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Context: Cervical resistance training has been purported to
aid in reducing the severity of brain injuries in athletes.

Objective: To determine the effect of an 8-week resistance-
training program on head-neck segment dynamic stabilization
in male and female collegiate soccer players.

Design: Pretest and posttest control group design.
Setting: University research laboratory and fitness center.
Patients or Other Participants: Thirty-six National Colle-

giate Athletic Association Division I collegiate soccer players
(17 men, 19 women).

Intervention(s): The resistance training group underwent an
8-week cervical resistance training program that consisted of 3
sets of 10 repetitions of neck flexion and extension at 55% to
70% of their 10-repetition maximum 2 times a week. Partici-
pants in the control group performed no cervical resistance ex-
ercises.

Main Outcome Measure(s): Head-neck segment kinematics
and stiffness, electromyographic activity of the upper trapezius
and sternocleidomastoid muscles during force application to the
head, and neck flexor and extensor isometric strength.

Results: No kinematic, electromyographic, or stiffness train-
ing effects were seen. The posttest resistance training group
isometric neck flexor strength was 15% greater than the pretest
measurement. Isometric neck extensor strength in the female
resistance training group was 22.5% greater at the posttest
than at the pretest. Women’s neck girth increased 3.4% over
time regardless of training group level. Women exhibited 7%
less head-neck segment length and 26% less head-neck seg-
ment mass than men.

Conclusions: Despite increases in isometric strength and
girth, the 8-week isotonic cervical resistance training did not
enhance head-neck segment dynamic stabilization during force
application in collegiate soccer players. Future researchers
should examine the effect of head-neck segment training pro-
tocols that include traditional and neuromuscular activities (eg,
plyometrics) with the focus of reducing head acceleration on
force application.
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eration

It has been estimated that soccer players head the soccer
ball 2000 times during games in their careers,1 with the
total number of headers likely higher when practice is fac-

tored in.2 The long-term cumulative cognitive effects of the
relatively low loads during soccer heading are not known.
Some authors have reported no neurocognitive effect with soc-
cer participation3,4 whereas others have shown deficits in neu-
ral function with participation.5–8 As with acute brain injury,9

any long-term cognitive deficits may be related to the amount
of head acceleration experienced at impact.

It is estimated that 5% to 22% of high school and collegiate
soccer injuries each year are concussions.10–13 The true inci-
dence of concussion may be higher, however, because soccer
players do not always seek medical attention due to failure to
recognize the symptoms of concussion as well as other fac-
tors.14 Males are reported to have a higher risk of concussion
than females,10,11,15 but this finding is based on studies with
methodologic limitations, including single-team cohort studies

and limited longitudinal assessments. Powell and Barber-
Foss13 reported on a 3-year high school injury surveillance
system funded by the National Athletic Trainers’ Association
and determined that women’s soccer had a higher percentage
of concussions (6.2%) than men’s soccer (5.7%). Covassin et
al12 examined data from 3 years of the National Collegiate
Athletic Association’s Injury Surveillance System and con-
cluded that concussions accounted for 11.4% and 2.4% of
game and practice injuries in women’s soccer and 7% and
1.7% of game and practice injuries in men’s soccer, respec-
tively.

The concussion disparity between the sexes in soccer may
be caused by anatomical and biomechanical differences. Tier-
ney et al16 reported that physically active females have greater
head-neck segment acceleration than males when their heads
are subjected to the same load. These differences are attributed
to females’ having less head mass and neck girth, leading to
less head-neck segment stiffness and strength than males. Such
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Figure 1. Forced extension trial setup with external force applicator.

findings are consistent with those of other studies in which
males had stronger neck flexors and extensors17,18 and greater
neck girth than females.19 Accordingly, if neck girth and
strength were increased in females, stiffness values would like-
ly increase, potentially resulting in decreased head-neck seg-
ment acceleration and, ostensibly, a decreased risk of concus-
sion.

It is reasonable that the head-neck segment dynamic re-
straint system would provide protective properties similar to
those demonstrated in the ankle, knee, and shoulder.20,21 Dy-
namic restraint relies on both feed-forward and feedback mo-
tor control to anticipate and react to segmental loads and
movement.22 The feed-forward mechanism incorporates pre-
vious experience in the production of a motor response and is
thought to be responsible for preparatory muscle activity.22

Preparatory activity of the sternocleidomastoid and trapezius
muscles has been reported to increase resistance to head mo-
tion.16,23 The feedback mechanism is associated with reactive
muscle activity and uses reflex pathways to regulate motor
control.22 Reflex responses to control head and neck move-
ments are elicited by vestibular, visual, and mechanoreceptor
signals.24,25 Progressive resistance training has been reported
to increase fiber size,26 but more importantly, it may improve
neuromuscular control, which increases the rate and amount
of muscle force development.20,27

Several groups19,26,28–31 have demonstrated increased cer-
vical muscle strength and girth as a result of various resistance
training programs. Cervical strength training has also been
purported to aid in reducing the incidence or severity of con-
cussion injury.32 No researchers have reported on the effect of
resistance training on head-neck segment kinematics and mus-
cle activity in response to an external force application. Our
purpose was to determine the effect of an 8-week cervical
resistance training program on head-neck dynamic stabiliza-
tion in male and female collegiate soccer players.

METHODS

Research Design

A pretest and posttest control group design was used to
assess the following independent and dependent variables. The
independent variables were sex, training group (resistance
training group [RTG] versus control group [CG]), session (pre-
test versus posttest), force application knowledge (known ver-
sus unknown), and force direction (forced flexion [eccentric
tension of upper trapezius muscle] versus forced extension [ec-
centric tension of sternocleidomastoid]). The dependent vari-
ables were kinematic measurements of angular acceleration
and displacement of the head-neck segment; electromyography
(EMG) measurements of peak amplitude, area, and latency of
the upper trapezius and sternocleidomastoid muscles; head-
neck segment stiffness; and isometric neck flexor and extensor
strength.

Subjects

Thirty-six National Collegiate Athletic Association Division
I collegiate soccer players (17 men [age 5 19.21 6 0.918
years, mass 5 74.33 6 5.11 kg, and height 5 69.87 6 2.75
cm] and 19 women [age 5 19.16 6 0.898 years, mass 5 62.15
6 6.36 kg, and height 5 64.93 6 2.40 cm]) volunteered and
participated in this study. One male participant dropped out of

the study after pretesting for personal reasons, and his data
were not used in the analysis. The players were participating
in an offseason training session during which they were com-
pleting a resistance training and conditioning program in prep-
aration for the upcoming spring season. All participants denied
participation in a cervical resistance training program and any
history of concussion or neck injury within 6 months of the
study and were free of other neurologic disorders (eg, epilepsy,
seizures). If injured previously, participants had been cleared
by a physician to return to play before study participation. A
university institutional review board approved the study.

Instrumentation

Anthropometric Assessments. Participant height, weight,
head-neck segment length, and neck girth were assessed. Par-
ticipant height in cm was measured using a metric tape mea-
sure (Medco Sports Medicine, Towanda, NY). Weight was as-
sessed in lbs using a scale (Detecto Scales, Brooklyn, NY) and
converted to mass in kg. Head-neck segment mass was cal-
culated according to the method of Plagenhoef et al33 by mul-
tiplying a predetermined head-neck segment value (for men,
8.26%; for women, 8.20%) by the total body mass. Head-neck
segment length and neck girth were assessed using a metric
tape measure while the participant sat straight and looked at
an object placed at eye level. Head-neck segment length was
measured from the seventh cervical vertebrae to the most su-
perior region of the head observed in the frontal plane. Neck
girth was measured just above the thyroid cartilage. The pri-
mary investigator (J.M.) performed all measurements with a
reliability of .99 as determined by intraclass correlation coef-
ficient (model 2,1).

External Force Applicator. We used an external force ap-
plicator, designed and previously described by Tierney et al,16

to apply the external force to the head-neck segment. The ap-
plicator consisted of an outer metal frame, headgear, 2 cords
with plastic stoppers, and 2 pulleys (Figure 1). Cords from the
front and back of the headgear (Strength Systems Inc, Jeffer-
son, LA) wrapped around the pulleys and connected to plastic
stoppers at the end of the cords opposite the headgear. A load
of 50 N, which was confirmed during testing with a tension
force load cell (model ELFS-T3; Entran Devices, Inc, Fair-
field, NJ), was created when a 1-kg weight was dropped from
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Figure 2. Stiffness calculation example. This force-displacement
line was created from a trial with 3 force (B1, B2, and B3) and 3
displacement (A1, A2, and A3) data points. These points create 2
lines, and stiffness was determined from the average slope of the
lines.25

a height of 15 cm into the plastic stopper. With the participant
seated, the pulleys were arranged at a 908 angle to the head-
neck segment, which was verified by tester visual inspection.
The participant’s chair was positioned so that when located in
front of the participant, the pulley caused forced flexion,
whereas when the pulley was located in back of the partici-
pant, it caused forced extension.

PEAK Motus Motion Analysis System. The PEAK Motus
Motion Analysis System (Peak Performance Technologies Inc,
Englewood, CO) was used to gather 2-dimensional kinematic
data. All trials were recorded with a color video camera (mod-
el AG456 Proline; Panasonic, Secaucus, NJ) and collected at
60 Hz with a shutter speed of 1/500 s. Four reflective markers
aided in the digitizing process by creating a head-neck seg-
ment and a torso segment. The markers were placed at the
most superior aspect of the participant’s head in the frontal
plane, which corresponded with the most superior portion of
the headgear; the fourth cervical vertebra spinous process; the
acromion process; and the tenth rib.

Raw video data were autodigitized, filtered (fourth-order,
zero-lag Butterworth filter with a 6-Hz cutoff), and analyzed
using the PEAK Motus software, version 6.1 (Peak Perfor-
mance Technologies Inc). Data collected with this system were
used to determine peak head-neck segment angular accelera-
tion and displacement values. Peak head-neck segment angular
acceleration was calculated as the greatest acceleration within
1 trial. Total head-neck segment angular displacement was cal-
culated from the onset of force application until motion
stopped in the direction of the applied force.

Noraxon Telemyo System. We used the Noraxon Telemyo
System (Noraxon USA, Scottsdale, AZ) to assess the EMG
activity of the right sternocleidomastoid and upper trapezius
muscles. These muscles were chosen to enable direct compar-
ison with previous findings.16 Skin over the right upper tra-
pezius and sternocleidomastoid muscles was shaved, abraded,
and cleaned with 70% alcohol. The subject was instructed to
perform an isometric contraction to allow identification of the
approximate middle of the muscle, and we placed self-adhe-
sive silver/silver-chloride bipolar surface electrodes measuring
10 mm in diameter on the skin 10 mm apart and parallel to
the muscle fiber direction. Resistance between the electrodes
was measured using a digital multimeter (model 982017;
Sears, Roebuck & Co, Hoffman Estates, IL). If resistance was
greater than 2 kV, the skin-preparation process was repeated
until the criterion value was met.

Signals from the electrodes were passed to a battery-oper-
ated, 9-channel FM transmitter worn around the participant’s
waist. The signal was amplified (gain 1000) with a single-
ended amplifier (impedance . 10 MV) and filtered with a
fourth-order Butterworth filter (10–500 Hz) and common
mode rejection ratio of 130 db at direct current (minimum 85
db across the entire frequency of 10 to 500 Hz). An antenna
receiver (Antennex, Inc, Glendale, IL) with a sixth-order filter
(gain 2, total gain 2000) further amplified the signal. This sig-
nal was converted to a digital signal using an analog-to-digital
converter card (model KPCMCIA 12A1-C; Keithley Instru-
ments, Inc, Cleveland, OH). The raw digital signal was sam-
pled at a rate of 960 Hz, rectified, and smoothed using a root
mean square algorithm over a 20-milisecond moving window.
Data were stored in the MyoResearch software (version 2.02;
Noraxon USA).

Data collected were used to determine peak muscle ampli-
tude, muscle amplitude area, and muscle onset latency. Peak

maximal voluntary isometric contraction values were assessed
for each participant, and the peak muscle amplitude and mus-
cle amplitude area were normalized to those values. Peak mus-
cle amplitude was defined as the highest amplitude during 1
trial. Muscle amplitude area was defined as the sum of the
amplitudes of activity over the total time of the trial. Muscle
onset latency was defined as the time between force applica-
tion and the first upswing of myoelectric activity from base-
line34 and measured only during the unknown force-applica-
tion trials.

Head-Neck Segment Stiffness Assessment. We evaluated
head-neck segment stiffness using the tension force load cell
and the PEAK Motus Motion Analysis System. Tension force
was assessed throughout the trial by the in-line load cell, and
an analog signal (range, 22.5 to 2.5 V) was amplified by the
load cell’s PS 30A amplifier. The analog signal was converted
to a digital signal by the analog-to-digital converter card and
stored in the MyoResearch software.

Head-neck segment stiffness was defined as a change in
force over a change in length or displacement.35 The end of a
stiffness assessment during a trial was marked by the peak
force. Head-neck segment stiffness was determined by the av-
erage slope of the line on a force-displacement curve (Figure
2).

Head-Neck Segment Isometric Strength Assessment. The
Microfet Hand-Held Dynamometer (Hoggan Health Industries,
Inc, West Draper, UT) was used to quantify isometric neck
flexor and extensor muscle strength. The participant was seat-
ed in the chair and stabilized at the thorax with a Velcro (Vel-
cro USA Inc, Manchester, NH) strap and the arms crossed over
the chest. Neck flexor strength was assessed with the dyna-
mometer placed in the center of the participant’s forehead.
Neck extensor strength was evaluated with the dynamometer
placed just above the participant’s occipital protuberance. The
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participant was asked to apply maximal force against the dy-
namometer for 3 seconds during each of 3 trials and rested for
30 seconds between trials. The peak force was recorded for
each trial, and the average of the 3 trials was reported. The
primary investigator performed all measurements with a reli-
ability of .96 (intraclass correlation coefficient model 2,1).

Procedures

Potential participants read and signed informed consent and
consent to videotape forms and completed a health history
questionnaire. Subjects who met the inclusion criteria and did
not have any exclusionary factors proceeded with the testing.

Pretest. Participants completed 2 test sessions (1 pretest and
1 posttest) separated by at least 9 but no more than 11 weeks.
To begin testing, participants performed a neck warm-up con-
sisting of 15 seconds of clockwise neck rotations, 15 seconds
of counterclockwise neck rotations, and 2 repetitions each of
15 seconds of neck flexion and 15 seconds of neck extension
stretching. The skin was then prepared for electrode placement
over the right upper trapezius and sternocleidomastoid mus-
cles. A ground electrode was positioned over the right clavicle.
Subjects were fitted with the headgear, which served as the
attachment for the pulleys during the trials. Reflective markers
were placed as previously described.

Participants were seated in a chair placed inside the external
force applicator and stabilized as noted above. They performed
3 maximal voluntary isometric contractions for both flexion
and extension against manual pressure with the dynamometer.
For the head-neck segment dynamic stabilization tests, the ef-
fects of visual feedback were eliminated by having subjects
wear modified goggles covered with opaque black athletic
tape. The effects of auditory feedback were minimized for
each participant with headphones over the ears.

Before the force-application trials started, the pulley from
the external force applicator was secured to the back of the
headgear, and the 1-kg weight was placed inside the plastic
stopper to allow the participant to become accustomed to the
weight. The first 3 trials performed were forced neck extension
with the participant’s knowing the timing of the force appli-
cation, followed by 3 trials without the participant’s knowing
the timing. Force-application order was not randomized, so
direct comparisons could be made with previous research.16

Upon collection of the extension testing data, the subject’s
chair was turned 1808, the pulley was attached to the front of
the headgear, and the reflective markers were moved to the
right side of the body. Three forced-flexion trials were then
performed with the participant’s knowing the force-application
timing, followed by 3 trials without the participant’s knowing
the timing. During trials with knowledge, subjects were in-
structed to preactivate their cervical muscles and resist the load
that would be dropped after a 3-second countdown. During
trials without knowledge, participants were instructed to relax
their muscles and were informed that, within the next 30 sec-
onds, they would feel a tug resulting from a force of the same
magnitude as in the knowledge condition. They were instruct-
ed to resist the tug at its onset. If muscle preactivation oc-
curred, the trial was not included.

Resistance Training Program. Participants were randomly
assigned to either the RTG or the CG by the primary inves-
tigator using a Latin square table. All subjects participated in
offseason team upper and lower extremity weight lifting and
conditioning sessions 2 days per week. In addition, the RTG

participants underwent a cervical resistance training program
twice a week for 8 weeks. The CG subjects performed no
cervical resistance exercises during the 8-week period. Both
groups were instructed not to perform any exercise aside from
team lifting and practices during the 8 weeks. No participant
missed more than 1 session during the 8-week training period.

The RTG participants were instructed on how to properly
perform neck extension and flexion exercises on the isotonic
neck resistance training machine (Trotter Strength Manufac-
turing Facility, Owatonna, MN). Seat height and back pad po-
sition were adjusted to each subject’s height and recorded for
use in all training sessions. The axis of rotation of the cervical
isotonic resistance training machine was positioned such that
resistance was applied over a full range of motion for both
flexion and extension. The primary investigator monitored the
neck-strengthening exercises performed by the RTG to ensure
compliance and proper setup and execution. The exercises
were performed at the end of the team weight-lifting session.

The initial weight for resistance training was determined by
having each subject perform a 10-repetition maximum test on
the same isotonic neck machine used for the resistance training
program. Fifty-five percent of each participant’s 10-repetition
maximum was used in the first 2 weeks of training (4 ses-
sions). For example, if the maximum weight a participant
could lift 10 times was 20 pounds (9.07 kg), 55% of that
weight (11 pounds [4.99 kg]) was used as the starting weight.
The weight was incrementally increased by 5% of the 10-
repetition maximum every 2 weeks to a 70% effort. The re-
sistance-training program consisted of 3 sets of 10 repetitions
through the full range of motion in neck flexion, followed by
3 sets of 10 repetitions through the full range of motion in
neck extension. Participants rested for 90 seconds between
sets.

Posttest. The posttest measurements were taken no more
than 1 week after completion of the resistance training pro-
gram. The posttests were performed in the same manner as
the pretests.

Data Analysis

A power analysis was performed a priori to determine ap-
propriate sample size. An effect size of 1.0 was calculated for
head-neck segment acceleration from previous research using
similar methods.16 For this effect size and an alpha level of
.05, the sample size needed to be at least 13 to achieve a power
of .80.

Data analysis consisted of descriptive and inferential statis-
tics. Statistical tests included multiple multivariate and uni-
variate analyses of variance with appropriate follow-up uni-
variate analyses of variance and post hoc t tests (a # .05).
Forced flexion and extension were analyzed using separate sta-
tistical tests because previous researchers16–19 have reported
clear differences between neck flexor and extensor strength
and stabilization ability.

Specifically, head-neck segment length and mass were an-
alyzed with a 2 (sex) 3 2 (group) multivariate analysis of
variance (MANOVA). Neck girth was analyzed with a 2 (sex)
3 2 (group) 3 2 (session) analysis of variance (ANOVA) with
repeated measures on the last factor. Head-neck segment peak
angular acceleration and displacement were analyzed with a 2
(sex) 3 2 (group) 3 2 (session) 3 2 (knowledge) MANOVA
with repeated measures on the last 2 factors. The EMG de-
pendent variables consisted of the sternocleidomastoid and tra-
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Table 1. Participant Anthropometric Measurements

Dependent
Variable Sex* Group Mean 6 SD

Head-neck segment length (cm) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

22.9 6 1.9
22.8 6 1.8
21.8 6 2.6
21.0 6 1.1

Head-neck segment mass (kg) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

6.4 6 0.2
6.2 6 0.6
5.3 6 0.5
4.9 6 0.5

*Multiple analysis of variance for sex: F5,28 5 713.30, P , .001.

Table 2. Participant Neck Girth (cm) by Session

Sex* Group Pretest† Posttest

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

37.5 6 1.0
36.5 6 0.6
30.7 6 1.6
30.9 6 0.9

37.6 6 0.8
36.4 6 0.5
32.1 6 1.2
31.6 6 1.0

*Analysis of variance for sex: F1,32 5 321.891, P , .001. Analysis of
variance for session by sex: F1,32 5 10.288, P 5 .003.
†Analysis of variance for session: F1,32 5 11.762, P 5 .002.

pezius peak muscle activity, muscle activity area, and muscle
onset latency. Peak muscle activity and muscle activity area
were analyzed with a 2 (sex) 3 2 (group) 3 2 (session) 3 2
(knowledge) MANOVA with repeated measures on the last 2
factors. Muscle onset latency was analyzed with a 2 (sex) 3
2 (group) 3 2 (session) ANOVA with repeated measures on
the last factor. Head-neck segment stiffness was analyzed with
a 2 (sex) 3 2 (group) 3 2 (session) 3 2 (knowledge) ANOVA
with repeated measures on the last 2 factors. Neck strength
was analyzed with a 2 (sex) 3 2 (group) 3 2 (session) AN-
OVA with repeated measures on the last factor. Neck girth
was analyzed with a 2 (sex) 3 2 (group) 3 2 (session) AN-
OVA with repeated measures on the last factor.

Potential covariates in the kinematic, EMG, head-neck seg-
ment stiffness, and isometric strength analyses were head-neck
segment mass (kg) and length (cm) as well as neck girth (cm).
Covariates were correlated a priori with the appropriate de-
pendent variables. A correlation value of r $ .60 was used as
the criterion for inclusion as a covariate.36 Neck girth and head
mass were correlated (r . .60) with head-neck segment iso-
metric flexion and extension strength. They were not statisti-
cally significant (P . .05) in the analysis of covariance model,
however, and were therefore not included in the analysis. None
of the potential covariates met this criterion for any other de-
pendent variable, and they were not used in any analysis. We
used the SPSS for Windows statistical program (version 11.5;
SPSS Inc, Chicago, IL) for data analysis.

RESULTS

Head-Neck Segment Anthropometric Measurements

A 2 (sex) 3 2 (group) MANOVA for head-neck segment
length and mass revealed a significant main effect for sex (Ta-
ble 1). No other significant differences were noted. Follow-up
ANOVAs revealed a significant sex difference in head-neck
segment length (F1,32 5 5.10, P 5 .031) and mass (F1,32 5

.62.91, P , .001). Women exhibited 7% less head-neck seg-
ment length and 20% less head-neck segment mass than men.

A 2 (sex) 3 2 (group) 3 2 (session) ANOVA demonstrated
a significant time 3 sex interaction effect for neck girth (Table
2). No other significant differences were shown. Post hoc t
tests revealed that pretest to posttest neck girth was signifi-
cantly different for women (t 5 24.70, P , .001) but not for
men (t 5 20.190, P 5 .855) (Table 2). Specifically, the wom-
en’s neck girth increased 3.4% over time regardless of group
level.

Head-Neck Segment Kinematics

The 2 (sex) 3 2 (group) 3 2 (knowledge) 3 2 (session)
MANOVA for forced flexion revealed a significant main effect
for force-application knowledge and session (Table 3). No oth-
er significant differences for forced flexion were seen. The
follow-up ANOVAs for force-application knowledge revealed
a significant main effect for displacement (F1,31 5 19.30, P ,
.001) but not for acceleration (F1,31 5 0.210, P 5 .650, power
5 .073). Specifically, participants exhibited 23% more dis-
placement during the unknown versus the known force-appli-
cation trials. The follow-up ANOVAs for session revealed a
significant main effect for acceleration (F1,31 5 8.489, P 5
.007) but not for displacement (F1,31 5 0.243, P 5 .626, pow-
er 5 .077). Specifically, subjects exhibited 40% greater head-
neck segment acceleration during posttesting than during pre-
testing.

The 2 3 2 3 2 3 2 MANOVA for forced extension also
demonstrated a significant main effect for force-application
knowledge (Table 4). No other significant differences for
forced extension were noted. The follow-up ANOVAs were
statistically significant for displacement (F1,32 5 19.60, P ,
.001) but not for acceleration (F1,32 5 2.90, P 5 .098, power
5 .379). Specifically, participants exhibited 25% more dis-
placement during the unknown versus the known force-appli-
cation trials.

Peak Muscle Activity and Muscle Activity Area

The 2 (sex) 3 2 (group) 3 2 (knowledge) 3 2 (session)
MANOVA revealed no significant differences for upper tra-
pezius muscle activity (Table 5). The 2 3 2 3 2 3 2 MAN-
OVA for sternocleidomastoid muscle activity revealed a sig-
nificant main effect for force-application knowledge (Table 6).
No other significant differences existed. The follow-up AN-
OVAs revealed a significant difference for peak muscle activ-
ity (F1,32 5 6.76, P 5 .014) but not for muscle activity area
(F1,32 5 0.071, P 5 .791, power 5 .058). Specifically, sub-
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Table 3. Forced-Flexion Head-Neck Segment Kinematic Data*

Dependent
Variable Sex Group

Pretest†

Known‡ Unknown

Posttest

Known Unknown

Acceleration (8/s2) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

1364.4 6 570.4
1054.0 6 461.4
1127.5 6 574.3
864.3 6 447.9

731.8 6 330.7
1185.0 6 1013.6
1143.9 6 540.5
933.6 6 327.3

1641.4 6 800.7
1212.1 6 561.2
1254.1 6 544.7
1375.1 6 634.5

1686.6 6 979.3
1091.0 6 515.9
1994.8 6 1657.0
1528.1 6 579.4

Displacement (8) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

5.2 6 1.4
6.2 6 1.5
7.2 6 1.7
7.2 6 3.2

6.8 6 1.8
7.5 6 2.6

10.5 6 6.2
10.9 6 5.3

5.9 6 1.9
6.9 6 1.6
6.4 6 1.3
7.7 6 2.8

6.3 6 2.0
9.5 6 2.4
8.4 6 2.2
8.5 6 2.7

*Known indicates knowledge of force application; unknown, no knowledge of force application.
†Multiple analysis of variance for session: F2,30 5 4.114, P 5 .026.
‡Multiple analysis of variance for knowledge: F2,30 5 9.600, P 5 .001.

Table 4. Forced-Extension Head-Neck Segment Kinematic Data*

Dependent
Variables Sex Group

Pretest

Known Unknown

Posttest

Known Unknown

Acceleration (8/s2) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

658.3 6 364.8
1124.1 6 753.2
1308.9 6 961.0
825.9 6 426.4

637.2 6 412.1
1199.9 6 636.1
1306.7 6 963.0
1071.9 6 544.4

939.4 6 303.5
862.4 6 693.5

1086.8 6 811.5
1142.6 6 748.3

1071.8 6 408.8
1062.0 6 488.0
1743.1 6 1192.9
1147.2 6 831.5

Displacement (8) Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

6.1 6 2.2
5.9 6 2.5
7.4 6 3.3
6.6 6 1.9

6.9 6 2.1
8.7 6 4.2
8.4 6 5.2
7.6 6 3.2

6.1 6 2.8
6.7 6 4.2
7.8 6 3.3
6.6 6 2.4

8.8 6 2.4
9.9 6 4.5
7.3 6 4.0
9.1 6 4.2

*Known indicates knowledge of force application; unknown, no knowledge of force application. Multiple analysis of variance for knowledge: F2,31

5 9.621, P 5 .001.

Table 5. Upper Trapezius Peak and Area Muscle Activity*

Dependent
Variables† Sex Group

Pretest

Known Unknown

Posttest

Known Unknown

Peak (% maximal voluntary
contraction)

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

35.1 6 42.6
24.6 6 13.5
61.0 6 56.9
57.9 6 106.1

22.5 6 20.0
26.1 6 10.5
45.4 6 30.9

109.4 6 269.3

29.9 6 15.2
19.7 6 10.8
49.8 6 29.7
40.3 6 15.3

30.5 6 19.4
18.8 6 12.7
45.0 6 35.8
43.2 6 18.7

Area (% maximal voluntary
contraction 3 ms)

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

3.9 6 4.6
2.8 6 3.2
8.9 6 16.0
5.4 6 7.7

1.7 6 1.5
2.0 6 0.7
3.4 6 2.0
7.9 6 17.9

3.1 6 2.1
2.6 6 3.9
4.3 6 2.7
4.5 6 2.9

2.7 6 2.3
1.4 6 1.0
3.7 6 3.4
3.1 6 1.4

*Known indicates knowledge of force application; unknown, no knowledge of force application.
†No significant differences noted.

jects exhibited 18% greater peak muscle activity in the un-
known force-application condition than in the known condi-
tion.

Muscle Onset Latency

The 2 (sex) 3 2 (group) 3 2 (session) ANOVA for upper
trapezius onset latency demonstrated a significant main effect
for session (Table 7). No other significant differences were
seen. Trapezius onset latency was 40% slower in posttesting
versus pretesting. The 2 3 2 3 2 ANOVA for sternocleido-
mastoid onset latency revealed a significant sex 3 group in-

teraction (Table 8). No other reportable significant differences
were shown. Post hoc t tests indicated a significant difference
(t 5 3.49, P 5 .003) for the male RTG but not for the female
RTG (t 5 20.644, P 5 .528). Specifically, sternocleidomas-
toid onset latency was 64% faster in the male CG than in the
male RTG regardless of test session.

Head-Neck Segment Stiffness

The 2 (sex) 3 2 (group) 3 2 (knowledge) 3 2 (session)
ANOVA for forced flexion head-neck segment stiffness re-
vealed a significant main effect for group (Table 9). No other
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Table 6. Sternocleidomastoid Peak and Area Muscle Activity*

Dependent
Variables Sex Group

Pretest

Known* Unknown

Posttest

Known Unknown

Peak (% maximal voluntary
contraction

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

20.7 6 8.6
20.8 6 18.9
53.1 6 29.5
48.3 6 27.8

34.0 6 23.8
33.4 6 30.0
48.3 6 28.1
48.1 6 36.7

25.8 6 16.4
30.2 6 21.6
45.3 6 19.2
37.5 6 15.6

39.5 6 16.9
47.1 6 43.8
49.8 6 24.8
43.2 6 25.5

Area (% maximal voluntary
contraction 3 ms)

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

2.1 6 1.2
2.7 6 3.8
5.0 6 2.9
4.6 6 2.9

3.0 6 2.0
2.4 6 1.9
3.8 6 2.3
4.0 6 3.1

2.2 6 2.4
3.9 6 3.9
4.9 6 2.5
4.5 6 2.8

3.1 6 1.5
4.3 6 4.4
4.7 6 2.6
3.9 6 1.8

*Known indicates knowledge of force application; unknown, no knowledge of force application. Multiple analysis of variance for knowledge: F2,31

5 5.545, P 5 .009.

Table 7. Upper Trapezius Muscle Onset Latency (ms)

Sex Group Pretest* Posttest

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

35.5 6 38.9
26.1 6 8.7
25.9 6 9.3
18.6 6 6.2

29.9 6 15.7
45.5 6 17.9
37.7 6 27.2
34.7 6 11.9

*Analysis of variance for session: F1,32 5 7.312, P 5 .011.

Table 8. Sternocleidomastoid Muscle Onset Latency (ms)

Sex* Group Pretest Posttest

Male

Female

Resistance training (n 5 9)
Control (n 5 8)
Resistance training (n 5 10)
Control (n 5 9)

31.9 6 7.7
51.8 6 23.6
27.0 6 21.8
21.0 6 6.2

25.5 6 10.8
36.5 6 20.2
31.2 6 36.8
27.2 6 20.3

*Analysis of variance for sex: F1,32 5 4.14, P 5 .050. Analysis of vari-
ance for sex 3 group: F1,32 5 4.518, P 5 .041.

significant differences existed. Specifically, the RTG exhibited
43% more stiffness than the CG.

A 2 3 2 3 2 3 2 ANOVA for forced extension head-neck
segment stiffness revealed a sex 3 knowledge 3 session 3
training group interaction effect (Table 10). Post hoc 2 (group)
3 2 (knowledge) 3 2 (session) ANOVAs within the sexes
showed a significant knowledge 3 session 3 group interaction
effect for males (F1,15 5 5.81, P 5 .029) but not for females
(F1,15 5 2.29, P 5 .151, power 5 .271). However, 2 (knowl-
edge) 3 2 (time) further ANOVAs within the male CG and
RTG did not indicate where the significant differences existed.

Isometric Head-Neck Segment Muscle Strength

The 2 (sex) 3 2 (group) 3 2 (session) ANOVA for iso-
metric neck flexor strength revealed significant session 3
group and sex 3 training group interaction effects (Table 11).
For the session 3 group interaction, post hoc t tests revealed
a significant difference (t 5 25.95, P , .001) for the RTG
between pretest and posttest but not for the CG (t 5 20.783,
P 5 .445). Specifically, RTG posttest isometric neck flexor
strength was 15% greater than pretest strength. For the sex 3
group interaction effect, post hoc t tests revealed a significant
difference (t 5 22.17, P 5 .015) between male groups but
not between female groups (t 5 0.346, P 5 .733). Isometric
neck flexor strength was 20% greater in the male RTG than
in the male CG.

The 2 3 2 3 2 ANOVA for isometric neck extensor

strength revealed a significant sex 3 session 3 group inter-
action (Table 12). Follow-up 2 (group) 3 2 (session) ANO-
VAs within the sexes revealed a significant interaction effect
for women (F1,17 5 7.31, P 5 .015) but not for men (F1,15 5
0.191, P 5 .292, power 5 .180). Post hoc t tests revealed a
significant difference (t 5 23.22, P 5 .010) in the female
RTG over time but not in the female CG (t 5 0.603, P 5
.563). Specifically, isometric neck extensor strength in the fe-
male RTG was 22.5% greater posttest versus pretest.

DISCUSSION

Our results revealed that 8 weeks of isotonic cervical resis-
tance training did not enhance head-neck segment dynamic
restraint in collegiate soccer players. Although cervical resis-
tance training increased neck girth (women only) and isomet-
ric strength (male neck flexors only and female neck flexors
and extensors), no training effect was noted for the kinematic,
EMG, or stiffness values on force application. We also found
no sex differences in kinematic, EMG, or stiffness values de-
spite greater neck girth, head-neck segment mass, and iso-
metric neck strength in male versus female soccer players.

Resistance Training Effect

Isometric neck flexor strength increased in the training
groups by 15% from pretest to posttest, and isometric neck
extensor strength and neck girth increased in women by 22.5%
and 4.5% from pretest to posttest, respectively. These findings
are similar to earlier results in which 8 weeks of cervical re-
sistance training resulted in increased strength19,30,37 and
girth19,30 of the neck musculature. We saw no reduction, how-
ever, in head-neck segment acceleration on force application
after training. These findings suggest that although a tradition-
al cervical resistance training program changes muscle struc-
ture, the neuromuscular plasticity needed to enhance dynamic
restraint and reduce head acceleration on force application is
not evident.

Isometric flexor strength increased significantly in the male
training group, yet there were no changes in neck girth, re-
active muscle activity, or head kinematics on force application.
These results may suggest the need for neck muscle training
tasks that elicit feed-forward and feedback motor control
mechanisms to better use the dynamic stabilizers for both pro-
tection and performance enhancement. The traditional resis-
tance training program was selected because isotonic training
is currently the most accepted method for training the head-
neck segment. Ballistic activities (eg, plyometrics) were not
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Table 9. Forced Flexion Head-Neck Segment Stiffness in lb/8 (kg/8)

Sex Group*

Pretest

Known Unknown

Posttest

Known Unknown

Male

Female

Resistance training (n 5 9)

Control (n 5 8)

Resistance training (n 5 10)

Control (n 5 9)

0.735 6 0.273
(0.333 6 0.124)
0.965 6 0.555

(0.438 6 0.252)
1.073 6 0.997

(0.487 6 0.452)
0.673 6 0.267

(0.305 6 0.121)

0.899 6 0.491
(0.408 6 0.223)
0.708 6 0.510

(0.321 6 0.231)
0.583 6 0.319

(0.264 6 0.145)
0.577 6 0.217

(0.262 6 0.098)

1.265 6 0.931
(0.574 6 0.422)
0.789 6 0.198

(0.358 6 0.090)
1.422 6 0.994

(0.645 6 0.451)
0.847 6 0.414

(0.384 6 0.188)

1.384 6 1.835
(0.628 6 0.832)
0.620 6 0.171

(0.281 6 0.078)
0.981 6 0.483

(0.445 6 0.219)
0.657 6 0.288

(0.298 6 0.131)

*Analysis of variance for group: F1,30 5 5.337, P 5 .028.

Table 10. Forced Extension Head-Neck Segment Stiffness in lb/8 (kg/8)

Sex Group

Pretest

Known* Unknown

Posttest

Known Unknown

Male

Female

Resistance training (n 5 9)

Control (n 5 8)

Resistance training (n 5 10)

Control (n 5 9)

1.093 6 0.541
(0.496 6 0.245)
1.134 6 1.149

(0.514 6 0.521)
0.840 6 0.399

(0.381 6 0.181)
1.029 6 0.624

(0.467 6 0.283)

0.807 6 0.181
(0.366 6 0.082)
1.783 6 1.747

(0.809 6 0.792)
1.089 6 0.697

(0.494 6 0.316)
0.749 6 0.141

(0.340 6 0.064)

1.059 6 0.751
(0.480 6 0.341)
2.143 6 2.946

(0.972 6 1.336)
1.549 6 2.102

(0.703 6 0.954)
1.248 6 0.629

(0.566 6 0.285)

1.244 6 1.218
(0.564 6 0.553)
1.108 6 1.033

(0.503 6 0.469)
0.901 6 0.901

(0.409 6 0.409)
2.853 6 5.456

(1.294 6 2.475)

*Known indicates knowledge of force application; unknown, no knowledge of force application. Analysis of variance for knowledge 3 session 3
sex 3 group: F1,30 5 5.820, P 5 .022.

Table 11. Neck Flexor Isometric Strength in lb (kg)

Sex* Group Pretest† Posttest

Male

Female

Resistance training (n 5 9)

Control (n 5 8)

Resistance training (n 5 10)

Control (n 5 9)

28.6 6 5.7
(13.0 6 2.6)
24.3 6 5.3

(11.0 6 2.4)
15.6 6 2.6
(7.0 6 1.2)
17.4 6 2.7
(7.9 6 1.2)

31.6 6 4.9
(14.3 6 2.2)
24.1 6 8.0

(10.9 6 3.6)
20.3 6 2.6
(9.2 6 1.2)
19.2 6 3.7
(8.7 6 1.7)

*Analysis of variance for sex: F1,32 5 41.78, P , .001. Analysis of var-
iance for sex 3 group: F1,32 5 5.113, P 5 .031.
†Analysis of variance for session: F1,32 5 14.514, P 5 .001. Analysis of
variance for session 3 group: F1,32 5 6.447, P 5 .016.

Table 12. Neck Extensor Isometric Strength in lb (kg)

Sex* Group Pretest† Posttest

Male

Female

Resistance training (n 5 9)

Control (n 5 8)

Resistance training (n 5 10)

Control (n 5 9)

45.5 6 8.1
(20.6 6 3.67)
34.5 6 13.3

(15.7 6 6.0)
19.5 6 4.8
(8.9 6 2.2)
25.2 6 5.2

(11.4 6 2.4)

40.9 6 7.7
(18.6 6 3.5)
32.5 6 11.9

(14.7 6 5.4)
25.1 6 4.6

(11.4 6 2.1)
24.2 6 4.3

(11.0 6 1.9)

*Analysis of variance for sex: F1,32 5 35.30, P , .001. Analysis of var-
iance for sex 3 session: F1,32 5 10.593, P 5 .003. Analysis of variance
for sex 3 session 3 group: F1,32 5 7.248, P 5 .011. Analysis of variance
for sex 3 group: F1,32 5 5.907, P 5 .021.
†Analysis of variance for session 3 group: F1,32 5 1.420, P 5 .242.

included in this study but have been reported to enhance neu-
romuscular control and dynamic stabilization at other
joints.20,38 Although plyometric training of the head-neck seg-
ment has the potential for being similar to heading (low ac-
celerative head movements), consideration should be given for
its inclusion in cervical resistance training programs because
of its benefits to motor control.20,38 This recommendation is
predicated on safeguards being taken to protect the head-neck
segment from direct and indirect injury.

Sex Differences

No sex differences existed in kinematic, EMG, or stiffness
values despite greater neck girth, head-neck segment length
and mass, and isometric strength in males. Our kinematic (ie,
acceleration) findings for sex are similar to those of Morris
and Popper,39 but differ from those of Tierney et al.16 The
differences can be attributed to subject populations. Tierney et
al16 tested physically active male and female subjects who had
no experience with force being applied to their heads. Morris
and Popper39 tested male and female volunteers who were ac-
customed to head accelerative forces because they had under-
gone training. Our subjects were also trained to resist low ac-
celerative forces because of heading activities during soccer
practices and games. This type of experience for subjects in
the latter 2 studies may have enhanced head-neck segment
dynamic restraint through neuromuscular adaptations that led
to greater preparatory muscle activity in both male and female
subjects. Soccer players are also accustomed to absorbing
loads (eg, 180 N) greater than loads used in this study.40 This
is illustrated by the fact that the 50-N load used in both our
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study and Tierney et al16 was insufficient to elicit a sex effect
for head acceleration in soccer players but did in physically
active subjects.

Force-Application Knowledge

We found no reduction in head acceleration for either sex
with awareness of force application. Tierney et al16 reported
that force-application awareness and muscle preactivation en-
abled physically active male but not female subjects to signif-
icantly reduce their head acceleration. Both groups used the
same load (50 N), method of force application (pulley system),
and order of force application (known trials followed by un-
known trials) but different subject populations. In comparing
the 2 studies, male and female soccer players exhibited lower
pretest mean head angular accelerations (male, 9848/s2; female,
10808/s2) than male and female physically active participants
(male, 12188/s2; female, 17908/s2). This would suggest greater
dynamic restraint in the soccer players. The cervical dynamic
restraint system in soccer players is trained by absorbing im-
pact forces of more than 180 N during heading activities.40

Because of the relatively low load applied during testing, male
and female soccer players were able to absorb the external
forces equally, resulting in no force-application knowledge-by-
sex interaction.

Our study revealed greater head-neck segment displacement
and muscle peak activity during unknown force-application
trials. Greater segment displacement indicates a greater dis-
tance over which the muscles can provide stabilization. During
the unknown trials, the muscles were not preactivated and
head-neck segment stabilization was primarily controlled with
reactive reflex muscle firing generated from increased strain
on static stabilizers and mechanoreceptors. These findings are
similar to those of previous researchers,16,23 in that head-neck
segment kinematics in participants were greater when the tim-
ing of force application was unknown. Although we did not
measure muscle preactivation, these findings indicate its im-
portance in segment stabilization and warrant future study in
head-neck segment research.

CONCLUSIONS

Despite increases in isometric strength and girth, the 8-week
isotonic cervical resistance training did not enhance head-neck
segment dynamic restraint during force application to the head
in male and female collegiate soccer players. This finding is
clinically relevant because resistance training is purported to
aid in protecting athletes from head injury32 but may not elicit
the desired outcome. Future investigators should examine
whether higher-intensity isotonic training and other types of
training (eg, plyometrics) stimulate the neuromuscular changes
necessary to enhance head-neck segment dynamic restraint in
soccer players and other populations. Future researchers
should also include more ballistic testing and examine the ef-
fects of neck resistance training on mild head injury occur-
rence and long-term neurologic outcomes.
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