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ABSTRACT

The purpose of this study was to determine whether
the bumer phenomsanon is associated with cervical
canal and foraminal stenosis in 2 scholastic population.
Lateral cervical radiographs were reviewed for 64 ath-
letes, 15 to 18 years of age, who had sustained at least
one bumer. Contrais consisted of age-matched ath-
lates who hag sustained head or neck traurma without
evidence of the bumner phenomenon (N = 32). Pavlov
ratios were caleulated for fevels G-3 through C-8; both
Rean minimum and mean average ratios were deter-
mined. Available oblique radiographs from both the
study (M = 31) and contral (& = 15) groups were then
used to calculate the foramenfvertebral body rafic—a
measure of relative foraminal height. Significant differ-
ences were found between the burner and contral
groups for the mean manimum and mean averags Pav-
lov ratios and foramendvertebral body rakios. Scholastic
athketes sustaining the bumer phenomenon have an
increased risk of cervical canal and foraminal stenasis
as measured by the Pavlov and foramenfveriebral
body ratios, respectively. The foramenfvertebral body
ralio is an easily reproducible and reliable means of
assessing foraminal dimensions from chliqgue radio-
graphs and controls for x-ray magnification and rota-
tion. Foraminal stenosis assessment may prove useful
in predicting burmer risk, especially in athletes with
exiension-compression irjuries.

“Barners,” or “stingers”, also knovn as trammatic upper
extremity paresthesias, are commonly seen in conteet ath-
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letes, including foothall plavers =nd wrestlers. The inei-
dence of a burner at seme point in the career of college
football players bas been reported to be as high z= 65%
{131 of 201 athletes).'® The burner phenomenon, which
usually results after head or shoulder eontact with an-
other athlete or an object, irvolves the athlete experienc-
ing a sharp burning pain that often radiates distally inte
the ipsilateral srm or hand *™ Temporary paralysis of
the arm can oceur, with recovery ensving usually within
minutes of the injury.'® Differential injury diagnesis in-
clodes cervical radiculopathy, eord eontusion, and bra-
chial plexus infury. Confugion exists as to the site of the
abnormality. The lesion is princpally thought to oceur at
either the npper tnmk™* '% or division (A. Yossett et al_
unpublished data, 1995) 1evels of the hrachial plexus, or at
the root level. " 1% %19 Three chief mechanisms of injury
have been proposed’: nerve root compression in the ney-
ral foramen (that is, extension-sompression, or “root,” in-
juries), brachial plexus stretch (that is, traction, or plexus,
injuries), and a direct blow to the plexus.

Cervical spine hyperextension with or without coneom-
itant lateral flexiom is thought to compress or pinch the -
nerve root at the mtervertebral foramen. Extension-com-
pression Durners oftur in more mature athletic popula-
tions (collegiate and professional) 7-2-1€ They are gener-
ally associated with radiolegic evidence of cervical disk
disease. (m examination, neck pain is frequently seen, as
iz a positive Sparling’s test,'® 1% which evokes figraminal
constriction and often reproduces the athlete’s pain.'®

Brachial plexus stretch Wmjuries occur i the head ia
knocked away from the symptomatic side with concomi-
tant ipsilateral shoulder depre=sion. Theze infuries oo
move comronnly in younger (scholastic) athletes. ¥xmmi-
nadion of these athletes reveals that neck pain is usnally
not a prominent festure and that & Spurling’s test is
negative 12

In 1992, Galinat et gl. {(unpublished data) reported that
National Feotball League draftees with a history of burn-
ers have been shown to demonstrate smaller cervical ea-
nal ratics (as measured by the method of Pavloy et 21.1%
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than draftees without such a history. Becanse the Pavloy
ratio (Fig. 1) incorperates spinal canal dimensions divided
by the anteropesterior width of the adjacent vertehral
body, ingrdinately larger vertebral bodies of sizable colle
glate and professional football players may menerate
falsely low valves.* Perhaps scholastic athletes with more
physiologic vertebral body dimensinns wounld give a more
acturate depiction of cervical stenosis as defined hy the
Pavlov ratio. More recently, Meyer et 212 demonstrated
that cervical canal stenosis i= associated with a threefold
risk of mrurring extension-compression burner imjrries,
but no such asspciation was foumd for plexns injuries
Similarly, Levitz et al.” reported that athleter with recur-
rent burners sustsie rood injuries and have associated
uerﬁcalcanalstmusis,l‘henurﬁnnthatmnalnmuwing
accompanies increased foraminal constriction is verified
in the assueiation of canal stenosis with reot but not with
plexus inguries. Mayer et al.,® Kelly,® and Kelly et al €
have proposed that a namrow canal, with accompanying
shﬂrtenﬂdpedic]es,wﬁlleadtunanuwfbramjna,thus
incrensing the risk of nerve root pinch or compression

‘We sought a more sensitive instrument in predicting
risk for the burner phenomenon, one that could readily
measure foraminal dimensions from plain radiographs.
Thus, we introduce the foramensvertebral body ratic (Fig.
2} which is caleulated by dividing the foraminal height, as
zeen. on an oblique radiegraph, iy the height of the sab-
Jacent vertebrat bogy. Like the Pavlow ratio, it is indepen-
dent of x-ray beam distance and x-ray rotation. The pur-
pose of this sindy was to determine whether the burner
phenormancn is associated with cana! o foramingl stene-
sis, ar both, se measured by the Pavlov and foramen/
vertebral body ratios, rvespectively, in a scholastic
population.

B leAd

Figure 1. Paviov ratic = AB (lateral radiograph)
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Figure 2. Foramensintervertebral body ratin = AB {oblique
radiog raph)

MATERIALS AND METHODS

Subjects

We reviewed the medical records of 97 scholastic foothall
players and identified 64 patients in the specific age range
of 15 to 18 years (mean, 16.6) whoe had sustained at least
one burner. Controls consisted of ape-matched (mean age,
16.4 years} foothall players and wresilers who had sos
tained head and neck trauma without evidence of hurper
phenomenon (W = 32). The study was approved by the
Temple Thniversity Instifutional Beview Boand

Erata Collection

We reviewed AP radicgraphs of the 64 burner patients
amd e=cluded from this study patients who had congenital
anomalies, instability, fractures, osteophytes, or atgnifi-
cant degenerative changes. Povlov rabins were then caleu-
lated for levels C-3 through C-8 from lateral cervieal ra-
dicgraphs. Both mesn minimwm and mesn average ratios
were determined.

Availahle ohliqee radiegraphs from both the burner
(N = 31} and control (¥ = 15) groups were then used to
calculate the foramenfrertebral body rethe. This ratio is
the maxirmal height of the foramen to the hefght of the
subjacent vertebral bady (Fig. 1). The vertebral height is
measwred at the midportion on the obligue radiograph.
ForaminalAvertebral body retios wers caleclated for €-2
through C-6, with the mean average ratios and mean
ymunimum ratios determined. All measorements were con-
ducted by one observer (JDK) and empdnyed fine markings
and direct measurements of radiographic dimensions.
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Garewastﬂkentnmunduﬁ'middleva]mtnthenm
lowest tenth of a centimeter,

Intratester measurement reliability was determined by
repeat measurements for spinal eanal wadih, vertebral
hody width, intervertebral foraminal height, and vertebral
body height for C-3 through C-6. Intratester intraclass
correlation coefiicients ranged from §.82 to 0.96,

Feliability aseessment of the radiographic angle for in-
tervertebra! forammal height and vertebml bedy height
was aleo completed. Oblique radiographs were taken at
307, 4.5’,3nd6ﬂ‘anglesfmmthexagittalpianefarune
subject. Measurements were taken for O3 through C-6.
Results of a one-way analysis of variance revesled no
significant differences in intervertebral foraming] height
(P = 0.44) or vertebral hody height (P = (.75} among the
three test angles tested. In pther words, measurement of
intervertehyal foraminat height and vertebral bedy height
was independent of redisgraphic angle.

Data Analysis

Data were analyzed using deseriptive and inferential sta-
tisties. Pavlov and foramenfvertebral bedy ratio mean gv
sregez and mean minimum levels for C-3 throngh -
were analyzed. Differences between groups (control ver-
sus burner) were analyzed for significance with the inde-
pendent f-test statistic. The SPSSPC+ statistical FProgram
(8PSS Inc., Chicago, Illinois) was used to analyze the data,
The alpha level was set at P < 0.05, and afl probability
testing was completed in the null form.

RESULTS

The mean minimum Pavlov ratio ([plusm]SD) for controls
was 0.94 (1.5} and for the burner group was 0.875
{*0.110). The mean average Pavlov ratic for contrals was
1.018 {=10.165) and for the burner group was 0.044
(+0.14). Significant differonces existed between the con-
trol and burner groups for both the mean minimam ¢ =
—2.367, P = 0.02) and mean average (t = —2.398 P —
0.01) cervieal canal Pavlov ratica.

The mean minimem foramenfvertebral body ratio for
controls was (.72 (x0.07) and for the burner gronp was
0.65 (+.006). The mean average foramenfvertebral body
ratio for controls was 0.79 (£0.05} and for the burner
group waa 0.73 (+0.06}. The differenres betwesn the con-
trol and bumer groups were significant for both the mean
minimum ¢ = 2927, P = 0.007) and mean average (f =
2.54, F = (LO1T? Foramenfvertohral body ratics.

DISCUSSION

Results of electrodiagnostic studies reveal the cause of
burner phennmenon to be both ract™ and plexus! injuries_
It is becarming increasingly apparent that twe major sub-
classifications of injury exist: exten sim-pem pression {Foot)
mjuries and traction (plexus) injuries. While Dossett et al
(unpublished data, 1995), using MRI short tau irversion
reeovery (STIH) images, bave demonstrated the zone of
mjury in traction injuries to be the division level of the
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plexus, the intervertebral foramen is the Froposed site of
extension-compression injuries. Bxtension and COmIpTES-
sion with ipsilateral lateral bending does, i fact, narrow
foraminal Ji i increasing the likelihood of cervical
root pinch, Reproduction of these symptoms with Spurl-
ing’s test and its concomitant foraminal ermstriction rein-
force the notion that the foramen is the =it of neural
ipjury. In this study, both canal and foramina) stenosis
Were assocated with all barners, Using scholastic athletes
{ape= 15 to 18), whe possess relatively physiclogic neck
sizes, may avoid the potential confounding effect of Large
vertebral bodies in caleulating the Pavlov ratio

Previons authors have asswrmed that canal stenosiz in-
directly reflects foraminal stencsis (that i5, narrow ¢a-
nal = narrow pedicles = narrow faramina) 2 However,
the foramen/vertebral body ratio directly measuras rela-
tive feraminal dimensiona.

A weakmess of the present study was the lack of strat
ificatiom of subjects into extension-compression (root) ver-
sus traction (plexus) injuries. Since Mever et al? have
shown cervical canal stenosis to be assoeiated with oot
injurie= only, stratification of our study sample inte root
and plexus injuries wonld have likely shown even stronger
association with canal stenosia for extension and LOImpTEs-
sion injuries. Nonetheless, our data are consistent with
those of previous investigators mmplicating the foramen 28
thEEiteufinjuqforatleastasnhsetufhm'nﬂr
patiengs,” 22 16

For the lumbar spine, 1 significant positive correlation
exists between rompression of nerve roots and foraminal
height Specifically, Hasegewa et 1.2 in their anatomic
stndy determined that lumbsr nerve mot comprageivn
cecurred frecuently if foraminal height fell below 15 mm.
Cervical foramina could similarly be expected to demon-
strate a threshold dimension at which compressiop oecurs.

With increasing age, the following changes are noted to
occur in bath the cervieal and lumbar spines: decreased
intervertelral height, ostecarthritic changes in the facet
Jjoints, caphalad suhhaxation of the superior articular pro-
cesses of inferior vertelwae, annalus protrysion, and lign-
mentum flavum buckling AR of these degenerative
changes may effectively diminish foraminal dimensions
sufficiently to cause compression of the spinal nerre root.
Because extension-compression burners are considered ta
rezult from true root injaries, they would be expected to
cecur more often when there is foraminal constriction
than would plexus bumner injuries. Thus, the mset of
degenerative changes with concomitant feraminal en-
croachment, or narmewing, would be expected to preferen-
tially intrease the incidence of extension-compression
burners, rather than plexua injuries. This 35 indeed the
case seen chinically. Watkins'® and Reilly and Terg?
noted the preponderance of burners in more mature ath-
ketes oocurring secondary o the extension-comprassion
meachanism, Similarly, foraminal stenosis secondary to
degenerative changes may be profound enough to render
an athlete at visk for recurrent humers. Lavitz et al”
reported that 87% (48 of 55} of collegiate and professional
football players snstaining concurrent extension-com pres-
sion burners had evidence of disk degeneration on MRL
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Degenerative thanges seperipposed on a developmentally
narrow foramen ave expected to further incresse the risk
of root injury,

Meyer et al.? have noted that collegiate athlstes dem-
onstrating cervical stenosis hawe approximately a three-
fold increased risk of sustaining an extension-compression
burner compared with nonstenotic eontrols. Contact ath-
letes smstaining recurrent extension-compression burners
whpdemnnstmtemdmlcanalorﬁ:raminalmms,ur
both, wonld be expecied to derive benefit from means to
Ymit cervical compression, extension. and latoral devia.
Hen—all mechanisms that narrow foraminal dimensipns,
Thug, the rationzle for use of neck rolls and callars that
may limit lateral deviation and extension and blocking'
tackling technigues that avoid cervical compression ap-
pears plausible. The efficacy of such means in averting the
burner syndrome, however, iz beyond the scope of this
paper.

CONCLUSIONS

We concluded from this etudy that 1) scholastic athletes
found to have cervical canal stenosis are at increased risk
of eostaining the burner phenomenon, 2) the foremen/
vertebral body ratio is an easily reproducible and reliable
means of assessing foraminal dimensions from oblique
radiographs ard controls for magnifiestion and rotatign,
and 3) foraminal stenosis, lke rervical canal stenosis, is
asgociated with the burner phenomenon and may more
direetly characterize the zone of injury for the extension-
Compres=ion burner.

Association of Burners with Cervical Cona! and Foraming! Stenasis 21%
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