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Abstract

Study Design: This review article examines the biomechanics that underly hockey-related cervical spine injuries, the pre-
ventative measures to curtail them, optimal management strategies for the injured player and return to play criteria.

Objective: Hockey is a sport with one of the highest rates of cervical spine injury, but by understanding the underlying
pathophysiology and context in which these injuries can occur, it is possible to reduce their incidence and successfully manage the
injured player.

Methods: Multiple online databases including PubMed, Google Scholar, Columbia Libraries Catalog, Cochrane Library and Ovid
MEDLINE were queried for original articles concerning spinal injuries in ice hockey. All relevant papers were screened and
subsequently organized for discussion in our subtopics.

Results: Cervical fractures in ice hockey most often occur due to an increased axial load, with a check from behind the most
common precipitating event.

Conclusions: Despite the recognized risk for cervical spine trauma in ice hockey, further research is still needed to optimize
protocols for both mitigating injury risk and managing injured players.
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Introduction

Ice hockey is a sport played by over 77 nations with greater

than 350,000 players under the age of 18 registered with USA

hockey alone.1 Hockey is the national sport of Canada and it is

quickly becoming one of the most popular sports played in all

of North America.2,3 However, some of the most exciting

aspects of hockey, including the speed and aggression of play-

ers, also generate the potential for serious injury. Current trends

reveal that players are only getting bigger, heavier and faster,

thus intensifying these risks.4 Within the United States, an

estimated 20,000 players present to the emergency room annu-

ally with a hockey-related injury.5 In the 2010 Winter Olym-

pics, ice hockey had the highest rate of injuries per player

compared to any other sport at the competition.6 While any

type of injury is unfortunate, some can be especially devastat-

ing, such as cervical spine injuries. Since 1990, sporting events

have been the fourth leading cause of spinal cord injury just

behind motor vehicle accidents, violence and falls.7 In fact,

sports are the second leading cause of spinal cord injuries for

individuals under the age of 30.8 While American football

receives the majority of attention regarding cervical spine inju-

ries, ice hockey players are 3 times more likely to experience a

cervical spine injury than football players.9 Literature has

shown that ice hockey has the highest incidence of cervical

spine injury of any sport.1
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Despite the numerous interventions throughout the history

of ice hockey, spinal cord injuries remain an important consid-

eration in ice hockey.10 This review article will examine the

history, epidemiology, biomechanics, rink-side management

and return-to-play considerations as related to cervical spinal

injuries in ice hockey.

Methods

A comprehensive literature review search was conducted

across a number of platforms to amass the utilized data. The

platforms and databases used to collect the referenced sources

included PubMed, Google Scholar, Columbia Libraries Cata-

log, Cochrane Library and Ovid MEDLINE. A number of inde-

pendent searches were conducted for each of the subtopics

included in this article. The initial search criteria utilized “spine

injury ice hockey.” After manually screening the results via the

abstracts for relevance, further searches were conducted for

specific subtopics. This was accomplished by using key

phrases or keyword-based advanced searches. These phrases

(or keyword/synonym combinations) included “return to play

criteria,” “ice hockey spine fracture biomechanics,” “ice

hockey injuries,” and “injured ice hockey player management.”

All papers, irrespective of their publish date, were included in

the search criteria. Our data collection process was completed

in April of 2020 and therefore this literature review contains

information up until that date.

Articles were selected based on their relevance to any of the

subtopics within this review. Many articles were necessary to

cover the individual subtopics within this review in adequate

depth. No significant exclusion criteria were established,

allowing for all relevant material to be considered. Any paper

offering significant input was analyzed and incorporated to

achieve the greatest depth and scope possible.

History of Preventative Measures

In the 1980s there was a dramatic and unexpected rise in spinal

cord injuries in ice hockey.11 In 1984 it was shown that the

major precipitating event for a spine injury was checking from

behind.12,13 In an effort to curtail these injuries, the Canadian

Amateur Hockey Association established a 10-minute major

penalty for checking from behind in the 1985-1986 season.

This penalty served as a major deterrent and subsequently

reduced the incidence of cervical spine injuries drastically.11,14

Since that first intervention, a number of other preventative

measures have been enacted to further reduce cervical spine

injuries. As previously mentioned, the primary mechanism for

cervical spine injury in ice hockey is a check/push from behind,

thus propelling a person forward, most often colliding headfirst

with the boards.9 Equipped with this information, organizations

have used targeted campaigns to reduce the frequency and

likelihood of this situation. USA hockey began the “Heads

Up, Don’t Duck” program in 1995 to prevent checking posi-

tions that risked generating an axial load to the top of the

head.15 The Fair Play Program was also established to prevent

injuries16 and utilized a point system to reward teams who

committed minimal penalties.17 Fair Play was shown to reduce

penalties and had some evidence that it reduced injuries as

well.17,18 Other educational measures to reduce injuries have

included “Smart Hockey: More Safety, More Fun!,”10 Safety

Towards Other Players (STOP), and many others targeting

players, coaches and parents.14

Epidemiology

Ice hockey has 3-6 times the incidence of cervical spine injuries

and spinal cord damage compared to American football.7,19,20

Over 1/3 of all cervical spine injuries were the result of a check

from behind.9,14 A number of studies have shown that injuries,

including cervical spine damage, occur at a much higher rate

during competition as compared to practice,21-27 likely due to

the elevated intensity of gameplay.23,28 One study examined

241 ice hockey players who suffered spinal fractures or dislo-

cations. They found that 52% of injuries in players with cervi-

cal spine trauma resulted in permanent spinal cord injury with

25% of the subjects experiencing a complete spinal cord

injury.7,29 Tragically, 4% of these injuries were fatal. Previ-

ously, the hockey community debated whether the mandatory

use of helmets paradoxically increased the rate of cervical

spine injuries as a result of the players pushing their limits due

to the sense of safety. This notion has since been debunked and

multiple studies refute the hypothesis that helmets increase

head or neck injuries.30-32

Some of the initial landmark analyses of cervical spinal

injuries in ice hockey were completed by Tator et al. looking

back to 1966. Tator examined major spinal injuries, which he

defined as any fracture or dislocation of the spine of a hockey

player with or without injury to the spinal cord or nerve

roots.33,34 From 1966 to 1993 an average 8.9 of these major

spinal injuries took place per year in Canada.29 Injuries

between the years 1982 and 1993 increased to an average of

16.6.33 Concerningly, these studies also found that 64% of

major spinal injuries in ice hockey were experienced by players

between the ages of 11 and 20 years old. Another 19% of

injuries were suffered by players between the ages of 21 and

30. Tator’s third study published in 2009 revealed an average of

6.7 major spinal injuries occurred per year between 2000 and

2005.13 A fourth Tator study published in 2016 demonstrated

an average of 7.3 major spinal injuries occurred per year

between 2006 and 2011.14

Based off NCAA data from 2009 to 2014, a number of more

recent studies examined subsets of ice hockey players and their

unique risk/incidence of cervical spine injury. This dataset

showed that during this 2009-2014 period men and women

suffered 226 and 97 back/neck/spine injuries, respectively.34

It is worth noting the larger number of injuries experienced by

men is influenced by the larger absolute population of men

playing ice hockey. Another interpretation of this data is that

men and women experience back/neck/spine injuries at a rate

of 56 and 65 per 100,000 athlete exposures. Of the 226 back/

neck/spine injuries in the male cohort, 39% of these injuries
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were in the cervical region. This study also revealed that Divi-

sion III athletes (for both sexes) had a higher injury rate than

Division I athletes. Using a similar dataset, Simmons et al. built

on previous findings and postulated that the differences in

injury rates between men and women were due to the differ-

ence in body checking.21 This hypothesis is in line with the

finding that fewer injuries occur in practice than in competi-

tion, considering fewer body checks are delivered in practice in

unpredictable ways. Of note, despite not being allowed in legal

play, body checking can and does still occur in female compe-

tition and can contribute to injury rates.

Most recently, Deckey et al. published a study in 2020

examining neck and cervical spine injuries in athletes.27 This

study again utilized the data from the NCAA-Injury Surveil-

lance Program. Using the database, Deckey et al. estimated that

11,510 neck and cervical spine injuries took place over the

5-year period for all NCAA sports. Within ice hockey alone,

neck or cervical spine injury occurred at a rate of 14.67 and

11.51 (male and female, respectively) per 100,000 athlete

exposures. This cervical spine injury rate was over double that

compared to the all-sport average. Lastly, a recent study

showed that high school cervical spine injuries in ice hockey

occurred at a rate of 2.44 per 100,000 athlete exposures.26 This

was also much higher than any other sport.

Cervical Spine Fracture Biomechanics

Various studies have shown that the most common mechanism

by which an ice hockey player suffers a cervical fracture is due

to an increased axial load. In the vast majority of cervical spine

fractures, the precipitating event is a check from behind which

propelled the player into an object.12,13,19 The most common

object for this player to collide with is the boards. Additionally,

when the player is first checked from behind, their head/neck is

often slightly flexed as they are looking down at the puck on the

ice.19 Once the player is in motion toward the boards, the first

point of contact becomes the top of their head. As the player’s

head strikes the boards, the head stops almost instantaneously,

and is only minimally aided in deceleration by the padding

contained within the helmet.35 The remainder of the player’s

body, however, has yet to decelerate and continues to move

toward the boards. The cervical spine therefore becomes sub-

jected to the body’s momentum and is ultimately responsible

for generating the force to decelerate the remainder of the body.

This subjects the cervical spine to enormous forces and subse-

quent compression.29,36,37 Simulations and studies have shown

collision speeds of just 1.8 m/s can cause cervical fractures in

75% of collisions,35 and that 3.1 m/s always causes cervical

fractures.38 This is concerning when considering players can

skate above 12 m/s, and when sliding, can reach speeds of 6.7

m/s, both of which are well above the speed needed to consis-

tently induce cervical fractures.39

The slight flexion of the player’s neck when colliding with

the boards dramatically increases the risk of cervical fracture.

In its normal lordotic position, the cervical spine has a greater

capacity to absorb and disperse an axial load and utilize

elasticity of the surrounding paravertebral musculature and

vertebral ligaments.37 When the neck is slightly flexed, the

cervical lordosis is lost, and the cervical vertebrae become

arranged linearly. In a linear arrangement, the force vector

from an axial load travels parallel with the cervical spine, sub-

jecting the vertebral bodies to extremely high forces and com-

pression.37,40 Under these conditions, the cervical spine is

susceptible to suffering a burst fracture.

Given this biomechanical sequence, it is not surprising that

the most common cervical fractures in ice hockey are burst

fractures7,35,41,42 in the C5-C7 vertebrae.35,43-45 Fracture-

dislocations, flexion teardrop fractures and disk herniations are

also relatively common.7,43 Facet dislocations are more com-

monly the result of hyperextension in the sagittal plane, sub-

jecting the ligamentous structures to high tensile forces.46-48

An axial rotation force is also capable of producing a facet

dislocation. An important consideration that will be critical to

both rink-side management and return-to-play decisions is

whether the injury is stable. An osseous or ligamentous injury

can be considered unstable if the spine no longer has the capac-

ity to maintain its premorbid patterns of motion without caus-

ing additional injury under physiological loads.49

Non-Fracture Spine-Related Injuries

Outside of fractures and dislocations, there are a couple of

injuries related to the spine and spinal cord worth mentioning.

Burners or stingers are transient sensory and/or motor distur-

bances involving the arms or the legs.50 These are often tem-

porary and last <24 hours.51 The temporary stretching or

compression of the spinal cord or nerve roots, leading to a

transient alteration of membrane permeability and calcium reg-

ulation, is believed to be the pathophysiology underlying stin-

gers.52 Athletes with developmental or acquired cervical

stenosis are especially at risk for this phenomenon considering

higher likelihood of spinal cord compression.53-55 Transient

quadriparesis is a phenomenon that occurs as a result of this

same pathophysiology.56,57 As the name suggests, transient

quadriparesis is a temporary loss of all motor function in the

limbs.58 Again, this is the result of a transient physiological

conduction block rather than an anatomical disruption. More

than 1 clinical entity can take place at the same time, however,

which may make an immediate diagnosis difficult. One case

study examined an ice hockey player who suffered a teardrop

fracture with retropulsion at C5. This player experienced com-

plete neurapraxia with a full recovery following cervical stabi-

lization and surgical decompression.42 As previously

mentioned, disk herniations also commonly occur, with the

same underlying mechanism as cervical fractures.7 These too

can lead to neurological dysfunction and may require surgical

decompression.

Rink-Side Management

Successful management of the injured athlete, and especially

the athlete with a neck injury, depends on a few critical items.

Morrissette et al 3
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was also much higher than any other sport.
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body, however, has yet to decelerate and continues to move

toward the boards. The cervical spine therefore becomes sub-

jected to the body’s momentum and is ultimately responsible

for generating the force to decelerate the remainder of the body.
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quent compression.29,36,37 Simulations and studies have shown

collision speeds of just 1.8 m/s can cause cervical fractures in

75% of collisions,35 and that 3.1 m/s always causes cervical

fractures.38 This is concerning when considering players can

skate above 12 m/s, and when sliding, can reach speeds of 6.7

m/s, both of which are well above the speed needed to consis-

tently induce cervical fractures.39

The slight flexion of the player’s neck when colliding with

the boards dramatically increases the risk of cervical fracture.

In its normal lordotic position, the cervical spine has a greater
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elasticity of the surrounding paravertebral musculature and

vertebral ligaments.37 When the neck is slightly flexed, the

cervical lordosis is lost, and the cervical vertebrae become
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from an axial load travels parallel with the cervical spine, sub-

jecting the vertebral bodies to extremely high forces and com-

pression.37,40 Under these conditions, the cervical spine is

susceptible to suffering a burst fracture.
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the most common cervical fractures in ice hockey are burst

fractures7,35,41,42 in the C5-C7 vertebrae.35,43-45 Fracture-
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also relatively common.7,43 Facet dislocations are more com-

monly the result of hyperextension in the sagittal plane, sub-

jecting the ligamentous structures to high tensile forces.46-48

An axial rotation force is also capable of producing a facet

dislocation. An important consideration that will be critical to

both rink-side management and return-to-play decisions is
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can be considered unstable if the spine no longer has the capac-

ity to maintain its premorbid patterns of motion without caus-

ing additional injury under physiological loads.49
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bances involving the arms or the legs.50 These are often tem-

porary and last <24 hours.51 The temporary stretching or

compression of the spinal cord or nerve roots, leading to a

transient alteration of membrane permeability and calcium reg-

ulation, is believed to be the pathophysiology underlying stin-

gers.52 Athletes with developmental or acquired cervical

stenosis are especially at risk for this phenomenon considering

higher likelihood of spinal cord compression.53-55 Transient

quadriparesis is a phenomenon that occurs as a result of this

same pathophysiology.56,57 As the name suggests, transient

quadriparesis is a temporary loss of all motor function in the

limbs.58 Again, this is the result of a transient physiological

conduction block rather than an anatomical disruption. More

than 1 clinical entity can take place at the same time, however,

which may make an immediate diagnosis difficult. One case

study examined an ice hockey player who suffered a teardrop

fracture with retropulsion at C5. This player experienced com-

plete neurapraxia with a full recovery following cervical stabi-

lization and surgical decompression.42 As previously

mentioned, disk herniations also commonly occur, with the

same underlying mechanism as cervical fractures.7 These too

can lead to neurological dysfunction and may require surgical

decompression.
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injury to either overly aggressive or insufficient protection fol-

lowing cervical spine trauma.

A recent review by Popkin et al.72 was able to generate

return-to-play criteria for cervical spine injuries in ice hockey

based off a composite of multiple studies. The criteria can be

found in Table 1. This criteria utilizes guidelines presented by

Torg and Cantu50 and was modified from Sports Health.66 The

table also includes specific symptoms such as stingers to aid in

the decision making. There are several important elements

worth highlighting. A player with any permanent neurological

injury should completely abstain from contact sports.73 Players

with a stable fracture that has healed, along with a complete

return to clinical baseline, are generally allowed to return the

following season. The presence of spinal stenosis and transient

quadriplegia further complicate the return-to-play decision.

Functional spinal stenosis, which can occur following a spine

injury, is described as the loss of cerebrospinal fluid around the

spinal cord.74 It is currently debated whether functional steno-

sis increases the risk of future permanent neurological injury

and thus should impact return-to-play decision making. Many

investigators both support68,69,75,76 and deny this claim.77,78

Overall, it would seem that a single episode of transient neu-

rological dysfunction or neurapraxia does not increase the risk

of spinal cord injury, but that one of these episodes in addition

to the finding of cervical stenosis does increase risk of future

spinal cord injury.79 Given the small sample size of patients

and continued debate, however, this interpretation should be

received with caution.

Future Direction & Prevention Efforts

Over the past decade efforts have increased to track, address

and prevent cervical spine injuries in ice hockey. Fundamental

to this process is a more precise and in-depth method of track-

ing of these injuries. An important recent development was the

establishment of the Mayo Injury Registry for Ice Hockey. This

registry was formed by the Mayo Clinic Sports Medicine Cen-

ter and USA hockey to track injury data in the United States.

With a more robust surveillance system in place, these organi-

zations will be better equipped to provide valuable insight and

protocols for reducing injury rates. One area that can use sig-

nificant improvement is the standardization and rink-side man-

agement of players with a cervical spine injury in the acute

setting. With a better understanding of when and how these

injuries occur, new prevention guidelines and rule changes will

continue to build on the many already in place, further increas-

ing player safety.
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First off, protocols and pre-planned functions should exist for

the personnel on the care team. Second, the necessary equip-

ment for on-field management of the injured athlete should be

properly organized. Third, a hospital and transportation system

should be in place in case an immediate intervention is neces-

sary. The first steps of assessing an injured player’s status, as in

all sports, remains the same. Checking the patient’s airway,

breathing, circulation, disability (neurologic deficit), and expo-

sure (ABCDE) is critical regardless of the scenario.59 Unfortu-

nately, following this initial assessment, the consensus on

proper management techniques for the hockey player with a

cervical spine injury seems nonexistent.

The proper rink-side management of cervical spine injuries

in ice hockey continues to incite debate. The overall objective

of rink-side management is to stabilize the patient and allow for

safe transport to the hospital.60 The majority of the disagree-

ment, however, revolves around the removal of the player’s

equipment. A number of studies and organizations have stated

removing the helmet is safest60 while many others have advo-

cated for keeping it on.41,61,62 Unlike American football hel-

mets, hockey helmets have significantly different fits and

therefore require separate testing and protocols.60

Studies have shown that the removal of the helmet from a

hockey player in the supine position significantly increases the

degree of cervical lordosis.41,61,62 One study examined the

degree of cervical lordosis with different combinations of

equipment. The investigators measured that the greatest degree

of cervical displacement occurred when the player was wearing

no helmet with shoulder pads. The players with a helmet and

shoulder pads, or no helmet and no shoulder pads, showed no

difference in cervical displacement.41 This suggests that

removing the helmet from a player wearing shoulder pads puts

the player’s cervical spine at risk. Second, the act of removing

the helmet itself greatly increases the angular displacement of

the cervical vertebrae.62

Alternatively, other compelling evidence strongly

encourages the removal of the player’s helmet. This evidence

mostly revolves around the safety of transporting the player. It

is well known that hockey players often wear their helmets

loosely. One study showed that 100% of players who partici-

pated did not fit their helmets to the proper criteria, with many

of them able to remove the helmet all together without unbuck-

ling any straps.60 The loose fit of the helmet is important to

consider when attempting to stabilize the patient for transport.

The first step in preparing a player for transport is getting them

onto a spine board. As a result of the check from behind leading

to the cervical injury, these players are often found in the prone

position on the ice. This requires a log roll procedure to get

them onto the spine board. One study examined the degree of

cervical motion during the log roll maneuver and found that,

despite the degree of fit of the helmet, cervical motion was

vastly larger when the helmet was kept on the player.60 Addi-

tionally, the use of an extrication cervical collar has not been

shown to reduce this cervical motion.63 Given the significant

evidence for both sides of the helmet argument, more studies

on the management of cervical spine injuries specifically

focused on ice hockey are needed to establish the optimal

protocol.

Return-to-Play Criteria

Advising players to return or abstain from their sport following

an injury can be extremely challenging. Especially in the case

of a spine injury, the stakes are even higher. The risk of a

catastrophic spinal reinjury after returning to ice hockey is a

factor that needs to be appropriately addressed and measured.

This process is further complicated by the variability in guide-

lines and frequent deviation from them. Ultimately, the deci-

sion making behind return-to-play recommendations put forth

by physicians has been very heterogenous.

One of the original guidelines developed by Watkins et al.64

specifically looked at neck injuries in football players. These

guidelines were developed based off relative risk stratification

and anecdotal evidence which examined rates of reinjury and

permanent damage. Not long after the Watkins guidelines were

released, Torg et al. created a more nuanced model for return to

play criteria.65 These criteria put players in a “no contra-

indication,” “relative contraindication” or “absolute contra-

indication” bucket based off their clinical presentation. While

the purpose of these guidelines was valuable, much of the data

was based off the author’s experience rather than objective

meta-analyses.66

Since Watkins and Torg, guidelines have continued to be

developed and revised. Despite the continued efforts to estab-

lish a best-practice protocol for return-to-play decision making,

there is no consensus when it comes to handling cervical spine

injuries in most sports, let alone specific to ice hockey.67 While

details differ, 4 fundamental criteria remain true across all

protocols. The player should be pain-free, the player should

have a full range of motion in the cervical spine, the player

should have full strength, and finally the player should have no

evidence of residual neurological deficits.66,68,69

Lastly, one significant factor contributing to variability of

return-to-play recommendations/decisions is the physician’s

bias. Recent studies examining a physician’s bias in decision

making demonstrated that clinical experiences, personal

experiences and personality traits significantly influenced diag-

nostics and management.70 A study published by Ukogy et al.

in 2020 specifically examined physician bias in return-to-play

decisions following a cervical spine injury.71 This study gave

physicians 15 clinical scenarios and recorded their recommen-

dations, along with the physician’s background information.

Not only did the physicians fail to adhere to the guidelines

proposed by Watkins and Torg, but large variations existed

between physicians. Some physicians recommended increased

restriction from play, while others deviated to allow return-to-

play more quickly. Factors found to significantly influence the

physician’s decision-making include years in practice, the type

of athlete most frequently treated, previous athletic experience,

and orthopedic board certification status.67,71 These inconsis-

tencies in decision making may subject players with the same
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injury to either overly aggressive or insufficient protection fol-

lowing cervical spine trauma.

A recent review by Popkin et al.72 was able to generate

return-to-play criteria for cervical spine injuries in ice hockey

based off a composite of multiple studies. The criteria can be

found in Table 1. This criteria utilizes guidelines presented by

Torg and Cantu50 and was modified from Sports Health.66 The

table also includes specific symptoms such as stingers to aid in

the decision making. There are several important elements

worth highlighting. A player with any permanent neurological

injury should completely abstain from contact sports.73 Players

with a stable fracture that has healed, along with a complete

return to clinical baseline, are generally allowed to return the

following season. The presence of spinal stenosis and transient

quadriplegia further complicate the return-to-play decision.

Functional spinal stenosis, which can occur following a spine

injury, is described as the loss of cerebrospinal fluid around the

spinal cord.74 It is currently debated whether functional steno-

sis increases the risk of future permanent neurological injury

and thus should impact return-to-play decision making. Many

investigators both support68,69,75,76 and deny this claim.77,78

Overall, it would seem that a single episode of transient neu-

rological dysfunction or neurapraxia does not increase the risk

of spinal cord injury, but that one of these episodes in addition

to the finding of cervical stenosis does increase risk of future

spinal cord injury.79 Given the small sample size of patients

and continued debate, however, this interpretation should be

received with caution.

Future Direction & Prevention Efforts

Over the past decade efforts have increased to track, address

and prevent cervical spine injuries in ice hockey. Fundamental

to this process is a more precise and in-depth method of track-

ing of these injuries. An important recent development was the

establishment of the Mayo Injury Registry for Ice Hockey. This

registry was formed by the Mayo Clinic Sports Medicine Cen-

ter and USA hockey to track injury data in the United States.

With a more robust surveillance system in place, these organi-

zations will be better equipped to provide valuable insight and

protocols for reducing injury rates. One area that can use sig-

nificant improvement is the standardization and rink-side man-

agement of players with a cervical spine injury in the acute

setting. With a better understanding of when and how these

injuries occur, new prevention guidelines and rule changes will

continue to build on the many already in place, further increas-

ing player safety.
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