hendrickson, M.A. Sharp, J.A. Alemany, L.A. Walker, E.A. Harman, B.A. Spiering, et al., Combined resistance and endurance training improves physical
capacity and performance on tactical occupational tasks, Eur. J. Appl. Physiol. 109 (2010) 1197-1208.

J.P. Vaara, H. Groeller, J. Drain, H. Kyroldinen, K. Pihlainen, T. Ojanen, et al., Physical training considerations for optimizing performance in essential military
tasks, Eur. J. Sport Sci. 22 (1) (2022) 43-57.

E. Von Elm, D.G. Altman, M. Egger, S.J. Pocock, P.C. Ggtzsche, J.P. Vandenbroucke, The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies, Lancet 370 (9596) (2007) 1453-1457.

H. Kang, Sample size determination and power analysis using the G*Power software, J Educ Eval Health Prof 18 (2021) 17, https://doi.org/10.3352/
jeehp.2021.18.17.

J. Clemons, Construct validity of two different methods of scoring and performing push-ups, J. Strength Condit Res. 33 (2019) 2971-2980.

AM. Burden, C.G. Redmond, Abdominal and hip flexor muscle activity during 2 minutes of sit-ups and curl-ups, J. Strength Condit Res. 27 (8) (2013)
2119-2128, https://doi.org/10.1519/JSC.0b013e318278f0ac.

L. Léger, C. Gadoury, Validity of the 20 m shuttle run test with 1 min stages to predict VO2max in adults, Can. J. Sport Sci. 14 (1) (1989) 21-26.

R. Hickson, B.A. Dvorak, E.M. Gorostiaga, T.T. Kurowski, C. Foster, Potential for strength and endurance training to amplify endurance performance, J. Appl.
Physiol. 65 (5) (1988) 2285-2290.

J.F. Schlub, T.R. Siejack, R.B. O’Hara, J. Brannon, Effects of a traditional vs. nontraditional physical training program on submaximal cycle ergometry scores in
USAF men, Aviat Space Environ. Med. 74 (4) (2003) 406.

D.G. Sale, J.I. MacDougall, S. Garner, Interaction between concurrent strength and endurance training, J. Appl. Physiol. 68 (1) (1990) 260-270.

F.A. Munoz-Martinez, J.A. Rubio-Arias, D.J. Ramos-Campo, P.E. Alcaraz, Effectiveness of resistance circuit-based training for maximum oxygen uptake and
upper-body one-repetition maximum improvements: a systematic review and meta-analysis, Sports Med. 47 (2017) 2553-2568.

P. Frappell, T. Schultz, K. Christian, Oxygen transfer during aerobic exercise in a varanid lizard Varanus mertensi is limited by the circulation, J. Exp. Biol. 205
(17) (2002) 2725-2736.

M. Glaister, Multiple sprint work: physiological responses, mechanisms of fatigue and the influence of aerobic fitness, Sports Med. 35 (2005) 757-777.

Y. Hellsten, M. Nyberg, Cardiovascular adaptations to exercise training, Compr. Physiol. 6 (1) (2011) 1-32.

Jacob M. Wilson, Pedro J. Marin, Matthew R. Rhea, Stephanie M.C. Wilson, Jeremy P. Loenneke, Jody C. Anderson, Concurrent training: a meta-analysis
examining interference of aerobic and resistance exercises, J. Strength Condit Res. 26 (8) (2012) 2293-2307.

W.K. Yeo, et al., Acute signalling responses to intense endurance training commenced with low or normal muscle glycogen, Exp. Physiol. 95 (2) (2010) 351-358.
R. Hickson, Interference of strength development by simultaneously training for strength and endurance, Eur. J. Appl. Physiol. 45 (1980) 255-263.

W.J. Kraemer, J.F. Patton, S.E. Gordon, E.A. Harman, M.R. Deschenes, K. Reynolds, R.U. Newton, N.T. Triplett, J.E. Dziados, Compatibility of high-intensity
strength and endurance training on hormonal and skeletal muscle adaptations, J. Appl. Physiol. 78 (1995) 976-989.

B.J. Schoenfeld, D. Ogborn, J.W. Krieger, Dose-response relationship between weekly resistance training volume and increases in muscle mass: a systematic
review and meta-analysis, J. Sports Sci. 35 (11) (2017) 1073-1082.

J.J. Fyfe, D.L. Hamilton, R.M. Daly, Minimal-dose resistance training for improving muscle mass, strength, and function: a narrative review of current evidence
and practical considerations, Sports Med. (2022) 1-17.

B.J. Schoenfeld, The mechanisms of muscle hypertrophy and their application to resistance training, J. Strength Condit Res. 24 (10) (2010) 2857-2872.
M.C. Refalo, D.L. Hamilton, D.R. Paval, I.J. Gallagher, S.A. Feros, J.J. Fyfe, Influence of resistance training load on measures of skeletal muscle hypertrophy and
improvements in maximal strength and neuromuscular task performance: a systematic review and meta-analysis, J. Sports Sci. 39 (15) (2021) 1723-1745.
T.J. Carroll, S. Riek, R.G. Carson, Neural adaptations to resistance training: implications for movement control, Sports Med. 31 (2001) 829-840.

J. Duchateau, J.G. Semmler, R.M. Enoka, Training adaptations in the behavior of human motor units, J. Applied Physio. 101 (6) (2006) 1766-1775.

K. Sahlin, Muscle energetics during explosive activities and potential effects of nutrition and training, Sports Med. 44 (Suppl 2) (2014) 167-173.

J. Garcia-Pallarés, M. Izquierdo, Strategies to optimize concurrent training of strength and aerobic fitness for rowing and canoeing, Sports Med. 41 (2011)
329-343.

D.L. Tomlin, H.A. Wenger, The relationship between aerobic fitness and recovery from high intensity intermittent exercise, Sports Med. 31 (2001) 1-11.

S. McMahon, H.A. Wenger, The relationship between aerobic fitness and both power output and subsequent recovery during maximal intermittent exercise,
J. Sci. Med. Sport 1 (4) (1998) 219-227.

T. Yokozawa, D. Kumagawa, H. Arakawa, Y. Katsumata, R. Akagi, A biomechanical analysis of the relationship between the joint powers during the standing
long jump and maximum isokinetic strength of the lower limb joints, Int. J. Sport Health Sci. 17 (2019) 13-24.

M.D. Peterson, B.A. Alvar, M.R. Rhea, The contribution of maximal force production to explosive movement among young collegiate athletes, J. Strength Condit
Res. 20 (4) (2006) 867-873.

Z. Murlasits, Z. Kneffel, L. Thalib, The physiological effects of concurrent strength and endurance training sequence: a systematic review and meta-analysis,
J. Sports Sci. 36 (11) (2018) 1212-1219.

H. Petré, F. Wernstal, C.M. Mattsson, Effects of flywheel training on strength-related variables: a meta-analysis. Sports Med, Open 4 (2018) 1-15.

11


http://refhub.elsevier.com/S2405-8440(24)08208-2/sref13
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref13
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref14
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref15
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref16
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref16
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref17
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref18
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref18
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref19
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref19
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref20
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref20
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref21
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref22
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref22
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref23
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref23
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref24
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref24
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref25
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref25
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref26
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref26
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref27
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref27
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref28
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref28
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref29
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref29
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref30
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref30
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref31
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref31
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.3352/jeehp.2021.18.17
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref33
https://doi.org/10.1519/JSC.0b013e318278f0ac
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref35
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref36
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref36
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref37
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref37
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref38
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref39
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref39
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref40
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref40
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref41
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref42
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref43
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref43
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref44
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref45
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref46
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref46
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref47
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref47
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref48
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref48
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref49
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref50
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref50
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref51
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref52
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref53
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref54
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref54
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref55
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref56
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref56
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref57
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref57
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref58
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref58
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref59
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref59
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref60

D. Feng et al.

[61]

[62]
[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]

[71]

Heliyon 10 (2024) e32177

T. Honkanen, H. Rintala, J.P. Vaara, H. Kyrolainen, Muscular fitness improves during the first year of academy studies among fighter pilot cadets, Int. J.
Environ. Res. Publ. Health 17 (24) (2020) 9168.

P. Andersen, J. Henriksson, Capillary supply to the quadriceps femoris muscle of man: adaptive response to exercise, J Physiol. Lond. 270 (1977) 677.

C. Denis, J.-C. Chatard, D. Dormois, M.-T. Linossier, A. Geyssant, J.-R. Lacour, Effects of endurance training on capillary supply of human skeletal muscle on two
age groups (20 and 60 years), J. Physiol. Paris 81 (1986) 379-383.

P.D. Gollnick, R.B. Armstrong, B. Saltin, C.W. Saubert IV, W.L. SemBrowich, R.E. Shepherd, Effect of training on enzyme activity and fiber composition of
human skeletal muscle, J. Appl. Physiol. 34 (1973) 107-111.

F. Inger, Effects of endurance training on muscle fibre ATP-ase activity, capillary supply and mitochondrial content in man, J. Physiol. Lond. 294 (1979)
419-432.

L. Larsson, T. Ansved, Effects of long-term physical training and detraining on enzyme histochemical and functional skeletal muscle characteristics in man,
Muscle Nerue 8 (1985) 714-722.

P.G. Schantz, Plasticity of human skeletal muscle with special reference to effects of physical training on enzyme levels of the NADH shuttles and phenotypic
expression of slow and fast isoforms of myofibrillar proteins (Abstract), Acta Physiol. Scand. Suppl. 128 (1986) 558.

N. Terrados, J. Melichna, C. Sylvén, E. Jansson, Decrease in skeletal muscle myoglobin with intensive training in man, Acta Physiol. Scand. 128 (1986) 651-652.
H. Hoppeler, Exercise-induced ultrastructural changes in skeletal muscle, Int.J.Sports Med. 7 (1986) 187-204.

W.J. Davis, D.T. Wood, R.G. Andrews, L.M. Elkind, W.B. Davis, Concurrent training enhances athletes’ strength, muscle endurance, and other measures, The J
Streng Cond Res 22 (5) (2008) 1487-1502.

G.D. Barahona-Fuentes, A.H. Ojeda, D. Jerez-Mayorga, Effects of different methods of strength training on indicators of muscle fatigue during and after strength
training: a systematic review, Motriz 26 (2020).

12


http://refhub.elsevier.com/S2405-8440(24)08208-2/sref61
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref61
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref62
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref63
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref63
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref64
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref64
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref65
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref65
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref66
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref66
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref67
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref67
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref68
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref69
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref70
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref70
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref71
http://refhub.elsevier.com/S2405-8440(24)08208-2/sref71

	Evaluating the impact of a combined aerobic and strength training intervention on the physical performance of male Chinese  ...
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Setting
	2.3 Participants
	2.4 Assessment procedures
	2.5 Anthropometry assessment
	2.6 Handgrip strength
	2.7 Maximum squat strength
	2.8 Standing long jump
	2.9 Muscular endurance
	2.10 Estimated maximal oxygen uptake
	2.11 Training intervention
	2.12 Statistical procedures

	3 Results
	4 Discussion
	5 Conclusion
	Ethical
	Financial conflicts
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


