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Ágrip 

Inngangur: Djúpvatnshlaup (DWR) hefur verið notað við þjálfun hlaupara og endurhæfingu 

slasaðra íþróttamanna. Rannsóknir benda til þess að hægt sé að auka hámarkssúrefnisu pptöku 

(VO2max) með DWR en það eru ekki mikið vitað um áhrif DWR á aðra líkamlega getu íþróttafólks. 

Markmið þessarar rannsóknar voru að skoða áhrif DWR samanborið við árif hlaups á landi (LBR) 

á VO2max, snerpu, sprett hraða, lóðrétta stökkhæð og sparkhraða hjá fótbolta stelpum.  

Aðferð: þátttakendur voru 45 fótbolta stelpur á aldrinum 14-17 ára, Inngripið tók 6 vikur með 3 

æfingum í viku. Hámarkssúrefnis upptaka, snerpa, sprett hraði, lóðrétt stökkhæð og sparkhraði var 

mælt fyrir og eftir inngripið.  

Niðurstöður: DWR hópurinn bætti VO2max meðaltalið um 3,5% og lóðrétta stökkhæð um 7,6%. 

það fannst marktækur munur hjá DWR á VO2max (P=0.000)  og lóðréttri (P=0.000) stökkhæð fyrir 

og eftir inngripið, það fannst líka marktækur munur á hámarkssúrefnisupptöku (P=0.000)  og 

lóðréttri stökkhæð (P=0.000) fyrir og eftir inngripið hjá LBR. DWR hafði engin neikvæð áhrif á 

snerpu, sprett hraða, lóðrétta stökkhæð og sparkhraða. Það var ekki marktækur munur á DWR og 

LBR hópunum eftir inngripið í neinni breytu en 

Ályktun: Það er hægt að nota DWR til að auka VO2max hjá fótbolta stelpum án þess að það hafi 

neikvæð áhrif á snerpa, sprett hraði, lóðrétt stökkhæð og sparkhraði. Djúpvatnshlaup er góð leið 

til að stunda þolþjálfun án álags á liðamót sem hefðbundin land þjálfun veldur 

Lykilorð: DWR, Djúpvatnshlaup, Fótbolti, Snerpa, sprettur  
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Abstract 

Introduction: Deep water running (DWR) has been used to cross train runners and rehabilitate 

injured athletes. Research indicates that maximal oxygen uptake can be improved with DWR. 

There is not much information about the effects of DWR on other physical fitness attributes of 

athletes. The objective of this randomized control trial study was to examine the effects of DWR 

compared to the effects of land-based running (LBR) on maximal oxygen uptake (VO2max),  agility, 

sprint speed, vertical jump height and kick speed in female football players.  

 Method: Participants were 45 female football players, age 14-17 years old. The intervention took 

6 weeks with 3 training sessions per week. VO2max ,agility, sprint speed, vertical jump height and 

kick speed was measured before and after the intervention. 

Results: DWR group improved their mean VO2max by 3.5% and their vertical jump height by 7.6%. 

There was a significant difference within the groups regarding VO2max (P=0.000) and vertical jump 

height (P=0.000) before and after the intervention. DWR had no negative effects on agility, sprint 

speed, vertical jump height or kick speed and there was no significant difference between the DWR 

and the LBR groups on any variables.  

Conclusion: DWR can be used to increase VO2max without negatively affecting agility, sprint 

speed, vertical jump height and kick speed and should be recommended as a training method to 

decrease the stress and pain on joints that is associated with land based training 

Keywords: DWR, Deep water running, Football, Soccer, agility, power, sprint. 
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Introduction 
Football is the most popular sport in the world and is performed by children and adults at various 

levels of expertise (Stølen et al., 2005). Football is also known as soccer (Giulianotti, 2012). 

Football‘s international governing body is the Fédération Internationale de Football Association 

(FIFA)(Giulianotti, 2012). It has 208 national member associations. Football’s biggest tournament 

is the world cup, and its finals are played every four years (Giulianotti, 2012). Football is now a 

global phenomenon, but it began as a folk game in Britain. There it entered private schools and 

was formally codified in England in 1863 (Giulianotti, 2012). Football gave a chance for social 

connectivity both within and across nations through the establishment of the national league, 

continental, and intercontinental tournaments (Giulianotti, 2012). Most football cultures place a 

higher value on players that are more technically skillful, improvisational, and creative 

(Giulianotti, 2012). A football game consists of two equal periods of 45 minutes and is played by 

two teams that have 11 players each (FIFA, n.d.). The team that scores the higher number of goals 

during the game wins.          

 Deep-water running is a cardiovascular exercise that takes place in water (Thomas Reilly 

et al., 2003). It can be used to reduce impact of stress in preparation for locomotor sports and to 

maintain aerobic fitness during recovery from injury (Thomas Reilly et al., 2003). Deep-water 

running can be used to supplement training for cardiovascular fitness. Deep-water running is a 

means of reducing musculoskeletal loading while maintaining a training stimulus and, therefore, 

decreases the likelihood of injuries due to overtraining(Thomas Reilly et al., 2003). The athlete 

reproduces the pattern of limb movement used when running on dry land or on a treadmill (Thomas 

Reilly et al., 2003).           

 Because Iceland is located on top of the Atlantic ridge the resulting volcanism and 

seismicity cause a numerous high and low temperature geothermal fields (Haraldsson & Cordero, 

2014). People in Iceland have been using these geothermal hot spots since the 9th and 10th 

centuries. In the early 20th century, man-made geothermal pools were constructed in the vicinity 

of natural hot springs (Haraldsson & Cordero, 2014). Many of them were intended for swimming 

lessons, which was considered to be an important ability for a nation reliant on fishing (Haraldsson 

& Cordero, 2014). In the latter half of the 20th century, the number of man-made pools increased 

and in 2010 there were 163 recreational swimming centers operating in Iceland (Haraldsson & 
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Cordero, 2014). The abundance and easy access to swimming pools it was ideal to conduct a study 

on the effects of deep water running in Iceland. 

Objectives 
The objectives of this study were: 

1. To investigate the effects of a six-week running intervention on the performance of 

female football players in the V02 maximal treadmill test.  

A. Deep water running 

B. Land Running 

2. To investigate the effect of the intervention on the performance of the Illinois agility test, 

Sprint ability, Counter-movement Jump and kick speed. 

A. Deep-water Running  

B. Land-based running 

3. To investigate if there was a negative effect of the Deep water running compared to the 

land-based running on the performance of the V02 maximal treadmill test, the Illinois 

agility test, Sprint ability, Counter-movement Jump and kick speed. 

 

1. Review of the literature  
 

1.1 Physical demands of football 

The performance of the football player depends upon several factors (Stølen et al., 2005). Including 

a good level of endurance, technical skills with the ball (A. Lees et al., 2010; Rampinini et al., 

2008)- , agility (Little & Williams, 2005), repeated sprint ability (RSA) (Faude et al., 2012; P. 

Krustrup et al., 2006) and jumping (Arnason et al., 2004). Football players at a top-level cover 10-

12 km per game, the shortest distance being 4 km by goalkeepers, and most distance covered by 

midfielders who run up to 13 km per game (Stølen et al., 2005). During a match, a sprint occurs 

approximately every 90 seconds, (Stølen et al., 2005) and the mean sprint distance in elite football 

is 10–20m and lasts for 2–3 seconds (Spencer et al., 2005). Sprinting constitutes 1-11% of the total 

distance covered during a match. A player performs 1000 – 1400, mainly short activities changing 

every 4-6 seconds. Strength and power are equally as important as endurance in football (Stølen 
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et al., 2005). Football is mainly dependent upon aerobic metabolism, and the heart rate is often 

used as an indirect measure of the intensity of the exercise (Datson et al., 2014). Researchers have 

noted the average heart rate values of 86 (3)% of maximum heart rate (HRmax) and peak heart 

rate of 98 (1)% HRmax for female football players  during competitive play (Bangsbo, 1994; P. 

Krustrup et al., 2006; M. Mohr et al., 2004; Thomas Reilly & Thomas, 1979). To estimate the 

aerobic contribution to match play the assessment of heart rate and the subsequent use of pre-

established heart rate and maximal oxygen uptake (VO2max) relationships are frequently used (T. 

Reilly, 1997). Average oxygen uptake for elite female players is estimated at 77 – 80% of VO2max 

(Datson et al., 2014; Peter Krustrup et al., 2005). The peak values are 96% of VO2max. The values 

for HR max and VO2max suggest that the aerobic energy systems are highly stressed throughout 

female football matches and have periods of near maximal exertion (Peter Krustrup et al., 2005).

 Heart rate during a football game does not appear to vary for positions during domestic 

competitions with values of 86-88% of peak heart rate for defenders, midfielders and attackers 

(Peter Krustrup et al., 2005). The heart rate values have been found to be similar during the first 

and second halves or in any 15 minute period of the game (Peter Krustrup et al., 2010). Anaerobic 

capacity of female football players  has been evaluated with blood lactate exhibiting mean blood 

lactate concentration of 5.1 (0.5) mmol.L-1 during the first half and 2.7 (0.4) mmol.L-1 during the 

second half (Peter Krustrup et al., 2010). Because of the accumulation of blood lactate, it would 

be physiologically impossible to keep a higher average intensity over a longer period of time 

(Stølen et al., 2005). Football games have periods and situations of high-intensity activity where 

lactate accumulation takes place (Stølen et al., 2005). The players need periods of low-intensity 

activity to remove lactate from the muscles. There is little or no difference between the relative 

intensity of professional and non-professional football. However, in professional football the 

absolute intensity is higher (Stølen et al., 2005). Football is an intermittent sport where the aerobic 

energy system is highly stressed with average and peak heart rates around 85 and 98% of maximal 

values (Bangsbo, 1994; P. Krustrup et al., 2006; M. Mohr et al., 2004; Thomas Reilly & Thomas, 

1979). Football has a high rate of anaerobic energy turnover. It is however still uncertain how well 

blood lactate measurements reflect the muscular lactate concentration (P. Krustrup et al., 2006).. 

The ability to perform high-intensity exercise is reduced towards the end of professional and non-

professional football games (P. Krustrup et al., 2006; M. Mohr et al., 2004; Magni Mohr et al., 

2003; Rienzi et al., 2000). Observations suggest that high-intensity running is reduced in the last 
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15 minutes of a football game and that jump, sprint, and intermittent exercise performance is 

lowered after a game when compared to before a game (P. Krustrup et al., 2006; M. Mohr et al., 

2004; Magni Mohr et al., 2003; Rienzi et al., 2000). The study of (P. Krustrup et al., 2006) provided 

information about the changes in performance and alterations in muscle and blood metabolites 

during a football match. They found that sprint performance was reduced temporarily during and 

at the end of a match.  It is generally assumed that through the years, the game has developed to 

become faster, with more intensity and aggressive play than seen previously (P. Krustrup et al., 

2006). Elite football is a complex sport, and performance depends on a number of factors, such as 

physical fitness, psychological factors, player technique, and team tactics (P. Krustrup et al., 2006). 

Injuries and complications from previous injuries can also affect the players’ ability to perform 

(Arnason et al., 2004). Although the distance covered by different players in the same position 

varies, studies have shown that midfielders travel farther than defenders or attackers (Gabbett & 

Mulvey, 2008; Stølen et al., 2005). Among the defensive players, the fullbacks usually cover more 

distance than center backs, since they are usually more involved during the offensive phase (Stølen 

et al., 2005).  Although most of the movement for all players is at low or submaximal intensity- , 

it has been estimated that the mean work rate is about 70–75% of VO2max and close to the anaerobic 

threshold (Stølen et al., 2005).  Offensive players complete a greater amount of sprinting than both 

midfielders and defenders (Magni Mohr et al., 2003, 2008). Central defenders perform less high-

speed running than midfielders (Magni Mohr et al., 2008). Temporary fatigue has been found to 

exist during and towards the end of the game marked by changes in high speed running within and 

between the two 45 minute halves of play (Magni Mohr et al., 2003).   

 Total distance covered is consistent between halves, but there is a significant reduction in 

high speed running and sprinting (Datson et al., 2014). Game specific skills also change between 

halves with tackles being more frequent in the first half (Magni Mohr et al., 2008).  For elite 

players, there does not seem to be a reduction of repeated sprints and high-intensity activity 

between halves however, there is an increased amount of low-intensity recovery between efforts 

(Gabbett et al., 2013). The aerobic system is highly stressed during football games (Datson et al., 

2014; Stølen et al., 2005). The maximal oxygen uptake in female football players ranges from  

49.4 - 57.6 ml/kg/min (Datson et al., 2014).  Different VO2max values have also been observed 

between playing position and midfielders often record higher values than players in other positions 

(Ingebrigtsen et al., 2011). A positive correlation has been demonstrated between VO2max  and the 
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amount of high intensity running during a football game  (Peter Krustrup et al., 2005). Two recent 

female-specific training studies have found an increase in VO2max using interval training methods. 

One study had an 8 week mixed intensity interval program and found a significant difference in 

VO2max  (Clark, 2010). They had three sessions every week that were between 12 and 36 minutes 

long with work duration of 30-90 seconds (Clark, 2010). The other study had a 12 week 

individualized interval training program that consisted of working 5 – 120 seconds at a time and 

saw an increase in mean values of 13.2% for VO2max and an increase of 16.8% for anerobic 

threshold (Rhea et al., 2009).  Participants in both of these studies were recreational players and 

therefore a large increase in physical markers would be expected when adhering to organized 

training regime (Clark, 2010; Rhea et al., 2009).      

 During a football game, professional football players perform about 50 turns, which 

comprise of sustained forceful contractions (Stølen et al., 2005). Better power performance means 

the players can perform these turns and other power dependent movements faster. Because of this 

power is important for performance at top level football (Stølen et al., 2005). Power can be 

assessed by looking at jumping capability, and it is generally accepted as a functional method to 

assess power in football (Aragón, 2000; Isaacs, 1998; Liebermann & Katz, 2003; Patterson & 

Peterson, 2004; Tricoli et al., 2005). There are many studies that have researched the power 

performance in female football players in different competition levels (Helena Andersson et al., 

2008; Castagna & Castellini, 2013; Gabbett & Mulvey, 2008; Peter Krustrup et al., 2010; McCurdy 

et al., 2010; Mujika et al., 2009; Polman et al., 2004; S. SEDANO et al., 2009; Sjökvist et al., 

2011; J D Vescovi et al., n.d.; J. D. Vescovi et al., 2011; Jason D. Vescovi & Mcguigan, 2008). 

The player position does not seem to be a factor relating to performance in jumping assessments. 

However, some trends have been identified, with goalkeepers having the lowest score (S. 

SEDANO et al., 2009; J D Vescovi et al., n.d.) and midfielders and forwards recording greater 

scores than defenders (J D Vescovi et al., n.d.). Research has shown that vertical jump performance 

differentiates between age groups. Older players (U19) tend to perform higher counter-movement 

jumps (CMJ) and squat jumps than there younger counterparts (U17) (Castagna & Castellini, 2013; 

J. D. Vescovi et al., 2011). Research also shows an improvement in the CMJ performance until 

the age of 15-16 and then a plateau in performance until the age of 21 years old (J. D. Vescovi et 

al., 2011). Research has also shown no apparent difference between Spanish (S. SEDANO et al., 

2009)  or English (Datson et al., 2014) elite and sub-elite players.  Regarding testing protocol, the 
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CMJ is the most appropriate for female football players. A CMJ requires less technical skill to 

perform than a drop jump, and the CMJ has been described as more similar to physical skill 

executed within a football game. Unilateral jump performance has a stronger correlation with 

sprint performance than bilateral jump performance. Unilateral jumps are also useful to assess 

asymmetries (McCurdy et al., 2010). Using data gathered from the Italian national team there has 

been an attempt to describe thresholds of acceptable vertical jump values (Castagna & Castellini, 

2013).  Scores over 34.4cm for the CMJ should be regarded as superior vertical jump ability and 

a CMJ of 29.8cm should  be considered a threshold to discriminate between competitive levels in 

elite female players (Castagna & Castellini, 2013). Explosive strength is considered an important 

factor in high level performance in football and plyometric activity is considered as a suitable 

training modality for improving jumping performance and explosiveness (Campo et al., 2009). A 

study of elite female football players who completed plyometric training three times per week for 

12 weeks found an increase of 3.3 cm for the CMJ (Campo et al., 2009).   

 In order to be a successful football player, the athlete needs to have the capacity to recover 

rapidly from high-intensity exercise (Datson et al., 2014) and be able to quickly cover short 

distances (Upton, 2011). The amount of high speed running and sprinting performed by female 

players increases at higher standards of competition (Datson et al., 2014). Top-level players 

perform 28% more high speed running and 24%more sprinting during international matches 

compared to the national league. There is also a difference between an international game and a 

domestic game, where they will run 13% and sprint 14% more when playing an international game 

(H. Å. Andersson et al., 2010). Many studies have tested the speed of female football players (G. 

Hoare & Warr, 2000; Grieco et al., 2012; McCurdy et al., 2010; Polman et al., 2004, 2004; Siegler 

et al., 2003; Sjökvist et al., 2011; Spencer et al., 2005; J D Vescovi et al., n.d.; Jason D. Vescovi 

& Mcguigan, 2008). For a team sport, the RSA is a very important factor (Gabbett et al., 2013; 

Spencer et al., 2005). Because the aerobic system is highly stressed during a football game, many 

football programs try to increase the ability to repeatedly perform high-intensity exercise (Little & 

Williams, 2006).  High intensity activities are most often associated with decisive moments during 

a game (Davis & Brewer, 1993). The studies that have researched speed training with female 

football players have shown that a significant improvement can be found , Siegler et al. (2003) 

evaluated the sprint time of 34 female players using a combined plyometric, resistive and anaerobic 

program twice every week and found significant improvements in time to fatigue during a 
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simulated football running test 10 weeks apart compared to a control group (Siegler et al., 2003). 

Polman et al. (2004) evaluated the use of ‘‘speed, agility, quickness‘‘ method of training for 12 

weeks  with a control group and found an improved mean performance in the 25 m sprint by 4.4%, 

left side agility by 4.5%, right side agility by 4%, vertical power tests by 18.5% and horizontal 

power test by 7.7% (Polman et al., 2004). Grieco et al. (2011) tested 15 female football players 

and after a 10 week intervention found a significant decrease in percentage of VO2max at a set 

running speed  (Grieco et al., 2012). Assisted and resisted sprint training has been found to be 

more effective than traditional sprint training (Upton, 2011). Assisted sprint training is more 

suitable for improving acceleration and resisted sprint training has been found to be more effective 

for improving maximum velocity  (Upton, 2011). Shalfawi et al.(2013) aimed to compare the 

effects of combined resisted agility and repeated sprint training on female football players agility, 

linear sprint speed and repeated sprint ability, they had 20 female players in a randomized control 

trial with an intervention of 10 weeks and found only a small effect on the variables (Shalfawi et 

al., 2013). Having effective conditioning programs that balance training and recovery are the 

cornerstones of athletic development and it is important to manage the elite players training load 

to ensure optimal preparation for performance and possibly reduce the risk of injury (Datson et al., 

2014). One study found a correlation between the amount of training and the training to match 

ratio on one side and team success on the other.      

 Comparison of the fitness of two teams in the Norwegian elite division ,one team at the top 

and another at the bottom ,found that the best team had significantly higher test values for VO2max 

and 1 maximal repetition squat (Arnason et al., 2004). A study of 17 football teams in the Icelandic 

elite and first division found that when comparing the individual player values between divisions 

significant differences were found for VO2max and body composition and a significant relationship 

was observed between the team average for jump height and final league standing. They also found 

trends between team success and team average for leg extension power and body composition 

(Arnason et al., 2004). There was also a trend toward  better final league standing at the end of the 

season for teams that incurred fewer injuries during the season (Arnason et al., 2004). In women’s 

football the current elite players are exposed to greater training volumes and competition demands 

than ever before and consequently these increased physical demands may have implications for 

both physical performance and injury frequencies of players (Datson et al., 2014).  
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1.2 Measuring physical fitness of football players  

Physical fitness is defined as a set of attributes that are health or skill-related and can be measured 

with a specific test (Caspersen et al., 1985). To measure VO2max researchers have used a treadmill 

test were the Oxygen consumption (V̇O2), carbon dioxide output (V̇CO2), and respiratory exchange 

rate (RER) were measured breath-to-breath using a gas analyzer (LourenÇo et al., 2011). To 

measure motor ability, particularly running and dodging agility, researchers have used the Illinois 

agility test (Raya et al., 2013). It was introduced in 1942. The participant starts in a prone position 

and then has to rapidly transition into a standing position and perform a combination of 

multidirectional maneuvers around obstacles. The Illinois Agility Test has been used to measure 

multidirectional agility for a variety of sports by various researchers (Raya et al., 2013). Kristrup 

et al. 2006 used a repeated sprint test that consisted of five 30 m sprints that were separated by a 

25 second period of active recovery. During the recovery phase the participants would jog back to 

the starting line. Each test lasts approximately 2 minutes (P. Krustrup et al., 2006). 

 Vertical jump height test is frequently used as an objective functional measurement by 

coaches, health care professionals, and strength and conditioning professionals (Leard et al., 2007). 

Many coaches consider vertical jump as an essential skill for better performance in various sports, 

including football (Baker, 1996; Isaacs, 1998). Vertical jump performance is considered a 

measurement of power performance in the lower extremity (Liebermann & Katz, 2003; Patterson 

& Peterson, 2004; Tricoli et al., 2005). The vertical jump has been frequently used to measure 

improvements of capabilities through a specific training program (Isaacs, 1998).  Aragon-Vargas 

(2000) suggests that a video technique that measures the displacement of the center of gravity of 

the body from the standing position to the highest vertical displacement be used as the criterion 

reference for vertical jump measurement (Aragón, 2000). This method requires motion analysis 

equipment and the placement of reflective markers on the participant’s body that are videotaped 

during the performance of the jump and then analyzed in a computer. The difference between the 

initial standing height and the peak height of the marker during the jump is the vertical jump height 

(Aragón, 2000). To perform a CMJ the participant stand with an upright posture and the feet should 

be at a shoulder width. The participant then moves into a semi squat position while swinging their 

arms back to prepare for a jump. Then the arms swing forward above the head and the participant 

jumps straight into the air and lands on both feet at the same time (Harman et al., 1990). The arm 
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swing is an important aspect since it has been shown to have an influence on the height of a vertical 

jump (Adrian Lees et al., 2004) as well as effecting the performance biomechanics (Feltner et al., 

2004). Kicking speed can be evaluated by the use of a radar gun (Markovic et al., 2006) 

 

1.3 Anthropometry of female football players 

The average age of female players in the highest domestic leagues and the national team are on 

average, 20-27 years old. They are 1.61 – 1.70 m tall and weigh 57-65 kg. The body composition 

has a fat percentage of 14.6 - 20.1% and lean muscle mass of 45.7 (3.9) kg (H. Andersson et al., 

2010; H. Å. Andersson et al., 2010; Can et al., 2004, 2004, 2004, 2004; Castagna & Castellini, 

2013; Datson et al., 2014; Gravina et al., 2011; Ingebrigtsen et al., 2011; Peter Krustrup et al., 

2005, 2010; Mujika et al., 2009; S. SEDANO et al., 2009). 

1.4 Female specific factors 

There are physiological areas of research that are exclusive to female athletes.  The importance of 

these variables to female football players and the potential impact on training performance and 

injury risk should not be underestimated (Alentorn-Geli et al., 2009; Burrows & Peters, 2007; de 

Jonge, 2003; Oosthuyse & Bosch, 2010; Renstrom et al., 2008; Jason D. Vescovi, 2011).  Women 

experience a mensal rhythm known as the menstrual cycle from the approximate age of 13 to 50 

years old (Thomas Reilly, 2000). Alterations to this cycle can occur and cause menstrual 

disturbances (Loucks, 1990). High training loads can affect the normal menstrual cycle and young 

females with low body mass and low body fat levels who go through intensity training may 

experience delayed menarche (Thomas Reilly, 2000; Warren & Perlroth, 2001). Menstruating 

athletes with high training loads, low body mass, low body fat levels and/or energy imbalance may 

experience secondary amenorrhea (Thomas Reilly, 2000). However, this is uncommon in football 

players (Thomas Reilly, 2000). Various endocrine hormones can have an effect on physiological 

responses (Thomas Reilly, 2000). VO2max appears to be largely unaffected by the menstrual cycle 

(Beidleman et al., 1999; De Souza et al., 1990). Research suggests that during the luteal phase of 

the menstrual cycle there is an increase in minute ventilation (Datson et al., 2014; Janse De Jonge 

et al., 2012; Stachenfeld et al., 2000), heart rate (Hessemer & Bruck, 1985; Janse De Jonge et al., 

2012) and RPE (Janse De Jonge et al., 2012; Pivarnik et al., 1992), that could be attributed to the 

increased core temperature during this phase  (Janse De Jonge et al., 2012). During the luteal phase 
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of menstruation the may also be lower blood lactate concentrations during moderate-intensity 

activity (Zderic et al., 2001). However other studies have found stable values throughout the 

menstrual cycle (Dean et al., 2003; Smekal et al., 2007). Sprint performance seems unaffected by 

menstrual cycle phases (Tsampoukos et al., 2010). Fluctuations in female steroid hormones do not 

appear to affect muscle strength and fatigability (de Jonge, 2003). A Study of 15 female football 

players showed no performance differences in high intensity intermittent shuttle running 

throughout the menstrual cycle (Sunderland & Nevill, 2003). There has been an increase in the use 

of the oral contraceptive pill in recent years, with reports stating 83% of elite athletes use it. It has 

several non-contraceptive benefits, including cycle control and reductions in dysmenorrhea, iron 

deficient anemia and bone mineral density loss (Maia & Casoy, 2008). There seems to be limited 

research regarding the effect of the oral contraceptive pill on athletic performance (Rechichi & 

Dawson, 2009). VO2max uptake has been shown to reduce by 5-15% in trained and active women 

using a triphasic oral contraceptive pill (Casazza et al., 2002; Lebrun et al., 2003).  

1.5 Injuries in female football 

The majority of injury research in sports focuses on adult male professional players with only a 

few studies assessing injuries in female football players (Datson et al., 2014; Jacobson & Tegner, 

2006; Junge & Dvorak, 2004, 2007; Le Gall et al., 2008; Ostenberg & Roos, 2000; Soderman et 

al., 2002; Soligard et al., 2010; Tegnander et al., 2008). The injury frequency for women is between 

1.2 and 7 injuries for every 1000 training hours and 12.6 – 24 for every 1000 match hours (Faude 

et al., 2005; Giza et al., 2005; Jacobson & Tegner, 2006; Le Gall et al., 2008; Tegnander et al., 

2008) . Injuries in football predominantly affect the ankle, knee joints, the thigh, and calf muscles 

(Junge & Dvorak, 2004).          

 Certain injuries appear to have less effect on female than male players, specifically the hip 

and groin (Engström et al., 1991; Faude et al., 2005; M. Hägglund et al., 2005; Hawkins & Fuller, 

1999; Jacobson & Tegner, 2006; Ostenberg & Roos, 2000; Soderman et al., 2001). This is 

attributed to the abdominal wall deficiency apparent in males (Ekstrand & Hilding, 1999). There 

are also injuries that affect female players more than male players (Martin Hägglund et al., 2009; 

Ostenberg & Roos, 2000; Soderman et al., 2001). The knees (Giza et al., 2005; Ostenberg & Roos, 

2000) and ankle (Soderman et al., 2001) being the most common injury spots for female players 

(Giza et al., 2005; Ostenberg & Roos, 2000; Soderman et al., 2001). Incidences of ankle injuries 

have been shown to be similar for elite males and females during a competition season in the 
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Swedish Premier League (Ekstrand & Hilding, 1999) and ankle sprains accounted for 40% of all 

injuries in an 8-season study into female youth football (Le Gall et al., 2008). Knee injuries in 

football are well researched (Jacobson & Tegner, 2006) and ligament injuries to the anterior 

cruciate ligament are very well researched in the field (Ostenberg & Roos, 2000; Renstrom et al., 

2008; Soderman et al., 2002; Waldén et al., 2011; Wild et al., 2012). The large amount of research 

done may in part be due to the financial and emotional cost of an anterior cruciate ligament injury 

and its potential impact on the team (Gottlob & Baker, 2000). Female athletes have between 2 and 

6 times higher incidence of non-contact anterior cruciate ligament injury, than male athletes 

(Hewett et al., 2006; Waldén et al., 2011). In football, anterior cruciate ligament injuries occur 0.7 

times in females players and 0.4 times for males (Waldén et al., 2011). Competition puts the 

players at a substantially higher risk of anterior cruciate ligament injury compered to training. 

During training the injury rates are 0.09 for every 1000 hours, but for competition the injury 

frequency is 0.90 for every 1000 hours (Giza et al., 2005). Female players are also getting injured 

at an earlier age than male players. Female players get knee injuries at the age of 14-19 and males 

are closer to 23 year old (Steffen et al., 2010).  The majority of anterior cruciate ligament injuries 

in football are non-contact (Steffen et al., 2010). There are many risk factors for anterior cruciate 

ligament, external factors include environmental conditions, footwear, and surface. The internal 

risk factors include anatomical, neuromuscular, biomechanical and hormonal variables (Alentorn-

Geli et al., 2009; Renstrom et al., 2008).  

 

1.6 Running  

The difference between running and sprinting is that running is performed over longer distances, 

for endurance, and with primarily aerobic metabolism (Novacheck, 1998). Jogging, road racing, 

and marathons are examples. Approximately 80% of distance runners are rearfoot strikers 

(Novacheck, 1998). Most of the remainder are characterized as midfoot strikers. Sprinting 

activities are done over shorter distances and at faster speeds, with the goal of covering a relatively 

short distance in the shortest period of time possible without regard for maintaining aerobic 

metabolism (Novacheck, 1998). Elite sprinters perform with a forefoot initial contact, and in fact, 

the hindfoot may never contact the ground. For sprinting, the body and its segments are moved as 

rapidly as possible throughout the entire race. For distance running, on the other hand, the body is 

moved at a more controlled rate in relation to the energy demand of the race (Novacheck, 1998). 



20 
 

When describing walking and/or running, the fundamental concept is the gait cycle. A single gait 

cycle consists of one leg leaving the ground, and then the second leg leaving the ground and then 

ends when the first leg is back at its starting position and is ready to leave the ground again. The 

change from walking to running occurs when periods of double support during the stance phase of 

the gait cycle give way to two periods of double float at the beginning and the end of, the swing 

phase of the gait cycle (Novacheck, 1998). Then as speed increases the initial contact changes 

from being on the hindfoot to the forefoot and is the distinction between running and sprinting 

(Novacheck, 1998). The muscle activity during walking and running has been researched and is 

considered to be well documented (Mann & Hagy, 1980; Novacheck, 1998; Ounpuu, 1990, 1994). 

The quadriceps and rectus femoris are both active from late swing to midstance. Only the rectus is 

active in mid-swing. This is essential to restrain the posterior movement of the tibia as the knee 

flexes (Novacheck, 1998). Hamstrings, hip extensors, gastrocnemius, and soleus have similar 

activation times as the rectus and quadriceps. The hamstrings and hip extensors extend the hip in 

the 2nd half of swing and the first half of the stance. The hamstring also decelerates the momentum 

of the tibia as the knee extends just prior to ground contact. The hamstrings also play a role in the 

energy transfer between segments. The hip extensors function concentrically during the gait cycle. 

However, the hamstrings, gastrocnemius and soleus both have eccentric and concentric functions 

during the gait cycle (Novacheck, 1998). During the swing phase the anterior tibialis dorsiflexes 

the ankle with a concentric muscle contraction to allow ground contact with the hindfoot and then 

an eccentric contraction to control the lowering of the forefoot to the ground during the first part 

of the stance (Novacheck, 1998) 

 

1.7 Deep water Running 

Deep-water running (DWR) has mostly been used as a rehabilitation tool for injured athletes 

(Aukerman, 2008; Killgore, 2012). It can also be used by athletes that have trouble doing a land-

based exercise (LBE) because of problems with their Musculoskeletal system  (Aquatic Exercise 

Association, 2010). There is a reduction in maximal heart rate in water, however, a study 

comparing DWR and treadmill running(TMR) found that reduction in heart rate occurred 

independently of age (Chu et al., 2002). People can also exercise longer in water than on land 

without increased effort on joints and without the muscle pain that is associated with LBE  

(Bergmann et al., 2001; Broman et al., 2006; Christina et al., 2001; Schwachmeyer et al., 2015).  
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Research shows that peak heart rate and peak oxygen consumption are lower in aquatic exercise 

than in LBE, however, it can reach up to similar levels (Liem et al., 2013; Wilder & Brennan, 

1993). In aquatic exercise, 89 – 95% of HR max and 83-89% of VO2max can be found (Wilder & 

Brennan, 1993). Importantly research has shown that heart rate at a given submaximal intensity is 

lower in water than for the same submaximal intensity on a treadmill. The heart rate is then 

contributing less to the VO2max value than it would during TMR. The reason for this is suggested 

to be the increased stroke volume in water (Svedenhag & Seger, 1992). Low water temperature 

can directly affect the intensity levels during water exercise because water will cool the body faster 

than air. Exercising in cold water will enhance the ventilatory response, which decreases exercise 

performance (Fujimoto et al., 2015). In general, it is recommended to use water that is 28-30°C 

for DWR (Aquatic Exercise Association, 2010). There is also a relationship between heart rate and 

RPE. Research shows that the heart rate during DWR is significantly less than on land for a given 

submaximal RPE (Hamer & Slocombe, 1997). The different activities in the arms and legs due to 

the water resistance could be the reason that the perceived level of effort is higher in both trained 

and untrained subjects (Aquatic Exercise Association, 2010).     

 Previously DWR has been studied as an effective way to do cross-training in competitive 

runners (Bushman et al., 1996; Wilber et al., 1996). Two separate researches which took place for 

four and six weeks found that runners managed to maintain their running performance and key 

physiological variables in running such as VO2max, anaerobic threshold, and leg strength (Bushman 

et al., 1996; Wilber et al., 1996). In the six-week intervention study, they had 16 trained male 

runners that were divided into DWR group and a land-based running (LBR) group. After the 

intervention, they found no significant difference between the groups (Wilber et al., 1996). In the 

four-week intervention, they had eleven long-distance runners, and they were all put into water 

with no LBR group, and they found no difference between running performance and VO2max in 

pre- and post-tests (Bushman et al., 1996). Research on cross country skiers found that DWR six 

times a week was enough to maintain VO2max for three weeks (Gatti et al., 1979). There is also 

research that shows that blood lactate is either equivalent or higher during water running than when 

exercising on land (Michaud et al., 1995; Svedenhag & Seger, 1992). Research on the difference 

between the effects of water running and LBR on blood lactate and the RER found that the RER 

value was significantly higher in water than on treadmill (Svedenhag & Seger, 1992).  



22 
 

1.7.1 Deep water running technique 

There are two main techniques that can be used during DWR. They are called cross country (CC) 

and high knees (HK) (Killgore et al., 2006).  The HK style is described as more if a stair-stepping 

motion and the CC style has been described as having more similarities with TMR (Killgore, 

2012). During DWR, the athlete should utilize a flotation vest to stay at the right level in the water, 

also without a vest, there will be more muscle activity in the upper body to stay afloat which will 

waist extra energy without any extra benefit  (Puleo, 2010).  The depth of the water should be 

enough so that the feet are not in contact with the bottom of the pool (Puleo, 2010). Only the 

shoulders, neck, and the head should be over the water. Elbows need to be bent 90°, and movement 

is driven by the shoulders. The knee should be driven upwards to approximately 75° angle from 

the hips and then driven down to almost full extension before the circle is repeated (Puleo, 2010). 

The placement of the knees and ankles during the CC technique has been reported to be a lot closer 

to the movement of LBR than the HK method (Killgore et al., 2006). 

 

1.7.2 Muscle activity during deep water running  

Researchers that compered muscle activity between DWR and TMR at various intensities 

concluded that the muscle activity levels of the Tibialis anterior and Gastrocnemius were lower 

during DWR than during TMR when exercise intensity was matched on RPE (Masumoto et al., 

2009). In contrast, the muscle activity levels of the Bicep femoris and Rectus femoris were either 

not different or tended to be lower during DWR than TMR at matched intensity levels (Masumoto 

et al., 2009). Most importantly, it seems that higher levels of RPE are needed during DWR to 

achieve muscle activity levels and patterns that are more similar to TMR (Masumoto et al., 2009). 

Running technique and stride frequency affects muscle activity during DWR (Masumoto et al., 

2013, 2015). Because there is no ground contact (Killgore, 2012; Masumoto et al., 2013)  there is 

no stance phase that causes the soleus and gastrocnemius to be less active during deep water- 

running than during land running (Masumoto et al., 2013; Ólafsdóttir, 2015). During water-

walking the Adductor Longus, Gluteus Maximus, Gluteus Medius, Rectus Abdominis- , obliquus 

externus abdominis and Erector Spinae are more active than during land-walking (Kaneda et al., 

2009). This is caused by instability when floating in water (Kaneda et al., 2009). During DWR, 

the hip and knee joints have a bigger range of motion (ROM) compared to LBR (Kaneda et al., 

2009), there is a possibility that this increased ROM is the reason for the increased muscle activity 
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during DWR (Kaneda et al., 2009).  Rectus femoris has a higher muscle activity during DWR 

because the body requires more force to overcome the water resistance when moving the legs 

forward (Kaneda et al., 2009; Ólafsdóttir, 2015). The highest muscle activity has been measured 

during HK DWR, and the activity increases as the stride frequency go higher (Masumoto et al., 

2013). Increased muscle activity during DWR has been correlated with increased intensity 

(Masumoto et al., 2015).  When using DWR, it may be necessary to use the same stride frequency 

that would be used on land. This would require a higher RPE during DWR (Masumoto et al., 

2013). Stride frequency manipulation does not affect RPE during TMR but it does during DWR 

(Masumoto et al., 2015).This is in line with other research that suggests that RPE is a better 

mechanism to calibrate intensity rather than using heart rate (Azevedo et al., 2010).  The increased 

RPE has been connected with increased muscle activity during DWR (Masumoto et al., 2009). 

 

1.8 The Borg scale 

The Borg scale is the first scale to measure the RPE and is widely considered to be one of the best 

indicators of the degree of physical strain (Pfeiffer et al., 2002). Perceived exertion is the cognitive 

ability to detect and to respond to sensations that are the result of physiological adaptations to 

exercise (Pfeiffer et al., 2002). This is considered to be a form of biofeedback in which central, 

peripheral and metabolic changes during exercise are assimilated (Pfeiffer et al., 2002). The 

original Borg scale has demonstrated validity with adults (Robertson & Noble, 1997). Perceived 

exertion may be a factor that affects physical behavior in children and adolescents (Pfeiffer et al., 

2002). The original Borg scale of 6 – 20 has most often been validated for adolescents during a 

cycle ergometer exercise (Robertson & Noble, 1997), and several studies have found the Borg 

scale to be reliable in children and adolescents (Lamb, 1995, 1996; Pfeiffer et al., 2002). 
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2.Current study 
Physical requirements of football  

Elite football is a complex sport, and performance depends on a number of factors, such as physical 

fitness, psychological factors, player technique(A. Lees et al., 2010; Rampinini et al., 2008), and 

team tactics (P. Krustrup et al., 2006),  a good level of endurance, agility (Little & Williams, 2005), 

repeated sprint ability (RSA) (Faude et al., 2012; P. Krustrup et al., 2006) and jumping (Arnason 

et al., 2004). Football players at a top-level cover 10-12 km per game (Stølen et al., 2005). During 

a match, a sprint occurs approximately every 90 seconds, (Stølen et al., 2005) and the mean sprint 

distance in elite football is 10–20m and lasts for 2–3 seconds (Spencer et al., 2005). Football is 

mainly dependent upon aerobic metabolism (Datson et al., 2014). To estimate the aerobic 

contribution to match play the assessment of heart rate and the subsequent use of pre-established 

heart rate and maximal oxygen uptake (VO2max) relationships are frequently used (T. Reilly, 1997). 

Average oxygen uptake for elite female players is estimated at 77 – 80% of VO2max (Datson et al., 

2014; Peter Krustrup et al., 2005). The peak values are 96% of VO2max. The values for HR max 

and VO2max suggest that the aerobic energy systems are highly stressed throughout female football 

matches and have periods of near maximal exertion (Peter Krustrup et al., 2005).   

 Two recent female-specific training studies have found an increase in VO2max using interval 

training methods. One study had an 8 week mixed intensity interval program and found a 

significant difference in VO2max  (Clark, 2010). They had three sessions every week that were 

between 12 and 36 minutes long with work duration of 30-90 seconds (Clark, 2010). The other 

study had a 12 week individualized interval training program that consisted of working 5 – 120 

seconds at a time and saw an increase in mean values of 13.2% for VO2max and an increase of 

16.8% for anerobic threshold (Rhea et al., 2009).During a football game, professional football 

players perform about 50 turns, which comprise of sustained forceful contractions (Stølen et al., 

2005). Better power performance means the players can perform these turns and other power 

dependent movements faster. Because of this power is important for performance at top level 

football (Stølen et al., 2005). Power can be assessed by looking at jumping capability, and it is 

generally accepted as a functional method to assess power in football (Aragón, 2000; Isaacs, 1998; 

Liebermann & Katz, 2003; Patterson & Peterson, 2004; Tricoli et al., 2005). There are many 

studies that have researched the power performance in female football players in different 

competition levels (Helena Andersson et al., 2008; Castagna & Castellini, 2013; Gabbett & 



25 
 

Mulvey, 2008; Peter Krustrup et al., 2010; McCurdy et al., 2010; Mujika et al., 2009; Polman et 

al., 2004; S. SEDANO et al., 2009; Sjökvist et al., 2011; J D Vescovi et al., n.d.; J. D. Vescovi et 

al., 2011; Jason D. Vescovi & Mcguigan, 2008). Using data gathered from the Italian national 

team there has been an attempt to describe thresholds of acceptable vertical jump values (Castagna 

& Castellini, 2013).  Scores over 34.4cm for the CMJ should be regarded as superior vertical jump 

ability and a CMJ of 29.8cm should be considered a threshold to discriminate between competitive 

levels in elite female players (Castagna & Castellini, 2013). In order to be a successful football 

player, the athlete needs to have the capacity to recover rapidly from high-intensity exercise 

(Datson et al., 2014) and be able to quickly cover short distances (Upton, 2011). The amount of 

high speed running and sprinting performed by female players increases at higher standards of 

competition (Datson et al., 2014). Many studies have tested the speed of female football players 

(G. Hoare & Warr, 2000; Grieco et al., 2012; McCurdy et al., 2010; Polman et al., 2004, 2004; 

Siegler et al., 2003; Sjökvist et al., 2011; Spencer et al., 2005; J D Vescovi et al., n.d.; Jason D. 

Vescovi & Mcguigan, 2008). They have shown that a significant improvement can be found, 

Siegler et al. (2003) evaluated the sprint time of 34 female players using a combined plyometric, 

resistive and anaerobic program twice every week and found significant improvements in time to 

fatigue during a simulated football running test 10 weeks apart compared to a control group 

(Siegler et al., 2003). Polman et al. (2004) evaluated the use of ‘‘speed, agility, quickness ‘‘ method 

of training for 12 weeks with a control group and found improved mean performance in a 25 m 

sprint by 4.4%, left side agility by 4.5%, right side agility by 4%, vertical power tests by 18.5% 

and horizontal power test by 7.7% (Polman et al., 2004). Grieco et al. (2011) tested 15 female 

football players and after a 10 week intervention found a significant decrease in the percentage of 

VO2max at a set running speed  (Grieco et al., 2012).Shalfawi et al.(2013) aimed to compare the 

effects of combined resisted agility and repeated sprint training on female football players agility, 

linear sprint speed and repeated sprint ability, they had 20 female players in a randomized control 

trial with an intervention of 10 weeks and found only a small effect on the variables (Shalfawi et 

al., 2013). Physical fitness is defined as a set of attributes that are health or skill-related and can 

be measured with a specific test (Caspersen et al., 1985). To measure VO2max researchers have 

used a treadmill test were the Oxygen consumption (V̇O2), carbon dioxide output (V̇C O2), and 

respiratory exchange rate (RER) were measured breath-to-breath using a gas analyzer (LourenÇo 

et al., 2011). Illinois agility test can be used to measure agility (Raya et al., 2013). The Illinois 
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Agility Test has been used to measure multidirectional agility for a variety of sports by various 

researchers (Raya et al., 2013). Kristrup et al 2006 used a repeated sprint test that consisted of five 

30 m sprints that were separated by a 25 second period of active recovery. During the recovery 

phase the participants would jog back to the starting line. Each test lasts approximately 2 minutes 

(P. Krustrup et al., 2006). Vertical jump height test is frequently used as an objective functional 

measurement (Leard et al., 2007). Vertical jump performance is considered a measurement of 

power performance in the lower extremity (Liebermann & Katz, 2003; Patterson & Peterson, 2004; 

Tricoli et al., 2005). Kicking speed can be evaluated by the use of a radar gun (Markovic et al., 

2006)The majority of injury research in sports focuses on adult male professional players with 

only a few studies assessing injuries in female football players (Datson et al., 2014; Jacobson & 

Tegner, 2006; Junge & Dvorak, 2004, 2007; Le Gall et al., 2008; Ostenberg & Roos, 2000; 

Soderman et al., 2002; Soligard et al., 2010; Tegnander et al., 2008). The injury frequency for 

women is between 1.2 and 7 injuries for every 1000 training hours  and 12.6 – 24 for every 1000 

match hours (Faude et al., 2005; Giza et al., 2005; Jacobson & Tegner, 2006; Le Gall et al., 2008; 

Tegnander et al., 2008) . Injuries in football predominantly affect the ankle, knee joints ,the thigh 

,and calf muscles (Junge & Dvorak, 2004). The knees (Giza et al., 2005; Ostenberg & Roos, 2000) 

and ankle (Soderman et al., 2001) being the most common injury spots for female players (Giza et 

al., 2005; Ostenberg & Roos, 2000; Soderman et al., 2001). Female athletes have between 2 and 6 

times higher incidence of non-contact anterior cruciate ligament injury, than male athletes (Hewett 

et al., 2006; Waldén et al., 2011). 

Deep water running 

Deep-water running (DWR) has mostly been used as a rehabilitation tool for injured athletes 

(Aukerman, 2008; Killgore, 2012). It can also be used by athletes that have trouble doing land-

based exercise (LBE) because of problems with their Musculo skeletal system  (Aquatic Exercise 

Association, 2010). There is a reduction in maximal heart rate in water, however, it is independent 

of age  (Chu et al., 2002). People can also exercise longer in water than on land without increased 

effort on joints and without the muscle pain that is associated with LBE  (Bergmann et al., 2001; 

Broman et al., 2006; Christina et al., 2001; Schwachmeyer et al., 2015).  Research shows that peak 

heart rate and peak oxygen consumption are lower in aquatic exercise than in LBE, however, it 

can reach up to similar levels (Liem et al., 2013; Wilder & Brennan, 1993). Importantly research 
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has shown that heart rate at a given submaximal intensity is lower in water than for the same 

submaximal intensity on a treadmill. The reason for this is suggested to be the increased stroke 

volume in water (Svedenhag & Seger, 1992). Low water temperature can directly affect the 

intensity levels during water exercise because water will cool the body faster than air. Exercising 

in cold water will enhance the ventilatory response, which decreases exercise performance 

(Fujimoto et al., 2015). There is also a relationship between heart rate and RPE. Research shows 

that heart rate during DWR is significantly less than on land for a given submaximal RPE (Hamer 

& Slocombe, 1997).  Previously DWR has been studied as an effective way to do cross-training in 

competitive runners (Bushman et al., 1996; Wilber et al., 1996). Two separate researches which 

took place for four and six weeks found that runners managed to maintain their running 

performance and key physiological variables in running (Bushman et al., 1996; Wilber et al., 

1996).  There are two main techniques that can be used during DWR. They are called cross country 

(CC) and high knees (HK) (Killgore et al., 2006).  The HK style is described as more if a stair-

stepping motion and the CC style has been described as having more similarities with TMR 

(Killgore, 2012). Researchers that compered muscle activity between DWR and TMR at various 

intensities concluded that the muscle activity levels of the Tibialis anterior and Gastrocnemius 

were lower during DWR than during TMR when exercise intensity was matched on RPE 

(Masumoto et al., 2009). It seems that higher levels of RPE are needed during DWR to achieve 

muscle activity levels and patterns that are more similar to TMR (Masumoto et al., 2009). Running 

technique and stride frequency affects muscle activity during DWR (Masumoto et al., 2013, 2015). 

Because there is no ground contact (Killgore, 2012; Masumoto et al., 2013)  there is no stance 

phase which causes the soleus and gastrocnemius to be less active during deep water running than 

during land running (Masumoto et al., 2013; Ólafsdóttir, 2015).     

 During water-walking the Adductor Longus, Gluteus Maximus, Gluteus Medius, Rectus 

Abdominis- , obliquus externus abdominis and Erector Spinae are more active than during land 

walking (Kaneda et al., 2009). During DWR, the hip and knee joints have a bigger range of motion 

(ROM) compared to LBR (Kaneda et al., 2009), there is a possibility that this increased ROM is 

the reason for the increased muscle activity during DWR (Kaneda et al., 2009).  Rectus femoris 

has a higher muscle activity during DWR because the body requires more force to overcome the 

water resistance when moving the legs forward (Kaneda et al., 2009; Ólafsdóttir, 2015). Highest 

muscle activity has been measured during HK DWR, and the activity increases as the stride 
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frequency go higher (Masumoto et al., 2013). Increased muscle activity during DWR has been 

correlated with increased intensity (Masumoto et al., 2015).  When using DWR it may be necessary 

to use the same stride frequency that would be used on land. This would require a higher RPE 

during DWR (Masumoto et al., 2013). This research is based on a randomized control trial 

performed on all from the same football club. In the current study 53 elite female football players 

volunteered to participate, eight players were excluded due to an insufficient amount of data from 

post-tests. The final sample was 45 players average age 15.82 (0.86). The intervention was a two-

group randomized controlled trial and the participants were split into two even groups. The 

intervention took six weeks with three training sessions a week. Each session took 45 minutes. In 

order to match the intensity levels of the two groups, both groups did the same amount of minutes 

of exercise in each intensity zone on each day. The intensity zones were defined as EN1 (low 

intensity), EN2 (moderate intensity), and EN3 (high intensity)  (Maglischo & Maglischo, 2003).

 Pre- and post-tests used to evaluate VO2max, vertical jump height, agility, speed, and 

kicking velocity were administered the week before and the week after the intervention. VO2max 

was evaluated using a direct maximal oxygen consumption test on a laboratory treadmill 

(Arngrímsson et al., 2008). Repeated sprint ability was evaluated using 5x30meter sprint, the test 

evaluates both anaerobic endurance and anaerobic power(P. Krustrup et al., 2006). Agility was 

evaliuated using the Illinois agility test(Raya et al., 2013). Vertical jump height was evaluated with 

a counter-movement jump (Aragón, 2000) and kicking velocity was evaluated using a radar gun 

(Markovic et al., 2006). 

 

 

2.1 Objectives 
The objectives of this study were: 

1. To investigate the effects of a six-week running intervention on the performance of 

female football players in the V02 maximal treadmill test.  

A. Deep water running 

B. Land Running 

2. To investigate the effect of the intervention on the performance of the Illinois agility test, 

Sprint ability, Counter movement Jump and kick speed. 
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A. Deep-water Running  

B. Land-based running 

3. To investigate if there was a negative effect of the Deep water running compared to the 

land-based running on the performance of the V02 maximal treadmill test, the Illinois 

agility test, Sprint ability, Counter-movement Jump and kick speed.  
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The manuscript 

On the following pages is a manuscript of the current study as it will be submitted for 

publication. This includes the introduction, method, results, discussion, conclusion, 

acknowledgments, and references. The reference page for the entire thesis follow immediately 

after the manuscript  
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3.A manuscript of the study 
  

Physical characteristics of football  

In football, the performance of the player depends upon several factors (Stølen et al., 2005). 

Including a good level of endurance, technical skills with the ball (A. Lees et al., 2010; Rampinini 

et al., 2008), agility (Little & Williams, 2005), repeated sprint ability (Faude et al., 2012; Gabbett 

et al., 2013; P. Krustrup et al., 2006; Spencer et al., 2005) and jumping (Arnason et al., 2004). 

Football players also need to have good endurance since football players at a top-level cover 10-

12 km per game. During a match, a sprint that lasts 2-4 seconds occurs approximately every 90 

seconds (Stølen et al., 2005) and the mean sprint distance in elite football is 10–20m and lasts for 

2–3 seconds (Spencer et al., 2005). Football is mainly dependent upon aerobic metabolism and 

during a match, the average work intensity is close to the anaerobic threshold and is measured as 

a percentage of maximal heart rate (Stølen et al., 2005). In football the aerobic energy system is 

highly stressed with an average heart rate of 85% of the maximal value and peak heart rate of 95% 

of the maximal value (Bangsbo, 1994; P. Krustrup et al., 2006; M. Mohr et al., 2004; Thomas 

Reilly & Thomas, 1979). High-intensity exercise is reduced towards the end of professional and 

non-professional football games (P. Krustrup et al., 2006; M. Mohr et al., 2004; Magni Mohr et 

al., 2003; Rienzi et al., 2000). High-intensity running is reduced in the last 15 minutes of a football 

game and jump, sprint and intermittent exercise performance is lowered after a game, compared 

to before a game (P. Krustrup et al., 2006; M. Mohr et al., 2004; Magni Mohr et al., 2003; Rienzi 

et al., 2000). Although most of the movement for all players is at low or submaximal intensity, it 

has been estimated that average  oxygen uptake (VO2) for elite female players is estimated at 77 

– 80% of maximal oxygen uptake (VO2max) (Datson et al., 2014; Peter Krustrup et al., 2005). 

 During the competitive play of female football, research has found the average heart rate 

values of 86 (3)% of maximum heart rate (HRmax) and peak heart rate of 98 (1)% HRmax (Datson 

et al., 2014).  The heart rate values have been found to be similar during the first and second halves 

or in any 15 minute period of the game (Peter Krustrup et al., 2010). For elite players there does 

not seem to be a reduction of repeated sprints and high-intensity activity between halves, however, 

there is an increased amount of low-intensity recovery between efforts (Gabbett et al., 2013).  The 

aerobic system is highly stressed during football games (Datson et al., 2014; Stølen et al., 2005). 
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The maximal oxygen uptake in female football players ranges from  49.4 - 57.6 ml/kg/min (Datson 

et al., 2014). Different VO2max values have also been observed between playing position and 

midfielders often record higher values than players in other positions (Ingebrigtsen et al., 2011). 

A positive correlation has been demonstrated between VO2max  and the amount of high intensity 

running during a football game  (Peter Krustrup et al., 2005). Two recent female-specific training 

studies have found an increase in VO2max using interval training methods. One study had an 8 week 

mixed intensity interval program and found a significant difference in VO2max  (Clark, 2010). They 

had three sessions every week that were between 12 and 36 minutes long with work duration of 

30-90 seconds (Clark, 2010). The other study had a 12 week individualized interval training 

program that consisted of working 5 – 120 seconds at a time and saw an increase in mean values 

of 13.2% for VO2max and an increase of 16.8% for anerobic threshold (Rhea et al., 2009).   

 During a football game, professional football players perform about 50 turns, which 

comprise of sustained forceful contractions (Stølen et al., 2005). Because of this power is important 

for performance at top level football (Stølen et al., 2005). Power can be assessed by looking at 

jumping capability, and it is generally accepted as a functional method to assess power in football 

(Aragón, 2000; Isaacs, 1998; Liebermann & Katz, 2003; Patterson & Peterson, 2004; Tricoli et al., 

2005). There are many studies that have researched the power performance in female football 

players in different competition levels (Helena Andersson et al., 2008; Castagna & Castellini, 

2013; Gabbett & Mulvey, 2008; Peter Krustrup et al., 2010; McCurdy et al., 2010; Mujika et al., 

2009; Polman et al., 2004; S. SEDANO et al., 2009; Sjökvist et al., 2011; J D Vescovi et al., n.d.; 

J. D. Vescovi et al., 2011; Jason D. Vescovi & Mcguigan, 2008). The player position does not 

seem to be a factor relating to performance in jumping assessments. However, some trends have 

been identified, with goalkeepers having the lowest score (S. SEDANO et al., 2009; J D Vescovi 

et al., n.d.) and midfielders and forwards recording greater scores than defenders (J D Vescovi et 

al., n.d.). Research has shown that vertical jump performance differentiates between age groups. 

Older players (U19) tend to perform higher counter-movement jumps (CMJ) and squat jumps than 

there younger counterparts (U17) (Castagna & Castellini, 2013; J. D. Vescovi et al., 2011). 

Research also shows an improvement in the CMJ performance until the age of 15-16 and then a 

plateau in performance until the age of 21 years old (J. D. Vescovi et al., 2011). Regarding testing 

protocol, the CMJ is the most appropriate for female football players. A CMJ requires less 

technical skill to perform than a drop jump, and the CMJ has been described as more similar to 
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physical skill executed within a football game. Unilateral jump performance has a stronger 

correlation with sprint performance than bilateral jump performance. Unilateral jumps are also 

useful to assess asymmetries (McCurdy et al., 2010). Using data gathered from the Italian national 

team, there has been an attempt to describe thresholds of acceptable vertical jump values (Castagna 

& Castellini, 2013).  Scores over 34.4cm for the CMJ should be regarded as superior vertical jump 

ability, and a CMJ of 29.8cm should  be considered a threshold to discriminate between 

competitive levels in elite female players (Castagna & Castellini, 2013). Explosive strength is 

considered an important factor in high level performance in football, and plyometric activity is 

considered as a suitable training modality for improving jumping performance and explosiveness 

(Campo et al., 2009). A study of elite female football players who completed plyometric training 

three times per week for 12 weeks found an increase of 3.3 cm for the CMJ (Campo et al., 2009). 

In order to be a successful football player, the athlete needs to have the capacity to recover rapidly 

from high-intensity exercise (Datson et al., 2014) and be able to quickly cover short distances 

(Upton, 2011). The amount of high speed running and sprinting performed by female players 

increases at higher standards of competition (Datson et al., 2014). Top-level players perform 28% 

more high speed running and 24%more sprinting during international matches compared to the 

national league. There is also a difference between an international game and a domestic game, 

where they will run 13% and sprint 14% more when playing an international game (H. Å. 

Andersson et al., 2010). Many studies have tested the speed of female football players (G. Hoare 

& Warr, 2000; Grieco et al., 2012; McCurdy et al., 2010; Polman et al., 2004, 2004; Siegler et al., 

2003; Sjökvist et al., 2011; Spencer et al., 2005; J D Vescovi et al., n.d.; Jason D. Vescovi & 

Mcguigan, 2008). For a team sport, the RSA is a very important factor (Gabbett et al., 2013; 

Spencer et al., 2005). Because the aerobic system is highly stressed during a football game, many 

football programs try to increase the ability to repeatedly perform high-intensity exercise (Little & 

Williams, 2006).  High-intensity activities are most often associated with decisive moments during 

a game (Davis & Brewer, 1993). The studies that have researched speed training with female 

football players have shown that a significant improvement can be found , siegler et al. (2003) 

evaluated the sprint time of 34 female players using a combined plyometric, resistive and anaerobic 

program twice every week and found significant improvements in time to fatigue during a 

simulated football running test 10 weeks apart compared to a control group (Siegler et al., 2003). 

Polman et al. (2004) evaluated the use of ‘‘speed, agility, quickness‘‘ method of training for 12 
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weeks  with a control group and found an improved mean performance in sprint to fatigue by 

11.6%, 25 m sprint was improved 4.4%, left side agility by 4.5%, right side agility by 4%, vertical 

power tests by 18.5% and horizontal power test by 7.7% (Polman et al., 2004). Grieco et al. (2011) 

tested 15 female football players and after a 10 week intervention found a significant decrease in 

percentage of VO2max at a set running speed  (Grieco et al., 2012). Assisted and resisted sprint 

training have been found to be more effective than traditional sprint training (Upton, 2011). 

Assisted sprint training is more suitable for improving acceleration and resisted sprint training has 

been found to be more effective for improving maximum velocity  (Upton, 2011). Steffen et al. 

(2010) used a randomized control trial with a 10 week intervention to test the agility of 34 female 

football players and found no significant difference in the pre- and post- measurements (Steffen et 

al., 2010). Shalfawi et al.(2013) aimed to compare the effects of combined resisted agility and 

repeated sprint training on female football players agility, linear sprint speed and repeated sprint 

ability, they had 20 female players in a randomized control trial with an intervention of 10 weeks 

and found only a small effect on the variables (Shalfawi et al., 2013). Having effective conditioning 

programs that balance training and recovery are the cornerstones of athletic development and it is 

important to manage the elite players’ training load to ensure optimal preparation for performance 

and possibly reduce the risk of injury (Datson et al., 2014). A study of 17 football teams in the 

Icelandic elite and first division found that when comparing the individual player values between 

divisions significant differences were found for VO2max and body composition and a significant 

relationship was observed between the team average for jump height and final league standing. 

They also found trends between team success and team average for leg extension power and body 

composition (Arnason et al., 2004). There was also a trend toward  better final league standing at 

the end of the season for teams that incurred fewer injuries during the season (Arnason et al., 

2004). In women’s football the current elite players are exposed to greater training volumes and 

competition demands than ever before and consequently these increased physical demands may 

have implications for both physical performance and injury frequencies of players (Datson et al., 

2014).  
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Injuries in female football 

The majority of injury research in sports focuses on adult male professional players with only a 

few studies assessing injuries in female football players (Datson et al., 2014; Jacobson & Tegner, 

2006; Junge & Dvorak, 2004, 2007; Le Gall et al., 2008; Ostenberg & Roos, 2000; Soderman et 

al., 2002; Soligard et al., 2010; Tegnander et al., 2008). The injury frequency for women is between 

1.2 and 7 injuries for every 1000 training hours and 12.6 – 24 for every 1000 match hours (Faude 

et al., 2005; Giza et al., 2005; Jacobson & Tegner, 2006; Le Gall et al., 2008; Tegnander et al., 

2008). Injuries in football predominantly affect the ankle, knee joints the thigh ,and calf muscles 

(Junge & Dvorak, 2004). There are injuries that affect female players more than male players 

(Martin Hägglund et al., 2009; Ostenberg & Roos, 2000; Soderman et al., 2001). The knees (Giza 

et al., 2005; Ostenberg & Roos, 2000) and ankle (Soderman et al., 2001) being the most common 

injury spots for female players (Giza et al., 2005; Ostenberg & Roos, 2000; Soderman et al., 2001). 

Female athletes have also between 2 and 6 times higher incidence of non-contact anterior cruciate 

ligament injury, than male athletes (Hewett et al., 2006; Waldén et al., 2011).  

 

Deep water running 

Deep water running (DWR) can be used as a rehabilitation tool for injured athletes (Aukerman, 

2008; Killgore, 2012) and it can also be used by athletes that have trouble doing land-based 

exercise because of problems with their Musculo skeletal system  (Aquatic Exercise Association, 

2010). There is a reduction in maximal heart rate in water and has been found to be independent 

of age (Chu et al., 2002). During deep-water running people can exercise for a longer time than on 

land without increased effort on joints and without the muscle pain that is associated with land-

based exercise (Bergmann et al., 2001; Broman et al., 2006; Christina et al., 2001; Schwachmeyer 

et al., 2015). Research shows that peak heart rate and peak oxygen consumption are lower in 

aquatic exercise than in land-based exercise, however, it can reach up to similar levels (Liem et 

al., 2013; Wilder & Brennan, 1993). In aquatic exercise, 89 – 95% of maximal heart rate and 83-

89% of maximum oxygen uptake can be reached (Wilder & Brennan, 1993). Research has shown 

that the heart rate at a given submaximal intensity is lower in water than for the same submaximal 

intensity on a treadmill (Svedenhag & Seger, 1992). Research has also shown that heart rate during 

DWR is significantly less than on land for a given submaximal rating of perceived exertion (Hamer 
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& Slocombe, 1997).  The lower heart rate is then contributing less to the maximal oxygen uptake 

value than it would during treadmill running (Svedenhag & Seger, 1992). The reason for this is 

suggested to be the increased stroke volume in water (Svedenhag & Seger, 1992). In general, it is 

recommended to use water that is 28-30°C for DWR (Aquatic Exercise Association, 2010) because 

low water temperature can directly affect the intensity levels during water exercise because water 

will cool the body faster than air. Exercising in cold water will enhance the ventilatory response, 

which decreases exercise performance (Fujimoto et al., 2015).     

 Previously DWR has been studied as an effective way to do cross-training in competitive 

runners (Bushman et al., 1996; Wilber et al., 1996). Two separate researchers found that runners 

managed to maintain their running performance and key physiological variables in running such 

as maximal oxygen consumption, anaerobic threshold, and leg strength (Bushman et al., 1996; 

Wilber et al., 1996). Research on cross country skiers found that DWR six times a week was 

enough to maintain maximal oxygen uptake for three weeks (Gatti et al., 1979). There is also 

research that shows that blood lactate is either equivalent or higher during water running than when 

exercising on land (Michaud et al., 1995; Svedenhag & Seger, 1992). Research on the difference 

between the effects of water running and land-based running on blood lactate and the respiratory 

exchange ratio (RER) found that the RER value was significantly higher in water than on treadmill 

(Svedenhag & Seger, 1992).          

 There are two main techniques that can be used during DWR. They are called cross country 

and high-knees (Killgore et al., 2006).  The high-knee style is described as more if a stair-stepping 

motion and the cross country style has been described as having more similarities with treadmill 

running (Killgore, 2012). During DWR, the athlete should utilize a flotation vest to stay at the right 

level in the water, also without a vest there will be more muscle activity in the upper body to stay 

afloat which will waist extra energy without any extra benefit  (Puleo, 2010).  The depth of the 

water should be enough so that the feet are not in contact with the bottom of the pool (Puleo, 2010). 

Only the shoulders, neck, and the head should be over the water. Elbows need to be bent 90°, and 

movement is driven by the shoulders. The knee should be driven upwards to approximately 75° 

angle from the hips and then driven down to almost full extension before the circle is repeated 

(Puleo, 2010). The placement of the knees and ankles during the cross-country technique has been 

reported to be a lot closer to the movement of land-based running than the high-knee method 

(Killgore et al., 2006). There are some differences in muscle activity during deep-water running 
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compared to treadmill running  (Masumoto et al., 2009; Ólafsdóttir, 2015). When comparing 

muscle activity during deep-water running and treadmill running (TMR) at various intensities, 

researchers found that the muscle activity levels of the Tibialis anterior and Gastrocnemius were 

lower during DWR than during TMR when exercise intensity was matched on rate of perceived 

exertion (RPE)  (Masumoto et al., 2009). The muscle activity levels of the Bicep femoris and 

Rectus femoris were either not different or tended to be lower during DWR than TMR at matched 

intensity levels (Masumoto et al., 2009). It seems that higher levels of RPE are needed during 

DWR to achieve muscle activity levels and patterns that are more similar to TMR lower intensity 

exercise (Masumoto et al., 2009). Increased muscle activity during deep-water running has been 

correlated with increased intensity (Masumoto et al., 2015). Research suggests that the rate of 

perceived exertion is a better mechanism to calibrate intensity rather than using heart rate (Azevedo 

et al., 2010).  The increased rate of perceived exertion has been connected with increased muscle 

activity during DWR (Masumoto et al., 2009). Muscle activity during deep-water running is also 

affected by the running technique and stride frequency (Masumoto et al., 2013, 2015).  

 Because there is no ground contact (Killgore, 2012; Masumoto et al., 2013)  there is no 

stance phase which causes the soleus and gastrocnemius to be less active during DWR than during 

land running (Masumoto et al., 2013; Ólafsdóttir, 2015). During deep water walking the instability 

caused by floating in water causes the Adductor Longus, Gluteus Maximus, Gluteus Medius, 

Rectus Abdominis, obliquus externus abdominis and Erector Spinae to be more active than during 

land walking(Kaneda et al., 2009). During deep-water running, the hip and knee joints have a 

bigger range of motion compared to land-based running (Kaneda et al., 2009), there is a possibility 

that this increased range of motion is the reason for the increased muscle activity during DWR 

(Kaneda et al., 2009).  Rectus femoris has a higher muscle activity during DWR because the body 

requires more force to overcome the water resistance when moving the legs forward (Kaneda et 

al., 2009; Ólafsdóttir, 2015). Highest muscle activity has been measured during high-knees deep-

water running, and the activity increases as the stride frequency go higher (Masumoto et al., 

2013).When using DWR it may be necessary to use the same stride frequency that would be used 

on land. This would require a higher rate perceived of exertion during DWR (Masumoto et al., 

2013). Perceived exertion may be a factor that affects physical behavior in children and adolescents 

(Pfeiffer et al., 2002). The Borg scale is widely considered to be one of the best indicators of the 

degree of physical strain (Pfeiffer et al., 2002) and has demonstrated validity with adults 
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(Robertson & Noble, 1997), and several studies have found the Borg scale to be reliable in children 

and adolescents (Lamb, 1995, 1996; Pfeiffer et al., 2002). Perceived exertion is the cognitive 

ability to detect and to respond to sensations that are the result of physiological adaptations to 

exercise (Pfeiffer et al., 2002). This is considered to be a form of biofeedback in which central, 

peripheral and metabolic changes during exercise are assimilated (Pfeiffer et al., 2002).   

 The objectives of this study were to investigate the effects of a six-week deep water running 

intervention on the performance of female football players in the V02 maximal treadmill test,  the 

Illinois agility test, Repeated sprint ability, Counter movement Jump and kick speed and to 

investigate if there was a negative effect of the deep water running compared to the land based 

running on the performance of the VO2max imal treadmill test, the Illinois agility test, sprint ability, 

counter movement jump and kick speed. 

 

Methods  
Participants 

This research is based on a randomized control trial performed on 53 elite female football 

players all from the same football club. Eight players were excluded due to an insufficient 

amount of data from post-tests. The final sample was 45 players average age of 15.82 (0.86). The 

intervention was a two-group randomized controlled trial and the participants were split into two 

even groups.  

The Intervention  

The study started with the pre-measurements. The intervention took six weeks, followed by the 

post-tests. The intervention had three running sessions per week on Mondays, Wednesdays, and 

Sundays. Each session took 45 minutes. In order to match the intensity levels of the two groups, 

both groups did the same amount of minutes of exercise in each intensity zone each day. The 

intensity zones were defined as EN1 (low intensity), EN2 (moderate intensity), and EN3 (high-

intensity)  (Maglischo & Maglischo, 2003). 
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VO2max testing 

The objective was to assess the aerobic power with a direct maximal oxygen consumption test on 

a laboratory treadmill (Arngrímsson et al., 2008). Before starting the participants were 

introduced to the Borg scale and given heart rate monitors. During the test, the intensity was 

increased every two minutes until the pace of 15km/hour was reached and after that the incline 

was increased. The test continued until VO2max was reached or the participant stopped. VO2max 

was reached if one of the following parameters were met; maximal heart rate ≥195 bpm, 

maximal respiratory exchange ratio ≥ 1.00 or plateauing of VO2 (<2 standard deviations increase 

in VO2 below the mean increase of all submaximal stages) despite an increase in workload 

(Arngrímsson et al., 2008). The test was conducted using a treadmill and Schiller VO2max 

machine. 

 

Sprint ability 

The objective is to evaluate the anaerobic power (sprint time), (P. Krustrup et al., 2006). 

Participants had at least two attempts to reach maximum velocity. The test evaluates both 

anaerobic endurance and anaerobic power. The participant gets 30 seconds to run the 30 meters 

and get back on the starting line for the next sprint. 

  

Agility Test  

The Illinois agility test was used to assess agility (Raya et al., 2013). Speed gates are set up at the 

starting line and the finish line. The participant starts lying on their stomach with their heads 

under the speed gates. Then the speed gate is triggered when the participant stands up and starts 

running (Raya et al., 2013). 

  

Counter-movement jump 

Jumping height was assessed manually with cameras.  Markers were put on the knee of the 

participants before the jump (Aragón, 2000). The jump was performed with hands on the waist, 

both feet on the ground, then jump as high as possible, with no flexion in the hips or knees 

(Aragón, 2000).   
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Kicking velocity 

Kicking velocity was measured using a radar gun (Markovic et al., 2006) placed behind the goal. 

The kick taken from the penalty spot and aiming at the center of the goal. Each participant got 

two attempts with each leg. 

 

statistical analysis  

SPSS statistical analysis program was used to analyze the data. All variables had normal 

distribution according to the kolmogorov- smirnov test. An independent sample T-test was used 

to see if there was a significant difference between groups. Paired samples T-test was used to 

assess the statistical difference between the same variables from pre-test to post-test. One way 

ANOVA was used to see if there were any statistically significant differences between 

independent variables.  
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Results 
 

Table 1.Shows Age, height, and BMI of the participants 

 
Age (Year) Height (cm) BMI pre- 

(kg/m2) 
BMI post- 

(kg/m2) 
LBR (22) 15,95 (0,84) 166,54 (5,92) 20,96 (2,14) 21,14 (1,99) 

DWR (23) 15,70 (0,876) 167,88 (5,93) 21,10 (2,49) 21,30 (2,69) 

Total (45) 15,82 (0,86) 167,2 (5,9) 21,0 (2,3) 21,2 (2,3) 

*= (P< 0.05) within groups 

Table 1 shows the general characteristics of the participants and as can be seen there was no statistical 

difference between the LBR group and the DWR group. 

 

Table 2.The VO2max values in each group pre- and post-intervention. 

 VO2 Pre 

(ml/kg/min) 

VO2 post 

(ml/kg/min) 

VO2 Difference 

(ml/kg/min) 

LBR (22) 46.23 (2.72) 48.22 (3.58) 2.00 (2.25) * 

DWR (23) 46.16 (4.75) 47.78 (4.65) 1.62 (1.82) * 

*= (P< 0.05) within groups 

Table 2 shows the VO2max values in each group pre- and post-intervention. There was not a 

significant difference between groups (P=0.725). The mean value of the LBR group improved by 

4.3% (P=0.000), and the DWR group improved by 3.5% (P=0.000). 

 

Table 3. Counte- movement jump values in each group pre- and post- intervention 

 CMJ Pre 

(cm) 

CMJ post 

(cm) 

CMJ Difference 

(cm) 

LBR (22) 33.43 (2.65) 36.18 (3.15) 2.75 (2.02) * 

DWR (22) 35.02 (4.28) 37.69 (4.30) 2.67 (1.93) * 

*= (P< 0.05) within groups 

Table 3 shows the counter movement jump values in each group pre- and post-intervention. There 

was not a significant difference between groups (P=0.192). The mean value of the LBR group 

improved by 8.3% (P=0.000) and the DWR group improved by 7.6% (P=0.000). 
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Table 4. Illinois agility test values in each group pre- and post- intervention 

 Agility Pre 
(s) 

Agility post 
(s) 

Agility Difference 
(s) 

LBR (22) 17.76 (0.67) 17.72 (0.56) -0.04 (0.34) 

DWR (21) 17.48 (0.61) 17.36 (0.78) -0.12 (0.62) 

*= (P< 0.05) within groups 

Table 4 shows the results from the Illinois test in each group pre- and post-intervention. There was 

not a significant difference between groups (P=0.089). The mean value of the LBR group 

improved by 0.02% (P=0.573) and the DWR group improved by 0.7% (P=0.403). 

Table 5. Sprint values in each group pre- and post-intervention 

 Sprint Pre 

(s) 

Sprint post 

(s) 

Sprint Difference 

(s) 

LBR (22) 5.04 (0.16) 4.99 (0.17) -0.05 (0.14) 

DWR (22) 4.99 (0.25) 4.96 (0.25) -0.03 (0.16) 

*= (P< 0.05) within groups 

Table 5 shows the sprint values in each group pre- and post-intervention. There was not a 

significant difference between groups (P=0.618). The mean value of the LBR group improved by 

1% (P=0.098) and the DWR group improved by 0.6% (P=0.354). 

 

Table 6. Right leg kick speed values in each group pre- and post-intervention 

 Right leg kick speed   

Pre 

(km/Hour) 

Right leg kick speed 

post 

(km/Hour) 

Right leg kick speed 

Difference 

(km/Hour) 

LBR (22) 75.95 (5.96) 77.00 (9.99) 1.05 (10.43) 

DWR (22) 77.36 (6.37) 76.36 (6.47) -1.00 (5.17) 

*= (P< 0.05) within groups 

Table 6 shows the right leg kick speed values in each group pre- and post-intervention. There was 

not a significant difference between groups (P=0.803). The mean value of the LBR group 

improved by 1.3% (P=0.643) and the DWR group deteriorated by 1% (P=0.375). 
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Table 7. Left leg kick speed values in each group pre- and post-intervention 

 Left leg kick speed Pre 
(km/hour) 

Left leg kick speed 
post 

(km/hour) 

Left leg kick speed 
Difference 

(km/hour) 

LBR (22) 64.73 (11.48) 61.23 (14.52) -3.50 (10.97) 

DWR (22) 68.95 (8.30) 67.95 (8.42) -1.00 (7.07) 

*= (P< 0.05) within groups 

Table 7 shows the left leg kick speed values in each group pre- and post-intervention. There was 

a significant difference between groups (P=0.067). The mean value of the LBR group deteriorated 

by 5,7% (P=0.149) and the DWR group deteriorated by 1,5% (P=0.514). 

Table 8. Shows kick speed by dominant leg pre- and post-intervention 

 Dominant leg kick speed 
Pre 

(km/hour) 

Dominant leg kick speed 
post 

(km/hour) 

Dominant leg kick 
speed Difference 

(km/hour) 

Right leg Dominant (39) 77.21 (5.6) 77.62 (7.94) 0.41 (8.6) 

Left leg dominant (6) 79.60 (9.31) 70.60 (9.24) 9 (2.55) 

*= (P< 0.05) within groups 

Table 8 shows that the right leg dominant players improved by 0.5% (P=0.00), regardless of what 

group they were in during the intervention. The left leg players deteriorated by 12.75 % (P=0.00), 

regardless of what group they were in during the intervention. 

 

Discussion 
The main findings of the study are that DWR can improve the VO2max of female football players 

during a 6-week training program and that 6-weeks of DWR had no negative effects on their 

agility, speed, or power. There was a significant improvement in the mean VO2max of the DWR 

group, they improved by 1.62 (1.82) ml/kg/min. These findings are in accordance with previous 

studies of Wilber et al. (1996) and Gatti et al. (1979). Wilber et al. (1996) had a 6-week intervention 

where participants were split into two groups, one was a DWR group and the other was a treadmill 

running group. They found no significant difference within or between groups for VO2max and 

concluded that DWR could be an effective training alternative to LBR for maintenance of aerobic 

performance for up to 6 weeks in trained endurance athletes (Wilber et al., 1996). Gatti et al. (1979) 

had a 3-week intervention were participants were split into 3 groups, a DWR group, a LBR group, 

and a group that did no training. They found a significant difference between both the DWR group 
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and the LBR group compared to the no training group. But they found no statistical difference 

between the DWR group and the LBR group. Therefore concluding that the DWR prevented a 

significant decline in the VO2max (Gatti et al., 1979). The current study however, found a significant 

difference within the DWR group after 6-weeks of DWR, indicating that DWR can not only be 

used to maintain VO2max but also improve it in trained female football players after 6-weeks. There 

was also a significant difference within the LBR group, they improved their mean VO2max by 2.00 

(2.25) ml/kg/min but, there was not a significant difference between the improvements in the 

groups (P=0.725).           

 Both groups improved significantly in the CMJ, the DWR group improved by 7,6% (2,67 

cm) and the LBR group improved by 8,3% (7,75 cm) and like before there was no statistical 

difference between the improvements within the groups (P=0.192). Both groups crossed the 

threshold for elite vertical jumping scores of 34,4 cm according to castagna & castellini (2013). 

The DWR group having a mean of 37.69 cm (4.30) and the LBR group having a mean of 36.18 

cm (3.15). This suggests that DWR does not have a negative effect on power in female football 

players.           

 Both groups performed slightly better in the Illinois agility test, however it was not a 

significant improvement. The DWR group mean value got less by 0.12 s (0.62) seconds and the 

LBR group mean value got less by 0.04 s (0.34) seconds. There was not a significant difference 

between the groups (P=0.089), this indicates that DWR does not have a negative effect on the 

agility of football players. Other studies that have researched agility in female football players 

have had a longer intervention, Polman et al. (2004) had a 12-week intervention, Shalfawi et al. 

(2013) had a 10-week intervention (Polman et al., 2004; Shalfawi et al., 2013). Polman et al. (2004) 

evaluated the use of ‘‘speed, agility, quickness‘‘ method of training for 12 weeks with a control 

group and found an improved mean performance left side agility by 4.5%, and right side agility by 

4%, (Polman et al., 2004). Shalfawi et al. (2013) aimed to compare the effects of combined resisted 

agility and repeated sprint training on female football players agility, they had an intervention of 

10 weeks and found only a small effect on the variables (Shalfawi et al., 2013). These studies 

specifically investigated how to improve agility and therefore used methods that are more suitable 

to improve agility, However, because there was a slight improvement of mean value in both groups 

in this study, it is possible that the intervention was not long enough to have a significant effect on 

agility performance of the football players. Both groups performed slightly better in the sprint test 
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however it was not a significant improvement. The DWR group got less by 0.03 s (0.16) and the 

LBR group got less by 0.05 s (0.14). There was not a significant difference between the groups 

(P=0.618), this indicates that DWR does not have a negative effect on sprinting ability of football 

players. Other studies that have found a significant difference between pre- and post- 

measurements of sprint times with female football players have had a longer intervention, Polman 

et al. (2004) evaluated the use of ‘‘speed, agility, quickness‘‘ method of training for 12 weeks with 

a control group and found an improved mean performance in sprint to fatigue by 11.6%, and 25 m 

sprint was improved 4.4%, (Polman et al., 2004). Siegler et al (2004) evaluated changes in football-

specific power endurance of female high school football players throughout with or without an 

inter-mitten, high-intensity exercise protocol in a 10-week intervention. They concluded that a 

strength and plyometric program improved power and speed more than only using aerobic training 

(Siegler et al., 2003). Shalfawi et al.(2013) aimed to compare the effects of combined resisted 

agility and repeated sprint training on female football players, linear sprint speed and repeated 

sprint ability, they had an intervention of 10 weeks and found only a small effect on the variables 

(Shalfawi et al., 2013). These studies specifically investigated how to improve speed and therefore 

used methods that are more suitable to improve speed, However, because there was a slight 

improvement of mean value in both groups in this study, it is possible that the intervention was 

not long enough to have a significant effect on the speed performance of the football players.

 There was not a significant difference between right leg kicking speed in the DWR running 

group and the LBR group. There was also no significant difference between the groups (P=0.803). 

The DWR group performed slightly worse, mean kicking speed decreased by 1.00 km/Hour (5.17) 

and the LBR performed slightly better, mean kicking speed was faster by 1.05 km/Hour (10.43). 

There was not a significant difference between left leg kicking speed in the DWR running group 

and the LBR group. There was also no significant difference between the groups (P=0.067). The 

DWR group deteriorated by 1.00 km/Hour (7.07) and the LBR group deteriorated by 3.50 km/Hour 

(10.97). The data also shows that the right dominant leg kick speed increased by 0.41 km/Hour 

(8.6) regardless of group designation and the left leg kick speed decreased 9 km/Hour (2.55) 

regardless of group designation. It is therefore possible that the kicking speed was not affected by 

this intervention, but rather by some other unknown factor. This study found no negative effects 

of DWR on physical fitness since the intervention always effected the DWR and LBR groups in 

the same way. These findings indicate that athletes can use DWR to get the benefits of less stress 
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on the joints and without the pain associated with training on land (Bergmann et al., 2001; Broman 

et al., 2006; Christina et al., 2001; Schwachmeyer et al., 2015) to increase their physical fitness 

and at the same time DWR might decrease the long term injuries in female football, which most 

prominently affect the ankle, knee joints ,the thigh , anterior cruciate ligament, and calf muscles 

(Giza et al., 2005; Hewett et al., 2006; Junge & Dvorak, 2004; Ostenberg & Roos, 2000; Soderman 

et al., 2001; Waldén et al., 2011). 

Strengths and weaknesses  
The statistical analysis in this study can be seen as a weakness. Here there is used a simple 

ANOVA, like students are trained in, but not two-way ANOVA where main effects and 

interactions are examined like the more specific way does. Another possible weakness of the study 

may have been the length of the intervention, it may not have been long enough to have had a 

significant effect on sprint and agility ability. The specificity of this study also makes it harder to 

project these findings on to males, other age groups or athletes in other team sports. The strength 

of the study is that as a successfully randomized control trial the only difference between the 

groups was the intervention. Excellent access to swimming pools made this study easy to 

implement and could be repeated. In interventional studies, it is impossible to control what the 

participants do outside of the sessions, during this study the participants attended normal football 

training as well as the intervention sessions. However, those sessions did not include any planed 

running exercises, and therefore it is a strength of the study that all participants came from the 

same club, since they all did the same football training, the possible differences should be minimal.  

 

Conclusion  
In conclusion, female football players can use DWR to improve their performance in football by 

increasing their VO2max. DWR can be recommended for football players as a viable way to increase 

their VO2max without negatively affecting other factors important to performance. DWR should 

also be viable to other team and individual sports that are heavily dependent on VO2max for peak 

performance, such as Basketball, Handball, and Track and field. Basketball involves a lot of 

jumping and by supplementing their endurance training with DWR to decrease the stress on the 

lower limb joints could lead to less serious injuries and lower injurie rate in the long term. Future 

research should examine whether DWR has the same effect on male players, focus on different 
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age groups and involve athletes in different sports, such as Basketball, handball, and Track and 

Field. 
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