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Abstract 

Background. Both men and women work as soldiers in the Swedish armed forces. Being a 

soldier is more physically demanding compared to most civilian jobs. To make sure that the 

soldier is able to meet the requirements of these task, all persons who wish to work within the 

military has to undergo military training, but it is not investigated how and if women and men 

respond differently to the military training in the Swedish armed forces.  

Aim. The aim was to study recruits regarding changes in body composition and muscular 

power from the beginning of basic military training to the end of post military training, and to 

compare potential changes between female and male recruits.  

Methods. Tests for power measurements were loaded vertical squat jump (LVSJ; w) and for 

body composition bioelectrical impedance analysis (BIA; kg). A total of 117 recruits 

completed all tests at the start of basic military training (BMT; 12 weeks) and at the end of 

post military training (PMT; 3-12 months). Shapiro Wilk’s test, Wilcoxon’s signed rank test 

and Mann Whitney’s U test were used to analyze the results. Effect size (ES) was used to 

evaluate the practical relevance of the results.  

Results. Results showed that female recruits improved their time to peak power (p=0.014, 

ES=0.47) during the LVSJ, whereas their male counterpart did not. Body composition 

changes were found for male recruits who increased their fat free mass (p<0.005, ES=0.11) 

and skeletal muscle mass (p<0.005, ES=0.15). No changes where found for female recruits. 

Direct sex specific comparison showed that male and female recruits responded fairly similar 

to military training.  

Conclusion. In conclusion our study found that military training had very small to small 

effect on power output of the lower extremities in both female and male recruits. Military 

training did not affect the women’s body composition whereas increases in muscle mass were 

seen in the male recruits. No major sex specific difference was found neither in power output 

nor body composition and a fair assumption would be that male and female recruits who 

undergo military training respond physiologically in a similar manner. 

 

 

 



Abstrakt 

Bakgrund. Både män och kvinnor arbetar som soldater i Försvarsmakten i Sverige. Att 

arbeta som soldat är mer fysiskt krävande jämfört med de flesta civila jobb. För att säkerställa 

att soldaten kan uppfylla kraven för dessa uppgifter måste alla personer som vill arbeta inom 

militären genomgå militär utbildning, men det är ännu inte undersökt om kvinnor och män 

svarar annorlunda på militärutbildningen.  

Syfte. Syftet var att studera rekryter gällande förändringar i kroppssammansättning och 

muskulär effektutveckling från början av grundläggande militärträning till slutet av 

befattningsutbildning, och att jämföra potentiella förändringar mellan kvinnliga och manliga 

rekryter.  

Metoder. Test för muskulär effektutveckling (power) var vertikalt knäböjshopp med 

skivstång (VKS; w) och för kroppssammansättning användes bioelektrisk impedansanalys 

(BIA; kg). Totalt 117 rekryter genomförde alla test vid starten av grundläggande militär 

träning (12 veckor) och vid slutet av sin befattningsutbildning (3–12 månader). Shapiro 

Wilk’s test, Wilcoxon’s signerade rank test och Mann Withney’s U test användes för att 

analysera resultat. Effekt storlek (ES) räknades ut för att bedöma den praktiska relevansen av 

resultaten.   

Resultat. Resultaten visade att kvinnliga soldater förbättrade sin tid till maximal muskel 

effektutveckling (p= 0.014, ES = 0.47, time to peak power) under VKS, medan deras manliga 

motsvarighet inte gjorde det. Kroppssammansättningen förändrades signifikant för manliga 

rekryter som ökade sin fettfria massa (p <0.005, ES = 0.11) och skelettmuskelmassa (p 

<0.005, ES = 0.15). Inga förändringar var signifikanta för kvinnliga rekryter. Direkt 

jämförelse mellan könen visade att manliga och kvinnliga rekryter svarade på liknande sätt av 

militärträning.  

Slutsats. Sammanfattningsvis visade vår studie att militärträning hade mycket liten till liten 

effekt på muskulär effektutveckling i de nedre extremiteterna hos både kvinnliga och manliga 

rekryter. Militärträning påverkade inte kvinnors kroppssammansättning medan ökning i 

muskelmassa fanns bland de manliga rekryterna. Inga större könsskillnader hittades varken i 

muskulär effektutveckling eller kroppssammansättning och ett rättvist antagande skulle vara 

att manliga och kvinnliga rekryter som genomgår militär utbildning svarar fysiologiskt på 

liknande sätt. 
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1.0 Background 

1.1 Military jobs  

Military jobs have in general put different and higher demands on the individual compared to 

most civilian jobs. The carry load of the soldier has changed over the course of time. Before 

the 18th century a soldier rarely carried more than 15kg of gear including weapon, 

equipment’s and provisions (Joseph, Knapik, Reynolds, & Harman 2004). In modern time, a 

soldier with special training and during certain tasks can carry up to 61kg while walking at a 

certain pace over various terrain (route march) (Joseph et al., 2004). The carry load has 

increased with the advancement of technology to support the soldiers with security, mobility 

and provisions to be able to perform their tasks.  

1.2 Military selection 

The carry load and tasks included in a soldier’s life is much more strenuous than what a 

person might encounter in civilian jobs. To prepare an individual for these challenges all 

military personnel must undergo military training. Military training consists of basic military 

training (BMT) which is three months in Sweden and followed by minimum of three and a 

maximum of twelve months post military training (PMT) (Swedish armed forces, 2019). 

During the first three months both men and women undergo the same BMT with personal 

equipment weighting around 20kg (Swedish armed forces, 2019). All individuals who seek to 

work within the Swedish armed forces must be selected on various terms and requirements. 

The first basic requirements are that the individual is above 18 years old and is a Swedish 

citizen. If those requirements are met the individual is evaluated both physically and mentally 

to determine if the person is fit to serve in the Swedish armed forces and given a part of the 

role to maintain law, safety and order in the country (The Swedish Defence Recruitment 

Agency, 2019).  

1.3 Basic military training evaluation 

The evaluation process which is called mustering starts with a questionnaire the applicant 

must complete to apply for mustering. When accepted to the mustering the participants 

undergo interviews to best fit the person to a certain role and an interview regarding 

psychological aspects to evaluate whereas the applicant is psychologically fit to serve. The 

evaluation is done by psychologists employed by the Swedish armed forces. An ability test is 
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performed to evaluate which role the individual might be best suited for in the Swedish 

armed forces positions. Since the military has higher demands regarding physical capacity 

than most civilian jobs the applicant undergoes a strength and endurance test to evaluate the 

physical capacity. The endurance test is done on an ergometer bike and strength is measured 

in a machine which test the overall strength in legs, back and shoulders (“Isokai,” M-

produkter, Norsborg, Sweden) (The Swedish Defence Recruitment Agency, 2019). After the 

interview and results from the strength and endurance tests the applicants are examined by a 

doctor to evaluate their general health and serviceability. The doctor weighs the results of the 

medical and physical tests and assesses each individual’s medical and physical abilities. The 

exact same procedure is done for both men and women, but historically women haven’t 

always been welcomed in the military and thus, the admissions requirements were developed 

for male recruits and has not been scientifically evaluated for women applying for BMT. 

1.4 Women in the military 

In Sweden it took until 1989 for women to be able to work as a soldier within all positions in 

the Swedish armed forces (Sundevall, 2011). Today the Swedish armed forces have 20100 

employees and only 18% of them are women (Swedish armed forces, 2019). Both men and 

women follow the same training regime and are met with the same expectations to succeed 

with their training. Performance equality is especially important in the military when being 

physically able to meet the demands for a specific work task can be a matter of life or death. 

However, men and women differ from a biological aspect where for example men have more 

muscle mass and more type II fibers than women. Men are also usually bigger and gather 

more muscle mass quicker than women (Larsén, 1997). Regardless of the biological 

differences between men and women, women have proven they are able to carry out the same 

expectations as men in the Swedish armed forces since 1989. The same challenges exist for 

both men and women but a tailored physical demands profile for both female and male 

recruits might be a better way to bridge the biological differences that exist between men and 

women. This might be important to attract and retain female recruits who begins their career 

in the Swedish armed forces. During 2015, 2706 men and women started their BMT (86% 

men and 14% women) and 2214 finished it (87% men and 13% women) (Swedish armed 

forces, 2017). Why some participants choose to abort their training can be explained by 

various causes, but physical fitness and durability are amongst the explanations.  
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1.5 Women dropout from military undergraduate training 

In 2004 dropouts amongst women (12%) in the BMT was studied, showing that the primary 

reasons for dropout was medical injury, lack of physical capacity and psychological aspects 

(The Swedish Defence Recruitment Agency, 2004). Another study made in 2006 showed that 

27% of the female recruits who interrupted their training did so because of problems with 

muscles, joints, skeletal or other injury in the body (The Swedish Defence Recruitment 

Agency, 2006). One of the Swedish armed forces goals is to increase the proportion of 

women working within the authority (The Swedish Defence Recruitment Agency, 2006), 

thus, it would be important to evaluate the drafting profile and training effects on women 

throughout the military service.  

1.6 Muscular power 

Working in the military as a soldier puts high demands physically on strength, muscular 

power and endurance capacities. Muscular power is the ability of the muscle to produce a 

maximal force in as short time as possible and is heavily reliant on muscular strength. 

Muscular power and strength are critical components of athletic performance (Sarabia, Moya-

Ramón, Hernández-Davó, Fernandez-Fernandez & Sabido, 2017). Adaptations for muscular 

power is achieved by high velocity training of 30% of maximum force. One adaptation from 

muscular power training is enhanced fast-twitch fibers. Fast-twitch fibers can produce up to 

four times more peak power than slow-twitch fibers (Hamill & Knutzen, 2009). For a soldier, 

being physically strong is important to successfully carry out certain tasks such as lifting 

materials, carrying heavy loads, combat running and other relevant military tasks such as 

casualty drag (Santilla, Pihlainen, Viskari & Kyröläinen, 2015). To our knowledge, muscular 

power is often overlooked in studies regarding military training, which tends to focus more 

on strength and endurance adaptations. Muscular power is equally as important as strength in 

military tasks, where jumping, vaulting with combat gear or quickly pushing up from a lying 

shooting position to sprint over terrain is heavily reliant on muscular power.  

The purpose of the BMT is to transform a civilian to a fully trained soldier and the training is 

the same for both sexes. However, biological differences exist between men and women 

regarding physiology and physical performance where men tend to be up to 48% stronger in 

the upper extremity. This difference is reduced looking at lower body extremity where 

women tend to be 66% as strong as their male counterpart (Miller, MacDougall, Tarnopolsky, 

& Sale, 1993). Considering these differences, it’s speculated that women and men may adapt 



4 
 

differently to military training. If there is in fact a sex specific difference in adaptations 

following military training, it would potentially be beneficial to train men and women 

differently to optimize training outcomes (Varley-Campbell, Cooper, Wilkerson, Wardle, 

Greeves, & Lorenc, 2018). 

1.7 Body composition 

A body composition of a high percentage fat free mass and low percentage body fat mass is 

associated with higher physical performance and lower risk for injury (Aandstad, Holtberget, 

Hageberg, Holme, & Anderssen 2014; Mattila, Tallroth, Marttinen, & Harri, 2007). 

Furthermore, as fat free mass percentage correlates well with muscle strength measurements, 

body composition can be a good indicator of the physical level regarding muscular strength 

an individual might be on (McArdle, Katch, & Katch, 2014).  

Body composition differs between the sexes where women tends to have proportionally more 

fat mass and men more muscle mass (Schorr, Dichtel, Gerweck, Valera, Torriani, Miller, & 

Bredella, 2018). Compared with women at age 20, men at the same age have up to 50% more 

muscle mass in their upper extremities and 30% more muscle mass in their lower extremities 

(Nindl, Jones, Van Arsdale, Kelly, & Kraemer, 2016). However, studying muscle fibers no 

sex specific differences in single muscle fiber cross-sectional area of fast-twitch fibers exist 

(Trappe, Gallagher, Harber, Carrithers, Fluckey & Trappe, 2003). Strength and muscle cross-

sectional area is positively correlated. There is evidence that men and women does not differ 

in the muscle tissue’s ability to generate force, shown by strength/cross-sectional area ratios 

(Miller, MacDougall, Tarnopolsky, & Sale, 1993).  

1.8 Military training  

That BMT has physical enhancing effect on male recruits who goes through with the training 

is supported by many studies (Mikkola et al., 2009; Tomczak, Bertrandt, Klos, & Klos, 2016; 

Santtila, Kyröläinen, & Häkkinen, 2009). Mikkola et al., (2009) found that six months of 

BMT increased aerobic performance by 7-9% in the Cooper running test and a fat mass 

reduction of ten percent. Furthermore Mikkola et al., (2009) found that endurance training, 

which is the major type of training in BMT, stimulates a positive change in body composition 

(decreased bodyfat mass and waist circumference). Santtila et al., (2009) followed 72 male 

recruits for two months and found similar results that BMT had a positive change on body 

composition but that the BMT showed no effect in muscle thickness on the lower or upper 

extremities and showed no significant change on the explosive power development in the 
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lower extremities. Santtila et al., (2009) propose that the combination of endurance training 

and strength training in the BMT might interfere with explosive power production, especially 

in the lower extremities, which could partly be explained by possible energy deficit and large 

amounts of endurance training which promoted aerobic metabolism and inhibited protein 

synthesis for the male recruits. Furthermore Santtila et al., (2009) emphasize the importance 

of soldiers being trained both for endurance and strength optimally. This due to the 

multistressors the soldiers often are exposed to, such as demanding marches with added load 

and tasks like lifting heavy objects or materials. In conclusion Santtila et al., (2009) suggest 

that strength-based exercises for maximal/explosive strength training should increase and 

decrease the proportion endurance-based training during the BMT to optimally train the 

recruits for their future work. The mentioned studies (Mikkola et al., 2009; Tomczak et 

al.,2016; Santtila et al., 2009) have only included male recruits or unspecified subject groups 

and did not evaluate any sex specific differences.  

1.9 Sex specific differences 

To our knowledge, no studies have investigated how men and women respond 

physiologically to military training in the Swedish armed forces. Internationally few studies 

have been made on both men and women during the military training. Investigation of 

physiological differences of male (n=114) and female (n=72) soldiers were evaluated after 20 

weeks of BMT with mixed endurance and strength/explosive training (Wood, Grant, du Toit, 

& Fletcher, 2017). In this study 99.6%. of all participants completed the BMT. Endurance 

tests included timed shuttle run, 2.4 km run and a 4km walk. Strength was measured with 

maximum number of sit-up and push-ups as well as a handgrip test. Explosive power was 

measured by performing a vertical jump. Both the male and female soldiers decreased their 

run times for both the 2.4km run and shuttle run test (8.9%, 4.0% men & 16.5%, 7.8% 

women) from start to end of BMT. The female soldiers improved more aerobically than their 

male counterparts which Wood et al., (2017) writes could potentially be explained by the 

lower initial physical capacity amongst the female soldiers at the start of the BMT or that the 

training did not provide enough stimuli for the male recruits. Even though Wood et al., 

(2017) study had a high adherence to the prescribed program (94%) the relative power output 

did remain relatively unchanged for both men and women. In conclusion Wood et al., (2017) 

reported that the female soldiers adapted slightly more both anthropometrically and 

aerobically than their male counterpart. The findings may be limited due to not having a 

minimum physical requirement for acceptance in to BMT. Not having a minimum physical 
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requirement might be limiting due to the BMT not offering enough training stimulus to the 

fitter soldiers and a larger adaptation amongst the soldiers with lower physical capacity. 

Wood et al., (2017) mention that minimum physical requirements can decrease the disparity 

between the sexes and mentions an interesting idea consisting of developing a cyclic physical 

training program with different entry points depending on the recruits initial physical 

performance at the start of the BMT to ensure adequate progression and overload stimuli for 

all soldiers.  

Only a few studies have investigated how the achieved level of physical capacity changes or 

is preserved in the recruits from the BMT going in to and after the PMT. Several studies have 

investigated how BMT affect endurance and strength adaptations, but few studies take 

muscular power into consideration. Furthermore, previous research is done mainly on men 

only with a few exceptions.   

1.10 Aim 

The aim was to study recruits regarding changes in body composition and muscular power 

from the beginning of basic military training to the end of post military training, and to 

compare potential changes between female and male recruits.  

1.10.1 Research Questions 

How do female and male recruits change regarding body composition and muscular power 

over the time of basic and post military training? 

Do training adaptations from basic and post military training differ between sexes? 

2.0 Methods 

This longitudinal cohort study started in 2016 and is planned to be finished in June 2020.  

Over the years several groups of recruits, both men and women have been tested in the same 

test procedure and currently a total of 249 recruits have participated in the study and more to 

be included in year 2020. 

2.1 Participants 

The soldiers that were selected for this cohort study were recruits from a regiment in eastern 

Sweden. After completing the mustering, the recruits were deemed fit physically and 

mentally to work in the military and therefore this study based its inclusion criteria on being 

accepted as a recruit. A total of 219 male and 30 female recruits accepted to participate in the 
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study, age ranging from 18-30 years. A total of 125 male recruits and 7 female recruits 

withdrew from the study due to either injury, transfer to other platoons or incomplete data. 

Flow chart displaying drop-out from the study is shown in figure 1. Loaded vertical squat 

jump (LVSJ) and body composition measurements had different numbers of recruits 

participating in the tests due to insufficient data and withdrawal from either of the tests. The 

study opted to only include data for body composition on recruits who also had performed the 

LVSJ tests. This choice only affected the number of male recruits, since there were only 

seven female recruits with enough data for body composition measurements. The study 

aimed to analyse changes throughout the BMT (12 weeks) and PMT (3-12 months). The 

recruits were asked in person to participate with the platoon they currently belonged to. 

Everyone interested could join and no one was excluded on other terms than being injured or 

having a disease that might have posed a health risk to the participant.  

 

Figure 1. Flow chart over drop-outs during military training. LVSJ: Loaded vertical squat 

jump. BC: Body composition. BMTpre: Before basic military training. PMTpost: After post 

military training.  
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2.2 Procedure 

After completing the initial mustering tests and being accepted as a recruit in the Swedish 

armed forces the female and male recruits included in this study performed tests for muscular 

power and body composition. All tests were performed indoors and time of day for testing 

varied except for body composition measurement that were made between 05:00-07:00 AM. 

Body composition measurements and LVSJ were measured within 2 days of each other. Test 

leaders were present to instruct how to perform all the tests and led a warmup before LVSJ 

testing, consisting of squats only using the participants own weight and a light jog/bike 

depending on what the participant opted for.  

No interventions where made in the military training that were normally done during both 

BMT and PMT. BMT which lasted for 12 weeks, consisted of physical training three hours 

per week (running, strength training, ball games) and approximately 120 hours of combat 

training (field training and marching). PMT varied both in length (3-12 months) and military 

specific training. PMT consisted of physical training for approximately two to three hours per 

week and military specific training varied greatly depending on military education line.  

2.2.1 Body composition 

For determining body composition bioelectrical impedance (BIA) technology was used 

(Inbody 770, Biospace limited, Seoul, South Korea). Measurements were made at the start of 

BMT and at the end of PMT. Test were standardized with the instructions that the 

participants were advised to refrain from food consumption after 11.00 PM the day before 

body composition measurements. The variables of interest were body weight (BW; kg), body 

fat mass (BFM; kg), free fat mass (FFM; kg), skeletal muscle mass (SMM; kg), body mass 

index (BMI) and percentage body fat (PBF; %). The gold standard within body composition 

measurements is the dual-energy X-ray absorptiometry scan. BIA measurements with Inbody 

have been validated against dual-energy X-ray absorptiometry scan, where its proven to 

correlate to a high degree (95%) when comparing muscle mass assessments (Lee et al., 

2018). The Inbody 770 has also proven to be a reliable tool to use when measuring body 

composition supported by several studies (Demura, Sato, & Kitabayashi, 2004; Sartorio, 

Malavolti, Agosti, Marinone, Cati, Battistini, & Bedogni 2005; Lee et al., 2018.) 

2.2.2 Muscular power  

Lower body muscular power was measured by performing LVSJ in a Smith-machine with 

30kg added to the barbell. A smith machine is used for weight training and consist of a 



9 
 

barbell fixed within steel rails only allowing vertical movement. Instructions for LVSJ were 

that the participant should squat with both legs until knees where bent at a 90-degree angle, 

while keeping the trunk straight. Then the participant where to jump as high as possible with 

both legs and land again with both legs with no shuffling or initial steps. Participants had 

been informed on the test procedure in advance. The barbell used had a linear encoder 

(Musclelab Encoder, Ergotest, Porsgrunn, Norway) attached to measure muscular power 

generated in the exercise. The participants performed in total three bilateral jumps. The data 

generated from this test was the recruits highest peak force achieved during the exercise, used 

as peak power value and average power was calculated as the mean value of the three jumps. 

Power was measured in watt (w). This study chose to only include concentric movement. 

Variables included concentric peak power (PP; w), concentric time to peak power (s) and 

concentric average power (AP; w). Relative peak power and average power were related to 

body weight to generate a score of power dependent on body weight, which is a good 

measure when comparing power between men and women (Riggs & Sheppard, 2009). The 

linear encoder that was used in this study has been shown to be a reliable and valid measuring 

method generating high correlation (r=0.93) when used in bench press testing (Tillaar & Ball, 

2019; Bosquet, Porta-Benache, & Blais, 2010) 

2.3 Ethical & Social considerations 

The present study was approved by Regional Ethical Review Board in Lund, Sweden (Dnr 

2016/400). Before any tests were performed all the consent forms to participate were 

collected and only those that had signed consent forms were able to participate. Participants 

had been informed to report to the test leaders in the event of illness or injury to evaluate 

participation in the test to minimize injury or other health complications. Participants had also 

been informed that they could at any time cancel their participation in the study without 

mentioning any reason why. In case of cancelled participation all personal data was destroyed 

for that participant and the dropout did not affect the participants employment. The personal 

data gathered from all participants were stored in special study protocols. The study protocols 

were coded, the code-key were locked away with only the test leader given access. The 

results were presented to the public on group level. Results were treated confidentially to 

minimize the risk of misuse of this information.  

Risks with participation in the study were considered minimal due to the participants being 

approved in the mustering process. The risks that could possibly follow with the tests were 
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risks associated with jumping in the LVSJ but deemed to be within the scope of their ordinary 

military training tasks for a recruit in the Swedish armed forces.  

The present study evaluates how explosive power and body composition changes over the 

course of the whole military training. The results from this study might be of use for the 

Swedish armed forces to evaluate their training protocols for both BMT and PMT. This might 

reduce the dropouts from the Swedish armed forces. The results from the current study might 

aid in the process of bridging the physical gap between men and women going in to BMT and 

ensure that BMT work regardless of sex with the goal to ensure all soldiers are able to 

perform their duties.   

2.4 Statistics  

The data collected for this study was transferred to Microsoft Excel and analysed in SPSS 

statistics (IBM SPSS Statistics version 24, IBM corp., Armonk, New York, USA). The data 

was tested for normality with the Shapiro Wilks test when the participants were fewer than 

30. Only male recruit data were normally distributed whereas female recruit data were not. 

The choice that was made was that both groups should be statistically analysed with non-

parametric tests. Even though the data only was partially normally distributed the results were 

described with mean ± standard derivation (SD) to easier be comparable with the results from 

similar studies. Three extreme values were identified in the data regarding male recruits peak 

power during the military training and were removed from the data set and from the 

presented results according to guidelines for outliers (Pallant, 2001). The non-parametric test 

Wilcoxon’s test was used for test of significance regarding change between results from tests 

at baseline and tests after PMT, within the sex specific groups men and women. Mann 

Whitney’s U test were used to analyse the significance regarding the change from tests at 

baseline to tests after PMT in body composition and power between sex specific groups. 

Statistical significance was set at p ≤ 0.05. In addition, Cohen’s d effect size was calculated 

for each variable within the sex specific groups to evaluate if the changes that occurred had 

any ‘’practical relevance’’. Effect size help the reader to understand the size of the reported 

effect and refers to the raw difference between group means and standardized measures of 

effect  (Sullivan & Feinn, 2012). Interpretation of Cohen’s d effect size is described in table 

1.  
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Table 1. Interpretation of Cohen’s d effect size. 

Effect size d Reference 

 

Very small 

 

0.01 - <0.20 

 

 

Sawilowsky, 2009 

 

Small 

 

0.20 - <0.50 

 

Cohen, 1988 

 

Medium 

 

0.50 - <0.80 

 

Cohen, 1988 

 

Large 

 

0.80 - <1.20 

 

Cohen, 1988 

 

Very large 

 

1.20 - <2.0 

 

Sawilowsky, 2009 

 

Huge 

 

≥2.0 

 

Sawilowsky, 2009 

 

3.0 Results  

3.1 Loaded vertical squat jump 

A total of 94 male (age 20 ±1.7 years) and 23 female recruits (age 21 ± 2.6 years) completed 

all tests during military training for LVSJ. 

No significant change and only very small or small effect sizes (ES) were found in average 

power (p=0.429, ES=0.11), peak power (p=0.201, ES=0.22) or bodyweight (p=0.275, 

ES=0.08) in women between BMTpre and PMTpost. However, women’s time to peak power 

showed a significant decrease and an effect size close to medium effect size (p=0.014, 

ES=0.47). The relative peak power (p=0.412, ES=0.11) and relative average power (p=0.693, 

ES=0.11) showed no significant change and very small effect sizes for female recruits (table 

2). 

Similar to results for female recruits, men showed no significant change and very small effect 

size in average power (p=0.242, ES=0.086) and peak power (p=0.096, ES=0.027). However, 

the male recruit’s bodyweight did show a significant increase from BMTpre to PMTpost but 

had only very small effect size (p<0.005, ES=0.18). Furthermore, no significant change and 

very small effect sizes were found in men’s time to peak power (p=0.696, ES=0.08). Again, 

similar to female recruits, the relative peak power (p=0.262, ES=0.09) and relative average 
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power (p=0.140, ES=0.11) showed no significant change and very small effect sizes for male 

recruits (table 2). 

Table 2. Loaded vertical squat jump before basic military training (BMTpre) and after post 

military training (PMTpost) for both men and women. 

Values are mean ± Standard deviation. ES: Effect size. PP: Peak power. AP: Average power. 

 

3.2 Body composition  

A total of 79 male recruits (age 20 ±1.8 years) and 7 female recruits (age 21 ±3.0 years) that 

completed the LVSJ test also completed tests at BMTpre and PMTpost for body composition 

during the military training. 

No significant changes and only small or very small effect sizes (p>0.2, ES<0.25) were found 

within the female recruit on body composition. Analyzing the male recruit’s body 

composition variables, BW significantly increased but with very small effect size (p=0.033, 

ES=0.05) from BMTpre to PMTpost. Similarly, significant improvements but very small 

effect size were found in FFM (p<0.005, ES=0.11), SMM (p<0.005, ES=0.15) and BMI 

(p=0.033, ES=0.07), between the two occasions (table 3).  

 

 

 

Variable Women 

BMTpre 

n=23 

Women 

PMTpost 

n=23 

Women 

p-value 

Women 

ES 

Men 

BMTpre 

n=94 

Men  

PMTpost 

n=94 

Men  

p-value 

Men 

ES 

 

Bodyweight 

(kg) 

64.0 

±7.1 

64.6 

±7.2 

0.275 0.08 77.5 

±11.7 

79.6 

±11.6 

<0.005 0.18 

Height (cm) 166.6 

±3.2 

- - - 182.4 

±6.9 

- - - 

Time to 
peak power 

(s) 

0.42 
±0.09 

0.38 
±0.10 

0.014 0.47 0.37 
±0.07 

0.37 
±0.10 

0.696 0.08 

Peak power 

(w) 

696.6 

±38.9 

719.8 

±114.6 

0.201 0.22 944.1 

±167.6 

956.9 

±163.3 

0.291 0.01 

Average 

power (w) 

324.6 

±38.9 

316.6 

±92.2 

0.429 0.11 475.2 

±85.5 

478.7 

±88.4 

0.533 0.04 

Relative PP 

(w/kg) 

11.02 

±2.01 

11.24 

±1.98 

0.412 0.11 12.45 

±2.88 

12.21 

±2.44 

0.262 0.09 

Relative AP 

(w/kg) 

5.13 

±0.81 

4.98 

±1.51 

0.693 0.11 6.26 

±1.43 

6.11 

±1.31 

0.140 0.11 
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Table 3. Body composition before basic military training (BMTpre) and after post military 

training (PMTpost) for both men and women. 

ES: Effect size. BW: Body weight. BFM: Body fat mass. FFM: Free fat mass. SMM: Skeletal 

muscle mass. BMI: Body mass index. PBF: Percentage body fat. Values are mean ± standard 

deviation. 

 

3.3 Comparison between male and female recruits 

To investigate if the military training affected the male and female recruits differently, a 

comparison between the changes that occurred over the military training was made for both 

lower body power and body composition. Significant differences were found between women 

and men’s time to peak power (p=0.024), where female recruits decreased their time to peak 

power significantly more than the male recruits. Differences were found between men and 

women’s bodyweight (p=0.013), where male recruits gained significantly more bodyweight  

than their female counterpart when comparing the recruits that performed LVSJ. No sex 

specific difference was found neither in power output described as absolute values nor in 

relative power output (table 4).  

Comparison between sex specific changes regarding body composition as shown in table 4 

found no significant results in any of the variables (p>0.4 for all) (table 4).   

 

Variable Women 

BMTpre 

n=7 

Women 

PMTpost 

n=7 

Women 

p-value 

Women 

ES 

Men  

BMTpre 

n=79 

Men  

PMTpost 

n=79 

Men  

p-value 

Men  

ES 

 

BW  

(kg) 

 

65.14 

±7.05 

66.94 

±9.32 

0.398 

 

0.22 78.57 

±12.01 

79.19 

±11.13 

0.033 0.05 

BFM 

 (kg) 

16.43 

±4.17 

17.64 

±6.89 

0.916 0.21 10.81 

±6.16 

10.53 

±5.53 

0.519 0.05 

FFM  

(kg) 

48.71 

±4.71 

49.30 

±6.89 

0.498 0.12 67.76 

±8.01 

68.66 

±7.73 

<0.005 0.11 

SMM 

(kg) 

26.91 

±2.94 

27.47 

±3.08 

0.237 0.18 38.49 

±4.67 

39.19 

±4.50 

<0.005 0.15 

BMI 23.49 

±2.54 

24.16 

±3.41 

0.352 0.22 23.57 

±3.02 

23.76 

±2.77 

0.033 0.07 

PBF 

(%) 

24.99 

±4.61 

25.66 

±7.09 

0.866 0.11 13.21 

±5.60 

12.91 

±5.02 

0.354 0.06 
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Table 4. Results of sex specific comparison of loaded vertical squat jump & body 

composition change from before basic military training (BMTpre) and after post military 

training (PMTpost). 

Variable Δ Women Δ Men 

 

Δ Women vs Δ Men  

Mann Whitney p-value 

LVSJ n=23 n=94  

Bodyweight (kg) 0.6 ±2.0 2.1 ±3.3 0.013 

Time to peak power (s) -0.05 ±0.12 0.00 ±0.09 0.024 

Peak power (w) 23.2 ±68.0 12.7 ±139.4 0.653 

Average power (w) -8.1 ±74.2 3.5 ±68.8 0.984 

Relative PP (w/kg) 0.22 ±1.20 -0.24 ±1.83 0.197 

Relative AP (w/kg) -0.15 ±1.09 -0.15 ±0.90 0.391 

Body composition n=7 n=79  

Bodyweight (kg) 1.80 ±3.23 0.63 ±3.49 0.586 

BFM (kg) 1.21  ±2.87 -0.27 ±2.57 0.444 

FFM  (kg) 0.59 ±1.52 0.90 ±2.09 0.764 

SMM (kg) 0.56 ±1.00 0.70 ±1.26 0.699 

BMI 0.67 ±1.17 0.19 ±1.06 0.502 

PBF (%) 0.67 ±2.84 -0.31 ±2.71 0.487 

Δ: Change. LVSJ: loaded vertical squat jump. PP: Peak power. AP: Average power. BW: 

Bodyweight. BFM: Body fat mass. FFM: Fat free mass. SMM: Skeletal muscle mass. BMI: 

Body mass index. PBF: Percentage body fat. Values are mean ± standard deviation. 

 

4.0 Discussion 

The main results of the current study showed that male recruits gained muscle mass (FFM & 

SMM) and female recruits improved their time to peak power in loaded vertical squat jump 

after the military training. Change regarding both peak power and average power described as 

absolute values or relative values was not statistically significant in either male or female 

recruits. Regarding body composition, male recruits also showed an increased BW and BMI 

after military training but did not show any significant change in BFM or PBF. Amongst 

female recruits no change occurred regarding body composition in any of the variables. 

Noticeable from this study was that men did increase in FFM and SMM but did not increase 

their power output. Comparison between sexes found that female recruits decreased their 

time to peak power significantly more than the male recruits. Furthermore, the male recruits 
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increased their body weight significantly more than their female counterpart when comparing 

the two. Important to note is that the male and female recruit groups where very different in 

numbers. The study groups were dominated by male recruit participants, which probably 

affected the outcomes of this study.  

4.1 Loaded vertical squat jump  

In the present study no improvements were found within power output for female or male 

recruits from the start of BMT to the end of PMT. Female recruits improved their time to 

peak power whereas male recruits time to peak power remained unchanged. Improving time 

to peak power during a movement in power training is a result of improved acceleration. The 

source of improved acceleration may be the improved ability to generate force throughout the 

movement (Cormie, McBride & McCaulley 2009). Therefore, the findings in time to peak 

power for female recruits may be an indication for a process of change towards improved 

performance in the LVSJ. Possibly has technique or strength in performing the LVSJ 

improved, however in the present study we did not evaluate neither maximal strength nor 

technique.  

Three previous studies have followed power output in recruits during their military training 

using vertical jump and/or counter movement jump (Nindl, Barnes, Alemany, Frykman, 

Shippee, & Friedl 2007; Oliver, Stone, Holt, Jenke, Jagim, & Jones 2017; Santilla et al., 

2009), and our findings are similar to their studies since neither study found any 

improvements in power output for the lower extremity. However, the way power was 

measured was quite different between our study and Oliver et al., (2017) who used the Lewis 

formula to estimate power output which is dependent on jump height, bodyweight and gravity 

(Stone & O’Bryant, 1987). Similar to the present study, Oliver et al., (2017) evaluated both 

male and female recruits and their results showed no improvements in lower extremity 

power, but improvements were seen in upper body strength in both male and female recruits. 

Although lower body strength only improved among female recruits. A potential explanation 

and similar to the present study, Oliver et al., (2017) recruits performed their regular military 

training. The military training in the present study focuses mainly on aerobic capacity 

(running), military oriented tasks (combat training, marching) and strength (push-ups, sit-

ups). No specific muscular power training was in the military training programs (with the 

exception of occasional intense combat training), which could explain the absence of 

muscular power improvements.  
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Another potential cause for the unchanged power output in the current study might be a result 

from the broader exercise plan military training involves. Since military training consist of 

mixed training such as endurance e.g. long marches with or without equipment and strength 

e.g. gym-based training/heavy lifting during military exercises, these different training types 

might interfere with the adaptations regarding power output of the muscles. Observations 

regarding mixed training and interference of adaptations regarding power during BMT is 

discussed in Santilla et al., (2009) study where similar results of no improvement and 

unchanged power production of the muscles in the lower extremity was found. Their methods 

were different from the present study where they included three different training settings for 

their study groups. The groups were divided in normal training, added strength training and 

added endurance training. Noticeably there wasn’t any larger strength development in the 

added strength training group compared to the other two groups. Santilla et al., (2009) 

discussed the large amount of endurance training in the basic training and found that it 

interfered with strength development and especially explosive power development in the 

lower extremity. Santilla et al., (2009) concluded that the overall training during BMT in the 

normal training group did not generate sufficient stimulus to increase maximal strength of the 

lower extremity.  

Previous studies are in line with the hypothesis that concurrent training of endurance and 

strength/power training interfere with adaptations for muscular power and strength (Wilson, 

Marin, Rhea, Wilson, Loenneke and Anderson 2012). Wilson et al., (2012) conducted a meta-

analysis on interference of aerobic and resistance exercises and their main finding was that 

muscular power is the major variable affected negatively by concurrent aerobic training. 

Their recommendation for athletes dependent on maximal power in their sport was that they 

should limit concurrent training for strength and endurance.  

4.2 Body composition 

Military training did have a positive effect regarding body composition for male recruits in 

terms of FMM and SMM. However, no reduction of fat in either BFM or PBF. The 

improvements regarding body composition for male recruits where not visible for the female 

recruits where no changes in body composition on any variable were seen. The findings in the 

present study correspond partly with previous research, where the beneficial change in body 

composition are similar to findings from such as in Mikkola et al., (2009) where six months 

of military training in male recruits improved aerobic performance and led to a beneficial 
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body composition. However, Mikkola et al., (2009) found that male recruits decreased BFM  

by 9.7% and 6.6% in PBF whereas the present study instead showed increases in muscle 

mass. Our findings on female recruits, however, are in disagreement with Margolis et al., 

(2012) who conducted a study on changes in body composition and plasma amino acid 

adaptation in male and female recruits during 10 weeks of military training. Margolis et al., 

(2012) found that 58% of all recruits increased their FFM and the majority (two thirds) of 

these where female recruits. Furthermore, the present study findings on female recruits are 

limited since body composition measurements were only made in seven women.   

In the current study, the lack of improvements for female recruit’s body composition 

especially in FFM and SMM could further explain the unchanged power output. However, 

male recruits did increase in FFM and SMM, but these changes did not impact the power 

output. Generally, it was interesting that mostly small and very small effect sizes where found 

in male recruits who statistically significantly (p<0.05) changed in several body composition 

variables. This might indicate that the findings could be trivial when their practical relevance 

was evaluated.  

A possible explanation for the unchanged power output could be that the adaptations in 

muscle mass did make the male recruits stronger but to achieve increased power output an 

individual has to train specifically for power e.g. fast and explosive training to optimally 

improve power output. Explosive training and situations where power is the main component 

in movements is an important part of military tasks. Endurance training (marches and 

distance running) and strength (unloading supplies and lifting heavy object) is  although more 

common and could have potentially interfered with power adaptations.  

4.2 Comparison of female vs male recruits for power and body 

composition 

Direct comparisons between female and male recruits of changes in power and body 

composition from BMTpre to PMTpost were made to investigate if women and men 

responded differently to the physical training regimen during military training. In the present 

study women and men responded fairly similar to 12 weeks of BMT and 3-12 months of 

PMT. The only significant changes between sexes was found in female recruits time to peak 

power and male recruits bodyweight for LVSJ. These findings that men and women respond 

similar to physical training are supported by several studies and are discussed in a review 

article by Varley-Campbell et al., (2018). The review analyzed three studies measuring whole 
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body power and found no significant difference between sexes in power output. Varley-

Campbell et al., (2018) discussed that strength improved the most in the studies (56% of the 

cases), but that whole body power appeared to be adversely affected by military training. 

Varley-Campbell et al., (2018) concluded that typically no sex specific differences exist in 

the physical performance adaptation to military training.  

Few studies have shown that military training affect the sexes differently. Wood et al., (2017) 

showed significant changes between men and women regarding physical performance in their 

standardized physical training program. Wood et al., (2017) found that male recruits 

increased physical performance by 43% whereas their female counterpart increased their 

results by 77%. These findings are interesting but differ from general sport literature where 

women and men respond similarly to physical training (McArdle, Katch & Katch, 2014). The 

sex specific difference in adaptations was discussed in Wood et al., (2017) study and one of 

the explanations were that study groups might have differed on initial physical level. The 

difference on initial physical level were probably due to the lack of initial physical 

requirements for appliance to military training. That the initial physical level differed 

becomes clearer when comparing the initial physical performance results from baseline, 

where male recruits scored 23% higher than the female recruits. The initial gap was reduced 

to a mere 5% at week 20 of the military training. That female recruits catch up with the male 

recruits in certain variables is also supported in the current study. The present study found 

that time to peak power for female recruits were higher than the male recruits time to peak 

power at BMTpre, but that the female recruits improved to the same level as their male 

counterpart when comparing time to peak power for both sexes at PMTpost. 

Sex specific comparisons in the present study for body composition during military training 

showed few differences between female and male recruits. Interestingly the direct 

comparison between the sexes found that men increased their bodyweight more than women 

in the larger group (n=117) that performed LVSJ. This is not found in the smaller group 

(n=86) that performed body composition measurements. This is most likely due to the 

different participation sizes of the study groups and the limited number of female recruits 

(only seven women) who participated in body composition measurements.  Even though the 

current study found that men increased their muscle mass significantly after military training, 

and the women did not, in a direct comparison of the extent of change over time between 

female and male recruits, no differences were found. This contrast the findings of Wood et 

al., (2017) where larger improvements in body composition were found in the female recruits 
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(decreased PBF by 6.3%) than their male counterpart (decreased PBF by 5.0%). In 

comparison with the present study female recruits increased their PBF by 0.67% and male 

recruits decreased their PBF by 0.31%, although these values where not statistically 

significant.  

4.4 Method discussion  

The current study is not without limitations. The major drawback was that the sex specific 

distribution was heavily dominated by male recruits. There were not enough women 

participating in the study to generate complete and credible results for comparison with the 

male counterpart. Acquiring enough women for the study is possible but not easy since the 

Swedish armed forces generally accept around 2600 recruits (15% women) nationwide at 

each start of BMT (start every 6 months), distributed on all 13 regiments in Sweden. (The 

Swedish Armed Forces, 2019). In general, 22% of all recruits choose to drop out of BMT 

(20% women and 80% men). Limiting for the study was that only recruits from one regiment 

was evaluated and could be an explanation to the low number of women in the present study. 

Reasons for the number difference of participants in the study groups for body composition 

and LVSJ were that data were missing for participants who only completed one of the test 

occasions. This was due to education on other location the day of testing, withdrawal due to 

injury or abortion from the study.  

The present study found three outliers in the data from male recruits LVSJ. These extreme 

values were deemed to be not possible to achieve and were therefore removed from the study.  

Further limitations were that the present study could only include data measurements from 

the baseline of BMT and at the end of PMT (3-12 months) and not from a test occasion after 

the BMT (12 weeks) due to insufficient data. The data were not complete for the test 

occasion after BMT due to education on other location and withdrawal from the study. 

Furthermore, no tests for strength or endurance development were available. An addition of 

strength and endurance tests could give a better explanation of how and what actually 

improved the most amongst female and male recruits and if any sex specific differences were 

present after military training. The addition of strength and endurance test to the study while 

still evaluating body composition and power adaptations could further investigate the 

potential interference of coherent strength and endurance training. This might be of 

importance for further studies within the military area to create the optimal military training 

for all recruits regardless of sex.  
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4.5 Conclusion 

In conclusion the present study found that military training had very small to small effect on 

power output of the lower extremities in both female and male recruits. Furthermore, military 

training did not affect the women’s body composition whereas increases in muscle mass were 

seen in the male recruits. However, these improvements in muscle mass were not enough to 

induce a noticeable improvement in power output. No major sex specific difference was 

found neither in power output nor body composition and a fair assumption would be that 

male and female recruits who undergo military training respond physiologically in a similar 

manner. Practical applications of this study could be for an evaluation of the military training 

program in Sweden. With the proposed change of increasing the proportion of strength/power 

training during both BMT and PMT could optimize the adaptations for muscular power. 

Future studies could look at the benefit of developing a cyclic physical training program with 

different entry points dependent on the recruit’s initial physical performance at the start of the 

BMT to ensure adequate progression and overload stimuli for all recruits.  
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