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Abstract

Weaker neck strength has been suggested as a potential risk factor of sport related concussion in female soccer athletes.
The purpose of this study was to examine sex differences in neck muscle strength characteristics in multiple directions.
A total of 52 high school soccer players (17 Females/35 Males) with no history of concussion participated. Subjects were
instructed to perform three maximum voluntary isometric contractions for eight directions: flexion, right / left diagonal
flexion, right/left lateral flexion, right/left diagonal extension, and extension. Peak force, normalized peak force, force
steadiness, force ratio, and rate of force development were calculated and used for statistical analyses. Based on the
normality test on each dependent variable, either independent t-tests or Mann-Whitney U-tests were used to compare
sex differences (P < 0.00625: Adjusted for multiple comparisons). Males had significantly higher peak force in right lateral
flexion and extension directions and rate of force development in left diagonal flexion and left lateral flexion direction
compared to females (P < 0.00625). After values were normalized to body mass, significant sex differences were only
observed with peak force in right lateral flexion. Significant sex differences were found mostly in secondary directions.
Continued research efforts are needed to determine how neck strength characteristics may influence sport related

concussion risk in soccer athletes.
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Introduction neck stiffness regulation and reductions in head accelera-
tion as related to SRC remains unclear. One study reported
greater neck strength and anticipatory neck muscle activation
(co-contraction) prior to a head perturbation could reduce
head displacement from perturbation [10]. Contrarily, neck
strength alone did not reduce head impact acceleration in ice
hockey players [11]. Additionally, American football players
with stronger neck muscles and larger muscle size had higher,
odds of sustaining moderate linear head impacts when com-

Sports-related concussion (SRC) is one of the most com-
mon injuries among young and athletic individuals with an es-
timated 1.6 - 3.8 million occurrences each year in the United
States [1]. In addition, female athletes have 1.4 times higher
rates of SRC compared to male counterparts based on the
National Collegiate Athletic Association Injury Surveillance
database [2]. This sex discrepancy is in part related to sex dif-
ferences in reporting behaviors as female athletes are more
likely to report occurrences and symptoms of SRC [3,4]. Ad-
ditionally, several potential factors have been identified to
explain this sex difference: neck anthropometric parameters,
neck muscular strength, types of sport/activities, and a his- Accepted: November 10, 2020
tory of SRC [5-8]. Among these factors, neck muscle strength Published online: November 12, 2020
characteristics are modifiable through exercise-based inter-
ventions and play an important role in management of SRC in
youth athletes [9].
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pared to those players with weaker neck muscles [12]. A re-
cent study with a head/neck musculoskeletal model revealed
that ligaments provide more stability than muscles during a
football head impact [13]. Similarly, increased cervical muscle
force failed to influence head kinematics of a dummy model
during simulated concussion events [14].

Clinically, there are few prospective studies to examine
a role of neck strength characteristics on SRC occurrences.
One study reported that stronger neck muscles could low-
er concussion risk among high school soccer, basketball,
and lacrosse athletes [15]. The authors reported that every
pound of increase in neck muscle strength decreased concus-
sion risk by 5%. This study also identified female sex as a risk
factor for SRC due largely to their lower neck strength than
males [15]. Sex differences in absolute and normalized neck
strength (lower in females) have been reported in several
studies [5,10,15-17]. As multiple impact locations have been
reported as the source of concussion onset in high school
soccer athletes [18], evaluation of neck muscle strength and
strength ratios in multiple directions are warranted to evalu-
ate cranial stability.

More recently, diminished neck proprioception was re-
ported following SRC, and this deficit was identified as a risk
factor of future head/neck injury [19]. It was speculated that
severe rotational acceleration head/neck injury could cause
damage or dysfunction involving the primary somatosensory
cortex and result in altered (longer latency time) somatosen-
sory evoked potentials [20]. A simple force steadiness test
(coefficient of variation: CoV of neck force during isometric
muscle contractions) was used in the past as a surrogate mea-
surement of the neck sensorimotor characteristics in women
with chronic neck pain [21]. We have examined effects of a
SRC history on neck force steadiness among high school foot-
ball players; however, contrary to the hypothesis, no signifi-
cant differences in CoV were observed between the players
with and without a SRC history [22]. To the authors’ knowl-
edge, sex differences in neck force steadiness in high school
soccer athletes have not been examined.

As discussed earlier, football players with stronger and
larger neck muscles did not mitigate the odds of high magni-
tude head impact during their football season [12]. Instead,
the authors reported that neuromuscular control of neck
muscles in anticipation of or reaction to a perturbation/im-
pact might play an important role in reduction of neck angu-
lar displacement and increase cervical stiffness and resulted
in lower odds of sustaining higher magnitude impacts [12].
Higher rates of force development (RFD) are associated with
enhanced neural drive and faster movements as they reflect
the rate at which muscle tension can develop. Therefore, it
is of interest to continue exploring a role of RFD. To the au-
thors’ knowledge, only one study has compared RFD in the
neck between males and females in the general population
[23]. The authors found that males aged 20-45 had signifi-
cantly higher RFD in neck flexion and extension directions
than age-matched females [23]. Sex differences in multidirec-
tional neck strength and RFD in high school soccer players are

largely unknown, and more research is warranted.

The aim of this study was to examine sex differences in
neck muscle characteristics among high school soccer play-
ers across multiple directions. It was hypothesized that males
would produce greater peak force and higher RFD while no
sex differences would be observed in peak force ratios and
force steadiness. In order to investigate a potential link be-
tween weaker neck muscles and SRC in high school soccer
athletes, it is clinically relevant for sports medicine specialists
and researcher to understand multidirectional neck muscle
characteristics in this population.

Materials and Methods

Participants

This study was approved by the Mayo Clinic Institutional
Review Board. Participants were recruited from three local
public high schools at the time of their annual pre-season
baseline concussion testing. Only athletes who were cleared
by sports medicine physicians to participate in high school
athletics were included. Individuals who were not allowed to
exert the maximal effort due to neck pain or other neurolog-
ical/musculoskeletal/medical conditions were excluded from
the study. Parent informed written consent and participant’s
informed assent (if subjects were under 18 years old) was vol-
untarily obtained prior to data collection. A power analysis
was conducted based on the previous study [5], and a num-
ber of 14 subjects in each group was defined as the minimum
number of subjects needed for this study. A total of 52 high
school soccer athletes (35 males, 17 females) participated in
this study (age: males = 14.9 (1.8) years, females = 14.8 (1.9)
years; height: males = 172.9 (8.8) cm, females = 165.7 (8.3)
cm; and weight: males = 62.7 (13.3) kg, females = 58.1 (11.1)
kg). Males were significantly taller than females (P = 0.007),
no other significant differences in demographics were noted
between sexes.

Data collection procedures

All neck muscle characteristics were collected with a cus-
tom-built neck strength testing apparatus (Figure 1). Alumi-
num beams were used to construct a chair frame with a seat
and adjustable harnesses. Baseball helmets (Rawlings Coolflo
Batting Helmet, Rawlings, St. Louis, MO, USA) with three dif-
ferent sizes (T-ball, Junior, Senior) were bolted to an alumi-
num plate prior to the experiment. The aluminum plate with
a helmet slides under another aluminum plate with a six de-
gree-of-freedom load cell (45E15; JR3, Woodland, CA, USA).
The helmet position was adjustable in three linear directions:
Anterior-posterior, medial-lateral, and superior-inferior.
Shoulder and waist harnesses were used to minimize body
movement and core muscle recruitment during the tests. The
load cell was connected to a multifunction USB data acquisi-
tion device (USB-1608G; Measurement Computing, Norton,
MA, USA) and a USB isolator (UHR402; Advantech, Milpitas,
CA, USA). A laptop display positioned 1 meter anterior from
the subject and provided real-time biofeedback on the direc-
tion, magnitude, and duration of the force exerted through-
out each trial (Figure 1). All data was sampled at 1 kHz.
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Figure 1: Custom-built neck strength testing apparatus (Right) and screen-shots (R = Left).

During data collection, participants sat upright in the chair
with their head in a neutral position with a helmet. Both the
shoulders and waist were fastened with harnesses. A helmet
was worn with the front area of the helmet at %4 cm above
the subject’s eyebrows [24]. Participants were instructed
to avoid using their trunk muscles, grasping the device with
their hands, or pushing against the device with their feet [25].
Verbal instructions and explanations of all testing procedures
were provided to the subjects. Three practice trials were pro-
vided in each direction prior to the data collection. There were
eight different directions (flexion, extension, left/right lateral
flexion, left/right 45° diagonal extension, and left/right 45°
diagonal flexion). A 3 sec maximal voluntary isometric con-
tractions (MVIC) was collected for each trial. Instructions for
start/stop and verbal encouragement were provided. A total
of three MVIC measurements were performed consecutively
for the same direction; then, participants performed the next
direction. Subjects were given 45 seconds of rest between
contraction sets [25]. Trials were discarded and repeated if
subjects did not appropriately push in the guided direction.
Order of force direction was randomized.

Data processing

Absolute peak muscle force was obtained by a one sec-
ond average of force during the MVIC contraction (within the
three second window). Time of instantaneous peak force was

used to mark the start of the peak force plateau (Figure 2).
For those trials with late instantaneous peak force, time of
instantaneous peak force became the final second force pla-
teau. Peak force for statistical analysis was determined by an
average of three trials in each direction [11]. Normalized iso-
metric peak force was calculated as absolute isometric peak
force divided by subject mass (N/kg) [11]. The peak force ra-
tios were calculated as absolute isometric peak force for each
direction divided by the absolute isometric extension peak
force [17]. Conveniently, RFD and peak neck strength can be
measured concurrently during MVIC muscle strength testing
[12,26]. RFD (N/s) was calculated as the change in muscle
force (Aforce) from onset (at 5 N) to 90% of the peak force
divided by change in time (Atime; Figure 2). The average of
the three trials was used. Normalized RFD (N/s/kg) was cal-
culated as absolute RFD divided by the subject’s body weight.
Force steadiness was calculated by dividing the standard de-
viation by the average peak force of the plateau [27]. Test-re-
test reliability (intraclass coefficient correlation: ICC) for each
dependent variable was performed prior to the data collec-
tion and found to be moderate to excellent (peak force: ICC
=0.671-0.843; RFD = 0.660- 0.848; CoV: ICC = 0.405-0.698).

Statistical analysis

Descriptive statistics and independent t-tests were used
to examine sex differences. Dependent variables included ab-
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Figure 2: Post-processing and calculations of peak force, force steadiness, and rate of force development (RFD). A: Difference; SD:

Table 1: Sex differences in absolute and normalized peak force.

Males (n = 35) Females (n = 17)
Absolute Peak Force, N Means SD Means SD P-Values Effect Size Power
#Flexion 139.8 (51.7) 111.0 (27.8) 0.034 0.694 0.613
#Right Diagonal Flexion 118.0 (41.2) 100.9 (23.3) 0.042 0.511 0.380
#Left Diagonal Flexion 122.4 (44.1) 101.3 (26.3) 0.079 0.581 0.469
Right Lateral Flexion 123.4 (35.7) 94.3 (20.4) 0.003* 1.001 0.913
#Left Lateral Flexion 119.0 (38.8) 99.4 (19.3) 0.055 0.640 0.544
Right Diagonal Extension 143.6 (37.9) 120.2 (30.8) 0.031 0.678 0.613
Left Diagonal Extension 144.3 (37.1) 119.3 (27.6) 0.017 0.765 0.718
Extension 195.5 (47.7) 157.6 (29.1) 0.004* 0.959 0.889
Normalized Peak Force, N/kg Means SD Means SD P-Values Effect Size Power
Flexion 2.2 (0.6) 1.9 (0.5) 0.081 0.543 0.437
Right Diagonal Flexion 1.9 (0.6) 1.8 (0.3) 0.225 0.167 0.086
Left Diagonal Flexion 2.0 (0.5) 1.8 (0.4) 0.176 0.442 0.311
Right Lateral Flexion 2.0 (0.6) 1.6 (0.3) 0.005* 0.843 0.798
Left Lateral Flexion 1.9 (0.5) 1.7 (0.3) 0.113 0.485 0.363
Right Diagonal Extension 2.3 (0.6) 2.1 (0.4) 0.079 0.392 0.256
Left Diagonal Extension 2.3 (0.5) 2.0 (0.4) 0.042 0.663 0.594
Extension 3.2 (0.8) 2.8 (0.6) 0.073 0.566 0.467

# represents nonparametric analyses, *represents significant sex differences at P < 0.00625.

solute peak force, normalized peak force, force ratio, force
steadiness, absolute RFD, and normalized RFD in each of eight
directions. Each variable was screened for outliers and nor-
mality using Shapiro-Wilk tests. Based on normality results,
independent t-tests or Mann-Whitney U-tests were per-
formed to compare each variable between sexes. Significance
was adjusted for multiple comparisons using Bonferroni and
set at P < 0.00625. All statistical analyses were performed us-

ing the statistical software (IBM SPSS v22, IBM Corporation,
Armonk, NY, USA).

Results

Results of descriptive statistics and sex differences are
shown in (Table 1, Table 2 and Table 3). All variables on sex
differences are summarized in (Figure 3). For absolute peak
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Table 2: Sex differences in peak force ratios and force steadiness (Coefficient of Variation: CoV).

Males (n =35) Females (n = 17)
Neck Strength Ratio, % Means SD Means SD P-Values Effect size Power
Flexion/Extension 71.4 (18.5) 71.5 (17.5) 0.984 0.006 0.050
#Right Diagonal Flexion/Extension 60.9 (16.0) 64.8 (13.8) 0.215 0.261 0.135
#Left Diagonal Flexion/Extension 63.1 (16.9) 64.7 (13.5) 0.552 0.105 0.063
Right Lateral Flexion/Extension 64.7 (17.4) 60.2 (9.8) 0.239 0.319 0.185
#Left Lateral Flexion/Extension 62.2 (18.7) 64.0 (11.5) 0.344 0.116 0.066
Right Diagonal Extension/Extension 74.3 (13.6) 76.1 (13.5) 0.659 0.133 0.073
#Left Diagonal Extension/Extension 75.0 (15.0) 763 (15.2) 0.668 0.086 0.059
Coefficient of Variation, % Means SD Means SD P-Values Effect Size Power
#Flexion 3.7 (1.6) 3.1 (1.0) 0.501 0.449 0.308
#Right Diagonal Flexion 4.7 (2.5) 3.5 (1.2) 0.061 0.612 0.509
#Left Diagonal Flexion 4.1 (2.0) 3.2 (1.2) 0.114 0.546 0.424
#Right Lateral Flexion 4.0 (1.7) 3.1 (0.8) 0.181 0.677 0.593
#Left Lateral Flexion 4.7 (3.7) 3.1 (1.2) 0.044 0.582 0.469
#Right Diagonal Extension 4.0 (2.2) 3.0 (1.6) 0.143 0.520 0.391
#Left Diagonal Extension 3.9 (1.7) 2.9 (1.2) 0.032 0.748 0.678
#Extension 3.9 (2.1) 3.6 (2.5) 0.391 0.129 0.071

“represents nonparametric analyses.

Table 3: Sex differences in absolute and normalized rate of force development (RFD).

Males (n = 35)
Absolute RFD, N/s Means SD
Flexion 194.1 (183.1)
#Right Diagonal Flexion 143.4 (81.5)
Left Diagonal Flexion 156.2 (89.3)
#Right Lateral Flexion 139.2 (87.5)
#Left Lateral Flexion 135.0 (73.8)
#Right Diagonal Extension 181.4 (95.1)
#Left Diagonal Extension 187.1 (114.5)
#Extension 278.3 (189.3)
Normalized RFD, N/s/kg Means SD
Flexion 34 (3.9)
#Right Diagonal Flexion 2.4 (1.4)
#Left Diagonal Flexion 2.7 (1.9)
#Right Lateral Flexion 23 (1.4)
#Left Lateral Flexion 2.2 (1.3)
#Right Diagonal Extension 2.9 (1.5)
#Left Diagonal Extension 3.1 (2.1)
#Extension 4.6 (3.6)

Females (n =17)

Means SD P-Values Effect Size Power
111.1 (38.4) 0.038 0.627 0.548
99.7 (43.6) 0.071 0.669 0.581
100.1 (49.4) 0.005* 0.777 0.732
107.6 (48.5) 0.270 0.447 0.304
82.6 (36.5) 0.006* 0.901 0.830
118.5 (57.1) 0.014 0.802 0.738
117.6 (58.9) 0.023 0.763 0.696
182.7 (109.2) 0.027 0.619 0.517
Means SD P-Values Effect Size Power
2.0 (0.9) 0.108 0.495 0.375
1.8 (0.8) 0.188 0.526 0.399
1.7 (0.7) 0.081 0.698 0.619
1.9 (0.8) 0.592 0.351 0.206
1.4 (0.6) 0.023 0.790 0.725
2.0 (0.8) 0.022 0.749 0.679
2.0 (1.0) 0.084 0.669 0.581
31 (1.6) 0.074 0.538 0.415

“represents nonparametric analyses. *represents significant sex differences at P < 0.00625.

forces, males were significantly stronger than females in two
directions (right lateral flexion: Males: 123.4 (35.7) N, fe-
males: 94.3 (20.4) N, P = 0.003; extension: Males: 195.5 (47.7)
N, females: 157.6 (29.1) N, P = 0.004). Males were significant-

ly stronger in right lateral flexion when normalized peak force
was used to compare sex differences (males: 2.0 (0.5) kg, fe-
males: 1.6 (0.3) kg, P = 0.005). No sex differences were ob-
served for neck force ratio and CoV (P > 0.00625; Table 2). For
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Figure 3: Polar plots of neck muscular force characteristics between sexes. Bold and dotted lines represent males and females,
respectively.

absolute RFD, males scored significantly higher than females
in left diagonal flexion (males: 156.2 (89.3) N/s, females:
100.1 (49.4) N/s, P = 0.005) and left lateral flexion (males:

135.0 (73.8) N/s, females: 82.6 (36.5) N/s, P = 0.006). There
were no sex differences in normalized RFD (P > 0.00625).
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Discussion

The current investigation aimed to examine sex differ-
ences in multidirectional neck muscle characteristics in high
school soccer players. For absolute peak force, hypotheses
were partially supported as males had significantly higher
peak force than females in two directions (right lateral flexion
and extension). These results were in agreement with previ-
ous studies on sex differences of neck strength [5,10,15,17].
Observed peak force in the current investigation were simi-
lar to values reported in a previous study with a similar cus-
tom-built neck strength apparatus with a 6 degree-of-free-
dom load cell [28].

Peak force

Significant neck strength discrepancy in females was still
observed in right lateral flexion when the peak force values
were normalized to subject’s body mass. These results were
consistent with a previous study that reported sex differences
in absolute and normalized peak force in flexion, extension
and lateral flexion directions [17]. Of particular interest, the
largest magnitude of sex difference was found in right later-
al flexion direction (males had 30.9% and 25% higher peak
and normalized peak force values than females). Large and
superficial lateral flexors muscles (scalene and splenius) and
anterior/posterior muscles (sternocleidomastoid/upper tra-
pezius) in the ipsilateral side must work together to generate
high lateral flexion peak force [29]. This synchronized mus-
cle activation pattern used during lateral flexion or diagonal
flexion tests is more difficult to achieve than flexion and ex-
tension tests [30]. It is important to mention that a recent
meta-analysis revealed that most concussions occurred be-
cause of contact with the ball (heading) or equipment among
female soccer athletes [31]. When combined with the current
findings (weaker neck strength in lateral directions), baseline
neck strength testing might be able to identify female soccer
athletes with weak neck strength and monitor future risk of
ball-contact related SRC.

Peak force ratio

Hildenbrand and Vasavada [17] examined neck strength
of high school athletes and reported similar peak force ratio
values (0.71 for flexion/ extension, 0.62 for left lateral flex-
ion/extension, and 0.59 for right lateral flexion/extension) to
our current results (0.71, 0.63, and 0.62 respectively). Fur-
ther agreement was found in that there were no significant
sex differences in neck peak force ratios in either study [17].
However, Kumar and colleagues [32] reported that males
had significantly higher peak force ratio for flexion/extension
(0.72) than females (0.57). Potential reasons for mixed results
are likely related to the differences in demographics of study
participants and differences in neck strength measurement
instrumentation and procedures. College male athletes gen-
erated much higher neck peak forces and higher ratios than
high school male athletes while college female athletes did
not have as much higher peak force and ratio than high school
female athletes [17]. Specific to a heading task in soccer, in-
dividuals with greater strength difference between flexion
and extension strength (lower flexion/extension ratio) were

associated with higher head acceleration during heading
while neck strength alone was not associated with head ac-
celeration [33]. Their study did not measure neck strength in
the lateral directions; however, based on the current results,
neck strength in lateral flexion directions and ratios with neck
extension strength were even less than the primary direc-
tions and ratio. As a potential solution, a recent study has
examined effects of neck strength training on head accelera-
tion; however, the authors did not find significant changes in
head acceleration during a heading task [34]. Targeted neck
training on neck flexors and lateral flexors to reduce muscle
imbalances should be investigated.

Force steadiness

Few studies have examined sex differences in neck muscle
force steadiness. The current results revealed no sex differenc-
es; however, there was a trend of higher neck strength CoV.
A recent systematic review concluded that females exhibited
higher CoV in various extremity muscles [35]. Although there
were no sex differences in force steadiness, it was interesting
to note that the higher CoV values were observed in second-
ary directions (right diagonal flexion and left lateral flexion).
As discussed earlier, the cervical muscles that were responsi-
ble for the secondary neck movements were more difficult to
control than the primary movement (flexion and extension).
A current study used simple force steadiness as a surrogate
measurement of individual’s sensorimotor function. Based on
our observation from the current study with high school soc-
cer players and another investigation with high school Amer-
ican football players [22], force steadiness using CoV might
not be a sensitive measurement. Other measurements such
as balance, gait, oculomotor function, and vestibular function
were reviewed and demonstrated significant changes in pa-
tients with mild traumatic brain injuries [36]. Future investi-
gations should incorporate these measures as a part of com-
prehensive SRC baseline assessment battery.

Rate of force development

Another factor worth investigating is RFD. In the current
investigation, males produced a 29.4-74.7% higher absolute
RFD than females. Similarly, Valkeinen and colleagues [23]
reported that males had 27.3% and 100% higher RFD than
females in the extension and flexion directions, respectively.
For normalized RFD in the current investigation the difference
between the sexes was slightly reduced from 29.4-74.7% to
21.1-70.0%. The ability to produce force at a faster rate could
enable the athlete to react to the external impact force and
potentially reduce head impact acceleration [12]. Specific to
soccer, female soccer players demonstrated greater head ac-
celeration than male players when they performed a heading
task with the ball at the same speed [37]. For soccer players,
higher neck strength was associated lower linear and rota-
tional head acceleration during a heading task in soccer [38].
Future studies on RFD between sexes in relation to concus-
sion risk would be needed to establish possibilities for con-
cussion prevention.

Limitations

It is a limitation that we did not collect some details of the
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players’ profiles - years played, position, or competition level
- as these might influence outcomes. Defenders would likely
use a heading task more frequently than other positions. Cu-
mulative effects of playing soccer and heading on brain health
were discussed elsewhere [39,40]. Advances in mobile tech-
nology would allow us to capture a player’s head acceleration
while playing soccer throughout the season. Playing soccer
competitively for many years would likely provide sufficient
stimulus for an athlete’s neck to strengthen over time. If soc-
cer athletes also play other sports, such as wrestling or Ameri-
can football, it is anticipated that they might have higher neck
strength as those players usually train neck muscles as a part
of their conditioning workout.

Conclusion

In conclusion, the current investigation revealed that fe-
male high school soccer players had less neck muscular peak
force and RFD than their male counterparts, as hypothesized.
However, after normalization, peak force in right lateral flex-
ion direction was the only significant sex difference found in
the study. Importance of balanced neck muscle strength in
soccer athletes was discussed.
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