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Introduction

Yeongun-Dong, Jongno-Gu, Seoul, Korea (e-mail: chungc@snu.ac.kr).

Study Design Retrospective comparative study.

Objective A narrow spinal canal is an important risk factor for predicting a spinal cord
injury (SCI); however, the radiologic parameters have not been fully established. The
authors conducted a comparative study to forecast SCI risk by determining a predictive
spinal canal diameter (SCD) cutoff value from magnetic resonance image (MRI) in the
Korean population.

Methods OnT2-weighted MRI of the cervical spine, the SCD at the pedicle (SCDpedicle)
and the intervertebral disk level (SCDy;sk) were measured in patients with SCI without
spinal instability and in healthy subjects. Additionally, the vertebral body diameter
(Dvertebral body) @and intervertebral disk diameter (Dintervertebral disk) Were measured, and
the two ratios (SCDpedicle to Dyertebral body and SCDyisk to Dintervertebral disk) were
calculated. In the SCI group, the extent of high signal intensity on the T2-weighted
midsagittal MRl was determined.

Results The data obtained from 20 patients in the SCl group (18 men, mean age 61.35
years) and 65 individuals in the control group (47 men, mean age 57.05 years) was
compared. All the parameters including the SCD and the calculated ratios were
significantly smaller in the SCI group than in the control group. Among them, the
area under the receiver operating curve (AUC) value for the SCDgisi-t0-Dintervertebral disk
ratio at C2-C3, with a cutoff ratio value of 0.59, provided the greatest positive predictive
value. A low SCDgisi-t0-Dintervertebral disk ratio at C4-C5 and the presence of >40 mm of
high signal intensity on the MRI were related with the presence of complete SCI.
Conclusion Because the C2-C3 level is relatively wide compared with the subaxial
cervical spine, a small ratio at C2-C3 provided the greatest positive predictive value in
SCl. Complete SCl is associated with a small SCDjsi-t0-Dintervertebral disk Fatio at C4-C5
and with extensive high signal intensity on MRI.

damage, and such instances often are described as SCI with-
out radiographic abnormality or as SCI without radiologic

Traumatic cervical spinal cord injury (SCI) is frequently a  evidence of trauma.>~® Most patients with SCI are elderly,
result of spinal fracture and dislocation or an outcome of including those without radiographic abnormality and those
discoligamentous injury.'~3 Neurologic deficits after trauma  without radiologic evidence of trauma. Moreover, such pa-
to the cervical spine may develop in the absence of bony tients have a congenitally narrow spinal canal or exhibit
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degenerative changes such as spinal stenosis, osteophytes,
hypertrophy of the ligamentum flavum, hypertrophy of the
posterior longitudinal ligament (PLL), or ossification of the
PLL (OPLL).*>’ Hyperextension injury to a narrow spinal
canal may lead to intramedullary injury in the absence of a
spinal fracture or dislocation and can frequently result in an
incomplete SC1.3-6-8-12

Although the studies into cervical spine stenosis and its
association with cervical trauma have been reported, the
benefits of prophylactic surgery for cervical spinal stenosis
have not been established.' 13

In this study, we investigated the cervical spinal canal
diameters in subjects exhibiting traumatic cervical SCI with-
out spinal fracture by examining T2-weighted midsagittal
magnetic resonance images (MRIs). Based on our analysis, a
cutoff value associated with neurologic deficits from acute
trauma to the cervical spine was determined. In addition, the
relationship between the SCI severity and the radiologic
parameters was examined.

Materials and Methods

Patient Populations
Between 2004 and 2011, 134 patients underwent operations
for traumatic cervical SCI in our department. Patients with a
facet fracture or dislocation; those with vertebral body,
spinous process, or lamina fractures; and those with inter-
vertebral disk rupture as demonstrated on computed tomog-
raphy (CT) and/or MRI were excluded from our study. Among
those, 20 patients without spinal instability were included in
our SCI group. Patient neurologic status was assessed by the
American Spinal Injury Association (ASIA) impairment scale,
and the injury mechanism was classified as either low or high
energy.'*'® Low-energy injury included a fall onto the
ground level or a fall from a low height (<1 m) and high-
energy injury was a fall from more than 1 m or a motor vehicle
accident. Age- and sex-matched subjects between 40 and
80 years old without prior surgery to the cervical spine and
who underwent cervical MRI in our health screening center
between 2010 and 2011 were included in our control group.
All included patients provided written and informed con-
sent, and the study was conducted with institutional review
board permission.

Radiologic Evaluation of T2-Weighted Magnetic
Resonance Images

For each member of the SCI group, an initial preoperative
MRI was obtained within 48 hours following trauma. On
T2-weighted midsagittal MRI, the spinal canal diameters
(SCDs) at the C3-C7 pedicle levels (SCDpegdicle) and the
C2-C3 to C6-C7 intervertebral disk levels (SCDgisx) Were
measured in both groups (=Fig. 1). Additionally, for
both groups, the anteroposterior vertebral body diameter
(Dvertebral body) and the intervertebral disk diameter
(Dintervertebral disk) were measured on MRI at each pedicle
and intervertebral disk level. The SCDpedicle~t0-Dyertebral body
and SCDg;si-t0-Dintervertebral disk Fatios were calculated at each
pedicle and intervertebral disk level. In addition, the extent
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Fig. 1 Radiologic evaluation on T2-weighted midsagittal magnetic reso-
nance imaging. Spinal canal diameter (SCD) was measured at each pedicle
(SCDpedicle) and intervertebral disk level (SCDgis). After measuring the
anteroposterior diameter of the vertebral body (Dyertebral body) and

the diameter of the intervertebral disk (Dintervertebral disk)» the SCDpediciet0-
Dvertebral body and SCDdisk'to'DintervertebraI disk ratios were calculated.

of the high signal intensity on T2-weighted midsagittal MRI
was measured in the SCI group. Measurements were taken by
an independent observer using picture archiving and com-
munication system software (M-view, version 5483; Infinite
Healthcare, Seoul, Korea) and were recorded to the nearest
0.01 mm.

Statistical Analysis

Descriptive statistics are presented as means and standard
deviations. The chi-square test was used to compare the
gender distribution between the two groups. The t test and
Wilcoxon rank sum test were used to compare age composi-
tion and the measured continuous parameters between the
groups. Receiver operating curves were calculated to evaluate
the accuracy of parameters used to predict SCI. The highest
area under the receiver operating curves (AUC) value was
used to enable derivation of a cutoff value. The AUC value with
the lowest [(1 — sensitivity)? + (1 — specificity)?] value was
selected as the cutoff value. The positive predictive value
(PPV), represented by the proportion of patients with positive
test results that were correctly diagnosed (i.e., true-positives
divided by all positives), was determined. The negative
predictive value, represented by the proportion of patients
with negative test results that were correctly diagnosed (i.e.,
true-negatives divided by all negatives), was also determined.
The positive likelihood ratio was calculated by dividing the
sensitivity by the false-positive rate. The negative likelihood
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ratio was calculated by dividing the false-negative rate by the
specificity. A leave-one-out cross-validation method was
used during re-evaluation of the obtained cutoff value as
an indicator of diagnostic ability. A p value < 0.05 was
considered significant for all statistical analysis results.

Results

Patient Demographics

Of the 134 patients with cervical SCI considered for inclusion
in this study, 20 patients (14.9%) had SCI without spinal
instability and were included in our SCI study group. The
study group included 18 male and 2 female patients, and the
group’s mean age was 61.35 + 12.20 years (~Table 1). The
injury mechanism was high energy in 9 patients (45%) and
low energy in 11 patients (55%). Injury sources were motor
vehicle accident (4 patients), fall of >1 m (5 patients), fall of
<1 m (5 patients), and fall onto the ground level (6 patients).
The initial neurologic status was complete injury in 3 patients
and incomplete injury in 17 patients. The initial ASIA scores
were A in 3, Bin 7, Cin 6, and D in 4 patients. The initial
neurologic level was C3 in 4, C4 in 9, C5 in 4, and C6 in 3
patients. The underlying cervical spinal disease was spinal
stenosis in 13, OPLL in 4, and PLL hypertrophy in 3 patients.
Analysis of the age, gender, injury mechanism, neurologic
level, and preoperative underlying disease data stratified
according to initial neurologic status did not reveal a signifi-

Table 1 Patient demographics in SCI group

Characteristics n

Sex (M:F) 18:2

Age (y) 61.35 £ 12.20

Injury mechanism

High-energy injury MVH 4
Fall of >1 m 5
Low-energy injury Fall of <1 m 5

Fall onto the ground | 6

Initial ASIA scale A 3
B 7
C 6
D 4

Initial neurologic level | C3 4
c4 9
c5 4
c6 3

Underlying cervical Spinal stenosis 13

spinal disease
OPLL 4
Hypertrophy of PLL

Abbreviations: ASIA, American Spinal Injury Association; MVH, motor
vehicle accident; OPLL, ossification of the posterior longitudinal liga-
ment; PLL, posterior longitudinal ligament; SCI, spinal cord injury.
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cant difference between the complete injury and incomplete
injury members of the SCI group (all p > 0.05).

There were 65 individuals included in the control group:
47 male and 18 female subjects with a mean age of
57.05 + 7.41 years. There were no statistically significant
differences in the patient demographic characteristics be-
tween the SCI and control groups (gender, p = 0.137; age,
p = 0.156).

Radiologic Parameters on Magnetic Resonance Images
for Predicting Spinal Cord Injury Risk

The measured and calculated radiologic parameters used to
assess spinal canal narrowing are demonstrated in =Fig. 2. All
parameters, including spinal canal diameters at each pedicle
and intervertebral disk level, and the calculated ratios at each
level, were significantly lower in the SCI group than in the
control group.

The AUC value for predicting SCI was highest for the
SCDgisk-t0-Dintervertebral disk Tatio at the C2-C3 intervertebral
disk level. The associated cutoff value was 0.59 (~Table 2).
When the SCI group members were stratified into subgroups
above and below that 0.59 cutoff value, the PPV was 81.82%
with an associated accuracy of 97.23% (=Table 3). Although
the 0.59 cutoff value based on the SCDg;si-t0-Dintervertebral disk
ratio at C2-C3 maximized both sensitivity and specificity, we
applied the leave-one-out cross-validation method to evalu-
ate the cutoff value’s diagnostic ability. As a result, the AUC
was 0.968 (95% confidence interval 0.934 to 1.000) with PPV
and accuracy values of 80.95 and 96.77%, respectively.

Radiologic Parameters in Spinal Cord Injury Group
When the SCI group was divided into complete and incomplete
injury subgroups, the SCDgjsk-t0-Dintervertebral disk Tatio at the
C4-C5 intervertebral disk level produced a statistically signifi-
cant difference between the subgroups (p = 0.04, = Table 4).In
addition, high signal intensity on T2-weighted MRI was signif-
icantly more extensive in patients with complete injury
(44.91 + 11.39 mm) than in patients with incomplete injury
(24.14 + 1441 mm, p = 0.04, ~Fig. 3).

Discussion

Several studies have reported that a narrow ratio of spinal
canal to the vertebral body (Torg-Pavlov ratio) might be an
important risk factor for the development of cervical spon-
dylotic changes and the occurrence of traumatic SCL>'6-19
The present study was focused on the risk prediction of
traumatic SCI without subaxial fractures and dislocations
compared with other studies.'®'® Hyperextension of the
cervical spine results in significant stenosis compared with
that from flexion. In addition, the cerebrospinal fluid space is
constricted in a narrow spinal canal. SCI could be the result of
cord compression from an underlying osteophyte, PLL hyper-
trophy, OPLL, or hypertrophy of the ligamentum flavum
accompanied by a narrow spinal canal.>'®'” Some authors
have investigated correlations between spinal canal diameter
or space available for the cord and the severity of neurologic
deficits and have assessed the need for prophylactic surgery
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Fig. 2 Radiologic parameters in the spinal cord injury (SCI) and control groups. (A) Spinal canal diameters at pedicle levels C3, C4, C5, and C6 and diameters
at intervertebral disk levels C2-C3, C3-C4, C4-C5, C5-C6, and C6-C7 were significantly smaller in the SCI group than in the control group (p < 0.05).
(B) Calculated ratio of spinal canal diameter at each pedicle to anteroposterior diameter of the vertebral body and ratio of spinal canal diameter at the
intervertebral disk level to diameter of the intervertebral disk were significantly lower in the SCI group than in the control group (p < 0.05).

Table 2 Area under the receiver operating curve

AUC (95% Cl)

Spinal canal diameter (mm)

Calculated ratio®

Pedicle level
& 0.935 (0.867, 1.000) 0.971 (0.939, 1.000)
c4 0.849 (0.751, 0.946) 0.949 (0.906, 0.992)
c5 0.878 (0.786, 0.970) 0.904 (0.831, 0.976)
6 0.786 (0.675, 0.896) 0.804 (0.698, 0.910)
c7 0.758 (0.646, 0.870) 0.796 (0.693, 0.899)

Intervertebral disk level

C2-C3 0.945 (0.897, 0.993) 0.972" (0.942, 1.000)
C3-C4 0.945 (0.895, 0.995) 0.962 (0.923, 1.000)
C4-C5 0.899 (0.822, 0.976) 0.932 (0.874, 0.991)
C5-C6 0.831(0.718, 0.945) 0.879 (0.794, 0.964)
C6-C7 0.807 (0.695, 0.918) 0.855 (0.765, 0.945)

Abbreviations: AUC, area under the receiver operating curve; Cl, confidence interval.

?Calculated ratio of spinal cord diameter at the pedicle to vertical body diameter and ratio of spinal cord diameter at the intervertebral disk level to
intervertebral disk diameter.
bStatistically significant value.
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Table 3 Predicting SCI risk from spinal canal diameter ratio (SCDg;sk t0 Dintervertebral disk) at the C2-C3 intervertebral disk

Original result

Leave-one-out cross-validation result

Sensitivity, % (95% Cl) 90.00 (68.30, 98.77) 85.00 (62.11, 96.79)
Specificity, % (95% Cl) 93.85 (84.99, 98.30) 93.85 (84.99, 98.30)
PPV, % (95% Cl) 81.82 (59.72, 94.81) 80.95 (58.09, 94.55)
NPV, % (95% Cl) 96.83 (89.00, 99.61) 95.31 (86.91, 99.02)

Accuracy, % (95% Cl)

97.23 (94.22, 100.00)

96.77 (93.39, 100.00)

Positive likelihood ratio (95% Cl)

14.625 (5.597, 38.216)

13.813 (5.252, 36.329)

Negative likelihood ratio (95% Cl)

0.107 (0.029, 0.397)

0.160 (0.056, 0.455)

Abbreviations: Cl, confidence interval; Dintervertebral disks intervertebral disk diameter; NPV, negative predictive value; PPV, positive predictive value;
SCDy;sk spinal cord diameter at the intervertebral disk level; SCI, spinal cord injury.

in patients with a narrow spinal canal."®?" In recent studies
of European subjects, it was suggested that a Torg-Pavlov ratio
cutoff value of 0.7 on plain radiography or a minimal disk-
level canal diameter cutoff value of 8.0 mm on MRI provided a
PPV useful in predicting the occurrence of SCL>'3 In the
Korean population in this study, a cutoff value of 0.59 for the
SCDgisk-t0-Dintervertebral disk Fatio at the C2-C3 intervertebral
disk level yielded the greatest PPV for predicting the presence
of SCI.

The mean sagittal spinal canal diameter at C1 to C7 is
reported to range from 15.33 to 20.46 mm with maximal
diameter at C1 and minimal diameter at C4.227%4 In general,
sagittal diameters in females are ~1 mm smaller than in
males at all vertebral levels.? The mean transverse diameters
at the same levels range from 24.45 to 27.00 mm.>* Torg et al
reported that a ratio of 0.80 or less in spinal canal diameter to
the vertebral body diameter indicated a high sensitivity for
transient cervical neuropraxia.?” In those studies, the diam-

eters and ratios were derived from lateral radiographs, and
the obtained measurements were significantly smaller than
those obtained from CT images.?® The measured spinal canal
diameters and the calculated ratios in the present study were
smaller than those previously reported, but these differences
may be related to differences in spinal characteristics of Asian
and European populations.

The spinal canal diameter at the C2-C3 level is typically
wider than that of the subaxial cervical spine. Therefore, a
narrow spinal canal at C2-C3 suggests the presence of
marked spinal stenosis. Determination of a cutoff value at
the C2-C3 intervertebral disk level may enable identification
of patients with a narrow spinal canal. In addition, in our
subjects with complete SCI after cervical trauma, a small
SCDgisk-t0-Dintervertebral disk Iatio at the C4-C5 intervertebral
disk level and the presence of extensive high signal intensity
on T2-weighted MRI were associated with a poor clinical
outcome. Therefore, regardless of the neurologic level,

Table 4 Radiologic parameters in patients with SCI with complete or incomplete injuries

Lee, Chung 319

Complete injury (n = 3) Incomplete injury (n = 15) p Value
Spinal canal Calculated Spinal canal diameter | Calculated Spinal canal Calculated
diameter (mm) | ratio® (mm) ratio® diameter (mm) | ratio®
Pedicle level
c 9.78 + 1.38 0.51 +£ 0.04 9.19 + 1.50 0.48 + 0.09 0.479 0.616
c4 9.81 + 1.04 0.53 £+ 0.01 9.62 + 1.34 0.52 £+ 0.07 0.921 0.958
c5 9.42 +1.59 0.51 £ 0.16 10.05 + 1.06 0.57 £ 0.08 | 0.765 0.842
c6 10.37 + 1.03 0.60 £ 0.10 10.33 + 1.37 0.57 £ 0.10 0.921 0.689
c7 10.85 + 1.84 0.59 + 0.16 11.52 + 1.13 0.65 + 0.09 | 0.546 0.616
Intervertebral
disk level
c2-C3 9.67 £ 1.77 0.51 +£ 0.04 9.31 + 1.47 0.49 + 0.09 0.765 0.842
c3-C4 7.31 £ 1.77 0.39 £ 0.07 | 7.58 + 1.87 0.41 £ 0.11 0.842 0.921
C4-C5 6.53 + 0.89 0.34 £ 0.05 | 8.28 +£1.49 0.46 + 0.09 | 0.072 0.040
C5-C6 6.54 + 1.33 0.38 +£ 0.06 8.01 + 2.08 0.44 + 0.11 0.216 0.258
c6-C7 7.63 +1.42 0.41 £ 0.10 8.81 + 1.51 0.49 + 0.09 0.258 0.216

Calculated ratio or spinal cord diameter at the pedicle to vertical body diameter and ratio of spinal cord diameter at the intervertebral disk level to
intervertebral disk diameter.
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Fig. 3 Extent of high signal intensity on T2-weighted magnetic
resonance imaging (MRI) in subjects with complete and incomplete
spinal cord injury. The amount of high signal intensity on T2-weighted
MRI was significantly greater in patients with complete injury than in
patients with incomplete injury (p = 0.04).

clinicians should determine such ratios when attempting to
predict clinical outcome.

There is controversy about the use of prophylactic surgery
for cervical spondylotic myelopathy.27'28 Takao et al recently
reported that the risk associated with the incidence of
traumatic SCI in subjects with a cervical spinal stenosis
was 124.5 times higher than that for subjects without a
cervical spinal stenosis.” However, data from the Spinal
Injury Network of Fukuoka, Japan suggested that only
0.017% of subjects with a cervical spinal stenosis might avoid
traumatic SCI if they undergo decompression surgery before
trauma.” Including the present study, several authors have
reported that a narrow spinal canal is the most important
risk factor associated with predicting SCI; however, sufficient
evidence to recommend prophylactic surgical management
of SCI is not yet available.?>~34 Because this was a retrospec-
tive study with a small number of patients, analyses of
subjects stratified by ASIA group, injury mechanism, neuro-
logic level, preoperative underlying cervical spinal disease,
and postoperative neurologic status were not conducted.
However, a significant difference between patients with
complete and incomplete injuries was detected. Because
these injuries may reflect different disease categories and
may affect clinical outcome, analysis of underlying diseases
including cervical spinal stenosis, OPLL, and PLL hypertrophy
should be conducted. Therefore, a post-trauma study with a
large number of patients with SCI should be undertaken. The
optimal control group for such a study would be comprised of
patients with cervical trauma but without neurologic symp-
toms. However, MRI evaluation has not been recommended
after cervical clearance in patients with normal voluntary
movement of neck after trauma.>> Due to that limitation, an
age- and sex-matched population between 40 and 80 years
old that had cervical MRI evaluated for health screening was
used as the control group in this study. Nevertheless, our
results indicate that, in an elderly Korean population, a cutoff
value of 0.59 for a SCDg;sk-t0-Dintervertebral disk Tatio at the
C2-C3 intervertebral disk level would yield the greatest PPV
for the prediction of SCI. Furthermore, in our subjects with
SCI with complete injury, there was a significantly low
SCDgisk-t0-Dintervertebral disk Tatio at the C4-C5 intervertebral

Global Spine Journal  Vol. 5 No. 4/2015
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disk level and significantly more extensive high signal inten-
sity on MRI.

Conclusion

All investigated MRI parameters in the SCI group were signifi-
cantly smaller than in the control group. Small SCDy;g-to-
Dintervertebral disk Tatio at C2-C3 provided the greatest positive
predictive value in SCL In addition, when a cervical SCI has
occurred, a small SCDg;s-t0-Dintervertebral disk Fatio at the C4-C5
level and the detection of >40 mm of high signal intensity on
MRI are associated with a poor clinical outcome.

Disclosures
Soo Eon Lee, none
Chun Kee Chung, none

Acknowledgments

The authors thank the Medical Research Collaborating
Center at the Seoul National University Hospital and the
Seoul National University College of Medicine for its help
with statistical analyses. This study was supported by a
National Research Foundation of Korea grant funded by the
Korean government (MSIP, 2010-0028631).

References
1 Aarabi B, Alexander M, Mirvis SE, et al. Predictors of outcome in
acute traumatic central cord syndrome due to spinal stenosis.
] Neurosurg Spine 2011;14(1):122-130
2 Lamothe G, Muller F, Vital JM, Goossens D, Barat M. Evolution of

spinal cord injuries due to cervical canal stenosis without radio-

graphic evidence of trauma (SCIWORET): a prospective study. Ann

Phys Rehabil Med 2011;54(4):213-224

Aebli N, Ruegg TB, Wicki AG, Petrou N, Krebs ]. Predicting the risk

and severity of acute spinal cord injury after a minor trauma to the

cervical spine. Spine J 2013;13(6):597-604

Tewari MK, Gifti DS, Singh P, et al. Diagnosis and prognostication of

adult spinal cord injury without radiographic abnormality using

magnetic resonance imaging: analysis of 40 patients. Surg Neurol

2005;63(3):204-209, discussion 209

Takao T, Morishita Y, Okada S, et al. Clinical relationship between

cervical spinal canal stenosis and traumatic cervical spinal cord

injury without major fracture or dislocation. Eur Spine ] 2013;

22(10):2228-2231

Song KJ, Choi BW, Kim SJ, Kim GH, Kim YS, Song JH. The relation-

ship between spinal stenosis and neurological outcome in trau-

matic cervical spine injury: an analysis using Pavlov’s ratio, spinal

cord area, and spinal canal area. Clin Orthop Surg 2009;1(1):11-18

Harrop JS, Sharan A, Ratliff ]. Central cord injury: pathophysiology,

management, and outcomes. Spine ] 2006;6(6, Suppl):1985-206S

Firooznia H, Ahn JH, Rafii M, Ragnarsson KT. Sudden quadriplegia

after a minor trauma. The role of preexisting spinal stenosis. Surg

Neurol 1985;23(2):165-168

Aarabi B, Koltz M, Ibrahimi D. Hyperextension cervical spine

injuries and traumatic central cord syndrome. Neurosurg Focus

2008;25(5):E9

10 Schneider RC, Cherry G, Pantek H. The syndrome of acute central
cervical spinal cord injury; with special reference to the mecha-
nisms involved in hyperextension injuries of cervical spine.
] Neurosurg 1954;11(6):546-577

w

N

wu

(o))

~

]

o

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



20

21

22

23

Risk Prediction for Traumatic Cervical Spinal Cord Injury

Maroon JC, Abla AA, Wilberger ]I, Bailes JE, Sternau LL. Central cord
syndrome. Clin Neurosurg 1991;37:612-621

Lenehan B, Fisher CG, Vaccaro A, Fehlings M, Aarabi B, Dvorak MF.
The urgency of surgical decompression in acute central cord
injuries with spondylosis and without instability. Spine (Phila
Pa 1976) 2010;35(21, Suppl):S180-5186

Aebli N, Wicki AG, Riiegg TB, Petrou N, Eisenlohr H, Krebs J. The
Torg-Pavlov ratio for the prediction of acute spinal cord injury
after a minor trauma to the cervical spine. Spine ] 2013;13(6):
605-612

Kirshblum SC, Memmo P, Kim N, Campagnolo D, Millis S; American
Spinal Injury Association. Comparison of the revised 2000 Ameri-
can Spinal Injury Association classification standards with the
1996 guidelines. Am ] Phys Med Rehabil 2002;81(7):502-505
American College of Surgeons, Committee on Trauma. Resources
for the Optimal Care of the Injured Patient. Chicago, IL: Committee
on Trauma; 1999

Torg ]S, Pavlov H, Genuario SE, et al. Neurapraxia of the cervical
spinal cord with transient quadriplegia. ] Bone Joint Surg Am 1986;
68(9):1354-1370

Pettersson K, Kdrrholm ], Toolanen G, Hildingsson C. Decreased
width of the spinal canal in patients with chronic symptoms after
whiplash injury. Spine (Phila Pa 1976) 1995;20(15):1664-1667
Eismont FJ, Clifford S, Goldberg M, Green B. Cervical sagittal spinal
canal size in spine injury. Spine (Phila Pa 1976) 1984;9(7):663-666
Kang ]JD, Figgie MP, Bohlman HH. Sagittal measurements of the
cervical spine in subaxial fractures and dislocations. An analysis of
two hundred and eighty-eight patients with and without neuro-
logical deficits. ] Bone Joint Surg Am 1994;76(11):1617-1628
Torg JS, Pavlov H. Cervical spinal stenosis with cord neurapraxia
and transient quadriplegia. Clin Sports Med 1987;6(1):115-133
Pavlov H, Torg ]S, Robie B, Jahre C. Cervical spinal stenosis:
determination with vertebral body ratio method. Radiology
1987;164(3):771-775

Gupta SK, Roy RC, Srivastava A. Sagittal diameter of the cervical
canal in normal Indian adults. Clin Radiol 1982;33(6):681-685
Hashimoto I, Tak YK. The true sagittal diameter of the cervical
spinal canal and its diagnostic significance in cercical myelopathy.
] Neurosurg 1977;47(6):912-916

24

25

26

27

28

29

30

31

32

33

34

35

Lee, Chung

Zhang L, Chen HB, Wang Y, Zhang LY, Liu JC, Wang ZG. Cervical
spinal canal narrowing and cervical neurological injuries. Chin ]
Traumatol 2012;15(1):36-41

Torg JS, Naranja RJ Jr, Pavlov H, Galinat BJ, Warren R, Stine RA. The
relationship of developmental narrowing of the cervical spinal canal
to reversible and irreversible injury of the cervical spinal cord in
football players. ] Bone Joint Surg Am 1996;78(9):1308-1314
Stanley JH, Schabel SI, Frey GD, Hungerford GD. Quantitative
analysis of the cervical spinal canal by computed tomography.
Neuroradiology 1986;28(2):139-143

Bednarik J, Kadanka Z, Dusek L, et al. Presymptomatic spondylotic
cervical cord compression. Spine (Phila Pa 1976) 2004;29(20):
2260-2269

Bednarik ], Kadanka Z, Dusek L, et al. Presymptomatic spondylotic
cervical myelopathy: an updated predictive model. Eur Spine ]
2008;17(3):421-431

Roth EJ, Lawler MH, Yarkony GM. Traumatic central cord syn-
drome: clinical features and functional outcomes. Arch Phys Med
Rehabil 1990;71(1):18-23

Dvorak MF, Fisher CG, Hoekema ], et al. Factors predicting motor
recovery and functional outcome after traumatic central cord
syndrome: a long-term follow-up. Spine (Phila Pa 1976) 2005;
30(20):2303-2311

Merriam WF, Taylor TK, Ruff SJ, McPhail M]. A reappraisal of acute
traumatic central cord syndrome. ] Bone Joint Surg Br 1986;68(5):
708-713

Ishida Y, Tominaga T. Predictors of neurologic recovery in acute
central cervical cord injury with only upper extremity im-
pairment. Spine (Phila Pa 1976) 2002;27(15):1652-1658, discus-
sion 1658

Selden NR, Quint D], Patel N, d’Arcy HS, Papadopoulos SM. Emer-
gency magnetic resonance imaging of cervical spinal cord injuries:
clinical correlation and prognosis. Neurosurgery 1999;44(4):
785-792, discussion 792-793

Bosch A, Stauffer ES, Nickel VL. Incomplete traumatic quadriplegia.
A ten-year review. JAMA 1971;216(3):473-478

Stiell IG, Clement CM, McKnight RD, et al. The Canadian C-spine
rule versus the NEXUS low-risk criteria in patients with trauma.
N Engl ] Med 2003;349(26):2510-2518

Global Spine Journal  Vol. 5 No. 4/2015

321

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



