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The pincers effect on cervical spinal cord in the
development of traumatic cervical spinal cord injury without
major fracture or dislocation

Y Morishita1, T Maeda1, M Naito2, T Ueta1 and K Shiba1

Study Design: Retrospective radiographic study.
Objective: To investigate the pincers effect on cervical spinal cord in the development of traumatic cervical spinal cord injury
(CSCI) without major fracture or dislocation.
Setting: The Japan LHWO Spinal Injuries Center
Methods: Two hundred and twenty cases of traumatic CSCI without major fracture or dislocation were examined. The
pinched diameters of the cervical spinal cord for 70 patients who complained of neck pain without neurological deficits were
measured using sagittal-plane neutral and extension radiographs at 5 segments. These 70 patients were divided into 2 groups: group
A patients were less than 40 years old and group B patients were 41 or more. We defined the pinched ratio of the cervical spinal cord
during extension as ((sagittal diameter in the neutral image)–(sagittal diameter in the extension image))/(sagittal diameter in the
neutral image)*100.
Results: The incidence of traumatic CSCI without major fracture or dislocation at the C3-4, C4-5, C5-6 and C6-7 was 59.5, 25,
11.4 and 4.1%, respectively. Further, the pinched ratio of the cervical spinal cord at the C3-4 segment was significantly higher than
that at the other segments.
Conclusion: We concluded that the cervical spinal cord at the C3-4 segment might receive the highest bony impingement load during
acute hyperextension of the cervical spine. The extreme pincers load on the cervical spinal cord at the C3-4 segment may have one of
the important roles in the development of traumatic CSCI at the C3-4 segment.
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INTRODUCTION

Traumatic cervical spinal canal injury (CSCI) was originally
described in 1954 by Schneider et al.1 Although it is usually
associated with bony injuries of the spinal column, namely, a
fracture or dislocation, it also often occurs without these
concomitant injuries. Most patients with traumatic CSCI without
major fracture or dislocation have pre-existing cervical spondylotic
changes or cervical ossification of the posterior longitudinal ligament,
which results in narrowing of the cervical spinal canal.2 Further,
hyperextension of the cervical spine has been postulated to be an
important mechanism of CSCI in the absence of major bony
injuries.1–7 Traumatic CSCI is usually examined using magnetic
resonance imaging, which has been found to be superior to
computed tomography for detection of minor bony injuries (for
example, anterior vertebral body bony tip fracture or spinous process
fracture), intervertebral disc injury, ligamentous injury or cervical
cord intramedullary pathology.3,8

Several studies have reported the frequent incidence of traumatic
CSCI at the level of C3-4 segment in the Japanese population.6,7,9

However, to the best of our knowledge, few reports have described the

biomechanical etiology of traumatic CSCI without major fracture or
dislocation, and this remains a matter of debate.
In this study, we measured the pinched diameter of the cervical

spinal cord during cervical spine extension in the sagittal plane and
evaluated the effect of pincers load on each segment of the cervical
spinal cord. The aim of the current study is to investigate the pincers
effect on cervical spinal cord in the development of traumatic CSCI
without major fracture or dislocation.

MATERIALS AND METHODS

Patients with traumatic CSCI
From January 2000 to May 2012, a total of 220 inpatients (188 men and 32

women; average age, 65.2 years; age range, 16–90 years) with traumatic CSCI

without major fracture or dislocation were treated at our facility. All the

patients showed intramedullary cervical spinal cord intensity changes on MR

images of the injured segment (Figure 1). Patients with the following

conditions were excluded from the study: multiple segmental cervical cord

injury, cervical myelopathy before trauma, apparent herniated disc at the

injured segment, severe sagittal instability as detected on functional radio-

graphs or ankylosing spondylitis.
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Of the 220 patients, 131 had the injury at C3-4, 55 at C4-5, 25 at C5-6 and 9

at C6-7.

Patients with neck pain without neurological deficits
From January 2011 to December 2011, 70 outpatients (35 men and 35 women;

average age, 44.9 years; age range, 10–79 years) with neck pain underwent

functional plain radiographic examination and neurological examination by a

spinal surgeon. No patient showed neurological deficits or dynamic instability

on the plain radiographs. On the basis of age, the patients were divided into 2

groups: group A comprised those less than 40 year of age (31 subjects; average

age, 31.7 years) and group B, those who were 41 years old or more (39 subjects;

average age, 55.4 years).

This study was approved by our institution’s review board, and informed

consent was obtained from all patients.

Measurement of the pinched diameter of the spinal cord in the
sagittal plane
Using functional plain radiographs in the sagittal plane, three independent

blinded observers measured the pinched diameter between the posteroinferior

margin of the superior vertebral body and the anterosuperior margin of the

lamina of the inferior vertebra for the 70 outpatients without neurological

abnormalities at 5 segments (C2-3, C3-4, C4-5, C5-6 and C6-7) in the neutral

and extension positions (Figure 2a, b).

The pinched diameter of the cervical spinal cord was defined at the distance

between the posteroinferior margin of the superior vertebral body and the

anterosuperior margin of the lamina of the inferior vertebra.10 From this

definition, the pinched ratio of the cervical spinal cord during extension was

defined as ((sagittal diameter in the neutral image)–(sagittal diameter in the

extension image))/(sagittal diameter in the neutral image)*100.

Statistical analysis
The Mann�Whitney U test administered using the computer software

package StatMate III (ATMS Co., Ltd, Tokyo, Japan) was used for statistical

analysis. A P value of less than 0.05 was considered statistically significant.

Kappa (k) statistics was calculated as a measure of the inter observer reliability

of the pinched diameter of the cervical spinal cord.

RESULTS

In the present series, the incidence of traumatic CSCI without major
fracture or dislocation at the C3-4, C4-5, C5-6 and C6-7 segments
was 59.5, 25, 11.4 and 4.1%, respectively.
A high level of agreement (k¼ 0.674) was noted among the 3

independent observers who measured the pinched diameter of the
cervical spinal cord. The average values of this diameter in the neutral
and extension positions at the 5 segments are shown in Table 1. For
all segments, except C6-7, the pinched diameter was significantly
narrower in the extension position than the neutral position.
The average pinched ratios during cervical spine extension at the 5

segments are shown in Table 2. Comparisons for the total outpatient
population and group A showed that the pinched ratio at the C3-4
segment was significantly higher than that at the other segments. In
the case of group B, only the pinched ratio at the C4-5 segment was
not significantly different from that at the C3-4 segment (P¼ 0.0506).

DISCUSSION

Koyanagi et al.4 explained the predominance of CSCI at the middle to
the upper cervical segments on the basis of the characteristics of
spondylotic changes in the cervical spine. They hypothesized that the
restricted intervertebral movement of the lower cervical segments due
to degenerative changes might in fact protect the spinal cord at these
segments from traumatic injury. The upper segments (C3-4 or C4-5)
rostral to the fixed segments, however, might be damaged with
cervical spine hyperextension.
In our series, a high incidence of traumatic CSCI was observed at

the upper segments (C3-4, 59.5; C4-5, 25.0%) even in relatively
younger population with less cervical spondylotic changes. We believe
that morphological differences among the segments may contribute to
the development of traumatic CSCI. According to our results, the
sagittal pinched diameters of the cervical spinal cord at all segments,
except C6-7, significantly reduced during extension. Moreover, the
pinched ratio at the C3-4 segment was significantly higher than that
at the other segments even in younger subjects, who had fewer

Figure 1 The MR images in patients with CSCI at 3 months post injury.The

images demonstrated intramedullary cervical cord intensity changes at the

level of C3-4 (T1-weighted image; low intensity, T2-weighted image; high

intensity).

Figure 2 The functional plain radiographs with cervical spine neutral (a)

and extension (b) in the sagittal plane. The pinched diameter of the cervical

spinal cord was measured at the distance between the posteroinferior

margin of the superior vertebral body and the anterosuperior margin of the

lamina of the inferior vertebra.
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spondylotic changes in the cervical spine. Therefore, the degree of
degenerative changes in the cervical spine may not affect the pincer
mechanism at the upper cervical segments. We hypothesized that the
cervical spinal cord at the C3-4 segment might receive the highest
bony impingement load during acute hyperextension of the cervical
spine. This acute pincers load at the C3-4 segment may play one of
the important roles in the development of traumatic CSCI at the C3-4
segment.
Some issues remain unaddressed in the current study. As the

cervical kinematics may change after trauma owing to soft tissue
injury, we did not evaluate the pincers effect with actual traumatic
CSCI patients. Moreover, we did not evaluate the dynamic loading on
the cervical spine during hyperextension. Using the current investiga-
tion as the pilot study, further research using anatomical analysis of
the cervical spinal column, including the cervical facet angle, with a
larger patient population may help shed light on these issues.
Moreover, the biomechanical etiology of traumatic CSCI without
major fracture or dislocation should be clarified in greater detail.
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Table 1 The sagittal cervical spinal cord pinched diameters at 5 segments

Cervical spinal cord pinched diameter (mm)

C2-3 C3-4 C4-5 C5-6 C6-7

Neutral 18.16±1.77** 16.47±1.74*** 15.7±1.85** 14.84±1.93* 15.73±1.65ns

Extension 17.41±1.7 15.01±1.71 14.81±1.78 14.2±1.85 15.49±1.71

Compared with neutral and extension posture *Po0.05, **Po0.01, ***Po0.001

Table 2 The cervical spinal cord pinched ratio during cervical spine extension

Cervical spinal cord pinched ratio (%)

C2-3 C3-4 C4-5 C5-6 C6-7

Total (n¼70) 4.03±4.54*** 8.81±4.97 5.58±4.48*** 4.13±4.99*** 1.51±4.07***

Group A (n¼31) 4.82±5.26*** 10.19±4.82 5.23±4.33*** 4.44±5.38*** 0.87±4.15***

Group B (n¼39) 3.41±3.82*** 7.71±4.83 5.86±4.63ns (P¼0.0506) 3.88±4.71** 2.02±3.98***

Compared with C3-4 segment *Po0.05, **Po0.01, ***Po0.001
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