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Does Cervical Muscle Strength in Youth Ice Hockey Players
Affect Head Impact Biomechanics?
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Objective: To evaluate the effect of cervical muscle strength on
head impact biomechanics.

Design: Prospective cohort.

Setting: Field setting.

Participants: Thirty-seven volunteer ice hockey players (age =
15.0 ± 1.0 years, height = 173.5 ± 6.2 cm, mass = 66.6 ± 9.0 kg,
playing experience = 2.9 ± 3.7 years).

Interventions: Participants were equipped with accelerometer-
instrumented helmets to collect head impact biomechanics (linear
and rotational acceleration) throughout an entire playing season.
Before the season, isometric cervical muscle strength was measured
for the anterior neck flexors, anterolateral neck flexors, cervical
rotators, posterolateral neck extensors, and upper trapezius. Data
were analyzed using random intercept general mixed linear models,
with each individual player as a repeating factor/cluster.

Main Outcome Measures: Dependent variables included linear
and rotational head accelerations. Cervical strength data were
categorized into tertiles, creating groups with high, moderate, and
low strength. Strength measures were averaged and normalized to
body mass.

Results: Significant differences in cervical muscle strength existed
across our strength groups (P, 0.05). No differences were observed

in linear or rotational acceleration across strength groups for
the anterior neck flexors (PLin = 0.399; PRot = 0.060), anterolateral
neck flexors (PLin = 0.987; PRot = 0.579), cervical rotators (PLin =
0.136; PRot = 0.238), posterolateral neck extensors (PLin = 0.883;
PRot = 0.101), or upper trapezius (PLin = 0.892; PRot = 0.689).

Conclusions: Our hypothesis that players with greater static neck
strength would experience lower resultant head accelerations was not
supported. This contradicts the notion that cervical muscle strength
mitigates head impact acceleration. Because we evaluated cervical
strength isometrically, future studies should consider dynamic (ie,
isokinetic) methods in the context of head impact biomechanics.
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(Clin J Sport Med 2011;21:416–421)

INTRODUCTION
Our previous work in youth ice hockey has identified

head contact infractions to yield greater head accelerations
than legal clean body collisions.1 Further, our youth hockey
work has led to recommendations for improving the way in
which the game of hockey is coached, played, and officiated,
with the goal of reducing the risk of concussion and the
long-term sequelae often associated with concussion.1,2 The
potential long-term consequences of repeated head impacts
sustained by youth athletes is at the forefront of the concus-
sion epidemic, especially given traumatic brain injuries (TBI)
are among the most expensive conditions to treat in children.3

In an attempt to protect its players, the National Hockey
League followed recommendations from its health and safety
committee to recently introduce Rule 48 penalizing hits
against vulnerable players. Zero tolerance rules related to
head contact exist in Canadian junior hockey, as well as the
International Ice Hockey Federation and college hockey in
the United States. Ice hockey presents its own challenges in
the realm of sport-related TBI: high participation rates among
youth (more than 1 million in the United States and Canada),
body checking permitted in some areas for players as young
as 9 years, and the fact that younger athletes may experience
greater severity and prolonged recovery of TBI, including
complications resulting from second impact syndrome com-
pared with their older counterparts.4–7 Mechanisms by which
we can reduce TBI and its impact among young athletes must
be explored.
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Very little is known about the forces causing mild TBI
and, alarmingly, the methods to reduce head impact forces.
Cantu5 suggests 5 methods that can result in a reduction of
mild TBI incidence: (1) changes in rules, (2) changes in
coaching technique, (3) improvements in conditioning, (4)
improvements in equipment, and (5) increasing medical su-
pervision.8 It is speculated that the neck can be strengthened
and the risk of mild TBI be reduced based on the underlying
principle that as an athlete tenses their cervical musculature,
he or she will increase his or her effective movable mass to
that of the head, neck, and torso. For 2 collisions of equal
force, head acceleration will be far greater in the scenario
where a young athlete with weak cervical muscles is unable
to tense sufficiently to withstand the force of the head impact.
Conversely, those with strong cervical musculature are
thought to be better able to overcome these forces and, thus,
mitigate the potentially injurious TBI forces by distributing
them over a greater effective mass. Exploring the contribution
of cervical muscle strength on mitigating head impact severity
seems a warranted and logical progression in this line of re-
search. The objective of the current study is to evaluate the
effect of cervical muscle strength on biomechanical measures
of head impact severity.

METHODS

Subjects
This prospective cohort research design used 37 youth

ice hockey players (age = 15.0 ± 1.0 years, height = 173.5 ±
6.2 cm, mass = 66.6 ± 9.0 kg, playing experience = 2.9 ±
3.7 years) from 2 AAA-level travel teams permitted to body
check during competition. Our sample included both forwards
and defensemen from a Bantam team (13 and 14 year olds)
and a Midget team (15 and 16 year olds). Data were collected
during 98 games and 99 practices (Bantam = 47/46; Midget =
51/53) over the course of the 2008 to 2009 season. Each
parent and player signed parental consent and minor assent
forms, respectively, which were approved by the university’s
institutional review board.

Instrumentation
Head Impact Telemetry System

This study used commercially available Easton Stealth
S9 ice hockey helmets (Easton Sports, Inc, Van Nuys,
California) modified to accept the Head Impact Telemetry
(HIT) System technology (Simbex; Lebanon, New Hamp-
shire). The helmet’s foam liner was modified to accept 6
single-axis accelerometers, a battery pack, and the telemetry
instrumentation. The modified helmets passed American
Society for Testing and Materials (ASTM 1045-99) and the
Canadian Standards Association (CSA Z262.1-M90) helmet
standards and were approved by the Hockey Equipment
Certification Council for use during competition. This instru-
mentation has been previously described in detail.1,2,9 The
principal investigator fit participants with helmets such that
the helmet brim rested 2.5 cm (2 finger-widths) above the
participant’s eyebrows. The facemask chinstrap fitted tightly

under the chin and was securely fastened to the helmet. As
a quick test, participants were instructed to hold their head
still while the principal investigator attempted to move the
helmet. If the investigator was able to move the helmet with
no movement of the head, the fitting procedure was repeated.
Helmet and facemask fit were verified biweekly to ensure
proper fit throughout the playing season.

Cervical Muscle Strength Testing
Cervical muscle strength was measured using isometric

“break tests” with a handheld dynamometer (Model:01163;
Lafayette Instrument, Co, Lafayette, Indiana). The unit was
capable of measuring strength up to 136.36 kg (300 lbs) of
force and had an accuracy of ±0.45 kg (1.0 lb) in the high
range and ±0.23 kg (0.5 lbs) in the low range.

Procedures
Cervical muscle strength was measured as described by

Kendall et al.10 Cervical rotator strength followed the proce-
dure described by Hislop and Montgomery.11 Strength of the
anterior neck flexors and bilateral strength measurements of
the anterolateral neck flexors, cervical rotators, posterolateral
neck extensors, and upper trapezius were recorded before the
start of practice. Bilateral peak strength measurements were
averaged into a single measure. Two practice trials were per-
formed before 3 test trials for each direction of motion, with
a 30-second rest period between trials; each trial lasted
3 seconds. The maximum break forces for each of the 3 test
trials were averaged and normalized to the player’s body
mass, facilitating comparisons between individuals of varying
body size. Our pilot data suggested strong intrasession (same
session, same tester) reliability (all ICC3,1 $ 0.821) and pre-
cision of the strength measurements (Table 1).

To measure the anterior neck flexor strength, the subject
was positioned supine with his elbows bent and hands
overhead, while resting on a treatment table (Figure 1A).
The subject attained the test position by lifting his head from
the table with the chin depressed and approximated toward the
sternum. Pressure was delivered through the handheld dyna-
mometer against the forehead in a posterior direction. The
subject was then asked to maintain the same body position,
while rotating his head to one side to evaluate anterolateral
neck flexor muscle strength. The subject lifted his head off the
table, and the investigator applied pressure against the tem-
poral region of the head in an obliquely posterior direction

TABLE 1. Intrasession Reliability (ICC3,1) and Precision
(Standard Error of Measurement) for Strength Measurements

Strength, kg Reliability (ICC3,1) Precision (SEM)

Anterior neck flexors 0.962 0.849

Anterolateral neck flexors 0.969 0.613

Cervical rotation 0.909 0.790

Posterolateral neck extensors 0.821 1.794

Upper trapezius 0.890 2.113

Intrasession refers to same tester, same testing session.
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(Figure 1B). The subject remained supine with his cervical
spine in neutral to test the cervical rotators. The head was
supported on the table with the face turned as far to one side
as possible. The subject attempted to rotate his head slightly
toward the neutral (ie, face up) position against resistance
directed toward returning the subject back to the fully rotated
position (Figure 1C). The subject then moved into a prone
position with his elbows bent and hands overhead while rest-
ing on a table and moved into posterolateral neck extension
with his face turned to the side being tested (Figure 1D). The
investigator applied pressure against the posterolateral aspect
of the head in an anterior direction. Upper trapezius strength
testing was accomplished by placing the subject in a seated
position. The subject was then asked to elevate the acromial
end of the clavicle and scapula, bring his or her occiput
toward the elevated shoulder with the face turned in the
direction opposite the side of testing (Figure 1E). The head
was stabilized and the investigator attempted to depress the
scapula (Figure 1F).

Outcome Measures
Biomechanical Measures of Head Impact Severity

Only impacts registering a linear acceleration greater
than 10 g were included for the purposes of our analyses.
Excluding negligible impacts less than 10 g is consistent with
other published reports in this area.1,2,9,12,13 Resultant linear
head acceleration, resultant rotational head acceleration, and
HIT severity profile (HITsp) were the outcome measures of
interest. The HITsp is a weighted composite score including
linear and rotational acceleration, impact duration, and impact
location and has previously been described in more detail and
shown to be a valid composite representation of impact bio-
mechanics for helmeted athletes.14

Strength and Anthropometric Testing
The peak forces generated during the strength testing

trials were ensemble averaged. In cases where bilateral
strength measurements were recorded, the ensemble means
for both sides were averaged together into a single measure of
strength for that muscle group. For example, the mean of the
trials for the right anterolateral cervical flexors was averaged
with the mean of the trials for the left anterolateral cervical
flexors into a single measure for anterolateral cervical flexion
strength. The strength measures were then normalized to the
player’s mass.

Statistical Analyses
We categorized cervical muscle strength into 1 of the 3

groups (tertiles). Tertiles for our strength measures allowed us
to model the differences in head impact biomechanics among
the strongest players, those with moderate strength, and the
weakest players. Because head impact data were positively
skewed (ie, milder head impacts experienced at higher
frequencies than severe head impacts), data were transformed
using a natural logarithmic function to meet the assumptions
of normality for the proposed parametric analyses described
below. All estimates obtained from our analyses were then
back-transformed to their original scale for purposes of
presentation. Descriptive analyses [means and 95% confi-
dence intervals (CI)] were calculated for the 3 biomechanical
measures of head impact severity (dependent variables):
resultant linear acceleration, resultant rotational acceleration,
and HITsp. Separate random intercept general mixed linear
models were used for our 3 dependent variables across each
cervical muscle strength measure. Player represented one
level in each statistical model as a repeated factor. Tertile
strength categorization represented a second independent

FIGURE 1. Cervical muscle strength testing positions for the anterior cervical (A), anterolateral cervical (B), cervical rotator
(C), posterolateral extensor (D), and upper trapezius (E, F) muscles.
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variable (cluster) included in the statistical model. Random
intercept general mixed linear models (PROC MIXED) were
performed in SAS/STAT (Version 9.1; SAS Institute, Inc,
Cary, North Carolina). The level of significance was set at
P , 0.05 a priori.

RESULTS
We collected a total of 7770 head impacts over the

course of 1 season (frequencies: Bantam game = 2268,
practice = 944; Midget game = 3768, practice = 790) for
the 37 players. Our preliminary analyses compared cervical
strength measures across the 3 tertiles. Each strength measure
was significantly different across the tertile groups (P ,
0.05). We performed several analyses comparing the linear
accelerations, rotational accelerations, and the HITsp in
relation to the cervical muscle strength measurements: ante-
rior neck, anterolateral neck, cervical rotation, posterolateral
neck, and upper trapezius strength measures. Thus, a total of
15 models were used. We observed a significant difference
in the HITsp in athletes across 3 tertiles of upper trapezius
muscle strength (F2,29 = 3.71; P = 0.037). Athletes with the
strongest upper trapezius muscle strength (14.4; 95% CI,
14.0-14.8) experienced higher (ie, worse) HITsp measures
compared with athletes with moderate (14.0; 95% CI, 13.5-

14.4) or low (13.6; 95% CI, 13.2-14.0) upper trapezius
strength. These analyses are provided in Table 2.

DISCUSSION
To our knowledge, this is the first study evaluating the

effect of cervical muscle strength on biomechanical measures
associated with head impact severity among youth ice hockey
players. Based on our data, it does not seem that increased
static cervical muscle strength in isolation is capable of
reducing the severity of head impacts sustained by youth ice
hockey players. We evaluated the strength of cervical muscles
using methods consistent with how these muscle groups are
clinically tested.10,11 To provide a comparative analysis, we
categorized each strength measure into 3 ordinal categories:
weak, moderate, and strong. Our results did not support our
research hypothesis. That is, we did not find any coherent
differences in linear and rotational acceleration among ath-
letes with weak, moderate, and strong cervical muscles in our
sample.

No differences in HITsp across these tertile groups
were observed for anterior neck, anterolateral neck, cervical
rotation, and posterolateral neck strength. Surprisingly, those
with the weakest upper trapezius muscles experienced lower
HITsp measures than those representing the strongest players

TABLE 2. Mean Resultant Linear Acceleration, Rotational Acceleration, and HITsp of Head Impacts Across the Tertile Measures of
Cervical Muscle Strength

Frequency
(%)

Linear Acceleration, g Rotational Acceleration, rad/s2 HITsp

Mean

95% CI

P* Mean

95% CI

P* Mean

95% CI

P*L U L U L U

Anterior neck Global test 0.399 Global test 0.060 Global test 0.969

Weak 2679 (34.5) 17.3 16.8 17.9 0.217 1642.9 1530.6 1763.3 0.485 14.0 13.5 14.5 0.992

Moderate 2585 (33.3) 17.4 17.0 17.9 0.264 1482.6 1409.0 1560.1 0.191 13.9 13.5 14.3 0.840

Strong† 2506 (32.3) 17.9 17.3 18.5 — 1581.4 1453.3 1720.7 — 14.0 13.5 14.5 —

Anterolateral neck Global test 0.987 Global test 0.579 Global test 0.456

Weak 2514 (32.4) 17.6 16.9 18.4 0.895 1597.0 1496.9 1703.9 0.827 13.9 13.5 14.3 0.401

Moderate 2695 (34.7) 17.5 17.2 17.9 0.978 1516.8 1401.7 1641.4 0.459 13.8 13.2 14.3 0.228

Strong† 2561 (33.0) 17.5 17.1 18.0 — 1579.7 1461.8 1707.2 — 14.2 13.7 14.6 —

Cervical rotation Global test 0.136 Global test 0.238 Global test 0.389

Weak 2487 (32.0) 17.9 17.1 18.7 0.115 1641.6 1536.8 1753.5 0.268 14.1 13.6 14.6 0.965

Moderate 2736 (35.2) 17.6 17.3 18.0 0.084 1513.5 1406.7 1628.5 0.613 13.7 13.2 14.2 0.218

Strong† 2547 (32.8) 17.2 16.8 17.6 — 1553.7 1441.7 1674.3 — 14.1 13.7 14.5 —

Posterolateral neck Global test 0.883 Global test 0.101 Global test 0.556

Weak 2572 (33.1) 17.7 16.9 18.4 0.687 1631.2 1535.4 1733.0 0.627 14.0 13.7 14.4 0.941

Moderate 2574 (33.1) 17.5 17.1 17.8 0.950 1480.1 1383.6 1583.4 0.177 13.7 13.2 14.3 0.329

Strong† 2624 (33.8) 17.5 17.0 18.0 — 1591.4 1464.1 1729.7 — 14.1 13.6 14.5 —

Upper trapezius Global test 0.892 Global test 0.689 Global test 0.037

Weak 2590 (33.3) 17.6 16.9 18.3 0.758 1527.1 1421.7 1640.2 0.455 13.6 13.2 14.0 0.011

Moderate 2540 (32.7) 17.6 17.2 18.0 0.637 1579.2 1483.0 1681.6 0.853 14.0 13.5 14.4 0.140

Strong† 2640 (34.0) 17.4 16.8 18.1 — 1595.8 1451.2 1754.8 — 14.4 14.0 14.8 —

Total 7770 17.5 17.3 17.7 — 1587.7 1565.4 1610.2 — 14.0 13.9 14.1 —

Global test refers to the null hypothesis of no differences between any categories for this variable.
*P values are relative to the reference category used by the random intercepts general mixed linear model analyses.
†Reference category.
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in our sample. The stronger players may be more likely to
attempt open-ice collisions, which were shown in previous
work to result in greater rotational acceleration and HITsp
measures than impacts along the playing boards.1 The argu-
ment could be made that the players were likely in the
“strong” group because they were bigger and heavier, and
more likely to sustain a higher magnitude impact as a result.
However, all strength measures—recorded in kilograms—
were normalized to the athlete’s body mass, adjusting these
values for differences in player mass.

Our findings do not support the strong nonempirical
theory that cervical muscle strength is a factor in mitigating
head impact severity. The basic precept for strengthening the
cervical musculature in an effort to prevent TBI is that an
athlete will be better able to control head movement by
contracting his cervical musculature. Although this principle
is straightforward, it requires the athlete to maintain a constant
state of muscle tonus during the impact. As it relates to body
collisions, the athlete should be expected to maintain a con-
stant state of anticipation. In uninjurious body collisions,
player anticipation has been shown to result in less severe
head impact measures.1 When an impact is unanticipated, and
the cervical musculature is not tensed and prepared for a col-
lision, the effective mass of the movable segment is reduced
to that of the head. All things being equal, the head would
experience a substantially greater acceleration and more likely
to sustain an injury given an equal force from a body colli-
sion. Studies in this area have focused primarily on a physi-
cally active population15 and in collegiate soccer athletes16

and have reported mixed findings. Although they do not serve
as a particularly strong foundation for comparison with hel-
meted sports, particularly youth ice hockey, they are worthy
of further discussion in the context of the current study.

In 1 study, gender differences in head-neck dynamic
stabilization during head acceleration were studied.15 The
results suggested an increase in forced-flexion (men and
women) and forced-extension (men) angular acceleration, as
well as forced-flexion and forced-extension angular displace-
ment in both men and women, when force application was
unknown (ie, unanticipated). Similar trends were observed
for electromyographic activity of the sternocleidomastoid and
trapezius muscles, suggesting that the activity of cervical mus-
culature is heightened during anticipated force applications. A
college-aged sample was studied in a seated position while
a standardized 50-N force was applied to a pulley system
attached at one end to the subject’s forehead, thus making
any direct comparison with our study difficult. Another pre-
vious study evaluated the effects of a neck strengthening
resistance program on head-neck dynamic stabilization in male
and female collegiate soccer players.16 This study measured
electromyographical data of the sternocleidomastoid and upper
trapezius muscles. Anticipation of an impact (known vs un-
known) did not significantly affect the upper trapezius muscle
activity. Although this would seem to counter our speculation,
this same study demonstrated observable increases in forced-
extension head-neck segment kinematic data (acceleration and
displacement) when the force application was unknown com-
pared with when it was anticipated. This would suggest that
while muscle activity levels appear equal, not anticipating

a heading task results in greater kinematic movement (displace-
ment and acceleration). Although their work provides interest-
ing data, it relates to head-neck stabilization through cervical
muscle activation because actual strength measures were not
recorded. However, our study evaluated the effect of cervical
muscle strength on the measures of linear and rotational accel-
eration of the head after an impact.

Clinical Application
Notwithstanding our results, there is still nonempirical

support for the role neck musculature may play in reducing
the risk of mild TBI that is worthy of investigation in a young
at-risk sample. This has been studied in other areas including
the aerospace and automotive industries. Although no differ-
ences in strength were observed between pilots and nonpilots,
the authors still encouraged pilots to continue strengthening
neck musculature to control the sudden neck movements they
experience while in flight.17 In automotive research, it was
identified that cervical muscle activation in rear end collisions
was affected by changing seating posture and, thus, head and
neck position.18 This has identified that the position of the
head and neck may play a role in how much muscle activity
the cervical muscles can experience and has some external
application to the athletic arena in which athletes sustain body
collisions of varying magnitudes, from different directions,
and with their head and neck free to move without restraining
their degrees of freedom.

Limitations
Our strength measures were captured isometrically in a

controlled testing position. We did not study muscle activa-
tion, nor did we study muscle strength in dynamic conditions
(ie, isokinetic). Given the current study design and method-
ology used, we were unable to interact our effect of cervical
muscle strength with that of collision anticipation. We studied
a convenience sample of young male hockey players. Bio-
mechanical and strength measures may have limited variabil-
ity in this age group. The literature to this effect is lacking, and
we can only assume that the cervical muscle strength in our
sample is representative of all youth athletes of their age.
Extrapolating these findings to all ice hockey players regard-
less of age, competitive level, and gender should be done with
caution. Future research should incorporate strength measures
and electromyography to determine the extent to which the
cervical musculature is active during an impact, thus pro-
viding a more complete indication of how cervical muscle
strength influences head impact biomechanics. Furthermore,
understanding the interactions among history of concussion,
cervical spine injury, headache, and the mitigation of head
impact severity related to cervical muscle strength seems
a logical research progression.

Summary
Heightening media attention surrounding sport-related

concussion has increased scrutiny on sports medicine pro-
fessionals with respect to how these injuries are managed. Of
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particular concern are the potential long-term effects youth
athletes may experience from sustaining repetitive subcon-
cussive head impacts. As such, we are tasked with identifying
methods of preventing TBI in young athletes. The end goal of
all injury prevention initiatives should be to (1) identify the
problem, (2) identify potential injury prevention strategies,
(3) study the effect of those prevention strategies on the
outcome of interest, and (4) propose an implementation
strategy or present new challenges to consider. Although
increasing cervical muscle strength has been identified as one
of those potential methods, research is inconclusive at this
time to support this theory.
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