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Cervical Spine
and Brachial Plexus
Injuries

Return-to-Play Recommendations

Joseph S. Torg, MD
Julie A. Ramsey-Emrhein, MEd, ATC

Great care is required i manag-
ing cervical spine and brachial
plexus injuries. Athletes who

suffer one or more burners {transient
brachlal plexus injuries) may return 1o
contact achivity when they are asymp-
vomatic and neurologically normal and
have full cervical motion. A vertebra dis-
placed horizontally more than 3.5 mm or
rotated more than 11° is an absolute con-
traindication to contact sports. Gervical
cord newrapraxia is generally benign, baut
patients should be counseled about the
probability of recurrence, depending on
the spinal canalivertebral hody ratio. Uin-
resolved spear tackler’s spine is an abso-
wte contraindication 1o collision sports,
as are axial-load teardrop fracture and
cervical spine fusion of more than three
levels. Spinal cord resuscitation can in-
clude blood pressure maintenancea and
timely methylprednisolone.

It athletic injuries require careful al-
tention, bur evaluation and manage-
rnent of injiries involving the cervical
spine and brachial plexus require
particular caution. Possible nervaus system in-
volvernen ceeates a high-risk situation with linde
ryom for etror, particularly in athletes playing
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cervical spine continued

Figevn 1. Acuie brachial plexus injurfos (Barmers) are Bpically
fraction neurapraxiss fa] that ocoly whenh & biow to the bead
causes shoulder deprossian arvd fatersd neck flexion oweay from
the sikle of the blow. Leinral Roxion of tha nock may afsn
comprass tha narve rocls in e inlarverisbral foramina (5],
cousing & burmer on the sicke oppasiin Hhe Blioer:

recognized injury mechanisms,* and the au-
thors' expedence. The more camman cervical
spre conditions are discussed belew, and a
more complete list of conditions, clasified by
return-io-play recommendations, is presented
intahle 1.

Diagnostic Considerations

Most serionis mparies oo the cervical spine re-
sult from axial loading, as in spear tackling in
football. Forunately, few athletes have more
than fransient newrologic episodes, and even
fieweer inenr permsmnent parilysis.,

An athlete with 2 significant injury will usial-
Iy have a slight torticollis (wry neck posturel,
limitaton of cervical motion, and, if the mowndi-
ticn is chronic, atephy or decreased cervical
pacvertebral muscle bulk. A patien: with torti-
collis, decreased ranpe of cervical motion, and
cervical muscle atrophy requires a complete
neurglogic examinatinn and a radiographic
study, including anteroposterior (AF), lateral,
ablique, open-mearth, and kateral flexion and ex-
tension views. If the findings persist or ff the pa-
tient presents acutely with newrclogic signs and
SYmpioms, a magnetic resonance imaging
(MRI} saxdy shonidd also be performed.

Brachial Plexus and
Nerve Root Neurapraxia

Acute, trarsient bractdal pleas infuries, of-
ten called burners, are typically traction neu-
mpEdas ocourring in younger athletes as a r-
sult of shoulier depression and lateral neck
deviation away from the gide of injury figure
1}.* Chronk: geciurent root neurapraxia, typical-
Iy occurdng in older players, results from corm-
pression of the nerve rood in the intervertebral
foramina secondary o hyperedension and ipsi-
lateral deviation of the head and neck.® Fre-
quently the symptoms can be reproduced by
Spurling’s manewver (figure 2). Nerve root neur-
apraxia is characteristically associated with
foraminal stenosis (fgure 3) and/or degenera-
tive disk changes (igure 4), often in combina-
tion with developmenial cervical stenoses.

Athletes whi experience one or more bum-
ers should wear a cowboy collar (Bgure 5) 1
prevent extrenne hyperextension and lateral
bending of the cesvical spine and should under-
take a year-round nieck andd shoulder strength-
ening progrom. They may return to enilision axc-
tivities when they are asymptomatic, have
naremal strength, are neurclegically nonngl, and
have a full range of painless cervical motion.

continued
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cervical spine contirmed

Fgures 2-7, 9, 10, 12 Cometesy of Jozmh = Torg, WD
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Recurrent burners do not increase the visk of 2
mor: serious neck injury:

Strains, Sprains, and Disk Injuries

Mild injuries to the ligaments, paravertebral
muescles, ard intervertebual disk ave rarely asso-
ciated with neurofogic signs and symptoms. An
injured player will initially complain of neck
pain and have imited range of cervical motion.
After appropriate treatmeni, these individuals
may redirn to activity when they ace asymp-
tomatic, have normal muscle srength, and have
a full range of pain-free cervical motion

1n individuals with injuries involving minor

laxity, the situation is less cleac Al-
bright et al” showed that 10% of freshman foot-
ball recruits at the University of kowa demon-
strated *abnormal motion.” This finding is
consistent with our experience and sugpests that
some high school and college football players
may have miror bty without apparent adverse
effects. The degree of accepable instability ar
laxity is, of course, the question.

Though po available reseanch sets the upper
limits of instability clearly enough for dinical
use, the wark of White et al’ is helpful. Using lar-
eral rafiographs, they dearly demonstrated theat
a vertebra displaced horizontally more than 35
mm or rotated paore than 11° relative to an adja-
cent vertebra represents spiral instability—cer-
tainly an absolute contraindication o furthes
participation in coflision activities. Less vertebeal
displacement or rofation can be considered a
rehative conkraindication, depending on the ath-
lete’s level of performance, physical habitus,
playing positon, and results of imaging shudies
to rule ou disk disease or cocult fractares {figue
£). An experienced spors medicine orthopedist
should be consulted to assist in deciding if par-
ticipation is safe.

Acute cervical disk disease associated with
limited cervical moiion andfor neuralogic
sipns and symptoms is an absolute contraindi-
cation. However, chronic degenerative disk
changes (figure 7) in individuals who are neu-
rologically normal and have full muscle
sirength and mnge of cervical moton are a rel-
ative coniraindication.
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cervical spine continued

Cervical Cord Neurapraxia

Qur research has previously described cerd-
cal cord neurapraxia (CCN) as a distinct clinical
emtity and, using x-ray measurements, has iden-
tified the cause as developmental narrowing of
the AP diarneter of the cenvical canal in combi-
nation with acute mechanical deformation: of
the spimzl cord?

The typical dinical case involves an athlete

THE FHYSICIAN AT SPONTAMEDHC I & Vol 25 = No- ¥ = iy F

Flgure 6. A irtars! radiograph {a) of a 21-pear-ald
Wmﬂmmmmm
oract neutral position demonstirles anlarior
dispfacamettt of C-6 oit ©-7 of less than 3.5 i
mj.h#mmpaﬂml,ammd
tomograply (CT) scan (b of C-G i the axfal plane
demmnnsiraies a fracture 1o the fateral mass
wwrwmne&m
of the fracture, would be an absolute contraindi-
cotian to further pariicpation in contaet sporks.

Figures 5, 7, 92, 10, and 12a are repinkad with
permission e Torg 15, Ramsey-Ervhiain JA:
Monagement guidewnes for particpation in collison
activities with congenilal, develommerital, o peatinury
tesinns imvoking the cendcal spine. Med Sd Sponts
Ewerc 1987:28(7, cincal s, 10 be puciished.

who has an acute transient neurologic episode
of cervical cord origin. Neurologic findings may
include both arms, both legs, all four exeernities,
or an ipsilateral arm and leg. The symptoms
may resuli in sensory chamges with or without
motor findings. Sensory changes inchede bum-
ing pain, numbness, or tihgling motor changes
consist of weakness or complete paralysis An
episode usually Jasis less than 15 minutes, al-

continted

&7




cervical spine continued

i

Fiqwe 8. In tha prazance of cervical
canad stonasis, a pincer-like
machanizm can cause cervced cord
nawrapraxia. As shown hare, thic
ocars wirer fryymiaxtansion of the
cerviea] spine causas the posherior
infaricr azpact of one verlebral body
ad the antarior seperior espect of
the fantina of the subfscent verlebra
to comp ingother. The mectumisnr
also can acour in flexion when e
Larnéna of tho superior verfelbrs and
tha pasterior superior aspect of the
subdacont vertebral body came
togethar in both cases, twe
approximation causes 3 stddan
decrease i the arlangsisrion
dismeler of tha canal, compressing
the spinad cord.

though some cases may take up ta 48 hours o
resolve. Complete maotor function and full, pain-
free cervical moton noanally returm.

‘Pincers’ mechanism. The relationship be-
tween developmenial cervical canal narmowmg
and CCN has been clearly established.® In the
presence of cervical canal stenosis, CCN results
from cord compression dug to a “pincers”
mechanism figure 8). This mechanism ocours
when hyperextension of the cervical spme tans-
es the postertor inferor aspect of the superior
veriebral body and the anterior superior aspect
af the lamina of the subjacent vertebra w© come
together; conversely, in flexion the lamina of the
superior vertebra and the posietior superior as-
pect of the subjacent vertebral body come [o-
pether. [n both cases the approximation causes a
suddden decrease in the AP diameter of the canal
at that cetvical level, resulting in compression of
the spinal cord.

The reladonship between EmporEry nedro-
logic dysfunction and cord deformation has
been explained through the study of a squid ax-

“on injury model. Torg et al” conelated the chini-

cal findings of reversible cord delics with the
histochermnical response of izolated newral and
vascular elements subjected te conirolled me-
chanical deformation. Neurclogic recovery fom
mechanical deformation 15 inversely propor-
tional to a rise in the intracelular calcium on
concentmation, which is divectly proportional to
the amount angd mie af lension applied to the

confinued on page 51
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cervical spine cortinLed from page 72

cervical cord CON appesrs to involve: mpid cord
defermation without loss of spinal stabiliey or
ccll damage, and recovery of axonal functon is
nat impeded by the deleterious effects of Jocal
anoxia fom venons spasm.

A hemign conditiem. In the absence of insta-
Bility or structural deficiency of the cenvical
spine, GCM appears to he elinically henign.
Torg et al, in a study of a large group of foot-
ball players who had cervical spine stenosis
and episodes of CCN, found that 109 of 110
athletes had complete neurologic recovery and
that no permanent morbidity occurred in the
63 patients who reterned to coniact sports.
{The one case of imeversible neurclogic injury
was a direct complication of surgery) Further, a
study? of MRI images of 25 professional foot-
ball players who had CCN episodes with signif-
icant eervical canal stenosis and cervical
spondylosis showed that all patients with actu-
al cord comypression from degenerative disks
safely remumed to contact activities. Thus, de-
velopmental or spondylitic stenosis, regardless
of the degree of canal narrowing, does wot re-
sult in irreversible cord injury.

Predicting recurrence. Though patients who
hawe an episode of CCIN are i at increased risk
of permanent injury when they reoam o contact
sports, they should be advised that they may
have recurent episodes. Thirty-five {96%) of the
62 aforementioned patients who returned to
contact actnities after 2 CCN incident bad a re-
turrence. Participation in foatball and increased
steriasis raise the nisk of recurrence. MRI mea-
surement of disk-level canal diameter was the
best predictor of reonmence risk, followed by the
ratio of the spinal canal diameter to the vertebral
body diameter (figure 9a) and by the space avail-
able for the cord. Given the techmical require-
ments for making an accurate MRT meastire-
ment, the ratio is the method of choice in
general practice,

Although Herzog et al* have suggested thar
the ratin is overly sensitive in diagnosing cervical
Stenoss, it is a wliable, accurte, and accessible
methad for quantifying the risk of CCN mecur-
rence when used with the probability-of-recur-
rence graph (figure 9bk. With the ratio and (he

coniired
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cervical spane continuad

graph, a physician can counsel patients with
CCN regarding their risk of reaurrence. For ex-
ample, a OCN patienit with a spinal canalfverte-
bral body ratio of 0.5 has apprmdmately a 75%
risk of a recurrent episode. Because of the low
specificity and low positive predietive value,
however, the canalfwertehral body ratio should
not he used as a screening test for athletes who
have not had an episode of OCN.

Several imvestipators have observed an in-
verse relationship between increased postirau-
matic myelopathy and sagittal diameter of the
cervical canal in parients suffering fracnure, dis-
kocation, or inkability of the cervical spine.** In
the semies of Torg et al.™ there was o comelation
between the severity of the clinical manifesta-
tions of CCN and the degree of nammowing. But
unlike patients in the other studies, the latter pa-
tiznts did not have loss of cervical spine stabifity:

Retun-to-play recommendations. Though
we believe that CCN is 4 benign enriry, all pa-
tients should undergo a routine plain-filrn radio-

eraphic and MR examination. Patients with un-
complicated CCN ray be advised that they can
return (o contact activides withowt increased
risk of permanent neusologic injury Howeves,
since ihe overall recurvence rte of 56%¢ is relat-
ed to the depree of cervical canal narrowing, pa-
tients can be counseled regarding the risk of re-
curence using the following recommendations:
s Asymptomalic patients with a cnalfvertebral
body ratic of (.8 0r less: no conmaindication,

& Patients with a ratio of 0.8 or less who have
had one CCN eprsode: relative contraindication;
® Patients with CCN episodes and degenevative
changes and/ or intervertebral disk diseases rela-
tive contraindication;

® Patients with a CCN apisode and MRI indica-
tion of ¢cord defect or edemna: relative to absolute
conltraindication; amd,

» Patients with a CCN episode, ligamentous in-
stahility, neurologic symptoms lasting more
than 36 hours, and/or multiple episades: abizo-
lute contraindication.

- i

e
aduge.

Probabillly of Reourrence
[ - L

LN RS

Figura 8. In patients who hava had 3
corvical cord neurapraxia {CON),

spinal canal stenosis increases the
rigsk of CCN recurmence. The risk is

4 5 & JF &8 8 1

1.1 1.2 1.3
Disrneter Ratio of Spinad Canal to

Vertebtral Body

mversely relabted fo the ralio of tha
spinad canal dhanmeder to tha

verfobrad body disnreier; This ratio (3] Is the distance [x] fron: the midpaind of tha pasiarfor
aspect of the werfobral body In the nearast point in tha carmaspixding Lrminar B, oivided bnr
tire armteroposiorior width (vl of the vertabral body. A graph (B givas tho appraimoats sk of
recirrence &3 8 furction of the rath, pormitting appropriate conbsoling of CCN patlonts
‘reggrding relorn 1o play. The oraph was derivad hy means of logistic regrassion amalysis of
dxa thal showed ifve risk of necwmance to be Inversaly ralated o conal diameden
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cervical spine continued

Frumre 10 Lateral views of the convical spime in
netrival poxition fa), Rexion ), and sxtension o}
demonsirais radiographic features of spear
tackiar's sping in & 20-year-oid collogs football
ployar Tha neutrsl position shows a loss of
oMLY carvica lordosiy witlr a dagres of
yphosts; dovalopmoania noirowing of the
canvical canal and sigis of an old compression
frfurry Fmvolving C-35 are also avident. The fexion
motion. Tins pattent continued o piay footialf
] stohserpnantly susiained a C3-4 deslocalion,
whilch rondlored hirm permnemently quadripiegic.

sult of repeated axial loading and micreirauma
te the spinal structures and may or may not be
reversible. The straightened cervical spine acts
lie a segmented column (figure 11}, predis-
posing the spine to permanent neurtlagic in-
jury with further axial loading; dus, the combi-
Spear Tackler's Spine nadon of spear tackler's spine and head-first
Spear tarkler’s spine is a condition that oe-  rackling is extrernely dangerous. Spear tackler's
curs inn football players who habitually use the  spine is therefore an absolute conmeindication
head as the initial point of contact.™ Flain ra-  to further partcipation in contact sporis.
diographs (Agure 10) of the condition show cer- In patients whase loss of cervical lorlosis is
vical stenosis, posiosumatic changes, and loss  reversible, a return to activity may be consid-
of the normal cervical londosis. An crect lateral  ered when the normal lordoie curve renarms.
view of the neck in neurral alignment best  Counseling reganding the perils of bead-first im-
sherers the loss of the normal cervical lordosis.  pact & imperative, as is the teaching of safe
The straightening of the cervical spineis the re-  tackling technigques.
coninred
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cenvical spine continued

Finwe 11. Spear tackiar's sping
involves foss of normel corvical
lordosis. Wiwer subjected to an axisf
loaxding force, the strolghitanad
cendcal spime bohowas ke o
seqrermed column. Thae force st
ecormpresses the imlerverinbral discx
fa ard b). As rraxirmism compression
ki reached, the spine Bexas and
buckies jc) with mepiting fFaciore,
sublxation, or cislocation {d ored e}
The combination of spear tackler's
spine amd food-frst Lackifog is
exiremely dangorous.

‘

Fractures

In a patient with or without ligarnentons laxi-
ty; an acute fracture of either the vertebral body
of the posterior elesnents is an absolne con-
trindication to participation. Fenwever, depend -
ing on the type and locadon of the fracture,
healed lesions may or may mot prechude further
participation (table 1). Consultation with an ex-
perienced sports medicine orthopedist showld
be obtained to assist in deciding whether further
participatim is prudent.

The axial-load teardeop fracture. This frac-
tare i5 a variant of the burst factur: amd is differ-
ent from the folated tear-drop fracture ¥ The
latter (Rgure 12a) is a fracture of the anteminferi-
or comeer af the vertebra and is net usually asso-
ciated with permanent neurcfogic sequelae.

In couitrast, the: axial-load Eandmop facmre (-
ures 12h, 12¢, and 12d) s a three-part, two-plane
fracture induding 2 sagittal vestebral body frachure
and a fracture of the posterior neural arch 1t &
caused by severe compression. Although the
nam: foclses amention on the anteroinferior ver-
tebral body factare. the unstable fachure pattem
i acaally respensible for encroachment on the
spmal cord, which resufts in the pasbysis chat fre-
quently accompanies this injury,

Cervical Spine Fusion

A patient who has undergone spine fusion
does not necessarily have we avoid contact activ-
ities, but recammendatons vary acoording o

a6

the individual s signs and symptoms and the lev-
el ofverzbral fusion:

* No contraindication for patients with a stable,
ong-level anterior or posteriny fiion at C-3 or
below, so long a5 they are nenrologically nommal,
are free of pain, and have a normal range of cox-
vica] motion.

# Relavve contraindication for patients who
have a stable, two- or three-level anterior of pos-
teriar fusion, are neurolegically normal and
asymptomatic, and have full, painless cervical
motion. It appears that these patients should on-
Iy rarcly be permitted to return to contact activi-
ties, berause stresses at the articulztions of the
veriehrae adfacent to the fusion will probably inr-
crease and rmay lead to dogenerarive changes.

® Absolure contramdication for diose with anteri-
or or posterior fusion of more than threelevels

Spinal Cond Resuscitation

Research over the past 20 years has deady es-
tzblished the principles of brain esuscitatien in
the managemenl of clused head injuries. The
pathophysiologic and mechanistic phenomena
causng morhidity in these head injuries ave the
same as those rausing mochidity in acute spinal
card trauma. " Specifically, secondary spinal
cord tnjury caused by hypoxia, edema, and aber-
ration of cell membrane potentizl s largely re-
sponsible for newrolopic deficits. The methods of
spinal cord resuscitation seek to minimize hy-
poxia, eden:, and aberrations of cel! membmne
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' Figure- Staff Imssiration

wore 12, A ialeral radfograph of the cenvical spine of an 18-year-old football player )
ermonsiraies o isolated tegrdrop fraciure [arrowl of C-5, witich & ranedy, i ever, associalad with
perpdogic involvement. Disgrom [b) shows an axial-foad (eandrop fractuno—a three-part, two-plame
2riabral body compression fracira consisiing of o antarior infarior teandrop frackra with
sagattal wertabral hody fraclurs and azsociated laminar frociure. CT enages {c amd o} damonsirale
e paltcrn of the axfal-foad teardrop frachere in 8 17-year-ofd football phayar. This is 3 markadly
15table fraciune and = chawracterisiically associatod wilh permanent quadripleaia.,

jtential in an attempr to reverse secondary
ranges and enhance nevralogic recovery: These
ethods inchxde the folbmwing:

Treatrnent of ary aberrations of neurnascudar
nction, with partcular regard to maintaining
ood pressure and respraton.

FPrarnpt reduction of spinal deformity sa as o
lieve cord deformatiom,

Frowapt stabilization of the mpred segment of
¢ cervical spme.

E FHSARN ANDH SPORTAMEDECHNSE & Vol 25 = Mg, T = July 87

= Use of intravenpus corticostersids in recom-
merxled doses. ®Within 8 hows of injurry, meth-
)r]pIEdn.is::lcme. an I'l]g.lrkg, should be Fiven as a
bolus, follorved by an infusion of 5.4 mgfkg/ha
for 23 hours, In a major irial, 19 patdents who re-
ceived methylprednisclone within 8 bours of in-
jury improved significantly ai 6 months com-
pared with those who meceived a placebo. The
sternid may suppress the breakdown of the cell
membiane by mhibiting lipid perradation and

continied
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cervical spimve continued

hydrolysis at the injfury site. When lipid peroxi-
datéon e inhibited, the vasoreactive products of
arachidonic acid metabolism decrease and
hload Bow at the site of injury is improved.

# [Ize of cerebrogangliosides, such as Sygen
(GM-1), in an attempt ta facilicite the patiert’s
NIEICIORIC Tecovery.

Individuabzed Advice

The propesed recoimmendations for memag-
ing cervical spine injuries are based on the best
available infornration. As more data are gath-
ered, however, changes may be necessary. In de-
ciding whether or not an athlete can safely re-
um ta contact sports, the athlete’s age, expa-

riemce, ability, position, and level of participation

should be considered along with the recom-
mendations, FEM

FLor more information on this subject, see Tog 15,
Bamsey-Bmrhein IA: Management guidelines for
participation in collision activities with
congenim, developmental, or postinjury lesions
involuing the cervical spine. Med Sci Sports Brerc
199727, climical suppd), 1w be published

Address cogrespondence 1o Joseph S, Targ, MDD, Alleghe-
my University Hospitals-Center City, Broad and Vine,
Philadelphiz, PA 19802-1192; send e-mail to trgmd @
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