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	The sport of hockey has recently gained increased numbers of fans and players in the United States.  Its popularity has been spurred, to some extent, by the Olympic Gold Medal victories in hockey, first in 1960 and later in 1980.  It is estimated that 300,000 youths are currently involved in recreational hockey in the United States, playing on approximately 12,000 teams.  The fast pace of the game and the breakneck maneuvering required of the players are major factors in the sport's appeal.  Unfortunately, these factors can also make the sport very dangerous. Attempts have been made to understand the etiology and epidemiology of hockey injuries in order to intervene positively and lower the number of injuries associated with the game.  Some of these measures have to a great extent been successful in making the sport safer for the
players without detracting from its physical nature.

Physiologic Factors

	Hockey is a very exciting game to watch and to play. No doubt, the very violence of the game adds to its appeal. The basic skills of the game include skating, shooting, passing, stick handling, checking, and goal tending.  The ability to accelerate and decelerate rapidly and to change direction quickly depends directly on a player's overall skating ability, style, and strength. Biomechanical force plate analysis by Sim and Chao (14) showed that large forces are involved in skating acceleration.  The vertical reaction force was shown to range from 1.5 to 2.5 times the player's body weight, and the posterior push force peaked at approximately 68 kg. This study provided quantitative data regarding the large forces produced at the player's hip and indicated why hip adductor (groin muscle) pulls are so common in this sport.
	The speed and accuracy of shooting appears to depend on the type of shot used.  Basically, there are four types: the standing wrist shot, the skating wrist shot, the standing slap shot, and the skating slap shot.  According to work by Alexander et al. (1,2) maximal use of trunk rotation and full body motion produces maximal velocity at the expense of accuracy.  Conversely, limitation of trunk rotation with reliance on wrist and forearm motion to produce a shot increases accuracy at the expense of velocity.  Alexander et al. concluded that both accuracy and speed could be increased by specifically developing certain upper extremity muscle groups.
	A study of Canadian Junior A and college hockey players by Houston et al. (7) have added to our understanding of the physiologic profile of the hockey player.  In their study, defensemen were, on average, taller and heavier than forwards, as would be expected by the requirements of their position.  They found that the average hockey player in their study had a mean oxygen consumption of 55 ml.kg-1.min-1; however, they found that during play, hockey players were able to increase their anaerobic capacity four‑ or five‑fold.  Green and Houston (5) also showed that the average playing time of forwards was approximately 20 minutes, divided into about 14 to 21 shifts averaging 35 seconds each.  The average continuous playing time was 39 seconds per shift, and during that time the players were each at approximately 80% of their maximal aerobic power. Other studies have corroborated these data.  These studies have shown that in addition to the skating itself, acceleration, turning, checking, and shooting add significantly to the expenditure of energy required by the hockey player.  Overall, since hockey playing involves rapid changes in direction, acceleration, and deceleration, measurement of the anaerobic threshold might be the most valuable indicator of a hockey player's potential.

Mechanisms Of Injury

	Several factors make hockey a dangerous sport. Hockey players move at very quick speeds.  Skating velocities range from 32 to 48 km.h-1, depending on the level of play.  Such speeds often make stopping or maneuvering difficult, and rigid walls, goal posts, or other players can rapidly alter a player's course or speed and often result in injury.  Checking and body contact are associated with the highest rate of injury.  When a rapidly moving player loses control and falls down, stopping or maneuvering becomes even more difficult and creates a particularly dangerous situation for the player.  A fallen, sliding player can move at approximately 24 km.h-1 and have very little control; therefore, injuries are likely to occur.  Thirty percent of all injuries in hockey are associated with an uncontrolled slide.  A player sliding head first against a wall or goal post is particularly susceptible to an injury of the cervical spine.  
	The hockey puck, composed of hard rubber, weighs 170 g (6 oz) and measures 7.62 by 2.54 cm (3 by 1 in.).  In professional hockey, the puck can reach speeds of up to 192 km.h-1.  The maximal impact force of a puck at terminal velocity is 567 kg (1,250 lb).  This amount of force can cause injuries even in a helmeted player who is wearing a face mask.  Studies have shown that a puck traveling 80 km.h-1 will deform a face mask, and one traveling 96 km.h-1 will deform the mask to the point that it contacts the face.  This information prompted the Canadian Standards Association to mandate an increase in the weight of material used in the mask and an increase in the minimal mask‑to‑face distance. Often, even the well‑protected player has a portion of the face exposed, and this area is susceptible to injury by the puck.
	The hockey stick is also responsible for a significant number of injuries in this sport.  Studies have shown that the face of the stick travels 100 to 200 km.h-1 during shooting.  The hockey stick is commonly responsible for maxillofacial, eye, and dental injuries.  In a study of 2,680 hockey injuries in Switzerland, most injuries (25%) were caused by the hockey stick.  Additionally, the stick can be used intentionally as a weapon.
	Hockey skates are by their nature hazardous because the sharp metal blades can easily lacerate skin, muscle, nerves, blood vessels, or any combination of these tissues. The shoe portion of the skate provides significant ankle support and plays an important role in preventing ankle injuries.  
	Finally, the playing environment is a key factor in injuries associated with hockey.  The playing surface, ice, is very hard, and a direct blow against the ice surface can cause contusions or fractures.  The goal posts and side boards likewise provide very little cushioning for the rapidly moving player.  The mechanisms and frequency of hockey injuries are shown in Table 1.

Types of Injury

	Knowing where, anatomically, an injury is likely to occur is very important so that equipment can be made or modified to protect locations that are at high risk for injury.  Overall, muscle strains and contusions make up the majority of hockey‑related injuries.  The groin is the most common location of a muscle strain.  Proper stretching, strengthening, and conditioning are important in preventing this type of injury.  Another type of injury to the lower extremity is a thigh contusion.  Usually, a thigh contusion is a minor injury, which can be adequately treated with rest, compression, and icing.  Occasionally, however, a thigh contusion can result in myositis ossificans, or the formation of bone within the quadriceps muscle.  This problem can be very serious and may lead to permanent stiffness and limitation of strength.  Rarely, a thigh contusion that results in significant bleeding into the thigh can result in a frank compartment syndrome, which is a potentially limb‑threatening condition.  For these reasons, thigh contusions should be treated judiciously, and medical attention should be sought if severe swelling or pain develops.  
	Knee injuries occur in hockey and are most often caused by a lateral or medial blow to the knee, resulting in injury to either the lateral or the medial collateral ligament.  Anterior cruciate ligament injuries occur but with less frequency than in basketball or volleyball. Again, the hockey skate appears to protect the ankle joint, and for that reason ankle sprains are relatively uncommon.
	Low back injuries often occur in hockey, most commonly in the form of paraspinous lumbar muscle strains. Less commonly, acute spondylolysis or fracture of the pars intra‑articularis of a lumbar vertebra occurs, particularly if the player is "stood up" during a check.  This injury can result in long‑term low back pain and should be treated seriously.  If the injury is diagnosed in the acute stage, the player should be immobilized in a hyperextension lumbar orthosis or a body cast until the fracture has healed. Often, this injury is discovered several months or years after the injury, and at that time it should be treated symptomatically. 
	Shoulder injuries are relatively common, particularly those of the acromioclavicular joint.  Injury to this joint results from a direct blow to the shoulder. In its mildest form, the ligaments of the joint are injured but not completely disrupted, but in the most severe form of this injury, both the acromioclavicular joint and the coracoclavicular joint are completely disrupted.  In a study by Norfray et al. (9), of 77 randomly selected professional hockey players, 45% had an abnormal x‑ray appearance of the acromioclavicular joint, an indication of how prone to injury this joint is in hockey players.  Other types of shoulder injuries include shoulder dislocations (usually anterior) and rotator cuff tears.
	A shoulder dislocation can become a disabling injury, particularly if it is not treated adequately.  The dislocation may result from a direct blow or from extreme external rotation and abduction of the shoulder.  The anterior capsule may tear or pull free from the anterior surface of the glenoid and result in a condition called the Bankart lesion.  If the capsule is not allowed to heal, or if it heals in an attenuated state, chronic instability or frank recurrent dislocations may occur.  Immobilization for 3 weeks followed by limited early active and passive motion exercises are indicated to maintain motion while healing occurs.  
	A variety of injuries can occur to a hockey player's hand.  "Gamekeeper's thumb," or rupture of the ulnar collateral ligament of the thumb metacarpophalangeal joint, often occurs as a result of a fall with the hockey stick in the player's hand.  This injury can result in chronic instability of the thumb and often necessitates surgical repair of the torn collateral ligament.  A variety of fractures can occur in the hand, including scaphoid fractures. "Boxer's fractures," or fractures of the fourth or fifth metacarpal neck, often result from fights and can be associated with lacerations over the knuckles from the opponent's teeth.  These lacerations can result in terrible infections; therefore, they should be thoroughly cleansed and never sutured closed.
	Head and neck injuries are among the most serious injuries a hockey player can suffer (Fig. 1).  Head injuries can range in severity from a mild concussion or "bell ringer" to a life‑threatening epidural hematoma.  Any loss of consciousness should be evaluated by a physician at an emergency medical facility, and the evaluation should include a computed tomography scan, skull x‑rays, and cervical spine x‑rays.  All players with a neck injury should be treated as though they have a cervical fracture or dislocation until this is proven otherwise, again by a physician at an emergency medical facility.  The increased use of helmets has been associated with an increased incidence of injuries of the cervical spine in hockey players.  At first this increase was thought to be due to the weight the helmet added to the head. This theory was refuted by Smith et al. (18), and it is now thought that the increased incidence of cervical injuries is due to the increased use of the helmeted head as an offensive weapon or spear.  
	An injury to the eye can be a potential cause of blindness, but thanks to the work of Dr. Thomas Pashby (10‑12) of Toronto, the importance of using face masks to protect a player's eyes has been recognized.  Dr. Pashby found that the mandatory use of face masks in Canada decreased the number of eye injuries there from 478 in the 1972‑1973 season to 42 in the 1978‑1979 season.  Since this study, the use of face masks has become even more widespread.
	Other types of facial injuries include dental and chin injuries; chin lacerations are particularly common. Hockey sticks and pucks seem to cause most of these injuries. 
	Finally, abdominal injuries are relatively rare but do occur, and a blunt blow to the abdomen is the most common cause.  A ruptured spleen can occur and can be life threatening because of massive internal hemorrhage.  Liver or kidney contusions can also occur.  Appropriate medical evaluation should be obtained if an abdominal injury is suspected.  The anatomic sites and frequency of hockey injuries are shown in Table 2.

Conclusion

	Understanding the etiology and epidemiology of hockey injuries is important in developing equipment, rules, and techniques that enable the hockey player to prevent injuries. The once‑accepted attitude that sustaining an injury is the inevitable result of playing hockey is no longer tolerated. The application of science and mathematics to the sport of hockey has led to there being fewer injuries and more time for the uninjured player to enjoy the sport.  The widespread use of helmets and face masks, along with chin straps, had led to a decrease in the number of head and facial injuries.  Better shoulder padding has decreased the number of acromioclavicular joint injuries.  High‑friction clothing has resulted in quicker deceleration of the sliding player and this has reduced the number of injuries.  The strict enforcement of rules against high‑sticking, elbowing, and fighting also had led to an overall increase in the enjoyment of the sport. Finally, musculoskeletal stretching and strengthening and the use of aerobic conditioning are key factors in preventing hockey injuries.  
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Legend
Fig. 1.  Hyperflexion cervical spine injuries can occur from collision with the boards.  Illegal checking, particularly from behind the player, could be minimized by strict officiating.  (From Sim, F. H., W. T. Simonet, and S. G. Scott.  Ice hockey injuries:  causes, treatment, and prevention.  J. Musculoskel. Med.  6:15‑44, 1989.  By permission of Cliggott Publishing Company.)

Table 1. Mechanisms of Ice Hockey Injuries
.


  Biener and Müller
  Lorentzon et al 
Mechanism
(%)
(%)
Stick
25
11.8
Puck
17
14.5
Collision
17
57.9
Skate
5
2.6
Miscellaneous
36
13.2

From Daly et al. (4).  By permission of Adis International Limited. 
 

Table 2.‑‑Anatomic Sites of Ice Hockey Injuries

Site
Hornof and Nápravik
Biener and Müller
Sutherland
Lorentzon et al.

(%)
(%)
(%)
(%)
Head
37.1
42
7.0
4.8
Scalp and face

   
45.9
23.3
Eye


2.6

Shoulder
21.9
18
8.6
5.6
Hand


2.1
10.5
Thigh (groin)
35.7
21
18.4
15.3
Knee


11.6
17.0
Miscellaneous (back, ribs, foot, ankle)
5.3
19
3.8
23.3
From Daly et al. (4).  By permission of Adis International Limited. 

