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Abstract 
 
Introduction: The present study describes a 3 year model for physical training of 
young female football players. The aim was to investigate and describe how 
systematical training based upon The Spinal Engine Theory and periodisation of training 
over time could increase the players’ physical statues, hence prepare them for increased 
loading over time associated with elite football. Method: 12 out of 28 players 
completed 3 years of periodised training including annual plans of preparatory, 
competitive and transition phases. A testbattery including flexibility, stability, 
maximum strength and power tests was performed annually. Results: A significant 
increase in both maximum strength and power over time was visible using ANOVA 
within subjects tests. Post Hoc tests indicated that the change was visible after only one 
year and the trend continued. Discussion: The results and the model can aid future 
discussion regarding coaching education and loading of young players. Along with 
further research regarding psychological aspects as well the material can serve as a basis 
for how clubs can create a better support structure around our young players.  
 
Keywords: Periodization of training – Strength training - Young athletes 
 
 
 
 
 
 
Abstrakt 
 
Den aktuella studien beskriver en 3 årig modell för fysisk träning av unga kvinnliga 
fotbollsspelare. Syftet var att undersöka och beskriva hur systematisk träning baserad på 
The Spinal Motor Theory och periodisering av träning över tid skulle kunna öka 
spelarnas fysiska status, därmed bättre förbereda dem för ökad belastning över tid och 
förbereda dem för kommande elitfotboll. 12 av 28 spelare genomgick hela 3 åriga 
modellen som inkluderade årlig periodiserad träning innehållande förberedande, tävling 
och övergångsfaser. Ett testbatteri som inkluderade flexibilitet, stabilitet, maxstyrka och 
power tester utfördes årligen. En betydande ökning av både maximal styrka och power 
över tiden var synlig vid analys av ANOVA (within-subject) tester. Post hoc tester 
visade att förändringen var synlig efter bara ett år och trenden fortsatte under 
kommande 2 år. Resultaten kan bidra till framtida diskussioner kring tränarutbildning 
och riktlinjer kring belastning av unga spelare. Tillsammans med vidare forksning kring 
psykologiska aspekter kan materialet ses som ett underlag för hur klubbar kan arbeta för 
att skapa en bättre stödstruktur kring våra unga spelare. 
 
Nyckelord: Periodisering av träning – Styrketräning - unga idrottare 
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Introduction 
 

Female football is expanding world wide and the international competition is growing. 

Having a career as a full-time professional female football player is no longer an utopia. 

However, as particpation numbers and international competition is increasing there is 

also an increased number of reported injuries in young female players as both the 

psychological and physiological demands are increasing rapidly as players enter elite 

training (Johnson & Ivarsson, 2011; Bradley et al., 2009; Iaia et al., 2009; Renstrom et 

al., 2008; Faude et al., 2006; Junge 2000). Literature has shown that there is a gap in 

knowledge of how coaches and the support structure around the female player should 

handle these increasing demands (Orr et al. 2013; Dillern et al. 2012). Scientificially 

there are two different areas that needs to be considered. On one hand, there is reserarch 

regarding injury prevention and on the other there is the performance enhancement 

litterature. In the more applied setting however, these two perspectives needs to be 

joined to be efficient. One example is the ongoing debate regarding the increasing 

number of anterior cruciate ligament (ACL) injuries in female football players where 

the sports medicine research has focused upon local physiological and biomechanical 

aspects of the knee with different results emerging in different proposed prevention 

programmes (Alentorn-Geli et al., 2009a, Alentorn-Geli et al., 2009b, Walden et al. 

2011). However, the prevention programmes’ performance efficiency is sparesly 

investigated even though from a practical point of view this is a crucial question for 

coaches as time is limited. The training environment should aim at being injury 

preventative and performance efficient in set up and planning. Steffen et al. (2008) 

acknowledged this issue in female football and investigated the effect of a ten week 

intervention programme for knee injuries in young female football players and found 

that it did not have an effect on the chosen performance parameters in the study. 

 

When it comes to performance development exclusively Balyi et al. 

(2004) presented the model Long Term Athletic Development (LTAD) that aims to 

explain how a more long term perspective is needed to generate a successful athletic 

career. The model works as a framework to plan and optimise an athlete’s development 

during childhood and adolescence in respect to chronological age and different aspects 

of biological changes occurring during growth. The model identifies different stages 

and “windows of opportunities” which proposes that children/young athletes are more 
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susceptible to different aspects of training at different ages. Although applied frequently 

in the UK the model is getting criticism for a lack of scientific evidence (Ford et al., 

2011). Bailey et al. (2010) presented an academic review stating that the model has 

given a better understanding of sports participation, although they did propose questions 

regarding the model. First of all, what is the intending participation? Is it to pursue for 

elite excellence, individual excellence or personal well-being, what is the need of the 

individual? The model does not state what the ultimate goal is. The author claims that 

these three objectives might work on a continuum but the degree of overlap may have 

implications for planning the training. Second, there is no evidence stating that if the 

training fails to take advantage of the proposed “windows of opportunities” the 

considered quality will never reach its full potential. Last but not least, the model is a 

generic model and does not consider sport specific demands in late stage and does not 

take into account that the suggested training would be the best option to prevent 

injuries. Although criticised, the LTAD model has given researchers and coaches the 

knowledge that it does require a long term perspective to optimise performance.  

 

The long term perspective to optimise performance in sports was 

explained early by Bompa (1996, 1999, Bompa & Carrera, 2005). He presented a 

theoretical framework of how strength training for sports needs to be distinguished from 

traditional body building/fitness strength training as their objectives are different and a 

longer plan is needed to achieve sport specific standards. Furthermore, Bompa describes 

how strength training for sports should progress from anatomical adaptation, to 

maximum strength and further on to converting the gained strength to power required 

for the particular sport and maintain this achieved strength. The emphasise is that there 

is no golden rule, as the training is dependent upon the athlete’s previous experience 

and status. However, the author points out that the athlete regardless needs to progress 

through 3 different phases of strength training to improve performance and minimise 

injuries; preparatory, competitive and transition. An overview of the phases are given 

in Table 1. The phases follows eachother in certain sequences depending upon sport and 

forms up training cycles over both short and long term periods (2weeks up to 4 years).  
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TABLE 1. Overview of Bompa’s propsed phases of training. 

 Preparatory Competative Transition 

Objective - Anatomical adaptation 

- Pursuit muscle balance 

- Strengthening 

stabilizers 

- Increase Maximum 

Strength 

- Can include hypetrophy 

training 

- Convert to power 

- Recovery from hard 

training and maintain 

strength with a lower 

volume of work 

- Compensation work 

 

Duration - Inexperienced athletes 

8-10w 

- Experienced athletes 4-

6w 

- Maximum strength 1-3 

months depending on 

sport 

- 4-5w for converting to 

power 

- maintain during 

competitive season 

 - Depending on sport 

    

 

Jenqdong and Tinghao (2012) describes Bompa’s work from a more applied point of 

view and how an appropriate periodisation from anatomical adaptation to power can 

maximise athletic performance and minimise injury risks. The authors emphasise the 

focus on anatomical adaptation to achieve full control of stabilising musculature and 

appropriate muscular balance needed to be able to tolerate the upcoming phases. These 

proposed practical models are in line with Sander et al. (2013) who showed that a 

significant change in power performance in young male elite football players was 

achieved after two years of strength training. The strength training was periodised into 

different blocks of hypertrophy and intramuscular coordination.  

 

The emphasise on the preparation phase and its anatomical adaptation 

importance can be traced back to a more generic model such as LTAD model, but there 

is also research that suggests that the need for an appropriate anatomical adaptation 

phase can be explained outside the sport scene. Gracovetsky (2008) presented a model 

of the human spine as the engine of locomotion in 1987. The theory has been referred to 

as The Spinal Engine Theory. The theory suggest that optimal mobility of the different 

segments of the spine together with an interaction of the erector spinae and abdominal 

muscle groups is of fundamental importance for locomotion and human function. The 

theory implies that all locomotion arises from the trunk. This challenges the belief that 
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human gait and movement is a function of the legs (Vaughan, 1996).  Taking this theory 

to the football scene, The Spinal Engine Theory is in line with research conducted by 

Watson (1983, 1995, 2000, 2001).  He concluded that if body mechanics can be 

improved then injuries in football could be reduced and that it is a necessity to be able 

to cope with the demands of the sport. Hennessey and Watson (1993) compared 

postural assessment with hamstring flexibility as a precursor of hamstring strain and 

found that there was no significant relationship between hamstring injury and 

flexibility, but the injured athletes did have poorer lower back posture. The research 

regarding posture and injury incident in football is lately sparsely investigated and up to 

date has only been presented by Turner (2005) at a conference where the researcher did 

find a trend that some indicies could be indicator of injury risk but pointed out the 

difficulty in adapting a proper scientifical evaluation method. The conclusion was that 

future research should investigate the examination of individual aspects of posture in 

relation to participation in football. Once again, even though indicies have been found 

in male football players there is no research from Watson or collegues performed on 

female football players. 

 
  To summarise, there is a need to adress the research regarding our young 

female players’ long term development and evaluate the theoretical models that 

proposes a new approach to optimise performance and minimise risk of injury as the 

sport is growing world wide. Reserach has been performed on fellow male players 

however no reserach is yet to be found of young female football players. 

  

Project97 

 

The present study was part of a female football club’s own unique project called 

Project97, designed to evaluate the organisation’s training methods. The entire project 

involves football-, mental- and physical training. However, the only part that will be 

presented scientifically in this research report is the physical training aspect. The 

Project97 was founded in March 2011 and ended in March 2014.  

 

Purpose 

 

The aim was to investigate and describe how systematical training based upon The 

Spinal Engine Theory and periodisation of training over time could increase the players’ 
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physical statues, hence prepare them for increased loading over time associated with 

elite football.  

 

 

Method 
Participants 

 

After an oral presentation 15 girls born in 1997 from two football clubs in the south 

region of Sweden joined the Project97. The particular age group was chosen because 

this is when the girls start playing on a bigger pitch and intensity increases. 3 months 

into Project97 a second invitation took place as the sample got smaller than expected 

and players born in 1998 were invited as well. In total there were 28 girls at the most 

involved. There was no selection based on talent, the only prerequisite was that they did 

not have a present injury and that they wanted to commit to the Project97. The 

participants were also provided a written letter that stated that they may leave the 

Project97 at any time and if attendance failed (over 3 consecutive weeks) they would be 

warned and may then be excluded. In total there were 12 girls that went through all 

stages of training (3 years). Those that did not complete their three years left due to lack 

of motivation, failure of attendance and 1 girl had to drop out due to ongoing 

physiotherapy for back pain. 

 

Procedure and testbattery 

 

The Project97 takes on a case-study approach to describe a potential pattern observed in 

individuals training according to a proposed model over time, hence the focus in on the 

process and theoretical framework and not particular training programmes.  

 

All tests were performed at an external professional test center in 

Ronneby, Sweden (Scandinavian Top Athletic Center) and the testleaders did not 

belong to the Project97. The testbattery was performed in March 2011, 2012, 2013 and 

2014 and is presented in Table 2 and some are further displayed in Appendix I and II. 

The overall aim with the tests were to provide practical information about the different 

strength qualitites required for a football player and guide the periodisation of the 

training. 
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TABLE 2.  Overview of Testbattery 

Physical Quality Test Instructions 

Maximum Strength  Lunge 
 
 
 
 
 
 
 
Back squat 
 
 
 
 
 
Press cable cross 
 
 
 
 
 
 
 
Horisontal rotation cable cross 

Perfomed with bar on the 
back (dumbbells on chest if 
technique is not satisfied). Knee 
down to 5cm from the floor. 1 rep = 
1 rep on both right/left. Estimated 
1RM according to the conversion 
table (Appendix III). 
 
Bar placed on the back (dumbbells 
on chest if technique is not 
satisfied), squat to 90o knee flexion. 
Estimated 1 RM according to the 
conversion table (Appendix III). 
 
Press performed in standing lunge 
position, if right arm is tested left 
foot is forward and vice versa. 
Upright position and no sideflexion 
or flexion allowed. Cable in chest 
height. Have to perform 1 rep on 
each side to get OK. 
 
Cable in chest height, both hands on 
the handle and perform a horisontal 
rotation. Straight arms when arms 
are in front of the body. No 
sideflexion or flexion allowed. Have 
to perform 1 rep on each side to get 
OK 
 

Power Counter movement jump – 
performed on 1 and 2 legs (no arm 
swing) 
 
 
 
 
Standing long jump 2 legs 
 
 
 
 
 
Effect test one leg squat jump 
(W/kg) (only performed 2013 & 
2014 due to poor posture and muscle 
imbalances first year) 

Vertical jump on two legs, hands on 
the hips. Legs straight in the air and 
landing on the same spot as the jump 
was initiated on. Performed in 
Muscle Lab system (v.8) using IR 
sensors. 
 
Long jump forward with armswing. 
When landing the player had to 
remain standing on both feet in the 
direction of the jump. Measured 
(cm) from starting line to big toe.  
 
Muscle Lab test [SmithSquat], 
presented in Watt/kg bodyweight 
according to: One leg (left + right) 
20, 30, 40kg ecc/con, 2 trials/leg 
performed in a Smith machine. 
Average calculated in sowftware. 
 

 10m & 30m sprint Performed on artifical turf. Starting 
from standing position 60cm behind 
the sensors. Sensors placed on 10 
and 30m distance. Time taken with 
IR sensros (Muscle Lab software) 
and given in 00:00 format. 2 trials. 

 

The flexibility and stability tests (Appendix I) were performed to create individual 

flexibility programs and design the core stability programmes as to optimise muscular 

balance and posture required for football (Bompa 1996; Jenqdong & Tinghao, 2012; 
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Watson 1983, 1995, 2000, 2001). Furthermore, the results guided the programme design 

and identified which phase according to Bompa (1999) the girls should commence 

training. The study design overview for each year is presented in Figure 1.  

 

FIGURE 1. The study design over 3 years 
 
 
The planning was set to first achieve appropriate function of the spine, trunk, muscular 

balance and posture, then increase maximum strength and after that produce power. 

Each step was planned as a prerequisite for progression to the next step. During the 

Preparation phase no parallell high intensity training or matches were allowed as this 

could increase strain and increase injury risk. The participants did perform moderate 

interval training twice a week during this phase o maintain good aerobic capacity. 

October	  2013	  
Recovery/

regenera4on	  (2	  
weeks)	  

October-‐Dec	  
2013	  Preparatory	  

phase	  

January-‐March	  
2014	  Transi4on	  

phase	  
March	  2014	  Final	  

tests 	  	  

October	  2012	  	  
Recovery/

Regenera4on	  
(2weeks)	  

October-‐Dec	  
2012	  

Preparatory	  
phase	  	  	  

January-‐
March	  2013	  
Transi4on	  
phase	  

March	  2013	  
3rd	  tests	  

April-‐October	  
Competa4ve	  

phase	  

March	  2011	  Ini4al	  
test	  

March	  -‐	  November	  
2011	  Preparatory	  
phase/Anatomical	  

adapta4on	  	  

December	  2011-‐
March	  2012	  

Transi4on	  phase	  	  

March	  2012	  2nd	  
tests	  

April-‐October	  2012	  
Competa4ve	  phase	  
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Training programmes  
 

The training programmes were designed based on which phase during the year the girls 

were in (preparatory/anatomical adaptation, transition or competative) and exercises 

were chosen based on the theoretical work of Gracovetsky (2008) and analysis of 

football movement pattern. Variables within the programme such as set, reps, intensity 

and tempo was set according to Bompa & Carrera (2005, Chapter 5) to reassure that the 

right strength quality (intermuscular coordination, maxium strenght, hypetrophy etc.) 

was targeted. An overview of how the programmes were applied during the different 

phases each year is presented in Table 3. Players who joined later on had to go through 

the same phases of static-, dynamic core and functional strength prior to further loading. 

 
TABLE 3. Overview of periodisation of programmes 

Year Phase Programme Length of phase 

1 Prepatory/Anatomical 

Adaptation 

Static core  

Dynamic core 

2x/w, 4-6weeks* 

2x/w, 4-6weeks* 

 Transition Functional strength 2x/w, 8-10 weeks* 

 Competative Maintainance  1x/w, April-Oct 

 

2 Recovery/Regeneration REST 2-3 weeks* 

 Preparatory  Hypertrophy 3x/w, 8 weeks 

 Transition  Maximum strength  

Power-sprint 

2x/w, 4 weeks 

2x/w, 4 weeks 

 Competative Maintaining maxium 

strength and core 

 

1x/w, Apri-Oct 

3 Recovery/Regeneration REST 2-3 weeks* 

 Preparatory Functional strength 

(introducing maximum 

strength) 

Maximum strength and 

Core  

3x/w, 2 weeks 

 

 

3x/w, 4-6 weeks* 

 Transition Power – max 

Power – expl/sprint 

2x/w, 3 weeks 

2x/w, 4-6 weeks* 
* Due to individual differences some participants performed a longer period of training of a certain programme. 

Data analysis 
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All data was stored confidentially and the participants were given an identification 

number throughout their participation. The list that identified the participant behind the 

number was stored in a seperate locked file that only the author, assistant athletic trainer 

and project leader had access to. The data was analysed using an ANOVA repeated-

measure (within-subjects) to see if there was a significant change over time for each 

participant’s results for 2012 (year 1), 2013 (year 2) and 2014 (year 3) measurements 

for those who completed 3 years of training (p<.05). The program SPSS was used for 

the statistical analysis. To avoid Type 1 error the data was checked for sphericity using 

Mauchly’s test of sphericity. If the Mauchly’s test was significant  (p<.05) sphericity 

was violated and Geisser-Greenhouse correction for df was used for analysis. 

Bonferroni Post Hoc test was performed to explore any significant change further. For 

the one-leg power effect test that was only performed 2013 and 2014 a two tailed paired 

sample t-test was performed. 6 of the 12 girls who completed 3 years of training 

performed the 2011 basline tests and the results between basline and year 1 was 

therefore also analysed using a paired t-test.  

 

Ethical considerations 

 

An ethical opinion regarding the project plan was attained from the regional committee 

Sydost, Sweden. 

 

Results 
 

Maximum Strength tests 

 

From basline test and year 1 tests there was a significant change for lunge t(11) = 16,81, 

p<0.0005. In Table 4a the mean for all three years are presented, Table 4b summarises 

the ANOVA repeated-measure within subject. 

 

 
TABLE 4a. Mean value each year for the ”Lunge test” 

Year Mean St. deviation No of cases 

1 45,07 kg 6,40 kg 10 

2 54,2 kg 8,12 kg 10 

3 75,85 kg 8,24 kg 10 
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TABLE 4b. Summary table for ANOVA ”Lunge test” 

Source SS df MS F 

Time 4942,003 2 2471,002 60,437* 

Error 654,172    

*sign p<0.005 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in weight lifted 

over time in the lunge test was statistically significant from year 1 to year 2 (9,13 (95% 

CI, 16,46 to 1,8)kg, p = 0.016) from year 2-3 (21,6 (95% CI, 30,47 to 12,83)kg, p = 

0.0005) as well as between year 1 to 3 (30,78 (95%CI, 21.80 to 39,76)kg, p = 0.0005). 

 

In the back squat tests there was a significant change between basline test and year 1 

test t(10) =10,82, p<0.0005. In Table 5a the average mean for all three years are 

presented, Table 5b summarises the ANOVA repeated-measure within subject. 
 

TABLE 5a. Mean value each year for the ”Back squat test” 

Year Mean St. deviation No of cases 

1 61,6 kg 6,18 kg 10 

2 74,65 kg 7,06 kg 10 

3 99,72 kg 14,58 kg 10 

 

 

 

TABLE 5b. Summary table for ANOVA ”Back squat test”  

Source SS df MS F 

Time 7371,063 2 3685,532 43,017* 

Error 1370,824    

* sign p<0.005 

 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in weight lifted 

over time in the back squat test was statistically significant from year 1 to year 2 (13,05 

(95% CI, 6,12 to 19,98)kg , p = 0.001) from year 2-3 (25,07 (95% CI, 12,67 to 

37,46)kg, p = 0.001) as well as between year 1 to 3 (38,12 (95%CI, 23,99 to 52,24)kg, p 

= 0.0005). 
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In the press cable cross test there was a significant change between basline test and year 

1 t(11) =3,95, p<0.002. In Table 6a the mean for all three years are presented, Table 6b 

describes the ANOVA repeated-measure within subject. 
 

 

TABLE 6a. Mean value each year for the ”Press cable cross test” 

Year Mean St. deviation No of cases 

1 25,42 kg 3,17 kg 12 

2 27,5 kg 2,82 kg 12 

3 32,5 kg 2,82 kg 12 

 

 

 

TABLE 6b. Summary table for ANOVA ”Press cable cross test”  

Source SS df MS F 

Time 318,056 1,181** 269,408 24,362* 

Error 130,556    

* sign p<0.005 

** df adjusted to Greenhouse Geisser 

 

 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in weight 

pressed in the cable cross test over time was statistically significant from year 1 to year 

2 (2,08 (95% CI, 0,91 to 3,26)kg, p = 001) from year 2-3 (5,00 (95% CI, 1,53 to 

8,47)kg, p = 0.006) as well as between year 1 to 3 (7,08 (95%CI, 3,86 to10,31)kg, p = 

0.0005). 

 

In the horisontal rotation cable cross test there was a significant change between basline 

test and year 1 test t(11) = 5,11, p<0.0005. In Table 7a the mean for all three years are 

presented, Table 7b describes the ANOVA repeated-measure within subject. 
 

 

TABLE 6a. Mean value each year for the ”Horisontal rotation cable cross test” 

Year Mean St. deviation No of cases 

1 25 kg 2,92 kg 12 

2 32,29 kg 4,45 kg 12 

3 43,75 kg 3,92 kg 12 
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TABLE 6b. Summary table for ANOVA ”Horisontal rotation cable cross test”  

Source SS df MS F 

Time 2144,097 2 1072,049 157,526* 

Error 130,556    

* sign p<0.005 

 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in weight 

rotated in the cable cross over time was statistically significant from year 1 to year 2 

(7,29 (95% CI, 3,67 to 10,91)kg, p = 0.000) from year 2-3 (11,45 (95% CI, 8,65 to 

14,27)kg, p = 0.0005) as well as between year 1 to 3 (18,75 (95%CI, 14,72 to 22,77)kg, 

p = 0.0005). 

 

Power tests  

 

From basline test and year 1 test there was a significant change for CMJ left leg t(11) = 

3,02, p<0.012. In Table 8a the mean for all three years are presented, Table 8b describes 

the ANOVA repeated-measure within subject. 
 

TABLE 8a. Mean value each year for the ”CMJ left leg test” 

Year Mean St. deviation No of cases 

1 10,98 cm 2,29 cm 12 

2 13,25 cm 3,49 cm 12 

3 13,48 cm 2,48 cm 12 

 

 

 

TABLE 8b. Summary table for ANOVA ”CMJ left leg test”  

Source SS df MS F 

Time 46,087 2 23,044 8,55* 

Error 130,556    

* sign p<0.007 

 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in jump height 

on left leg over time was statistically significant from year 1 to year 3 (2,51 (95% CI, 

0,61 to 4,41)cm , p = 0.01).  
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From basline test and year 1 test there was a significant change for CMJ right leg t(11) 

= 2,49, p<0.030. In Table 9a the mean for all three years are presented, Table 9b 

describes the ANOVA repeated-measure within subject. 
 

 

TABLE 9a. Mean value each year for the ”CMJ right leg test” 

Year Mean St. deviation No of cases 

1 11,3 cm 1,48 cm 12 

2 12,68 cm 2,99 cm 12 

3 14,64 cm 3,20 cm 12 

 

 

TABLE 9b. Summary table for ANOVA ”CMJ right leg test”  

Source SS df MS F 

Time 67,662 2 33,83 10,45* 

Error 64,743    

* sign p<0.001 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in jump height 

on right leg over time was statistically significant from year 1 to year 3 (3,34 (95% CI, 

1,10 to 5,58)cm , p = 0.004). 

 

From basline test and year 1 test there was a significant change for CMJ on two legs 

t(11) = 3,45, p<0.005. There was no significant change in the CMJ jump on two legs 

over three years.  

 

In the standing long jump test there was no significant change from basline to year 1. 

In Table 10a the mean for all three years are presented, Table 10b describes the 

ANOVA repeated-measure within subject. 
 

 

TABLE 10a. Mean value each year for the ”Standing Long Jump test” 

Year Mean St. deviation No of cases 

1 2,21 m 0,13 m 12 

2 

3 

2,26 m 

2,19 m 

0,12 m 

0,13 m 

12 

12 
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TABLE 10b. Summary table for ANOVA ”Standing Long Jump test”  

Source SS df MS F 

Time 0,037 2 0,019 3,858* 

Error 0,096    

* sign p<0.038 

 

Post hoc analysis with Bonferroni adjusmtent revealed that the increase in length 

jumped over time was statistically significant from year 1 to year 2 (0,06 (95% CI, 0,10 

to )cm , p = 0.01). 

 

The participants did increase their power in the effect test (W/kg) on both right and left 

leg after completed their third year of training (test year 2 right leg: M = 12,32 W/kg, 

SD = 2,06 W/kg. Left leg: M = 12,84 W/kg, SD = 2,14) (test year 3 right leg: M = 

14,28 W/kg, SD = 1,97 W/kg. Left leg: M = 14,45 W/kg, SD = 1,99 W/kg). The third 

year of training elicited a significant increase in power effect (W/kg) in one leg jump in 

Smith-machine right leg t(11), = 3,596 p<0.004 and left leg t(10), = 3,267 p<0.008. 

 

There was no significant change over time in the 10m sprint between basline and year 1. 

On 30m however there was a significant change t(11) = 4,16, p<0.001. Over three years 

there was no significant change for 10 or 30m, however a decrease in mean was visible 

over three years on 30m sprint. 

 
 
Discussion 
 
 
The aim of the Project 97 was to describe and evaluate a systematical training model 

over 3 years based on The Spinal Engine Theory (Gracovetsky, 2008) and periodisation 

according to Bompa (1999). Significant individual change was visible in maximum 

strength and power tests, for the young female football players who completed 3 years 

of training in Project97. The model was successful in creating players that could sustain 

an increased load over time. 

 
The change was visible already from the baseline tests to year 1 tests for 

those that completed the first year of training. The first year did not involve any heavy 

weight training and focused on muscular balance, posture and flexibility and still the 
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maximum strength and power (CMJ jump) measurements did improve. Adding this 

visible trend in those participants to the work of Watson (1983, 1995, 2000, 2001) 

would imply that it is possible to achieve strength improvements without loading the 

body with heavy external weights at the same time as the training is injury preventative. 

Furthermore, the results indicates support to The Spinal Engine Theory (Gracovetsky, 

2008) that a more optimal function and strength in the deep abdominal and trunk 

muscles (the target of first three training programmes) improves the maxium strength 

and power which is vital for further loading. It can be discussed whether the chosen 

tests were scientifically the most appropriate tests to evaluate maximum strength or 

power. However, the tests were primarily designed for gathering information about the 

different strength qualities in football specific positions that could provide data for 

program design. Moreover, testing maximum strength in more sport specific positions 

provides more details about how much force the player can produce/tolerate on the 

pitch. And as stated above the change from basline to year 1 indicates that the tests 

where also able to detect that a good flexiblity and stability is a prerequisite for 

optimising maxium strength and power in more sport specific positions. In fitness 

testing Nande and Vali (2010) describes that the tests should measure only one quality, 

should not require technical competence, athlete should fully understand the tests and it 

should be strictly standardised in terms of administration, organisation and 

environmental setting. From a scientific point of view the tests may violate the first and 

second principles, however, only one quality is measured in each test and the flexibility 

and stability tests complement the strength and power tests in analysis of the results. 

Furthermore the sport of football requires force production in those technical positions 

and if they are not able to perform a test in this position this is an indication of injury 

risk on the pitch.  

 

With an improved muscular balance and maximum strength the training 

was progressed and the participants continued to significantly improve on both 

maximum strength and power tests (W/kg). This implies that the periodisation from 

anatomical adaptation to power is crucial to be able to tolerate the increased load and 

respond in a positive way to the training stimulus as described by Jenqdong and 

Tinghao (2012). Moreover, the results in the present study are in line with Sander et al. 

(2013) which implies that both male and female football players’ will increase in power 

from a systematical training method that integrates hypetrophy and intramuscular 
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coordination over a longer period of time. Unfortunately, organisation and clubs today 

seems to have a short term perspective and focus more on certain exercises instead of 

blocks of training periods over time. However, as more longitudinal research is being 

published this trend will hopefully change and education for coaches will focus more on 

the theory behind exercises and foster a deeper knowledge of periodisation of training 

and different strength qualities. This would promote a positive long term development 

for the players. With such an approach the knowledge gap and support structure 

requested from Orr et al. (2013) can be targeted. 

 

The long term perspective is usually disregarded due to impatient from 

both athlete and coaches and quick fixs that can have unknown consequences are 

tempting. The LTAD model was a breakthrough in research when it described that 

training planned over a longer period of time can optimise athletic performance in 

young athletes (Balyi et al., 2004). The criticism presented stated that the model 

however did not take into account what the goal of the individual was or whether the 

”windows of opportunities” are absolute. The described model of Project97’s physical 

training challenges this criticism as the training starts at the level where the athlete is 

and is based upon human function, not sport specific parameters. Neverless, the sport 

specific parameters were improved as human basic functions were being trained. 

Furthermore, the theory behind Project97 is based upon different qualities that needs to 

be possessed by the athlete to progress to more advanced training instead of focusing on 

age and windows of opportunities.  This perspective needs to be further investigated but 

proposes a more individual approach that would minimise strain and potential 

compensation patterns.  It is adviced to take on a perspective that we are coaching 

human beings and not just categorise them as football players, meaning they should 

train according to a certain recipe. There should be guidelines, but the question is how 

much should be set as an aboslute truth? 

 

The guidelines should help young players to advance to elite football, and 

a frequently discussed subject in elite football today is how to increase intensity and 

repeated sprint ability, both in games and training (Iaia et al., 2009; Bradley et al., 

2009). However, the discussion regarding what is required to sustain this high intensity 

training over time seems to be forgotten. An increased muscular balance, maximum 

strength and power effect (W/kg) as seen in the participants in the present study 
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indicates that the participants are physically prepared for the more specialised elite 

football training. The systematical progression proposed by Bompa (1999) will also 

give a more even loading of the young players, reducing the strain and optimising 

development and loading over time. However, it should be noted that when games and 

high intensity training were restricted during the preparatory phase (approx 4weeks) 

there were coaches who got frustrated in fear of their players loosing their speed and 

football qualities. This implies that there is a need to increase the coaches knowledge of 

how training over time affects the body and how training can be optimised with lower 

strain on the body and with a long term plan.  

 

The physical improvements described from the model needs to be seen as 

a part of a bigger picture. All participants in the Project97 were at an age where there 

are a lot of things affecting their life and choices. After the summer break in year 2, as 

the demands for the upcoming year were introduced, 12 participants remained and those 

that decided to leave the Project97 then did so due to lack of motivation and failure of 

attendance. This is important to highlight for future discussion of young female football 

players as the psychological aspect will affect their overall performance and 

development to a large extent. It would be interesting to follow up on those particpants 

that left due to lack of motivation as the demands where increasing, unfortunately this 

was not done. This could provide information that could be beneficial for coaches to 

acknowledge when working with young players at a critical stage where they should 

chose if they would like to advance towards elite or not. Physical tests can only give an 

indication of potential, further research regarding how to combine the results of the 

physical training model described in Project97 along with a similar systematic way of 

working with the psychological challenges of young female football development is 

needed to be able to design an appropriate functional support structure for young 

players. The support structure needs to acknowledge the potential psychological barriers 

that can prevent a young athlete from making use of their full physical capacity and also 

minimises the potential risk of injury associated with psychological markers (Johnson & 

Ivarsson, 2011; Junge, 2000).  

 

To summarise, the present study has described a systematicial way of 

working with periodisation over time in young female football players to optimise 

individual development and prepare them for an increase in load associated with elite 
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football. The model of working from basic human functions (Gracovetsky, 2008; 

Watson 1983, 1995, 2000, 2001) towards heavier loading and more sport specific 

training over a longer period of time (Bompa, 1999) did improve maximum strength 

and power significantly, hence preparing the participants for elite training. The 

knowledge provides a deeper understanding of how young female football players can 

improve physcial statues and can aid future research with similar focus on a larger 

population.  

 

Conclusion 
 

The knowledge attained during the Project97 may serve as future 

discussion material for other youth sports as well in the debate on how to provide an 

appropriate support structure for young active talents. To successfully implement the 

knowledge the coaches need to be educated on the theory that underpines excerices and 

loading, not just a concept or particular exercises. However, to achieve this clubs and 

organisations needs to fully commit to a long term plan with no short cuts and realise 

that the training you expose your athlete to today will have an effect the upcoming 

24hours, weeks, months and years. 
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Appendicies 
 
Appendix I 
 
Display of major flexibility and stability tests (author’s private pictures) 

 
  
  

Ankle	  movement	  measured	  knee	  over	  toe	  
in	  cm	  

Hamstring	  flexibility	  measured	  with	  
testleaders'	  hand	  in	  lower	  back	  and	  the	  
angle	  is	  measured	  when	  the	  lower	  back	  
increases	  the	  pressure	  on	  the	  hand.	  

Hip	  flexion	  measured	  with	  testleaders'	  hand	  
in	  the	  lower	  back	  and	  angle	  is	  measured	  
when	  the	  lower	  back	  increases	  the	  pressure	  
on	  the	  hand.	  Measured	  from	  90	  degrees	  at	  
the	  hip.	  	  

Hip	  external	  rota4on	  -‐	  measured	  at	  a	  right	  
angle	  to	  the	  knee	  

Hip	  internal	  rota4on	  -‐	  measured	  at	  a	  right	  
angle	  to	  the	  knee	  

Thoracic	  movement	  measured	  with	  
testleaders'	  hand	  in	  lower	  back	  and	  
par4cipant	  slightly	  increases	  the	  pressure	  
onto	  the	  hand	  and	  tries	  to	  keep	  the	  
pressure	  while	  moving	  the	  arm	  through	  
flexion.	  Angle	  measured	  from	  the	  wall	  to	  
the	  arm	  when	  pressure	  is	  decreased.	  

Hip	  flexors	  flexibility.	  Angle	  measured	  from	  
bench	  to	  femur.	  Rectus	  Femoris	  flexibility	  
measured	  from	  a	  right	  angle	  to	  the	  knee	  

Thoracic	  rota4on	  -‐	  measured	  at	  a	  right	  
angle	  from	  the	  top	  of	  the	  head	  indicated	  by	  
the	  s4ck	  

Cervical	  rota4on	  -‐	  measured	  at	  a	  right	  angle	  
from	  the	  top	  of	  the	  head	  indicated	  by	  the	  
direc4on	  of	  the	  nose	  

Func4onal	  assessment	  of	  a	  lunge	  -‐	  upright	  
posi4on,	  hip,	  knee	  and	  foot	  alignment.	  
Pelvis	  4l4ng	  or	  foot	  prona4on.	  

Lower	  abs	  strength	  	  -‐	  pressure	  onto	  the	  
testleaders´	  hand,	  try	  to	  keep	  keep	  the	  
same	  pressure	  and	  let	  legs	  move	  down	  
towards	  the	  floor	  during	  5s.	  Angle	  
measured	  where	  the	  pressure	  is	  decreased.	  
90	  degrees	  being	  all	  the	  way	  to	  the	  floor.	  
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Appendix II 
 
Display of position in maximum strength and power tests (author’s private pictures) 
 
 

 
 
  

Back	  squat	   Lunge	  

Press	  cable	  
cross	  

Rota4on	  cable	  
cross	  

One	  leg	  Muscle	  
Lab	  test	  
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Appendix III 
 
Overview of the 1RM conversion table 
 
If maximum 2 reps are performed correctly the weight is multiply by 1,05. Then as 
follows: 
 
3 reps = 1,08 
4 reps = 1,11 
5 reps = 1,14 
6 reps = 1,18 
7 reps = 1,21 
8 reps = 1,25 
9 reps = 1,29 
10 reps = 1,33 
 
 
For example 5 reps at 80 kg calculates a 1RM of 91.2kg  (80 x 1,14 = 91.2) 
 
Estimated 1RM was chosen due to high injury risk involved in 1RM fatigue testing. 
 
 
 
 
 
The conversion table is based upon Bompa (1999) with modification of Joakim Dettner 
STAC LAB. 
 
 


