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A Comparison of Computed Tomography Measures
for Diagnosing Cervical Spinal Stenosis Associated
with Myelopathy: A Case-Control Study

Brett A Freedman', C Edward Hoffler II*, Brian M Cameron', John M Rhee’,
Maneesh Bawa’, David G Malone', Melissa Bent’, Tim S Yoon®

'Department of Orthopaedics, Landstuhl Regional Medical Center, Landstuhl, Germany
*Department of Orthopaedics, Emory University Orthopaedics and Spine Center, Atlanta, GA, USA

Study Design: Retrospective comparative study.

Purpose: To assess differences in computed tomography (CT) imaging parameters between patients with cervical myelopathy and
contrals.

Overview of Literature: There is a lack of information regarding the best predictor of symptomatic stenosis based on osseous canal
dimensions. We postulate that smaller osseous canal dimensions increase the risk of symptomatic central stenosis.

Methods: CT images and medical records of patients with cervical myelopathy (19 patients, 8 males; average age, 64.4+13.4 years)
and controls (18 patients, 14 males; average age, 60.4+11.0 years) were collected. A new measure called the laminar roof pitch angle
(=angle between the lamina) was conducted along with linear measures, ratios and surrogates of canal perimeter and area at each
level C2—C7 (222 levels). Receiver-operator curves were used to assess the diagnostic value of each. Rater reliability was assessed
for the measures.

Results: The medial-lateral (ML) diameter (at mid-pedicle level) and calculated canal area (=anterior-posterior.xML diameters) were
the most accurate and highly reliable. ML diameter below 23.5 mm and calculated canal area below 300 mm’ generated 82% to 84%
sensitivity and 67% to 68% sensitivity. No significant correlations were identified between age, height, weight, body mass in dex and
gender for each of the CT measures.

Conclusions: CT measures including ML dimensions were most predictive. This study is the first to identify an important role for the
ML dimension in cases of slowly progressive compressive myelopathy. A ML reserve may be protective when the canal is progres-
sively compromised in the anterior-posterior dimension.

Keywords: Cervical cord; Cervicle vertebrae; Spinal stenosis; Spinal cord compression; Spinal cord diseae

Introduction myelopathy. Stenosis may be congenitally present, but is

most commonly acquired. The primary pathology in con-

Cervical spinal stenosis is a multi-factorial process, genital stenosis, sometimes referred to as developmental
which can lead to spinal cord compression and eventually spinal stenosis, is a skeletal hypoplasia in which the di-
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mensions of the cervical canal are reduced. Conversely,
an acquired spinal stenosis occurs in response to degen-
erative changes, which most commonly originate at the
disc space level. These two pathologies are often found
in tandem and they work synergistically to compress the
spinal cord and produce clinical symptoms.

Cervical spinal stenosis is a common condition, occur-
ring most frequently in the sixth decade of life [1]. It is a
multi-factorial process, the result of a reactive hypertro-
phy of the osseous (uncal and endplate osteophytes) and
ligamentous structures in conjunction with bulging and/
or failure of the disk space. The end result is a restriction
of the anterior-posterior (AP) dimension of the spinal ca-
nal and compression of the cervical spinal cord. In 1971,
Turnbull [2] postulated that AP compression and limited
lateral column arteriolar plasticity lead to cervical my-
elopathy.

Payne and Spillane [3] measured the AP straight line
distance or diameter of the cervical spinal canal as a
threshold indicator for spinal stenosis [4]. Anatomy
dissections and imaging studies have shown that the
human adult spinal cord averages 5 to 6 mm in the AP
diameter [5]. Additionally, the intracanicular soft tissue
components (posterior longitudinal ligament, dura and
ligamentum flavum) occupy another 2 mm on either side
of the spinal cord. Thus, the minimal space available for
the spinal canal to encase the spinal cord without com-
pressing the structures is 10 mm. This has been set as
the threshold value for diagnosing a critical or absolute
cervical spinal stenosis. In extension, the spinal canal AP
diameter reduces 2 to 3 mm, leading to 12 to 13 mm as a
threshold value for relative stenosis [6]. In comparison,
the normal adult AP diameter is 17 to 18 mm.

While simple to measure, linear distances, which have
been typically measured on plain radiographs, are subject
to magnification error. In response to this limitation, sev-
eral cervical spine geometric parameters have been de-
scribed which use ratios to negate the impact of magnifi-
cation. The Pavlov-Torg ratio [7,8] was originally used to
discriminate football players at risk for acute spinal cord
injury (SCI) and has been proven to be an inconsistent
predictor of symptomatic compressive myelopathy [8-11].
The Matsuura ratio predicts an acute SCI due to cervical
fracture and dislocations, based on the ratio of the AP
and medial-lateral (ML) dimensions [12]. Its applicability
to an atraumatic compressive myelopathy is unknown.

Since the skeletal dimensions of the spinal canal dic-

tate the starting space available for the spinal cord, it is
postulated that patients with congenitally small canals
are more likely to develop clinical evidence of spinal cord
compression in response to normal age-related acquired
degenerative changes [3,6]. We sought to identify a
measure of the bony canal dimensions that reliably dif-
ferentiates patients with and without clinically diagnosed
cervical myelopathy. This study examines several geo-
metric parameters of the cervical canal, which may help
to distinguish between asymptomatic patients and those
who have developed a cervical spondylotic myelopathy.
We hypothesized that the laminar roof pitch (LRP) angle
would more accurately discriminate between patients
with and without myelopathy than previously reported
measures, like the computed tomography (CT) Pavlov-
Torg ratio, the Matsuura ratio and the sagittal AP canal
diameter.

Materials and Methods

This is a retrospective comparative study. It was ap-
proved by the Institutional Review Board of the Emory
University (Atlanta, GA, USA). Two patient cohorts were
identified as follows: (1) controls and (2) myelopathic
patients. Controls were identified by screening the Grady
Memorial Hospital trauma registry for patients (older
than 50 years of age, i.e., in their “6th decade of life”) who
underwent cervical CT scan with sagittal and coronal re-
constructions as part of a negative trauma work-up, that
is they had no acute fractures or canal altering changes
resulting from their accident. Patients were screened for
signs and symptoms or diagnoses of myelopathy or ra-
diculopathy. Subjects were included in the control cohort
(=“controls”), if their cervical CT scan was negative and
there was no clinical evidence of (pre-) existing cervical
myelopathy or radiculopathy. Thus, controls were se-
lected from those without a symptomatic cervical spine
stenosis who underwent the radiation exposure of a CT
scan to the cervical spine due to study unrelated causes.
Patients were excluded if medical records and/or imag-
ing studies were not available, if these records indicated
the patient had a myelopathy or myeloradiculopathy, if a
history of cervical spine surgery or fracture was noted, an
ossification of the posterior longitudinal ligament (OPLL)
was present or if image quality or cervical alignment pre-
cluded the data collection. No radiograph review review
was included in this study as this imaging modality was



I '8 Brett A Freedman et al.

Asian Spine ] 2015;9(1):22-29

Table 1. Definitions of geometric parameters measured and calculated from axial and sagittal computed tomography images of the cervical spine

Parameter Description

Laminar roof pitch angle

Sagittal AP canal diameter

Sagittal AP canal diameter-disc level
Transverse ML canal diameter
Mixed sum

Mixed sum-disc level

Mixed area

Mixed area-disc level

Angle formed at the junction of the left and right cervical lamina, measured on axial sections at
the mid-pedicle level

Measured at the mid-height of the vertebra to the nearest point on the spinolaminar line
Measured at the disc space level to the nearest point on the spinolaminar line

Measured on axial sections at the mid-pedicle level

Transverse ML canal diameter added to the sagittal AP diameter

Transverse ML canal diameter added to the sagittal AP diameter measured at the cephalad disc
Transverse ML canal diameter multiplied by the sagittal AP diameter

Transverse ML canal diameter multiplied by the sagittal AP diameter measured at the cephalad

disc
CT Pavlov-Torg ratio—disc level

Disc level sagittal AP canal diameter divided by AP diameter of the caudal vertebral body at

mid-height of the anterior wall to mid-height of the posterior wall

CT Pavlov-Torg ratio

Sagittal AP canal diameter divided by AP diameter of the vertebral body at mid-height of the

anterior wall to mid-height of the posterior wall

Matsuura ratio

AP diameter of the canal at mid-pedicle divided by the ML canal diameter

AP, anterior-posterior; ML, medial-lateral; CP. canal diameter.

rarely used in the setting of a trauma work-up wherein a
CT scan was obtained in a routinely fashion.

The “myelopathic” cohort has been obtained from the
clinical database of a single spine surgeon’s university
practice. Patients with a known diagnosis of myelopathy
or myeloradiculopathy were included. Myelopathy was
diagnosed in patients with at least 3 of following symp-
toms: decreased upper extremity dexterity, diffuse sen-
sory alteration (non-dermatomal), gait instability, diffuse
subjective weakness (non-myotomal), bowel and/or blad-
der dysfunction, hyperreflexia, Hoffman’s sign and Lher-
mitte’s sign [13]. Radiculopathy was defined by neck pain
radiating in a specific nerve root distribution, possibly
associated with motor, sensory or reflex disturbances in
the same distribution. Radiculopathy alone was not suf-
ficient for inclusion. Patients were excluded if their medi-
cal records and/or imaging studies were not available or
did not clearly indicate the disease status, an OPLL was
present, a history of cervical spine surgery or fracture was
noted or if the image quality or cervical alignment pre-
cluded an accurate measurement.

Axial (mid-pedicle level) and midline sagittal CT im-
ages were used for measurements in all subjects. The defi-
nitions of the measures are summarized in Table 1. On
sagittal images, measurements included the (1) AP canal
diameter measured at the mid-height level of the verte-
bra and (2) the canal diameter at the disc level (CDDL);

(3) AP diameter of the vertebral body (VB); (4) the CT
Pavlov-Torg ratio [14,15](=canal diameter /VB) and
(5) the CT Pavlov-Torg ratio measured at the disc space
(=CDDL/VB) (Fig. 1A). On axial images, measurements
included the (1) LRP angle and the (2) Matsuura ratio,
which is the AP diameter of the canal at a mid-pedicle
level divided by the ML canal diameter at the same level
13 (Fig. 1B). The LRP was the novel measure tested in
this study. It is the interior (i.e., pointing toward the ca-
nal) angle subtended by two lines drawn along the axis of
the left and right cervical lamina, measured on the axial
images at the mid-pedicle level (red lines in Fig. 1B).
Measurements were performed on the second through
seventh cervical vertebrae (C2-7) for all subjects.
Sensitivity and specificities of LRP angle, Pavlov-Torg
ratio, Matsuura ratio, sagittal AP canal diameter and
transverse ML canal diameters as well as calculated sur-
rogates for canal perimeter and area using linear values
as described above were evaluated by receiver operator
curves. A subject was considered test-positive if any ver-
tebral level (C2—C7) was sub-threshold (i.e., ML<23.5
mm). A two-way analysis of variance was performed to
identify significant differences using cohort and vertebral
level as factors followed by Tukey’s posthoc procedure
[16]. An univariate correlation analysis was performed
between age, height, weight, body mass index, gender
and all geometric parameters in the control group and



Table 2. Demographic data

Characteristic Control
Age (yr) 63.8(13.4)
Gender (female:male) 4:14
Weight (kg) 79(17)
Height (cm) 171 (7)
Body mass index (kg/m?) 275(5.4)

CT measures correlated to cervical spinal stenosis with myelopathy §¥K] I

Myeloradiculopathy p-value
60.3(11.0) 0.389

11:8 0.045”
85.9(21) 0.353

163 (9) 0.024”

307 (7.1) 0.155

Parenthetical numbers are standard deviations.

A p-values indicate significant differences between groups at the 5% level.

the myeloradiculopathy group to evaluate the impact of
gender and morphometric data. Pearson’s and Spearman’s
coeflicients were calculated. Significance was attributed to
a p-values less than 5%. Lastly, we assessed the intra-rater
and inter-rater reliability of the tested measures. Two
fellowship-trained spine surgeons on two separate occa-
sions measured each of the 4 fundamental parameters
(canal diameter, VB, LRP, ML) used to achieve the raw
and composite measures analyzed in this study at the C2—
C7 levels on 10 patients (5 control and 5 myelopathic).
Intra-class correlation coefficients (ICC) were computed
to evaluate the intra-rater and inter-rater reliability of
these measures with an ICC greater 0.7 indicating good
to very good agreement.

Results

Complete data sets were obtained from 37 identified sub-

jects (18 controls, 19 myelopathic patients) who met all
inclusion criteria. Eighteen patients were enrolled in the
“control” group with an average age of 60.4+11.0 years
(14 male, 4 female). Nineteen patients who met the di-
agnostic criteria for myelopathy or myeloradiculopathy
were enrolled in the “myelopathic” group with an average
age of 64.4+13.4 years (8 male, 11 female). The average
ages between the two groups did not differ significantly
(p=0.32). Demographic data are shown in Table 2.

In our study, the two-factor analysis of variance in-
dicated that neither the newly tested parameter LRP
(p=0.54) nor the Pavlov-Torg ratio (p=0.30) or Matsuura
ratio (p=0.43) differed significantly between control and
diseased patients as shown in Table 3. Linear measures
including transverse ML canal diameter (p<0.001),
sagittal AP canal diameter at midvertebral-height level
(p=0.036) and at the disc level (p=0.023) differed signifi-
cantly between control and myelopathic patients, with

Fig. 1. (A) Sagittal image measurements included the anterior-posterior (AP) canal diameter measured at mid-vertebral body level
(CD) and the disc level (CDDL) and the diameter of the vertebral body (VB). (B) Axial image measurements included the laminar
roof pitch (LRP) angle, the AP diameter of the canal and the medial-lateral (ML) diameter of the canal.
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Table 3. A p-values comparing different geometric cervical spine pa-
rameters between control and myelopathy patients

Parameter p-value

Laminar roof pitch 0.538
Matsuura ratio 0.433
CT Torg 0.300
CT Torg disc level 0.421
Sagittal AP mid vertebral body level canal 0.036"
diameter

Sagittal AP disc level canal diameter 0.023”
Sagittal mid vertebral body diameter 0.836
Transverse AP canal diam 0.055
Transverse ML canal diam 0.001”
Mixed sum 0.001”
Mixed sum disc level 0.259
Mixed area 0.003”
Mixed area disc level 0.004”
Mixed matsuura ratio 0.671
Mixed matsuura disc level 0.296

CT, computed tomography; AP, anterior to posterior; ML, medial to
lateral.
“Indicates significant differences.

the myelopathic group having smaller measured diam-
eters across all cervical levels. Fig. 2 graphically displays
the differences in ML measurements between controls
and myelopathic patients. Also, mixed sum, a surrogate
for canal perimeter (=sagittal AP diameter+transverse
ML diameter) and mixed canal area, a surrogate for canal
area, (=sagittal AP diameterxtransverse ML diameter)
were calculated. The term “mixed” emphasizes that calcu-
lations were made using parameters measured on sagittal
and axial images. Mixed sum (p<0.001) and mixed canal
area (p=0.003) were significantly smaller in the myelopa-
thy group.

Sensitivity and specificities of LRP angle, Pavlov-Torg
ratio, Matsuura ratio, sagittal AP canal diameter and
transverse ML canal diameters were evaluated using
receiver operator curves (Fig. 3). At 95% sensitivity, all
measures showed a poor specificity ranging from 5%
to 16%. The transverse ML canal diameter (followed by
the mixed sum of the transverse ML canal diameter and
sagittal AP canal diameter) had the largest area under the
(receiver operator) curve (area under the curve=0.756)
indicating that it was the parameter with the best com-
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Fig. 2. Comparison of control vs. myelopathic patients using trans-

verse medial-lateral (ML) canal diameter from C2—C7. Error bars indi-
cate standard deviation.

bined sensitivity and specificity. A transverse ML diam-
eter less that 23.5 mm produced a sensitivity of 82% and
specificity of 68%. The mixed sum had a sensitivity of
79% and a specificity of 78% with a 36 mm threshold. The
mixed canal area had a sensitivity of 84% and a sensitiv-
ity of 67% at 300 mm” threshold. Both parameters had
smaller areas under the curve than transverse ML diam-
eter with the canal area being the smallest. To summarize,
no measures were strongly diagnostic, however, a ML
diameter less than 23.5 mm had the most accuracy for
discriminating between myelopathic and control patients.

The results of the inter-rater and intra-rater reliability
assessment confirmed a very good agreement between
and within raters for the 4 basic measures (canal diam-
eter, VB, LRP, ML) evaluated in this study. LRP actually
had the highest inter-rater ICC (0.928), followed by VB
(0.904), ML (0.887) and AP (0.868). The intra-rater reli-
ability between first and second measurements was also
very good ranging from 0.859 to 0.973. There was an
average of 0.64 mm between the rater measurement error
in ML (standard error [SE]+0.07) and of 0.45 within the
rater (SE+0.08). This approaches the limits of the preci-
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sion rating of the Picture Archive and Communications
System (Synapse, Fuji Inc., Tokyo, Japan) used for the im-
age measurements.

Discussion

The transverse ML canal diameter has been proved to
have the best receiver operating characteristics with a
sensitivity of 82% and specificity of 68% at a threshold
less than 23.5 mm. The present study suggests that the
ML reserve during a slowly progressive (i.e., atraumatic)
cord compression related to cervical spondylosis and disc
degeneration is more correlated to a stepwise progressive
myelopathy than the Torg-Pavlov ratio, Matsuura ratio or
the LRP angle. This may be true because the spinal cord
typically responds to ventral compression by flattening
in the AP plane and simultaneously expanding in the ML
plane. Conversely, we found that while the sagittal AP
diameter was significantly higher in controls, it had poor
sensitivity and specificity for the differentiation between
myelopathic and control patients. This suggests that the
mixed sum characteristics are driven by the transverse

1.007
0.90
0.807
0.70
0.60

0.50

Sensitivity

0.40+

0.30+

ML diameter. The mixed area behaved similarly.

Despite the fact that acquired changes are focused at
the disc level in cervical spondylotic myelopathy, canal
measurements at the disc level do not reliably differ-
entiate between subjects with and without myelopathy.
This may indicate that patients developing spondylotic
myelopathy have a diffusely narrower canal or it may be
simply reflective of the fact that not CT scan evaluated
soft tissue changes produce the spinal cord compression
responsible for myelopathy.

While LRP did not differ significantly between control
and myelopathic patients, it favorably compared with the
discriminatory power of Pavlov-Torg ratio, Matsuura ra-
tio and sagittal AP canal diameter. Torg et al. [7] reported
a 93% sensitivity and 58% to 59% specificity for a 0.80
threshold for detecting SCI, suggesting that the current
data set has more heterogeneity or that the Pavlov-Torg
ratio may be a superior discriminator of patients at risk
for acute SCI rather than compressive myelopathy from
slowly progressive spondylosis and disc degeneration.

In the current study, we noted that the cross-sectional
area at the mid-pedicle height level and at the disc level

Receiver operator curves

Laminar roof pitch angle

Torg-paviov
Matsuura ratio
Sagittal AP canal diameter

Transverse ML canal diameter

0.00 0.20 0.40

0.60 0.80 1.00

1-Specificity

Fig. 3. Receiver operator curves for Pavlov-Torg ratio, Matsuura ratio, mixed sum, mixed area, sagit-
tal AP canal diameter and transverse ML canal diameters. The transverse ML diameter threshold less
than 23.5 mm is indicated by an asterix (*). AP, anterior-posterior; ML, medial-lateral.
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differed between control and myelopathic patients. This
contrasts with Matsuura’s finding that the area of the
canal did not differ between normal patients and those
who experienced SCI from a cervical fracture or disloca-
tion [12]. Matsuura retrospectively examined AP and ML
dimensions of the cervical spinal canal (C3-C7) in young
trauma patients and determined that the ratio of these
diameters was predictive of an acute SCI. While the canal
cross-sectional areas were equivalent between the control
and SCI patients, SCI patients had significantly larger
ML dimensions and smaller AP dimensions. The present
study suggests that the ML diameter may play more a role
in stepwise progressive myelopathy by limiting the expan-
sion of the spinal cord as it attempts to compensate from
gradual AP compressive degenerative changes. This is
distinctly different from the SCI group in which a restric-
tion in the AP plane correlated with an increased risk of
injury. In the SCI population, one mechanism of injury is
characterized by a sudden, rapid change in the AP canal
diameter, a setting in which the AP reserve, as suggested
by Matsuura, is more important than the ML reserve. In
studies on SCI, both the Matsuura ratio and Torg-Pavlov
ratio have shown their promise in identifying patients at
risk for SCI.

These data emphasize that the geometric features of the
spinal canal as risk factors for an acute SCI may not be
risk factors for a cervical spondylotic myelopathy. While
the Matsuura ratio has been used more commonly in the
SCI population, the Torg-Pavlov ratio has been previously
examined with mixed results in the compressive myelop-
athy setting. Yue et al. [11] found that patients with spon-
dylotic cervical myelopathy had significantly decreased
Torg-Pavlov ratios when compared with non-spondylotic,
non-myelopathic patients. Chen et al. [8] reported similar
data in Chinese male patients. Suk et al. [10] found that
the Torg-Pavlov ratio on plain films correlated with the
Torg-Pavlov ratio on CTs and with the vertebral body-to-
CSF column ratio in myelopathy patients, but they did
not evaluate these measures in asymptomatic controls.
Lim and Wong [9] revealed that the vertebral body sagit-
tal diameter variability led to Torg-Pavlov ratio variations
across different ethnicities and between genders within
the same population. In their study, the Torg-Pavlov ratio
did not consistently distinguish patients with cervical
stenosis. Collectively, these data suggest the Torg-Pavlov
ratio may be most helpful in identifying myelopathy pa-
tients within an ethnically uniform population. The cur-
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rent data set was not controlled for race and ethnicity and
these factors may represent sources of variability, which
compromised the discrimination of the Torg-Pavlov ratio
[7,14].

The current study has several limitations, which must
be addressed in subsequent follow-up studies. The signifi-
cant differences in gender and height between the cohorts
are two anthropomorphic factors that were not controlled
in this comparative study, but may impact the results.
The potential for systemic bias exists because control
and myelopathic patients were scanned using a different
equipment. Since a power analysis was not performed for
this study, the relatively small cohort sizes may have in-
duced type II error, since several of the parameters failed
to show significant differences between cohorts and/or
displayed poor diagnostic characteristics based on the
receiver operator curve analysis. Future confirmation
studies should use the data reported herein to perform a
priori power analysis and involve properly sized cohorts
with a more controlled enrollment scheme to minimize
the effects of such bias. In addition, cases with OPLL were
excluded from our study as well as this condition alters
the measured dimensions of the bony spinal canal. Thus,
this study does not refer to the subset of patients who de-
velop cervical myelopathy in the setting of OPLL.

Conclusions

The identification of reliable and accurate measures of
spinal canal dimensions that correlate with cervical my-
elopathy could help in the diagnosis and treatment rec-
ommendations for these patients. Our preliminary find-
ing of the importance of the ML dimension of the canal is
encouraging, as it is a parameter that has been previously
considered important in the development of cervical
myelopathy. The current study would suggest that an
absolute restriction (<23.5 mm) in the transverse ML di-
ameter may identify a subset of patients at increased risk
of compressive myelopathy irrespective of other measures
of spinal canal parameters. This may represent a form
of congenital stenosis similar to the short pedicle syn-
drome seen in the lumbar spine. Unfortunately, this study
showed that previously reported ratios measures and our
own new one (LRP) fail to reliably discriminate between
patients who do and do not develop compressive cervical
myelopathy. The results of this study should be expanded
upon in further work on this topic.
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