
Isometric neck strengthening intervention

Does an isometric neck strengthening intervention
reduce skull sway after impact in female athletes?
A pilot study
Daniel Kadlec 1 2 and Leanne Snyder 1

1Centre for Exercise and Sport Science Research, Edith Cowan University, Joondalup Western Australia, and 2PlusD Sports, Solingen, Germany

Isometric | Neck | Skull Sway | Female | Concussion

Headline

Understanding the efficacy of distinct training interven-
tions on the likelihood of injuries is crucial for the prac-

titioner and athlete alike. One often underrated injury is a
concussion, which has shown to increase the odds of sustain-
ing a subsequent musculoskeletal injury.(1) Additionally, se-
vere cognitive, psychological and structural pathologies have
been reported after a diagnosed concussion.(2) Concussions
occur after an external force has been applied to the head,
neck or elsewhere on the body, which cause a sudden accelera-
tion or deceleration of the head resulting in a collision between
the brain and the skull.(3) Therefore, strategies to reduce head
accelerations or decelerations after an impact might minimize
the risk of sustaining a concussion. Athletes with a higher
isometric neck strength exhibit a decreased acceleration of the
skull after an impact (4) and have a decreased likelihood of sus-
taining a concussion.(5) Further, specific neck training inter-
ventions have shown to decrease the prevalence of concussions
in male athletes.(6) However, female athletes are thought to

Fig. 1. Visual representation of the test set-up.

be at a higher risk, because they display lower maximal volun-
tary isometric contraction (MVIC) values as well as have lower
neck muscle volumes than male athletes.(7) There is a lack of
data about the efficacy of an intervention of neck strengthen-
ing on skull kinematics after an impact in female athletes.

Aim.The purpose of this study is to investigate whether an
isometric neck strengthening program decreases peak acceler-
ation of the skull after an impact in female athletes.

Methods
Athletes.Twelve female Australian rules football players
(24.0±4.3 y; 166.8±4.9 cm; 64.4±6.0 kg; 6 h.weekk−1 + 1
game) competing in the regional state league provided in-
formed consent and participated in this study.

Design. Pre-post single group trial. Each athlete conducted a
4-week intervention period consisting of an isometric strength
training intervention 2x week (Wednesdays and Fridays). The
training intervention consisted of 5s MVIC against manual re-
sistance applied from a partner from both lateral sides and
posterior part of the head, respectively, for 9 sets each, while
sitting on their heels. Training was conducted in a circuit-
based style. Rest period between and between sets was ap-
proximately 15s. Total exercise time per participants was ap-
proximately 2:15 min per session. Each participant conducted
8 sessions. Testing and the training intervention were con-
ducted during the inseason.

Methodology. Before and after the training intervention peak
acceleration (m.s−2) after an impact was recorded with one
accelerometer (Blue Thunder, Vicon Motion Systems, UK)
sampling at 500Hz, which was attached to the centre of the

Fig. 2. Standardized differences in the change in head acceleration for pre vs.

post testing. Anterior: anterior head acceleration in the sagittal plane, Posterior: pos-

terior head acceleration in the sagittal plane, Right: lateral head acceleration in the

frontal plane after impact to the right shoulder, Left: lateral head acceleration in the

frontal plane after impact to the left shoulder.
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forehead. Each participant was seated upright on a chair with
their eyes closed, arms crossed and feet off the ground. A
weighted implement (4.54 kg), which was attached over the
participant, was then released from a standardized height and
distance (Figure 1) to impact either one shoulder or the tho-
racic part of the spine, respectively. Each trial was repeated
3 times. The mean of each trial was further analysed. Vari-
ables of interest were peak positive and negative acceleration
in the sagittal plane, respectively, and peak acceleration in the
frontal plane after each impact.

Fig. 3. Intra-Individual differences in peak acceleration in A) negative frontal

plane B) positive frontal plane C) negative frontal plane between pre and post testing.

Data are shown as mean. The individual highlighted in red represents the previously

injured participant.

Analyses
Data in figure 2 is presented as means with 90% confidence
limits (CL) and in figure 3 as means. Within-group standard-
ized differences in the variable of interest were compared to
the smallest worthwhile difference (SWC, 0.2 multiplied by the
pooled between-subject deviation, based on Cohens d princi-
ple) using magnitude based inferences (MBI). These probabil-
ities were used to make a qualitative probabilistic mechanistic
inference about the true effect: if the probabilities of the effect
being substantially positive and negative were both >5%, the
effect was reported as unclear; the effect was otherwise clear
and reported as the magnitude of the observed value. Thresh-
old values for standardized differences were >0.2 (small), >0.6
(moderate), >1.2 (large) and very large (>2). (8) One partic-
ipant suffered a concussion in close proximity to the post test,
which, however, was not known to the authors, and therefore
should have been refrained. However, statistical outcome was
not affected with inclusion of this dataset.

Results
The effects of the training intervention independent of the
dataset were unclear in the anterior or posterior acceleration of
the skull in the sagittal plane (Figure 2). Right and left head
acceleration in the frontal plane likely improved moderately
(Figure 2). Intra-individual training effects are presented in
figure 3.

Discussion
The results of the current study support previous findings that
an isometric training intervention over several weeks can de-
crease the sway of the skull after an unexpected impact, at
least in the frontal plane, and therefore potentially might de-
crease the likelihood of sustaining a concussion. The lack of ef-
fects in the sagittal plane might be explained by an insufficient
training quality, which was observed by the authors, training
intensity, training volume, exercise selection or a combination
of all the above. Although the athletes were sitting on their
heels, when manual resistance was applied from behind, it was
unlikely to isolate and therefore overload the neck extensors, as
both the hip extensors and back extensor were synergistically
active. In order to isolate the neck extensors, a seated exer-
cise selection with manual resistance or a posterior neck plank
might increase the potential to elicit the desired adaptation if
appropriate equipment is lacking. Further research is needed
to investigate the effects of a different exercise selection.

Nevertheless, eliciting likely moderate improvements in both
lateral directions, respectively, after only 8 session clearly
demonstrates the efficacy of such an intervention on skull sway
post-impact in already trained female athletes. However, fu-
ture studies are required to determine the translation of skull
kinematics to concussion risk.

The one outliner in both frontal measures (Figure 3A and
B) and the posterior sagittal plane (Figure 3C) was the same
athlete who sustained a severe concussion in close proximity
to the retest. The increased peak acceleration values are in
accordance with previous findings (1), that after sustaining a
concussion various neuromuscular and coordinative qualities
remain disturbed over several days to weeks. Therefore, an
individual return to play (RTP) approach is recommended to
increase the athletes’ long-term well-being.
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Practical Applications
� 9 sets of 5s MVIC manual resistance from each side are

sufficient to decrease skull sway in the frontal plane after
an impact.

� It can be speculated that higher training intensities and/or
volumes or different exercises might be necessary to have a
meaningful impact on skull sway in the sagittal plane after
an impact.

� Concussions lead to acute and chronic disturbances of vari-
ous neuromuscular and coordinative qualities, which needs
to be closely monitored in RTP situations.

Limitations
� Due to the lack of a control group, the present results might

have been elicited through other methods during the regu-
lar training exposure.

� The unique testing method limits any comparison to other
research.

� Extrapolating the current results to other populations
needs to be considered well.
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Dataset
Dataset and video of the testing protocol available on Sport-
PerfSci.com
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