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Abstract  
The importance of well trained and stable neck flexors and exten-
sors as well as trunk muscles for intentional headers in soccer is 
increasingly discussed. The neck flexors and extensors should en-
sure a coupling of trunk and head at the time of ball contact to 
increase the physical mass hitting the ball and reduce head accel-
eration. The aim of the study was to analyze the influence of a 6-
week strength training program (neck flexors, neck extensors) on 
the acceleration of the head during standing, jumping and running 
headers as well as after fatigue of the trunk muscles on a pendu-
lum header. A total of 33 active male soccer players (20.3 ± 3.6 
years, 1.81 ± 0.07 m, 75.5 ± 8.3 kg) participated and formed two 
training intervention groups (IG1: independent adult team, IG2: 
independent youth team) and one control group (CG: players 
from different teams). The training intervention consisted of three 
exercises for the neck flexors and extensors. The training effects 
were verified by means of the isometric maximum voluntary con-
traction (IMVC) measured by a telemetric Noraxon DTS force 
sensor. The head acceleration during ball contact was determined 
using a telemetric Noraxon DTS 3D accelerometer. There was no 
significant change of the IMVC over time between the groups 
(F=2.265, p=.121). Head acceleration was not reduced signifi-
cantly for standing (IG1 0.4 ± 2.0, IG2 0.1 ± 1.4, CG -0.4 ± 1.2; 
F = 0.796, p = 0.460), jumping (IG1 -0.7 ± 1.4, IG2 -0.2 ± 0.9, 
CG 0.1 ± 1.2; F = 1.272, p = 0.295) and running (IG1 -1.0 ± 1.9, 
IG2 -0.2 ± 1.4, CG -0.1 ± 1.6; F = 1.050, p = 0.362) headers as 
well as after fatigue of the trunk musculature for post-jumping 
(IG1 -0.2 ± 2.1, IG2 -0.6 ± 1.4; CG -0.6 ± 1.3; F = 0.184, p = 
0.833) and post-running (IG1 -0.3 ± 1.6, IG2 -0.7 ± 1.2, CG 0.0 
± 1.4; F = 0.695, p = 0.507) headers over time between IG1, IG2 
and CG. A 6-week strength training of the neck flexors and neck 
extensors could not show the presumed preventive benefit. Both 
the effects of a training intervention and the consequences of an 
effective intervention for the acceleration of the head while head-
ing seem to be more complex than previously assumed and pre-
sumably only come into effect in case of strong impacts. 
 
Key words: Heading, kinetics, head-neck-torso-alignment, 
neck musculature, repetitive head impacts, concussion.

 
 

Introduction 
 

In recent years, heading in soccer has increasingly moved 
into the focus of the media and science. Lately, since the 
US soccer association banned heading in youth soccer 
(Yang and Baugh, 2016), a worldwide wave of interest and 
confusion has emerged due to the inconsistent state of evi-
dence (O'Kane, 2016) on the evaluation of heading the ball. 
A further reason is the worldwide statistical increase in 

sport-associated concussions (Broglio et al., 2015; 
Cusimano et al., 2013). The cause for this trend can be seen 
in a generally more dynamic game on the one hand 
(Sarmento et al., 2018) and in an increased sensitization to 
the topic and the associated screening procedures on the 
other hand (McCrory et al., 2017; Sarmento et al., 2018). 
Besides, there are two mechanisms when considering the 
risks. Either the triggering of a concussion by an uninten-
tional collision with another player, goalpost or the ground 
(Beaudouin et al., 2017) or the potential overload mecha-
nism by thousands of repetitive head impacts during a soc-
cer player’s career (Lipton et al., 2013). This leads to so-
called subconcussive head impacts, which are not accom-
panied by the typical symptoms of a concussion (Tarnutzer 
et al., 2017) but are regarded as an increased risk factor in 
the long run (Lipton et al., 2013). 

The importance of well trained and stable neck flex-
ors and extensors as well as trunk muscles is increasingly 
discussed (Bretzin et al., 2017; Dezman et al., 2013; 
Tierney et al., 2008). In the case of unintentional headers, 
no major preventive effects are assumed, since the maxi-
mum head acceleration occurs within the first 30 ms 
(Naunheim et al., 2003; Queen et al., 2003), but the mus-
culature needs approximately 200 - 250 ms to react ade-
quately (Luo and Goldsmith, 1991). The greatest benefit is 
expected for intentional headers (Caccese et al., 2017; 
Dezman et al., 2013; Gutierrez et al., 2014), even if the ab-
solute accelerations are higher with unintentional headers, 
but their appearance with approximately 4% they occur 
less frequently (Hanlon and Bir, 2012; Press and Rowson, 
2017; Stewart et al., 2018). In the preparation phase, the 
trunk muscles are responsible for accelerating the trunk and 
head, starting an arched body tension, with the aim of 
achieving a maximum or adequate acceleration of the soc-
cer ball (Caccese and Kaminski, 2016; Sunami and 
Maruyama, 2008). The neck flexors and extensors should 
in particular ensure a coupling of trunk and head at the time 
of ball contact, so that the physical mass hitting the ball is 
increased and the head acceleration is reduced (Caccese 
and Kaminski, 2016). According to this, stronger neck 
flexors and extensors would hypothetically provide a better 
connection of the anatomical structures and possibly make 
heading the ball in soccer safer. 

The effect of a fatigued trunk on heading, which in 
this context also simulates weak trunk muscles, has rarely 
been investigated and the consequences are currently un-
clear. For this reason, the research on the influence of fa-
tigue should be continued (Becker et al., 2017; Becker et 
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al., 2018). If one follows the model that the trunk muscles 
must provide the necessary acceleration and secure the 
player from the oncoming impact by co-activating the neck 
flexors and extensors at the time of ball contact for a head-
neck-torso-alignment (Bauer et al., 2001; Shewchenko et 
al., 2005b), then two compensation mechanisms for fa-
tigued trunk muscles would be conceivable. In the first sce-
nario the maximum ball speed can no longer be achieved 
due to the fatigued trunk muscles. In the second scenario 
the neck flexors and extensors compensate the fatigued 
trunk, resulting in a less arched body tension of the trunk 
by an increased nodding motion (Becker et al., 2013). As a 
result this would lead to a decoupling of the head-neck-
torso-alignment, thus resulting in a reduced physical mass 
and therefore in an increased acceleration of the head, if the 
ball speed is kept almost constant (Caccese and Kaminski, 
2016; Teymouri et al., 2012). 

Currently there are two existing studies on the effect 
of a strengthening of the neck flexors and extensors. Man-
sell et al. (2005) compared the effects of an 8-week cervical 
resistance-training program on 36 participants in a pre-
post-comparison with control group during headers in soc-
cer. They were not able to show any kinematic, electromy-
ographic or stiffness training effects. Lisman et al. (2012) 
evaluated the effect of an 8-week cervical resistance train-
ing on 16 players during American football tackles with no 
statistically augmented dynamic stabilization. 

The aim of the study was to analyze the effect of a 
6-week strength training for the neck flexors and extensors 
on the acceleration of the head during standing, jumping 
and running headers in soccer on a stationary pendulum 
header. In addition it should be examined, if the strength-
ening program affects the acceleration of the head after fa-
tigue of the trunk muscles (post-jumping, post-running 
header). For a good comparison it is important that headers 
with the same or similar ball speed are paired, since the ball 
speed significantly influences the acceleration of the head 
(Babbs, 2001). In this context a larger number of results 
about the effects of the training intervention should help to 
evaluate training methods and contents as well as to clarify 
the presumed benefit for heading. 

 

Methods 
 

Participants 
The sample included 33 active male soccer players (20.3 ± 
3.6 years, 1.815 ± 0.07 c, 75.5 ± 8.3 kg). It consisted of two 

training intervention groups (IG1, IG2) and one control 
group (CG) (Table 1). In order to find out if there is an age-
dependent difference in training effects, a youth team (IG2) 
and an adult team (IG1) were included for the training in-
tervention. IG1 and IG2 were two independent club teams, 
whereas CG were sports students belonging to different in-
dependent club teams. The data acquisition started for all 
participants of IG1, IG2 and CG at the beginning of the 
season preparation. There were no dropouts in CG, drop-
outs were recorded for IG1 (n = 3) and IG2 (n = 8). They 
either did not meet the minimum number of twelve training 
sessions or suffered an injury during match/training which 
kept them from participating. 

The sample size was calculated using G*Power 
(Version 3.1 for Macintosh, University of Kiel, Germany). 
For a repeated (2x3) ANOVA (within and between inter-
actions, f = 0.4, α = 0.05) a minimum group size of 30 per-
sons was intended (power 0.968), which we increased due 
to expected dropouts. 

All players had many years of playing and heading 
experience. There were the following exclusion criteria: 
chronic cervical spine problems, concussion within the last 
eight weeks, acute injury, acute infection or illness. All par-
ticipants were informed about the test design, test proce-
dure and potential risks before the start of the investigation 
and gave their written consent. In the case of minors, the 
parents or legal guardians were also informed and gave 
their written consent. The study was designed and con-
ducted on the basis of the current guidelines of the Decla-
ration of Helsinki (World Medical Association, 2013) and 
approved by the responsible ethics commission. 

The experimental setup (Figure 1) consists of a 
PRE-Phase, which represents all measurements before the 
strengthening of the neck flexors and extensors, including 
a pre-test and a post-test. The PRE-Phase ist followed by 
the 6-week strength training of the neck flexors and exten-
sors. Afterwards the POST-Phase starts, including a pre-
test und a post-test again. The pre-test always consists of 
three different heading scenarios (standing, jumping, run-
ning), whereas the post-test asks for two heading scenarios 
(post-jumping, post-running) (see header). The difference 
between the pre-test und post-test is the fatigue treatment 
(see treatment) in between. To analyze the effectiveness of 
the 6-week strength training the two pre-tests (standing 
jumping and running header) and the two post-tests (post-
jumping, post-running) are compared. 

 
Table 1. Characteristics and composition of the sample size without dropouts. Values are reported as mean ± 
standard deviation. 

IG1 IG2 CG 
n = 11 

6th German division  
age 22.7 ± 3.7 years 

height 181.1 ± 5.2 cm 
weight 76.9 ± 7.5 kg 

 
age of club entry (soccer)  

4.8 ± 0.9 years 
soccer time per week 

4-7 h/week 

n = 9 
3th German youth division 

age 17.1 ± 0.9 years 
height 179.7 ± 7.6 cm 
weight 74.4 ± 11.7 kg 

 
age of club entry (soccer)  

4.6 ± 0.8 years 
soccer time per week 

4-7 h/week 

n = 13 
6th, 7th German division 

age 21.5 ± 1.4 years 
height 182.5 ± 6.9 cm 
weight 77.5 ± 6.1 kg 

 
age of club entry (soccer)  

4.5 ± 1.5 years 
soccer time per week 

4-7 h/week 
                      IG1 intervention group 1; IG2 intervention group 2; CG control group. 
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Figure 1. PRE- and POST-phase mark the phases before and after the strengthening of the neck flexors and extensors. The 
object of this study is the comparison of the two pre-tests (standing, jumping and running header) and of the two post-tests 
(post-jumping and post-running header). 

 

Acceleration 
The head acceleration during ball contact was determined 
using a telemetric DTS 3D accelerometer (Noraxon, 
Scottdale, USA; size: 22x16x7 mm; weight: 2.8 g; fre-
quency: 1500 Hz, filter: Lowpass 500 Hz) fixed in the oc-
cipital area of the head. An individually adjustable rubber 
band (Noraxon, Scottdale, USA; size: 1000x35 mm) was 
used for attachment and wrapped at least two times over 
the accelerometer and head to prevent motion artifacts in 
the best possible way. The resulting head acceleration vec-
tor a, based on the acceleration values of the x, y and z axis, 
was calculated by a 𝑥 𝑦 𝑧 .  The values of the x, y 
and z axis were displayed through Qualisys Track Manager 
(Version 2.15, Göteborg, Sweden) with a sample rate of 
1500 Hz. The point of the highest acceleration within six 
frames (= 0.03 s) was determined according to Naunheim 
et al. (2003), who summarized the first 0.015 s after ball 
contact to be the critical ones with regard to the head ac-
celeration (Naunheim et al., 2003). For this purpose the ac-
celerations within the first six frames were analyzed for 
each trial and the maximum value was picked. A recent 
study (Becker et al., 2018) supports the thesis that the point 
of highest head acceleration does not necessarily occur 
within the first frames of ball contact. For the comparison 
of the PRE- and POST-phase the ball speeds were evalu-
ated. The pairing of the headers from the PRE- and POST-
phase should have the same or similar ball speeds. This 
way we were able to compare the change of the head ac-
celeration after a 6-week strengthening of the neck flexors 
and extensors with two headers having the same ball speed. 
 
Isometric maximal voluntary contraction (IMVC) 
In order to make the effects of the training intervention 
measurable, an analysis of the isometric maximum volun-
tary contraction (IMVC) was recorded at the beginning of 
each pre-test by a telemetric Noraxon DTS force sensor 
(Noraxon, Scottdale, USA Inc; frequency: 1500 Hz; filter: 
lowpass 500 Hz). The participants were fixed in a lying po-
sition at chest and pelvic level to ensure an isolated move-
ment from the cervical spine. An individually adapated 

sling was fixed to the head for both flexion and extension. 
For PRE-phase und POST-phase the standardized adjust-
ment was made. 
 
Header 
Five heading variants (standardized order: standing, jump-
ing, running, post-jumping, post-running) were performed, 
on a stationary pendulum header (Derbystar, model: 
Swing, size: 5, diameter: 22 cm) (Figure 2, Table 2). The 
ball had to be headed horizontally to the front as hard as 
possible. For the post-jumping and post-running headers 
the players first completed a fatigue program for the trunk 
muscles. The other conditions remained unchanged. In or-
der to get used to the pendulum header and to minimize 
learning effects, the players executed three exercise at-
tempts per variant beforehand. 

 
Treatment 
The strengthening of the neck flexors (Fig. 3a, 3c) and ex-
tensors (Figure 3b) (Kirkendall, 2011) was implemented 
over a period of six weeks (two training sessions per week) 
with three exercises (Table 3) for IG1 and IG2. Two of the 
exercises (Figure 2a, 2b) were performed with the addition 
of an elastic rubber band (Thera-BandTM, Artzt GmbH, 
Dornburg, Germany), whereby the rubber bands were 
changed every four training sessions to increase the inten-
sity (green = 2.3 kg at 100% stretch, blue = 3.2 kg at 100% 
stretch, black = 4.4 kg at 100% stretch). Participants who 
could not complete the 12 training sessions of the neck 
flexors and extensors were excluded from all further anal-
yses. For CG all training conditions remained unchanged 
with no specific training for the neck flexors and extensors. 

For the post-jumping and post-running headers, fa-
tigue of the trunk muscles was achieved by performing the 
Bourban test (Büsch et al., 2016; Tschopp et al., 2001) after 
the data acquistion of standing, jumping and running head-
ers (Figure 1). The Bourban test was extended by two ex-
ercises (static hyperextension, sling: plank crunch) to en-
sure fatigue. A total of two exercises was performed for the 
ventral, lateral and dorsal muscle chain: 
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1. Plank with alternating leg lifts (Bourban test, ventral 
muscle chain) 

2. Right-side plank with pelvis drop and lift (Bourban 
test, lateral muscle chain) 

3. Left-side plank with pelvis drop and lift (Bourban 
test, lateral muscle chain) 

4. Dynamic hyperextension (Bourban test, dorsal mus-
cle chain) 

5. Static hyperextension (Bourban test extension, dorsal 
muscle chain) 

6. Sling: plank crunch (Bourban test extension, ventral 
muscle chain) 

 
All exercises were performed in one set up to sub-

jective complete exhaustion (Hohmann et al., 2010). The 
efficacy of the treatment was tested by a separate electro-
myographic examination and subsequent Fast-Fourier-
Transformation (Becker et al., 2019). With the help of the 
Borg rating of perceived exertion scale (RPE scale), a fur-
ther assessment of the subjective feeling of stress could be 
made to verify fatigue (Borg, 1998). If the execution of the  
movement  no  longer  corresponded  to the specifications 
which were controlled with regard to the speed of motion 

(metronome) and the range of motion (ropes), the test 
leader aborted the exercise. All exercises were performed 
with a one minute break in between. The post-headers were 
carried out in a standardised way one minute after the fa-
tigue treatment. 
 

Statistical analyses 
The following results are stated as mean values ± standard 
deviations and 95% confidence intervals. To analyze pre-
post-effects and group differences, the ANOVA with re-
peated measures was applied. Additionally, one-way 
ANOVA was applied to verify differences in training in-
duced changes (Δ) of the head acceleration during the dif-
ferent heading scenarios and groups. The normal distribu-
tion was verified by means of the Kolmogorov-Smirnov 
test. Variance homogeneity was analyzed by means of the 
Levene test. The significance level was set to p < 0.05.  

Correlations between the change in neck strength 
and the change in head acceleration were analyzed using a 
general linear model. All preconditions were checked and 
confirmed. The statistical evaluation was executed using 
IBM SPSS (Version 25.0 for Macintosh, Chicago, IL, 
USA).  

 
 

 

 
 

 
 

Figure 2. Starting position (a, c, e) and while performing (b, d, f): standing header (a, b), jumping header (c, d) 
and running header (e, f). Same procedure for post-jumping (c, d) and post-running (e, f) headers. 
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   Table 2. Initial position, take-off, and ball height for the three header variants. 
Test parameter Standing header Jumping header * Running header †
Initial position shoulder-wide stand on a force 

plate (66 × 60 cm) 
shoulder-wide stand on a force 

plate (66 × 60 cm) 
Walk position at a mark in 3 m 

distance 
Jump - Jumping with both legs Jumping with one or both legs 
Ball height Height of the forehead One ball diameter above the head One ball diameter above the head 

    * same procedure for post-jumping header; † same procedure for post-running header 
 

 
 

 
 

 
 

                             Figure 3. Strengthening of the neck flexors (a, c) and extensors (b) (Kirkendall, 2011). 
 
      Table 3. Training volume and starting position for three exercises to strengthen the neck and throat muscles. 

Neck-Flexion Neck-Extension Head-Pushing 
Training volume: 
- 20 Repetitions 
- 2 sets 
- 1 /1 s  
(concentric/excentric) 
Execution: 
- isolated nodding motion with the head 
Starting position: 
- Step position 

Training volume: 
- 20 Repetitions 
- 2 sets 
- 1 /1 s  
(concentric/excentric) 
Execution: 
- isolated nodding motion with the head 
Starting position: 
- parallel knee position 

Training volume: 
- 20 s 
- 1 set  
 
(isometric) 
Execution: 
- slight impulses from the partner 
Starting Position: 
- step position 

 
Results 

 

The IMVC for neck flexion increased in all groups (Table 
4). There was a main effect for the factor time (F = 47.79, 
p < .001), but there was no statistical significant difference 
over time between the groups (F = 3.20, p = 0.055). The 
IMVC for neck extension decreased for IG1 and CG and 
increased for IG2 (Table 4). There was no significant 
change over time (F = 1.601, p = 0.216) and no differences 
over time between the groups (F = 2.265, p = 0.121). Table 
4 shows the results for head acceleration during different 
heading scenarios with no significant changes for standing 
header (time: F = 0.014, p = 0.906; time*group: F = 0.796, 
p = .460), jumping header (time: F = 1.580, p = 0.218; 
time*group: F = 1.272, p = 0.295), running header (time: F 
= 2.578, p = 0.119; time*group: F = 1.050, p = 0.362), post-
jumping header (time: F = 2.599, p = 0.117; time*group: F 
= .184, p = 0.833) and post-running header (time: F = 
1.575, p = 0.219; time*group: F = 0.695, p = 0.507). 

The training induced alterations (within group, be-
tween group) did not show any significant changes for Δ 
standing header (F(2,30) = 0.796, p = 0.460), Δ jumping 
header (F(2,30) = 0.1.272, p = 0.295), Δ running header 
(F(2,30) = 1.050, p = 0.362), Δ post-jumping header 
(F(2,30) = 0.184, p = 0.833)  and  Δ  post-running   header 
(F(2,30) = 0.695, p = 0.507). 

No correlations could be established between the 
change of force for neck flexors (F(5,24) = 0.987; p = 
0.683) and neck extensors (F(5,24) = 2.075; p = 0.104) as 
well as the changes in head acceleration between the 
groups (F(10,50) = 0.631; p = 0.780). 
 
Discussion 
 
The aim of this study was to examine the influence of an 
additional strengthening of neck flexors and extensors on 
the acceleration of the head during headers over a period of 
six weeks from a standing, jumping and running motion as 
well as after fatigue of the trunk-stabilizing muscles for the 
jumping and running headers.  

Whereas the neck flexors support the trunk during 
the acceleration from the arched body tension to the ball, 
the neck extensors are being co-activated with the neck 
flexors for resisting the ball contact (Shewchenko et al., 
2005a; Shewchenko et al., 2005b; Sunami and Maruyama, 
2008). According to Newton's second law of motion, a 
stronger muscular coupling between torso and head in the 
sense of head-neck-torso-alignment would probably lead 
to reduction of acceleration in the POST-phase, assuming 
an equal ball speed, because a larger mass would accelerate 
the  ball   (Babbs,  2001;  Caccese  and  Kaminski,  2016).  
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Table 4. Pre and post IMVC values of the neck force (N) and the head acceleration (G) for IG1 (n = 11), IG2 (n = 13) and CG 
(n = 13). Values are reported as mean ± standard deviation. 

Neck flexion 
[N] 

Neck extension 
[N] 

Standing 
header [G]

Jumping 
header [G]

Running 
header [G]

Post-jumping 
header [G] 

Post-running
header [G] 

Pre ± SD 
IG1 267.8 ± 82.4 497.4 ± 107.9 6.3 ± 0.9 6.2 ± 1.2 8.4 ± 1.3 5.4 ± 1.3 7.5 ± 1.2 
IG2 261.9 ± 32.4 439.5 ± 104.9 6.2 ± 1.3 5.5 ± 0.5 7.3 ± 1.4 5.7 ± 1.5 7.4 ± 1.9 
CG 232.5 ± 55.9 526.7 ± 117.7 6.6 ± 1.3 6.0 ± 1.2 7.5 ± 1.3 6.0 ± 1.8 7.3 ± 1.4 

CI 95 % 
IG1 229.6 - 306.1 231.5 - 275.6 5.5 - 7.0 5.6 - 6.8 7.6 - 9.3 4.4 - 6.3 6.5 - 8.4 
IG2 217.8 - 302.1 218.7 - 303.1 5.4 - 7.0 4.8 - 6.2 6.4 - 8.2 4.7 - 6.8 6.3 - 8.4 
CG 198.2 - 267.8 197.1 - 267.8 6.0 - 7.3 5.3 - 6.5 6.8 - 8.3 5.1 - 6.9 6.4 - 8.1 

Post ± SD 
IG1 304.1 ± 89.8 495.4 ± 115.7 6.7 ± 2.0 5.5 ± 1.2 7.4 ± 1.3 5.1 ± 1.5 7.2 ± 1.5 
IG2 326.7 ± 63.8 443.4 ± 100.0 6.3 ± 1.0 5.3 ± 0.6 7.1 ± 1.0 5.1 ± 0.7 6.7 ± 1.6 
CG 260.9 ± 72.6 487.5 ± 117.7 6.2 ±1.3 6.0 ± 1.1 7.4 ± 1.2 5.4 ± 1.7 7.3 ± 0.9 

CI 95 % 
IG1 257.0 - 351.2 270.7 - 324.7 5.7 - 7.6 4.9 - 6.1 6.7 - 8.1 4.3 - 6.0 6.3 - 8.0 
IG2 274.7 - 379.6 274.6 - 379.6 5.3 - 7.3 4.6 - 6.0 6.3 - 7.9 4.1 - 6.1 5.8 - 7.6 
CG 216.8 - 304.1 216.8 - 304.1 5.3 - 7.0 5.4 - 6.6 6.7 - 8.1 4.6 - 6.2 6.6 - 8.1 

Δ PRE-POST 
IG1 +36.3 ± 21.6 -1.9 ± 55.9 0.4 ± 2.0 -0.7 ± 1.4 -1.0 ± 1.9 -0.2 ± 2.1 -0.3 ± 1.6 
IG2 +65.7 ± 54.9 +4.9 ± 50.0 0.1 ± 1.4 -0.2  ± 0.9 -0.2 ± 1.4 -0.6 ± 1.4 -0.7 ± 1.2 
CG +27.5 ± 27.5 -39.2 ± 55.9 -0.4 ± 1.2 0.1 ± 1.2 -0.1 ± 1.6 -0.6 ± 1.3 0.0 ± 1.4 

Δ CI 95 % 
IG1 21.6 - 51.0 -39.2 - 36.2 -0.9 - 1.7 -1.7 - 0.3 -2.3 - 0.2 -1.6 - 1.2 -1.4 - 0.8 
IG2 23.5 - 107.9 -33.3 - 43.1 -1.0 - 1.2 -0.9 - 0.5 -1.3 - 0.8 -1.7 - 0.5 -1.6 - 0.3 
CG 10.8 - 54.9 -73.5 - (-5.8) -1.1 - 0.3 -0.6 - 0.6 -1.1 - 0.8 -1.3 - 0.2 -0.8 - 0.9 

 CI 95% confidence interval, Δ PRE-POST Difference between PRE- and POST-Phase, Δ CI 95% confidence interval of Δ PRE-POST 

 
In addition, the neck extensors are responsible for a decel-
eration movement immediately after the header and ensure 
the quickest possible reintegration into the game (Bauer et 
al., 2001). 

After fatigue (post-jumping header, post-running 
header), a compensatory nodding motion from the neck 
would be expected with a disadvantage for head accelera-
tion in order to compensate the fatigued / weak trunk mus-
cles and generate a comparable ball speed (Becker et al., 
2018; Becker et al., 2013; Shewchenko et al., 2005b).  

First, we must state that the training program we 
chose did not lead to a significant increase of the IMVC for 
the intervention groups (IG1, IG2) (Table 4). With such an 
exercise selection, it could be conceivable as an additional 
training for all divisions without being too time-consuming 
or material-bound (Kirkendall, 2011). The exercise selec-
tion also shows that in two out of three exercises the focus 
was on neck flexion, because in particular M. sternocleido-
mastoidus works against the impact (Becker et al., 2013; 
Sunami and Maruyama, 2008). Here we see an explanatory 
approach for the fact that an enlargement of the IMVC 
could be seen with flexion rather than with extension. Nev-
ertheless, it remains unclear why CG also improved by 
+41.2 N on average in pre-post-comparison. In addition 
possible learning effects or familiarization and disturbance 
variables due to season preparation could also be a possible 
cause, although all players were instructed not to do any 
additional exercises for the neck muscles. However, espe-
cially in the pre-season some core exercises are commonly 
used (Kirkendall, 2011; Willardson, 2007), which partly 
involve the neck muscles as stabilizing synergists 
(Kirkendall, 2011). The control group was composed of 
different teams, whereas IG1 and IG2 were independent 
teams. This is why potential interfering variables, as for ex-
ample additional core exercises in team practice were more 
difficult to control. 

Considering that all three groups showed improve-
ments in neck flexion over the course of the strengthening 
program, we additionally examined the relationship           

between the changes (Δ) in neck strength and the changes 
in head acceleration. Therefore, the Δ values were calcu-
lated in regard to the difference between PRE- and POST-
phases. Looking at the results of this study changes in force 
do not allow a prediction as to the changes in head acceler-
ation. 

In the pre-post-comparison before fatigue of the 
trunk muscles (standing, jumping and running header), as 
well as after fatigue (post-jumping, post-running header) 
there were no statistically noticeable changes in the accel-
eration of the head. The acceleration was slightly, but not 
significantly reduced for jumping headers, running head-
ers, post-jumping headers and post-running headers (Table 
4). For comparison pairings between PRE- and POST-
phase were chosen, which were closest to each other in 
terms of their maximum ball speed. Here it can be said that 
46 % of the pairings had the same speed, 46 % had a dif-
ference of max. +/- 3 km/h and 8 % had a difference of 
more than +/- 3 km/h. The reason is that there is a correla-
tion between ball speed and acceleration (Babbs, 2001), 
therefore headers should be compared with the same output 
(here: km/h) to estimate a training effect. Apart from open 
questions about the training intervention itself, we see a 
main reason for the lack of proof of effectiveness in the 
motionless pendulum header, which probably does not 
cause a sufficiently large impact. As can be seen from the 
average acceleration values, these are lower than those 
found in field tests (Caccese and Santos, 2018; Lamond et 
al., 2018). Assuming that the neck muscles are already 
strong enough to couple the head-neck-torso-alignment to 
a sufficient degree before the training intervention, an ad-
ditional strengthening might have no additional benefit. 
Future studies should therefore ensure that there is a suffi-
ciently high acceleration of the ball and that anthropomet-
ric data, strength level and expertise are taken into account 
when interpreting the effects of a training intervention. 

With regard to the fatigued trunk muscles, it is in-
teresting to note that the output in the form of ball speeds 
in the fatigued state with reduced arched body tension 
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(Becker et al., 2017) can still be reproduced by the players 
without an increased acceleration of the head (Becker et al., 
2018). The effectiveness of the fatigue treatments was en-
sured (Becker et al., 2019) and ball speeds between PRE- 
and POST-phases showed no statistically noticeable differ-
ences. Kinematic and electromyographic investigations 
must follow for further interpretation.  

It remains to be analyzed whether the exercise se-
lection did not have the necessary intensity for an adapta-
tion, the intervention period was too short or the pendulum 
header itself did not lead to the necessary impact, so that 
an improved muscular control could have an effect. Man-
sell et al. (2005) investigated the effect of an 8-week train-
ing intervention on 19 participants (Mansell et al., 2005). 
In contrast to us, they trained according to the 3-sets 
method with 10 repetitions, using two exercises. Although 
they also could not register a reduction of the head accel-
eration, either a clearer increase of the IMVC in flexion and 
extension was achieved. Our third exercise (head pushing) 
already included light ballistic elements, but Caccese et al. 
(2017) already formulated that a focus on ballistic elements 
could be a potential solution for a preventive benefit 
(Caccese et al., 2017). Since an increased IMVC does not 
necessarily lead to the desired effects (Mansell et al., 
2005), the training goal should be to shorten the muscular 
response time in order to be able to react as quickly as pos-
sible to an occurring head acceleration, comparable to the 
training methods in mixed martial arts (Kruyning and De 
Jong, 2014; Winchester et al., 2008). These findings from 
other areas show that the effects of a training intervention 
in this context cannot necessarily be determined by the 
IMVC, but that an improved neuromuscular control for 
heading can be profitable (Schubert et al., 2008). To sum-
marize the limitations of this study the comparably small 
sample size must be mentioned. Even though the sample 
size calculation was achieved, future studies should aim for 
more participants. Furthermore the group allocation has to 
be improved and randomized. In addition the training pe-
riod of six weeks was probably too short, therefore we rec-
ommend a training period of at least eight weeks. 

 
Conclusion 
 
In conclusion, it can be stated that the predicted preventive 
benefit of a 6-week strength training program of neck flex-
ors and neck extensors could not be confirmed statistically. 
Both the effects of a training intervention and the conse-
quences of an effective intervention (Mansell et al., 2005) 
for the acceleration of the head while heading seem to be 
more complex than previously assumed and presumably 
only come into effect in the case of strong impacts. Based 
on these results and others (Babbs, 2001; Bretzin et al., 
2017; Caccese et al., 2017; Schneider and Zernicke, 1988) 
the hypothesis arises that only players with anthropometri-
cally less favorable conditions (Babbs, 2001; Bretzin et al., 
2017; Caccese et al., 2017; Schneider and Zernicke, 1988) 
or fundamentally weaker neck muscles are likely to benefit 
immediately from additional strengthening in the sense of 
reducing head acceleration. Further investigations must 

follow, with the emphasis on ballistic training methods and 
a longer training period. 

Evidence-based interaction between kinetic, kine-
matic and electromyographic parameters is still only rudi-
mentary (O'Kane, 2016) and there is a need for further sci-
entific investigations to establish causally justifiable rela-
tionships. 
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Key points 
 
 Presumed preventive benefit of a 6-week strength 

training of neck flexors and extensors could not be 
shown. 

 Changes in force of the neck flexors and extensors do 
not necessarily predict a change in head acceleration. 

 Pre-post-comparison before and after fatigue of the 
trunk muscles did not show any statistically noticeable 
changes in the acceleration of the head. 

 Further investigations with accelerated balls must fol-
low. 
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