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Spectrum of Injury

• Cervical Spine
• Fractures/Dislocations
• Neurapraxic Injuries
• Cervical Disk Herniation

• Lumbar Spine
• Disc Herniation/Degeneration

• Repetitive loading
• Spondylolysis/Spondylolisthesis

• Repetitive Hyperextension



The injuries are most commonly associated with 
high-risk sports:

• Football
• Gymnastics
• Olympic diving
• Equestrian sports 
• Surfing
• Rugby
• Wrestling
• Soccer
• Ice hockey
• Skiing 
• Snowboarding



Cervical Spine



Case 1

• A 19-year-old linebacker, D1college football, has had three episodes 
of bilateral arm tingling and weakness after tackling; the symptoms 
resolved after 30 minutes of rest. 



Acute Spine Injury in Sports

• 10,000 cases of cervical spine injuries occur in the United States, of 
which 10% are associated with athletic events

• Contact sports second only to motor vehicle accidents as the cause of 
cervical spine injury

• More than 11,000 cases of spinal cord injuries occur each year in the 
United States, and again, approximately 10% are sports related 
injuries, with these injuries ranking as the fourth most common 
mechanism of spinal cord injury.



• The most extensively studied sport is American football, and one of 
the largest databases of football related injuries that has been 
assembled is from the Annual Survey of Football Injury Research 
(ASFIR), which has completed data from 1931 to 2007.

• 1006 direct football-related deaths have occurred 
• 12% of these deaths resulting from cervical spine injuries.



• In 1976 the incidence of permanent quadriplegia in college football players 
was 10.66 per 100,000 participants. 

• The incidence was reduced to 1.33 per 100,000 participants after spear 
tackling was outlawed and helmets were modified.



Cervical Spine Radiographs

• Includes: AP, lateral, Open-mouth odontoid view
• Must include top of T1 vertebra
• Inadequate radiographs are the most common reason for missed injury to 

the cervical spine
• Assess alignment by looking at the four parallel lines on the lateral 

radiograph
• Look for subtle abnormalities such as

• soft-tissue swelling
• hypolordosis
• disk-space narrowing or widening
• widening of the interspinous distances





• Evaluating Alignment
• Anterior Vertebral Line
• Posterior Vertebral Line
• Spinolaminar Line
• Posterior Spinous Line









Cervical Spine Fractures and Dislocations

• Upper Cervical Spine Fractures
• Injuries to the Posterior Tension Band
• Compression/Burst Fractures
• Injuries to the Anterior Tension Band



Upper Cervical Spine Fractures
• Upper cervical spine fractures in athletes 

are rare. 
• In a study of 196 high school and college 

American football players with cervical 
spine injuries, Boden et al reported that 
only 4.6% of the cervical spine injuries (9 
of 196) occurred in the upper cervical 
spine.

• The sport most commonly associated 
with upper cervical spine injuries is 
mountain bicycling

• Because of the heterogeneity of upper 
cervical spine injuries, no single 
treatment algorithm is suitable for all 
athletes in whom these injuries occur. 



Injuries to the Posterior Tension Band

• Substantial axial load across a flexed neck. 

•In a study of 36 rugby players with cervical spine fractures,  a substantial SCI in 90% of the rugby 
players who had a bilateral facet dislocation compared with only 58% of the rugby players who had other 
types of cervical spine injuries.



Injuries to the Posterior Tension Band

Surgical stabilization is necessary 
for almost all athletes in whom a 
posterior ligamentous complex 
injury is diagnosed

Recommend surgical stabilization 
for facet fractures that are 
displaced, greater than 1 cm in 
height, or involve more than 40%



Compression/Burst Fractures

• Compression fractures can 
occur if an athlete sustains 
an injury in which an axial 
force is transmitted across 
a neutrally aligned or 
slightly flexed cervical 
spine, which results in an 
increase in intradiscal 
pressure and eventual 
failure of the vertebral 
body.



Compression/Burst Fractures
• Compression fractures involve only the anterior column; therefore, 

compression fractures are never associated with neurologic injury. 
• Burst fractures, however, involve the posterior vertebral wall; therefore, 

retropulsion of a burst fracture can lead to substantial neurologic 
sequelae.

• The incidence of neurologic injuries in athletes that result from a cervical 
burst fracture varies based on sport.

• MacLean and Hutchison - reported no neurologic symptoms in rugby players who 
had a burst fracture

• Dodwell et al – reported neurologic injury in 11 of 13 mountain bicyclists who had 
a cervical burst fracture.



Injuries to the Anterior Tension Band

• Distraction-Extension Injury
• Athlete’s head is subjected to a 

large posteriorly directed force -
Results in tensile failure of the 
anterior longitudinal ligament 



Neurapraxic Injuries

• Neurapraxia /neu·ra·prax·ia/ (-prak´se-ah) usually temporary failure 
of nerve conduction in the absence of structural changes, due to 
blunt injury, compression, or ischemia.

• Cervical neurapraxia can be seen in up to 50% of collegiate football 
players throughout the season.

• Stinger/Burner
• Burning Hands Syndrome
• Transient Quadriplegia



Nerve Root–Brachial Plexus Injury
• Neurapraxia

• Mildest form of injury
• Reversible aberration of axonal function
• Complete recovery occurring almost 

immediately or within 2 weeks
• Axonotmesis

• Disruption of the axon and myelin 
sheath

• Epineurium remaining intact
• Wallerian degeneration distal to the 

point of injury
• Functional recovery may occur, 

incomplete and unpredictable
• Neurotmesis

• Is rarely seen in athletes
• Complete disruption of the nerve



Burner Syndrome (Stinger)

• Most Frequent cervical spine related injury in football
• Temp. episode of UNILATERAL upper extremity burning dysesthesia 

w/ motor weakness
• Pain radiating from neck to fingertips
• Symptoms may last a few seconds to several weeks
• Non Dermatomal pattern
• Weakness usually in the Deltoid, Supraspinatus and Bicep
• Frequently have neck pain



• Three major mechanisms of injury for 
athletes who sustain burners/stingers have 
been proposed:

• Traction injury to the brachial plexus, which may 
occur after a lateral impact to the head causes 
contralateral lateral neck flexion and ipsilateral 
depression of the shoulder

• Direct compression of the brachial plexus at the 
Erb point

• Compression of the exiting cervical nerve root in 
the neural foramen after the neck is forced into 
extension and lateral bending



• The theory that burners/stingers are caused by compression of the 
exiting cervical nerve root in the neural foramen is largely based on a 
study by Meyer et al.

• The authors reported that college American football players who had 
a Torg-Pavlov ratio less than 0.80 were three times more likely to 
sustain a burner/stinger compared with athletes who had a Torg-
Pavlov ratio greater than 0.80



Evidence for Brachial Plexus Injury
• Clancy et al - reported brachial plexus axonotmesis on the 

electromyograms of 10 of 13 athletes who had burners/stingers
• Markey et al - consistently reported brachial plexus abnormalities in 

the nerve conduction velocity studies of 17 athletes with 
burners/stingers.



• In a study of 55 athletes with burners/stingers, 
Levitz et al reported that 93% of the athletes had 
advanced cervical spondylosis and neural foramen 
narrowing.

• Presciutti et al reported that the mean subaxial
cervical space available for the cord (MSCSAC) was 
narrower in athletes who had chronic 
burners/stingers compared with athletes without 
chronic burners/stingers

• The authors reported that a MSCSAC of 5.0 mm or 
smaller had a sensitivity of 80% and a negative 
likelihood ratio of 0.23 for the prediction of 
chronic burners/stingers, and that a MSCSAC of 
4.3 mm or smaller had a specificity of 96% and a 
positive likelihood ratio of 13.25 for prediction of 
recurrent burners/ stingers.



Recurrent Burners

• Less common 
• Associated with cervical stenosis or degenerative changes in the 

“older athlete”
• 45% of athletes w/ previous history have recurrent episodes



Transient Quadriparesis (Cervical Cord 
Neuropraxia CCN)
• BILATERAL

• burning paresthesias
• numbness
• Weakness/paralysis

• Usually lasts 10-15 min. can last up to 48 hrs
• Incidence 7.3 per 10,000 collegiate football players
• Caused by cervical axial compression w/ hyperflexion or 

hyperextension (pincer mechanism)



Transient Quadriparesis (CCN)

• 0.2 per 100,000 high school level
• 2 per 100,000 collegiate level
• Associated with:

• Cervical stenosis
• Congenital
• Acquired

• Kyphosis
• Congenital Fusions (Klippel-Feil)
• Cervical instability
• Disc herniation



Transient Quadriparesis Recurrence

• 56% of player returning to contact sports experienced recurrence
• Risk of recurrence increased with a small Torg ratio
• Athlete, parent and coach must be educated about the possibility of 

recurrence and the uncertainty of degree of risk for reinjury



Return to Play

• When can the individual return to activity?
• Must be asymptomatic
• Must have full, pain free cervical spine range of motion
• Must have normal neurological exam
• Sport and risk of re-injury must be taken into consideration

• Must be done on an individual basis



Return to Play

• Often controversial
• Decision making process involves: athlete, physician(s), 

coach, parents/family, trainers, therapists
• Key factors for return to play are resolution of symptoms, full range of 

motion, normal neck strength
• Burners

• Transient Quadriparesis – Don’t return until fully worked up
• Complete physical
• Appropriate imaging



Return To Play Guidelines





Vaccaro, Watkins et al Return To Play
• No Contraindications

• Fractures
• Healed C1 or C2, normal ROM
• Healed subaxial w/o sagittal plane deformity
• Asymptomatic Clay Shovelers (C7 Spinous Process)

• Congenital
• Single level Klippel- Feil not involving C0/C1
• Spina bifida occulta
• Torg ratio < 0.8, asymptomatic

• Degenerative/Postsugical
• Documented cervical disc disease with occasional neck stiffness/pain no neurological changes
• S/P single level ACDF
• S/P single or multilevel laminoforaminotomy

• Other
• Prior episodes (<3) of a Burner lasting < 24 hrs, full cervical ROM, no neurological deficit
• One episode of transient quadriparesis, full ROM, no neuro deficit, no HNP or instability



Vaccaro, Watkins et al Return To Play

• Relative Contraindications
• Prolonged symptomatic burners/stingers or transient quadriparesis lasting > 

24h
• 3 or more previous episodes B/S or two episodes of TQ. Back to baseline 

cervical ROM & strength. No increase in baseline neck pain.
• Post Surgical

• S/P single level posterior fusion w or w/o instrumentation
• S/P 2 level ant or post fusion w or w/o inst



Vaccaro, Watkins et al Return To Play

• Absolute Contraindications
• Previous Transient Quadriparesis

• >2 episodes of CCN
• Hx or Exam findings of Cervical myelopathy
• Continued neck pain, decreased ROM, or any evidence of neuro deficit from baseline after 

injury
• Postsurgical

• C1/C2 Fusion
• S/P Cervical laminectomy
• S/P 3 level ACF or PCF

• Soft tissue injury/Deficiencies
• Asymptomatic ligamentous laxity (>11 degrees of kyphotic deformity compared to level above 

or below
• C1/C2 hypermobility with an anterior atlantodens interval > 3.5mm in adult and 4 mm in a 

child
• Radiographic evidence of Distraction/extension injury
• Symptomatic cervical disc herniation



Vaccaro, Watkins et. al. Return To Play

• Absolute contraindications (cont)
• Radiology Findings

• Plain X ray
• Spear tackler’s spine
• Multilevel Klippel-Feil
• Healed subaxial fracture with residual kyphosis or coronal plane abnormality
• Evidence of ankylosing spondylitis or DISH
• Evidence of RA

• MRI
• Arnold Chiari
• Cord encroachment following healed, stable subaxial fracture
• Cervical cord abnormality
• Basilar invagination

• CT
• Fixed atlantoaxial (C1-C2) rotary abnormality
• Occiput – C1 assimilation



Return to Case 1

• A 19-year-old linebacker for a college football team has had three 
episodes of bilateral arm tingling and weakness after tackling; the 
symptoms resolved after 30 minutes of rest. 







• Cervical spinal stenosis is a contraindication to participation in 
collision and contact sports.

• Current methods for diagnosis of cervical spinal stenosis rely on MRI 
and CT. Current diagnosis is based on comparisons of measurements 
with normal values. A cervical canal of less than 13 mm is considered 
stenotic whereas a diameter of less than 10 mm is considered 
absolute stenosis as reported by Crowl and Kong. 

• This patient has symptomatic stenosis and should not be cleared for 
contact sports



Case 2
• 21 yo college senior football linebacker. Mid season, tackled ball carrier 

head up.
• Acute onset of neck pain, L arm pain, burning, numbness, weakness. No 

right arm or low extremity symptoms
• Arm pain and weakness resolved over 3 wks. Neck pain and numbness 

persisted although improved
• Exam

• Normal posture
• mildly limited cervical ROM
• Axial compression – neck pain
• 5/5 motor
• Normal: sensation, DTRs











Lumbar Spine



Case 3

• 13 yo female competitive gymnast with complaint of low back pain of 
2 month duration. Past history of lower back pain, which resolved.  
Currently difficult to do gymnastics.  No radicular symptoms. 



• Back and injuries represent as many as 12% of all injuries resulting in time 
out of play in the MLB

• High injury rate likely related to critical role of spine/core in balancing 
complex combinations of upper and lower extremity movements.

• Conservative treatments were initial first line.  
• Rehab or Prehab key to outcome and return to play.













• Trunk axial rotation = increased intradiscal pressured



• Pitchers have significantly more rotational ROM to the non-throwing 
arm side compared to position players

• Pitchers have greater amount of rotational ROM to the non-throwing 
arm side compared to throwing side



Methods: 
• Retrospective study of 342 professional athletes from four major 

North American sports from 1972 to 2008 with LDH. Functional 
outcome measured by successful return to play, career games, and 
years played before and after treatment



Results:
• Surgical treatment group: 81% RTP for average of 3.3 years after surgery
• Age of diagnosis was negative predictor of career length after injury
• MLB had the highest return to play rates
• MLB athletes: Lumbar discectomy led to shorter career compared with 

nonoperative cohort 





• Does not address address the “how and why” athletes are able to 
return to play. Nor sport specific differences 

• “Given that all surgeons involved are reasonably technically well 
skilled in performing lumbar discectomies, could rehabilitation 
programs and not the surgery itself be the determining factor in 
return to play”

• “The key to return to play is the rehabilitation and sports specific 
training program, not whether the patient had surgery or not”



Methods: Study participants were 308 well-trained university athletes (baseball players, basketball players, 
kendo competitors, runners, soccer players, swimmers) and 71 nonathlete university students (reference 
group). Disk degeneration was evaluated using T2-weighted magnetic resonance imaging. A self-reported 
questionnaire concerning low back pain was also conducted. 



• Significant association between lifetime experience of low back pain and participants with disk 
degeneration

• Continuous competitive baseball and swimming activities during youth may be associated with disk 
degeneration. 



Spondylolysis and Spondylolisthesis

• Spondylolysis refers to a 
chronic fatigue fracture of 
the pars interarticularis

• Spondylolisthesis refers to 
a pars fracture with 
associated anterior 
subluxation

• Predisposed by recurrent 
extension loading of the 
spine, 

• 82% occur at L5/S1
• 11% occurs L4/5



Spondylolysis and Spondylolisthesis



Spondylolysis and Spondylolisthesis

• Symptoms of Chronic LBP, increased with extension, may have relief 
with flexion

• Leg pain develops as the slip progresses, resulting in nerve 
impingement

• Spondylolysis is seen in 4-6% of population
• Increased prevalence in sports that involve repetitive 

hyperextension (gymnasts, weightlifters, football linemen)





Treatment Options
• Observation with no activity limitations

• indications
• asymptomatic patients with low-grade spondylolisthesis or spondylolysis

• may participate in contact sports

• Physical therapy and activity restriction
• indications

• symptomatic isthmic spondylolysis
• symptomatic low grade spondylolisthesis

• technique
• physical therapy should be done for 6 months and include

• hamstring stretching
• pelvic tilts
• abdominal strengthening

• watch low grade dysplastic carefully as there is a higher chance of progression

• TLSO bracing for 6 to 12 weeks
• indications

• acute pars stress reaction spondylolysis
• isthmic spondylolysis that has failed to improve with physical therapy
• low grade spondylolisthesis that has failed to improve with physical therapy

• outcomes
• brace immobilization is superior to activity restriction alone for acute stress reaction spondylolysis







Return to Case 3

• 13 yo female competitive gymnast with complaint of low back 
pain of 2 month duration. Past history of lower back pain, 
which resolved.  Currently difficult to participate in gymnastics.  
No radicular symptoms. 







• The patient has a an left sided L5 symptomatic spondylolysis and right 
sided pars stress reaction. 

• The most appropriate treatment is physical therapy with restriction of 
physical activity. Consider TLSO bracing.

• Spondylolysis and isthmic spondylolisthesis are classically seen in 
gymnasts, football offensive lineman and other athletes who do a lot of 
repetitive hyperextension activities. 

• Jackson et al - Level 4 study of 100 female gymnasts and found a pars 
defect in 11% and associated listhesis in 6% of patients, which is a much 
higher incidence than in non-athletic females.



Case 4

• 14 yo female
• Active, previous cheerleader. No hx of injury
• Onset of progressive worsening LBP, with increasing radiating leg pain 

over the last  several months.







Case 5

• 15 year old male w/ low back and left leg pain
• low back pain is worse (60% back/40% leg)
• pain occurred approximately 8 months ago while playing soccer

• going up for a "header" and landed on his buttock
• worsening symptoms since the incident
• difficulty running and jogging as well as going to the gym.
• significant pain with household chores and putting his socks and shoes on.











Conclusion

• Return to play decisions can be complex and controversial.
• Avoid external pressures when making return to play 

recommendations.  
• The hobbyist can be just as persuasive as the professional athlete. 

• Know the red flags.    
• Reach out to Orthopedic Spine or Neurosurgery Specialists when 

needed.  



Thank You


