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“The football fields of our nation have
been a vast proving ground or laboratory
for the study of tragic neurological

sequelae of head and neck trauma in man’
Richard Schneider 1967
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Hyperextension or Hyperflexion as
Mechanisms for Catastrophic Cervical Spine
Injuries
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Fig. 1 {Case 3, p. 108), —Leflt guavd’s head (No, GG s struck by ball carriec’s knee as he dives to make tackle on second
play priow to his retivement From game. (Courtesy Steve Sceho and De. F. Crescents, )



Established common mechanism of injury-head
down axial contact




Mechanisms of Injury

* Football: Tackling— vertex impact

* Wrestling:Driving head into opponent/mat
* |ce hockey:Pushing/skating into boards

* Gymnastics: Fall during dismount

* Soccer: head to opponent or ground




Catastrophic Spinal Injuries in Football

© Intracranial H

Schneider-6/year 1959-63

Torg-20/year 1971-75, peaked in 1976 with 34 permanent injuries in
1976

In 1950’s without face masks shoulder was main area of initial contact

1976: NCAA & NFHSA-prohibited using head as initial point of contact
when blocking/tackling

1977-2001: 10/year—71% defense, tackling 69%, defensive back
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Cervical fracture or fracture-dislocation




MRI spinal cord injury







Striking with crown or vertex of helmet-
straightened cervical spine-less absorption
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Diving Injuries of the Cervical Spine
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lce Hockey-cervical injuries hitting boards,
usually driven into from behind
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Experimental and clinical studies

Management of Athletic Injuries of the Cervical Spine
and Spinal Cord

Julian E. Bailes, M.D., Mark N. Hadley, M.D., Matthew R. Quigley, M.D., Volker K. H. Sonntag, M.D., and
Leonard J. Cerullo, M.D.

Department of Neurosurgery, Allegheny General Hospital (JEB, MRQ), Pittsburgh, Pennsylvania; Division of Neurosurgery, Barrow
Neurological Institute (VKHS), Phoenix, Arizona; Division of Neurosurgery, Northwestern University Medical School (LJC), Chicago, Illinois;
and Division of Neurosurgery, University of Alabama at Birmingham (MNH), Birmingham, Alabama

Injuries to the cervical spine among athletes present inherent difficulties, especially in advising for return to contact sports.
Experience with the acute care of 63 patients who sustained cervical spine injuries while participating in organized sporting
events is analyzed. Forty-five patients had permanent injury to the vertebral column and/or spinal cord, while 18 suffered
only transient spinal cord symptoms. Football mishaps accounted for the highest number of injuries, followed by wrestling
and gymnastics. Twelve patients had complete spinal cord injury, 14 patients had incomplete spinal cord injury, and 19
patients had injury to the vertebral column alone. The majority of the spinal cord lesions occurred at the C4 and C5 levels,
while bony injuries of C4 through C6 predominated. Twenty-five patients required surgical stabilization, and 20 were
treated with orthosis only. There was no instance of associated systemic injuries, and hospital complications were few.
The mean time of hospitalization was 19.1 days for injured patients and 3.0 days for patients with transient symptoms.
A classification was developed to assist in the management of these patients: Type I athletic injuries to the cervical spine
are those that cause neurological injury; patients with Type | injuries are not allowed to participate in contact, competitive
sporting events. Type 2 injuries consist of transient neurological deficits without radiological evidence of abnormalities;
these injuries usually do not prohibit further participation in contact sports unless they become repetitive. 7)pe 3 injuries

are those that cause radiological abnormality alone; these represent a heterogeneous group. The athlete with fractures
invaliina a cianifirant ctrnrtural nartinn nfthe vartehral caliimn lloament inetahilitv eninal caord contnginn ar conoenital
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Spinal Cord Contusion




Spinal Stenosis




Spinal Instability




FIGURE 1. Left, patient 6, preoperative magnetic resonance imaging (MRI) with sagittal and axial images showing moderate stenosis and a large berniated disc at the C3-4
level to the right entering the newral foramen. Middle, patient 4, preaperative MRI with sagittal and axial images showing stenosis, spondylosis, and a broad-based herniated
dise at the C3-6 level to the r::quz. [h'g]']tr patient 9, preaperative MR with :';rgn.m" and axial images siﬂrm:.r'i.r‘-e; stenosis and a ef.jﬂfi:Jf herniated dise at the C5-6 level fa}'&rre‘mf{'}-
along with a small central canal syrinx from C4 to C7.




Dermal Segmentation of Upper Limb
(after Keegan and Garrett)

Although indicated schematically as
distinctly demarcated zones, in actuality
each dermatome overlaps its adjacent
segment

Anterior view

4
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Posterior view




Transient Spinal Cord Injury

e Usually seen football, hockey, soccer, wrestling

* Duration seconds-minutes, up to 48 hrs.
* Quadriplegia, weakness or numbess in all or 2 or more extremities

e Stenosis in 19 (54%)
* No radiographic abnormality in 46%



Transient Spinal Cord Injury-Mechanisms

Neurapraxia
Spinal Cord “Concussion”
Vascular: Central Cord Syndrome variant

“Burning Hands” Syndrome
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Experience with cervical stenosis and temporary paralysis
in athletes

JULIAN E. BAILES, M.D.

Department of Neurosurgery, West Virginia University School of Medicine,
Morgantown, West Virginia

Object. Transient spinal cord injury (TSCI) in athletes presents one of the most challenging clinical scenarios.
Management difficulties in and subsequent return-to-play decisions are especially important in those with cervical
canal stenosis.

Methods. Ten athletes (nine male and one female patients) were evaluated for TSCI. The diagnostic survey includ-
ed physical and neurological examinations, plain radiographs with flexion—extension dynamic studies, computerized
tomography, and magnetic resonance (MR) imaging. Clinical courses were followed and, in those who returned to con-
tact sports activities, subsequent experience was noted.

Symptoms consisted of paralysis, weakness, or numbness in all four extremities, their duration ranging from 15 min-
utes to 48 hours. Radiography revealed no evidence of fracture/dislocation or ligamentous instability. Spinal stenosis
of 8 to 13 mm in length at three or more levels was evident in all cases. Four patients returned to competition without
recurrent TSCI (mean follow-up duration 40 months); six individuals retired.

The occurrence of TSCI is not uncommon in athletes involved in contact sports. The diagnostic workup focuses on
excluding fracture/dislocation, cord contusion, ligamentous infolding or instability, herniated nucleus pulposus, syrinx,
or other surgically correctable lesions. There appear to be two groups of athletes who sustain TSCI: those who expe-
rience TSCI yet in whom radiographic studies are normal, and those with cervical stenosis, the most difficult man-
agement group.

Conclusions. It does not appear that a single episode of TSCI in an athlete with spinal stenosis will substantial-
ly increase the risk of subsequent catastrophic spinal cord injury in those in whom MR imaging demonstrates preser-
vation of cerebrospinal fluid signal.

Key WORDS < spinal stenosis ¢ cervical spine ¢ transient spinal cord injury e+ athlete
p p jury



Transient Spinal Cord Symptoms

Sensory
Quadriplegia/- | 4 extremities | Arms Hemiparesis

SpOI’t N | paresis

Football 4 13 7 3 1
Wrestling 7 4 9) 1 _
Gymnastics 1 _ - 1 -
Baseball 9 1 1 _
Skiing 1 - - 1 -
Total 35 18 10 6 1




Current Evaluation

* Plain radiographs w/ F/E

* Computerized tomography
* Magnetic resonance

e “Functional” MRI

* Non-focal stenosis w/o compromise w/ dynamic studies



TABLE 1

Characteristics obtained in five football players who suffered neurapraxia*

Treatment

Results

Age (yrs),

Sex Position Symptoms Level
20.M  defensive end quadriparesthesia (Grade I1I) C4-5
20 M fullback quadriparesthesia (Grade I1I) Co-7
26,M  defensive back quadriparesthesia (Grade I) C4-5
200 M linebacker BUE paresthesia (Grade I1I) C4-5
2. M offensive line- BUE paresthesia (Grade 1) C3-4

man

ACDF w/o plate
ACDF & plate
ACDF & plate
ACDF & plate

ACDF & plate

played 3 yrs; asymptomatic

played 3 yrs; asymptomatic

played 27 games; new HNP
C5-6; ACDF

played 7 games; new C3—4
HNP; no surgery

played 2 yrs; asymptomatic

* BUE = bilateral upper-extremity; HNP = herniated nucleus pulposis.



Conclusions

* Two types of TSCI w/o correctable problem: cord “concussion” (normal studies)
& stenosis

* No definitive association for subsequent permanent injury :1/117 (0.9%)FB quad
injuries w/ prior Sx-sensory

* Narrow spinal canal leads to deformation

Structural failure with catastrophic injury; not with stenosis.

* Only 4 reported cases of quad injury a/w preceeding spinal cord symptoms

Return to play tolerated especially single episode



Spear Tackler’s Spine

1-Reversal of lordosis
2-Evidence previous, minor cervical fractures

3-Relative cervical stenosis
4-Habitual use of spearing techniques
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Burners-stingers-brachial plexus or nerve root




Foraminal narrowing-common cause of radiculopathy
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due to Flexion and Extension
In Vivo Imaging Study

Morphologic Changes in the Cervical Neural Foramen

Tomoaki Kitagawa, MD, Atsushi Fujiwara, MD, Naoki Kobayashi, MD, Kazuhiko Saiki, MD,

Kazuya Tamai, MD, and Koichi Saotome, MD

Study Desugn Dlmensronaf measurement of cervical

__ neural foramen at various positions, usmg reformatted
' computed tomography.

Objectives. To examine the morphologic changes in

L the neural foramen during flexion and extension of the

s cervical spine in vivo.
: Summary of Background Data. Previous cadaveric

L Studles hﬂVF‘ shown the effart af rarviral eninal mmatine ~a

symptoms in patients with cervical radiculopathy, and
flexion often relieves them. Although cervical motion
may affect the amount of intervertebral disc bulging into
the neural foramen, changes in bony structural dimen-
sions of the Fommen during the motion could also cause
1mpmﬁemant of the nerve root within the cervical fora-
men.”~’ Previous in vitro studies have shown the effect of



Spinal Injury?
Other Diagnoses to Consider

Vascular injury---Vertebral artery, Internal carotid artery
Intracranial injury---contusion, subdural or epidural hemorrhage
Brachial plexus injury



36 Im:13/20
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Subdural hematoma



Ruptured congenital arachnoid cyst
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Spine Evaluation

* Plain radiographs w/ F/E
 Computerized tomography
* Magnetic resonance

* “Functional” MRI
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* Non-focal stenosis w/o compromise w/ dynamic studies
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Torg Ratio-->Functional MRI
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Management Athletic SCI

Initial on-field care

Triage and decision making
Emergency care

Steroid protocol

If indicated, surgical
decompression/stabilization

Rehabilitation




Helmet and shoulder pads
removal




Treatment

Rest

Medications-NSAIDs, myorelaxants,analgesics, Omega-
3 FA’s (pharmaceutical grade)

Physical therapy-multimodality
Pain management modalities
Chiropractic

Rehabilitation

Return to Play



Fl'GURE 3. " o pregpe months pos ative. arrows point to the byperintensity cord
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Outcomes After Anterior Cervical Discectomy and
Fusion in Professional Athletes

BACKGROUND: Significant controversy exists regarding when an athlete may return to
contact sports after anterior cervical discectomy and fusion (ACDF). Return-to-play (RTP)
recommendations are complicated due to a mix of medical factors, social pressures, and
limited outcome data.

OBIJECTIVE: The aim of this study was to characterize our diagnostic and surgical
criteria, intervention, postoperative imaging results, and rehabilitation and report RTP
decisions and outcomes for professional athletes with cervical spine injuries.
METHODS: Fifteen professional athletes who had undergone a 1-level ACDF by a sin-
gle neurosurgeon were identified after a retrospective chart and radiographic review
from 2003 to 2012. Patient records and imaging studies were recorded.

RESULTS: Seven of the 15 athletes presented with neurapraxia, 8 with cervical radi-
culopathy, and 2 with hyperintensity of the spinal cord. Cervical stenosis with efface-
ment of the cerebrospinal fluid signal was noted in 14 subjects. The operative level
included C3-4 (4 patients), C4-5 (1 patient), C5-6 (8 patients), and C6-7 (2 patients). All
athletes were cleared for RTP after a neurological examination with normal findings, and
radiographic criteria for early fusion were confirmed. Thirteen of the 15 players returned
to their sport between 2 and 12 months postoperatively (mean, 6 months), with 8 still
participating. The RTP duration of the 5 who retired after full participation ranged from
1 to 3 years. nasymptomatic for radic ic symptoms or

ONCLUSION: After a single-level ACDF, an athlete may return to contact sport
there are normal findings on a neurological examination, full range of neck movement,
and solid arthrodesis. There may be an increased risk of the development of adjac
se disease above or below the level of fusion. Cord hyperintensi
necessarily p

not

KEY WORDS: Anterior cervical discectomy and fusion, Cervical fusion, Neurapraxia, Professional athletes,
Spinal injury

Neurosurgery 73:103-112, 2013 DOI: 10.1227/01.neu.0000429843 68836.91 www.neurosurgery-online.com

FIGURE 1. Lateral C-spine radiographs of 2 patients (A and B) demon-
strating solid arthrodesis ar the operative level 6 months after surgery.
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Cervical neurapraxia in elite athletes: evaluation and
surgical treatment

Report of five cases

JoseprH C. MAROON, M.D.,! HIKMAT EL-KADI, M.D.,! ADNAN A. ABLA, M.D.,!
DANIEL A. WECHT, M.D., M.SC., F.A.C.S.,! JEFFREY BosT, P.A.-C.,!
JOHN NOrwIG, A.T.C.,> AND Tim BREAM, A.T.C.?

'Department of Neurosurgery, University of Pittsburgh School of Medicine—Presbyterian Hospital;
*The Pittsburgh Steelers Football Organization, Pittsburgh, Pennsylvania; and *The Chicago Bears
Football Organization, Chicago, Illinois

Object. Neurapraxia, transient posttraumatic paralysis of the motor and/or sensory tracts in the spinal cord, may
be a career-ending event in an athlete. Management, rehabilitation, and return-to-play decisions remain controver-
sial.

Methods. Five elite football players were evaluated after experiencing episodes of neurapraxia. All patients expe-
rienced bilateral paresthesias—three in all four extremities and two in the upper extremities—Ilasting a few minutes
to more than 24 hours. Transient motor deficits occurred in two individuals but caused no permanent sequelae. Neu-
roimaging confirmed the presence of herniated discs, focal cord compression, and no parenchymal changes in all
cases.

All patients underwent anterior cervical microdiscectomy and fusion, and cervical plates were placed in four. After
aggressive rehabilitation and confirmation of fusion ranging from 9 weeks to 8§ months postoperatively, the players
were allowed to return to active play. Two of the players developed recurrent career-ending disc herniations, one above
and the other below the fusion level. One player required repeated spinal cord decompression.

Conclusions. Neurologically intact athletes with focal cord compression due to a single-level herniated disc may
safely return to football after undergoing decompressive surgery and confirmation of fusion. It appears, however,
that there may be an increased chance of repeated herniation above or below a fused level.

KEYy WORDS + neurapraxia ¢ spinal concussion ¢ spinal stenosis
transient spinal cord injury -+ quadriplegia



RESEARCH—HUMAN—CLINICAL STUDIES

Significance of T2 Hyperintensity on Magnetic
Resonance Imaging After Cervical Cord Injury and
Return to Play in Professional Athletes

Zachary J. Tempel, MD* BACKGROUND: Cervical cord magnetic resonance imaging (MRI) T2 hyperintensity is
Jeffrey W. Bost, PA-C* used as evidence of cord trauma in the evaluation and management of athletes in
John A. Norwig, M.Ed., ATC} contact sports. The long-term pathophysiologic and prognostic value of this finding is
poorly understood, especially in return to play (RTP).

OBJECTIVE: To examine the significance of T2 hyperintensity in the cervical spinal cord
*Department of Meurological Surgery, of prOfESSional athletes.

University of Pittsburgh Medical Center, —~ METHODS: Retrospective review of MRI T2 hyperintensity findings between 2007 and

Pittsburgh, Pennsylvania; iPittsburgh . . . . . . " "
Steelers Football Club, Pittsburgh, 2014 in 5 professional athletes. Pertinent examination and demographics, including

Joseph C. Maroon, MD*

Pennsylvania mechanism of injury, surgical intervention, radiographs, MRI studies, long-term out-
comes, and RTP recommendations were collected.
Correspondence: RESULTS: Four National Football League players and 1 professional wrestler had prior

Joseph C. Maroon, MD, - 1 1 M "
Department of Neurological Surgery, traumatic neurapraxia that at the time of initial consultation had resolved. MRIs showed

University of Pittsburgh Medical Center, congenitally small cervical canal (1) and multilevel spondylosis/stenosis/disc herniation

i“? LO‘C*"OP Street, (4) along with focal cord T2 hyperintensity (5). The signal abnormalities were at C3/C4
Pi”r'ttijréh PA 15313 (3), €4 mid-vertebral body (1), and C5/C6 (1). Four athletes had single-level anterior
E-mail: maroonjc@upmc.edu cervical discectomy and fusion, and 1 was nonoperative. Serial MRl imaging at 3 months
after surgery showed hyperintensity partially resolved (4) and unchanged (1), and at
Racaived, November 28, 2014, 9-months 3 of the 5 completely resolved. Based on the author’s RTP criteria, 4 of 5 were
Accepted, February 3, 2015. . .
Published Online, March 19, 2015. released to return to their sport. Clearance for RTP preceded complete resolution of MRI
T2 hyperintensity in 3 of 4 athletes. The 2 athletes that have returned to profession sport
Copyright © 2015 by the have not had any additional episodes of neurapraxia or any cervical spine-related

Congress of Neurological Surgeons. complications.

CONCLUSION: MRI T2 hyperintensity in contact sport athletes who are symptom-free
with normal examination and no evidence of spinal instability may not be a contrain-
dication to RTP. Additional observations are needed to confirm this observation.

KEY WORDS: Cervical cord hyperintensity, Cervical cord injury in athletes, MRl T2 hyperintensity, Neurapraxia,
Return to play after cord injury

Neurosurgery 77:23-31, 2015 DOI: 10.1227/NEU.0000000000000728 www.neurosurgery-online.com




TABLE. Demographic Data, Mechanism of Injury, Clinical Features, Radiographic Findings, Management, and Outcome in 5 Professional
Athletes With Spinal Cord Injury and T2 Hyperintensity on MRI”

Quadriparesis
Grade |

Sport/ Neurological
Case Age Position Mechanism Signs Initial S&5S Imaging Management Outcome
1 31 Wrestling Body slam with hyperflexion L'hermitte’s sign Left UE C5/C6 HNP C5/C6 ACDF  Complete
paresthesias resolution
Bilateral triceps Bilateral triceps Focal T2 HI Cleared for RTP
weakness weakness
Grade |l RTP in 6 months
2 35 Football/ Axial loading with hyperflexion L'hermitte’s sign Bilateral UE C3/C4 HNP C3/C4 ACDF  Complete
DL while tackling paresthesias resolution
Right deltoid and Grade | Focal T2 HI Cleared for RTP
biceps weakness
Hyper-reflexia Retired
3 35 Football/ Axial loading with hyperflexion Lhermitte's sign Bilateral UE C3/C4 HNP C3/C4 ACDF  Complete
DE while tackling paresthesias resolution
Grade | Broad T2 HI Cleared for RTP
Retired
4 26 Football/ Hyperextension during open L'hermitte’s sign Quadri- C3/C4 HNP C3/C4 ACDF  Complete
TE field hit after a catch paresthesia Focal T2 HI resolution
Quadriplegia Awaiting final
RTP clearance”
Grade Il
5 28 Football/ Axial loading with flexion and MNone Bilateral UE Focal T2 HI Observation  Complete
LB extension while tackling paresthesias resolution

Cleared for RTP
RTP in 10 months

“DE, defensive end; DL, defensive lineman; Hi, hyperintensity; HNP, herniated nucleus pulposis; LB, line backer; S&S, signs and symptoms; TE, tight end; UE, upper extremity.

“Return to play (RTP) clearance was complicated due to fibro-osseous union after anterior cervical discectomy and fusion (ACDF).




FIGURE 3. 72-weighted sagittal MRI (A) demonstrating preoperative hyper-
intensity at C3/C4 and (B) resolution of hyperintensity 6 months after surgery.




Probable Contraindications to Contact Sports

* Congenital: Odontoid-os, hypoplasia, A-O
fusion, Klippel-Feil, multi-level cervical fusion
* Acquired: prior spinal cord injury, spinal cord

lesion (tumor, syrinx, vascular), Spear Tackler’s
Spine

* Post-traumatic: significant fracture, instability,
symptomatic HNP, post-surgical fusion > 2
levels

* Repetitive transient cord symptoms
* Management and RTP must be individualized
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