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Abstract

Purpose To evaluate the reliability and validity of the multi-positional magnetic resonance imaging in measuring occip-
itocervical parameters using the standard cervical dynamic radiographs as a reference.

Methods Patients were included if they underwent both dynamic radiograph and cervical multi-positional MRI within a
2-week interval from January 2013 to December 2016. Twelve occipitocervical parameters were measured on both image
modalities in all positions (neutral, flexion and extension): Posterior Atlanto-Dental Interval, Anterior Atlanto-Dental Interval
(AADI), Dens-to-McRae distance, Dens-to-McGregor distance, Occipito-atlantal Cobb angle (C0O1 angle), Occipito-axis
Cobb angle (C02 Cobb angle), Atlas-axis Cobb angle (C12 angle), Redlund-Johnell, Modified Ranawat, Clivus canal angle,
Occiput inclination, and Occiput cervical distance. Pearson correlation and linear regression analysis were used to evaluate
the correlation of both modalities for each parameter. A p value of < 0.05 was considered statistically significant.

Results Cervical images of 70 patients were measured and analyzed. There was a significant positive correlation between
dynamic X-ray and multi-positional MRI for all parameters (p <0.05) except AADI. Dens-to-McGregor distance and Red-
lund-Johnell parameter demonstrated a very strong correlation in the neutral position (r=0.72, r=0.79 respectively) and
moderate to very strong correlation(r> 0.4) for Modified Ranawat, Clivus canal angle, C02 Cobb angle and C02 distance
in all neck position. The intra-class correlation (ICC) of intra- and inter-observer showed good to excellent reliability, and
ICCs were 0.67-0.98.

Conclusions Multi-positional MRI can be a reliable imaging option for diagnosis of occipitocervical instability or basilar
invagination compared to standard dynamic radiographs.
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Introduction

Occipitocervical area has a complex structural anatomy
which composes occiput, atlas and axis. There are many
types of imaging modalities used to evaluate this area
including radiograph, computerized tomographic scan
(CT scan) and magnetic resonance imaging (MRI) with
different advantages and limitations [1—4].

Dynamic radiograph is accepted as one of the most gen-
eralized and inexpensive tools used to determine occip-
itocervical range of motion and pathology such as insta-
bility, spinal cord compression and basilar invagination.
Dynamic radiograph and several parameters such as Ante-
rior Atlanto-Dental Interval (AADI) of more than 5 mm
and Posterior Atlanto-Dental Interval (PADI) of less than
13 mm have been used to diagnose occipitocervical com-
pression or instability in patients with inflammatory or
congenital diseases such as rheumatoid arthritis, Down’s
syndrome, Chiari malformation type I and Ehlers Dan-
los syndrome. Additionally, radiograph can define basilar
invagination by parameters using the position of Dens cor-
relation to McGregor line and Redlund-Johnell distances
[5-8]. Nevertheless, plain radiographs lack visibility of
soft tissue pathology, providing only two dimensions and
is ionizing radiation that is harmful and accumulates in
case of serial follow-up X-ray for example in long-term
treatment for scoliosis [9]. Occipitocervical diseases are
chronic conditions; therefore, accumulated doses of radia-
tion can escalate overtime. Hence, choosing a less harm-
ful, non-ionized radiating imaging tool should be consid-
ered [10].

MRI is used as a gold standard imaging tool for cervical
spine because it is a non-invasive modality and provides
clear evaluation of soft tissue pathologies such as ligament
disruption or hypertrophy, disc herniation, spinal cord
compression, etc. Thereafter, multi-positional magnetic
resonance imaging (multi-positional MRI) was developed
as dynamic weight bearing multi-positional MRI includ-
ing neutral, flexion and extension position able to provide
dynamic information. Multi-positional MRI has been used
to evaluate functional relationship between the pathologi-
cal structure changes and cervical movement [11, 12].
Morishita et al. measured 289 symptomatic patient MRIs
in flexion, neutral, and extension postures. They found in
case of severe cord compression moderate disc degen-
eration level tended to have less motion than severe disc
degeneration level. Thus, the result was inferred that the
spinal cord could have a potential protective role avoiding
excessive cervical motion. In additional, some literature
focused on changes in ligamentum flavum with change in
posture [13]. Zhong et al. reported that multi-positional
MRI can identify dynamic spinal cord compression with
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missed ligamentum flavum bulge (LFB) which only exist
in the extension position. The frequency of missed LFB
was the highest at C4-C5 and C5-C6. Angular variation,
translational motion, disc herniation and disc degenera-
tion were significantly associated with missed LFB at
C4-C5 and C5-C6 [11]. In addition, there are a large
number of studies focusing on cervical rheumatoid arthri-
tis (RA) using radiograph and MRI of the upper cervical
spine [14—17]. For occipitocervical area, occipitocervical
parameters were used for diagnosis of several pathologies
including instability: AADI and PADI, basilar invagi-
nation: Dens-to-McRae distance, Dens-to-McGregor
distance, Redlund-Johnell distance, Modified Ranawat
distance, Occiput inclination and Clivus canal angle.
Additionally, Cobb angle of occiput-atlas, occiput-axis,
and atlas-axis were used for range of motion assessments.
These parameters are usually measured by dynamic radio-
graph. However, to the best of our knowledge, there is
no literature on correlation of occipitocervical parameters
between multi-positional MRI and dynamic radiograph.

The aim of this study was to understand if the measure-
ment of occipitocervical parameters with multi-positional
MRI can be used as a valid, reliable, predictable and accu-
rate substitute for cervical dynamic X-ray in neutral, flexion
and extension positions.

Materials and methods

Patients who underwent both multi-positional MRI and
dynamic radiograph that included occipitocervical junction
within a 2-week interval from January 2013 to December
2016 were retrospectively studied. Images included in the
study had to be good-quality images especially the hard pal-
ate had to be identified in both multi-positional MRI and
dynamic radiograph in all weight barring positions (neu-
tral, flexion and extension). Patients who had deformity of
the cervical spine (more than 10° in coronal, sagittal and
frontal plane), previous cervical spine surgery, congeni-
tal cervical anomaly, inflammatory disease of the cervical
spine, cervical spine infection and cervical spine tumor were
excluded from the study. According to all of the inclusion
and exclusion criteria, 70 patients (37 men and 33 women)
with an average age of 45.4 years (range 23—67 years) were
included in the study. Twelve occipitocervical parameters
were measured on both multi-positional MRI and dynamic
radiograph in all positions (neutral, flexion and extension):
Posterior Atlanto-Dental Interval (PADI), Anterior Atlanto-
Dental Interval (AADI), Dens-to-McRae distance, Dens-
to-McGregor distance, Occipito-atlantal Cobb angle (CO1
Cobb angle), Occipito-axis Cobb angle (C02 Cobb angle),
Atlas-axis Cobb angle (C12 Cobb angle), Redlund-Johnell
distance, Modified Ranawat distance, Clivus canal angle,
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Occiput inclination and Occiput cervical distance. This
study was approved by the institutional review board at the
University of Southern California, USA.

Multi-positional MRI of the cervical spine was conducted
using a 0.6 T MRI scanner (Up-right Multi-Position, Fonar
Corp., New York, NY, USA). The MR unit was equipped
with two electromagnets to generate a horizontal magnetic
field which scans patients in the upright position, in addi-
tional the use of both solenoidal and planar receiver coils,
allowing patients to be examined in upright weight-bearing
positions. The image protocol included T1- and T2-weighted
sagittal fast spin-echo images that were obtained using a
flexible surface coil with the patient seated in neutral (0°),
flexion (40°) and extension (— 20°) positions. The following
protocols were used: T1-weighted sagittal spin echo images
(repetition time 671 ms, echo time 17 ms, thickness 4.0 mm,
field of view 30 cm, matrix 256 X 224, number of excitations
2) and T2-wighted fast spin echo images (repetition time
3000 ms, echo time 140 ms, thickness 4.0 mm, field of view
30 cm, matrix 256 X 224, number of excitations 2).

The lateral dynamic plain radiographs were taken in neu-
tral, flexion and extension positions. The angles in flexion,
and extension position for dynamic plain radiographs were
similar to the multi-positional MRI angles. Both dynamic
plain radiographs and multi-positional MRI were viewed and
measured using the eRAD PACS system (version 7.2.38.0,
SC, USA).

Inter-observer measurement was done by two spine sur-
geons who measured independently both multi-positional
MRI and dynamic plain X-ray. Intra-observer measure-
ment was performed for both multi-positional MRI and
dynamic radiograph with 1 month interval between two
measurements.

Angular parameters’ measurement

Posterior Atlanto-Dental Interval (PADI): Distance
measured from posterior border of C2 to posterior arch
of C1 (Figs. 1a, 2a).

Anterior Atlanto-Dental Interval (AADI): Distance meas-
ured from posterior rim of anterior arch of C1 to anterior
rim of Dens (Figs. 1b, 2b).

McRae’s line: The line was drawn from the tip of the
basion to the tip of the opisthion [7].

Dens-to-McRae distance: Distance from the odontoid tip
to McRae line (Figs. lc, 2¢).

McGregor’s line: Drawn from tip of posterior margin of
hard palate to undermost surface of occiput [5].
Dens-to-McGregor distance: Distance from tip of dens
to McGregor’s line (Figs. 1d, 2d).

Occipito-atlantal Cobb angle: Measured by the angle
between McGregor’s line and mid-axis of C1 in sagittal
plane (Figs. le, 2e).

Occipito-axis Cobb angle: Measured by the angle
between McGregor’s line and along the inferior end plate
of C2 (Figs. 1If, 2f).

Atlas-axis Cobb angle: Measured by the angle between
mid-axis of C1 and along the inferior end plate of C2 in
sagittal plane (Figs. 1g, 2g).

Redlund-Johnell distance: Minimum distance measured
from the midpoint of the C2 base to the McGregor’s line
(Figs. 1h, 2h) [6].

Modified Ranawat distance: Minimum distance measured
from the midpoint of the base and along the long axis of
C2 to mid-axis of C1 in sagittal plane (Figs. 1i, 2i) [16].
Clivus canal angle: Angle formed at posterior border of
clivus and posterior vertebral C2 line (Figs. 1j, 2j).
Occiput inclination angle: Measured by the angle
between McGregor’s line and posterior border of C2
(Figs. 1k, 2k).

Occiput cervical distance: Distance from spinous process
of C2 to undermost surface of occiput (Figs. 11, 21).

Statistical analysis

All parameters on multi-positional MRI and dynamic plain
X-ray images were measured independently by two spine
surgeons. Inter-observer and intra-observer reliability values
were analyzed using 20 patients and intra-class correlation
coefficients (ICCs) statistics. The intra-observer and inter-
observer agreements for each parameter both modalities
were analyzed. The ICC values were assessed using the fol-
lowing criteria: 0-0.2 indicated slight agreement, 0.21-0.4
indicated fair agreement, 0.41-0.6 indicated moderate agree-
ment, 0.61-0.8 indicated substantial agreement, and 0.81-1
indicated excellent agreement [18]. Pearson correlation
statistic was used to evaluate the correlation between multi-
positional MRI and dynamic radiograph in each parameter.
A Pearson correlation coefficient () of 0.00-0.09 was con-
sidered very low correlation, r of 0.10-0.29 was considered
low to moderate correlation, » of 0.30-0.49 was considered
moderate to substantial correlation, r of 0.50—0.69 was con-
sidered substantial to very strong correlation, r of 0.70-0.89
was considered very strong correlation, and r of 0.90-0.99
was near perfect correlation [19]. Linear regression analysis
was used to confirm correlations. Normality test for normal
distribution of all parameters was done using Shapiro—Wilk
test. For statistical analysis, SPSS 23.0 (Chicago, IL) was
used; a p value of less than 0.05 was considered a statisti-
cally significant finding.

To test the correlation between two independent groups,
the sample size of 29 in each group was determined using
the effect size of 0.79 (calculated by the difference between
mean and standard deviation of occiput inclination param-
eter in flexion position in both groups), alpha value of 0.05,
and beta value of 0.20.
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Modified Ranawat distance

Fig. 1 Occipitocervical parameters in multi-positional MRI; a PADI,
b AADI, ¢ Dens-to-McRae distance, d Dens-to-McGregor distance,
e CO1 Cobb angle, f CO2 Cobb angle, g C02 Cobb angle, h Redlund-

Results

From 1273 patients who underwent both dynamic plain
X-ray and multi-positional MRI, 210 patients had both
imaging modalities within 2 weeks. Seventy patients (37
men and 33 women) with an average age of 45.4 years
(range 23—67 years) based on the inclusion and exclusion
criteria were included in the study. The Pearson correlation
coefficient results showed statistically significant positive
correlation between dynamic radiograph and multi-posi-
tional MRI for all parameters and in all three positions
(p <0.05) except AADI parameter. Dens-to-McGregor dis-
tance and Redlund-Johnell parameter showed very strong
correlation range in the neutral position (r=0.72, r=0.79,
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Occiput inclination angle

Occiput-C2 distance

Johnell distance, i Modified Ranawat distance, j Clivus canal angle, k
Occiput inclination angle, 1 Occiput-C2 distance

respectively) and moderate to very strong correlation in
flexion (r=0.49, r=0.63, respectively) and extension
(r=0.62, r=0.71 respectively). The Pearson correlation
coefficient showed substantial to very strong correlation
in the following parameters (> 0.5); modified Ranawat,
occiput cervical distance, the flexion position of C12 Cobb
angle, the neutral position of CO1 Cobb angle, C02 Cobb
angle and occiput inclination. Parameters that presented
moderate to substantial correlation (» from 0.3 to 0.49)
were: PADI, Clivus canal angle, the flexion position of
Dens-to-McRae distance, CO1 Cobb angle, C02 Cobb
angle, occiput inclination, the extension of CO1 Cobb
angle, C02 Cobb angle, C12 Cobb angle, occiput inclina-
tion and the neutral position of C12 Cobb angle. The least
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C01 Cobb angle

Modificd Ranawat distance Clivus canal angle

Fig.2 Occipitocervical parameters in plain radiograph; a PADI, b
AADI, ¢ Dens-to-McRae distance, d Dens-to-McGregor distance, e
CO01 Cobb angle, f C02 Cobb angle, g C02 Cobb angle, h Redlund-

correlation in the neutral position was for Dens-to-McRae
distance (r<0.29 < Table 1). Linear regression analysis
also showed statistical significant correlation between
dynamic radiograph and multi-positional MRI R? results
(Table 1).

Dens-to-McRae distance

Do to McCropor distance

C1-C2 Cobb mngle

OcoputC2 &stance

Occiput inclmation angle

Johnell distance, i Modified Ranawat distance, j Clivus canal angle, k
Occiput inclination angle, 1 Occiput-C2 distance

The intra-class correlation (ICC) of intra- and inter-
observer between two spine surgeons showed good to
excellent reliability in almost all measured parameters;
the ICCs were 0.67-0.98 (Table 2).
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Table 1 Occipitocervical
parameters measurement values
from dynamic radiograph and
multi-positional MRI, the PADI
Pearson correlation coefficients,

Parameters X-ray Kmri Pearson’s correla-  p value R?
tion coefficient

statistical significant, and the K> Neutral 21.03+0.24 15.78 +0.20 0.42 <0.001" 0.18
value of regression analysis Flexion 20.22+0.25 15.65+0.18 0.41 <0.001' 0.17

Extension 20.51+0.25 15.54+0.19 0.38 0.002" 0.14
AADI

Neutral 1.60+0.05 2.20+0.08 —-0.10 0.408 0.01

Flexion 1.70+0.05 2.41+0.08 0.41 <0.001' 0.17

Extension 1.34+0.05 1.89+0.64 -0.12 0.894  0.00
Dens-to-McRae distance

Neutral 8.09+0.32 8.04+0.32 0.24 0.042"  0.06

Flexion 7.78+0.32 7.94+0.31 0.40 0.001' 0.16

Extension 8.87+0.33 8.93+0.36 0.35 0.003"  0.12
Dens-to-McGregor distance

Neutral 0.36+0.26 1.64+0.33 0.72 <0.001' 0.52

Flexion 0.07+0.29 1.14+0.32 0.49 <0.001' 0.24

Extension 1.77+0.33 2.85+0.35 0.62 <0.001' 0.39
Redlund-Johnell distance

Neutral 37.08+0.60 32.73+0.51 0.79 <0.001' 0.63

Flexion 36.86+0.60 31.87+0.52 0.63 <0.001'  0.40

Extension 39.22+0.66 34.52+0.55 0.71 <0.001'  0.50
C02 Cobb angle

Neutral 18.80+0.88 17.72+0.84 0.57 <0.001" 0.33

Flexion 14.56 +0.88 13.30+0.80 0.40 0.001" 0.16

Extension 34.41+1.07 32.40+1.08 0.45 <0.001" 0.20
C12 Cobb angle

Neutral 28.73+0.71 26.92+0.77 0.37 0.001" 0.14

Flexion 23.49+0.85 22.39+0.96 0.57 <0.001' 0.32

Extension 34.44+0.78 35.47+0.93 0.43 <0.001" 0.19
CO01 Cobb angle

Neutral -9.05+0.91 -9.04+0.29 0.58 <0.001" 0.33

Flexion —8.44+0.87 -9.71+£0.77 0.35 0.003" 0.12

Extension -0.92+0.77 -3.36+0.73 0.31 0.008" 0.10
Clivus canal angle

Neutral 162.19+0.89 155.91+1.07 0.40 0.001' 0.16

Flexion 159.65 +1.06 14991 +1.12 0.40 0.001° 0.16

Extension 172.19+0.87 166.33 +1.06 0.40 0.001° 0.16
Modified Ranawat distance

Neutral 30.18+0.37 25.30+0.33 0.48 <0.001" 0.23

Flexion 29.96+0.38 0.55 <0.001" 0.30

Extension 30.78+0.38 25.68+0.37 0.54 <0.001" 0.29
Occiput inclination angle

Neutral 96.87+0.83 93.54+0.94 0.58 <0.001" 0.33

Flexion 93.08 +0.80 0.44 <0.001' 0.20

Extension 111.27+1.01 105.48 +1.18 0.30 0.013"  0.09
Occiput cervical distance

Neutral 20.80+0.64 17.11+0.56 0.64 <0.001' 041

Flexion 23.29+0.61 0.59 <0.001' 0.35

Extension 13.06 +0.68 11.75+0.55 0.55 <0.001" 0.31

'Statistically significant (p value of less than 0.05)
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Table 2 Inter- and intra-

o Parameters Intra ICC 95% CI (min—max) Inter ICC 95% CI (min—max)
observer reliability
Dynamic X-ray kMRI Dynamic X-ray kMRI
PADI 0.77-0.92 0.81-0.84 0.81-0.91 0.80-0.88
AADI 0.82-0.90 0.79-0.92 0.89-0.90 0.73-0.83
Dens-to-McRae distance 0.78-0.82 0.79-0.89 0.73-0.86 0.84-0.93
Dens-to-McGregor distance 0.81-0.96 0.84-0.87 0.90-0.91 0.83-0.85
CO01 Cobb angle 0.81-0.98 0.87-0.97 0.90-0.99 0.86-0.94
C02 Cobb angle 0.87-0.95 0.84-0.86 0.73-0.89 0.80-0.86
C12 Cobb angle 0.80-0.90 0.83-0.88 0.81-0.85 0.69-0.90
Redlund-Johnell distance 0.95-0.98 0.87-0.92 0.87-0.98 0.79-0.90
Modified Ranawat distance 0.90-0.94 0.85-0.92 0.77-0.84 0.80-0.93
Clivus canal angle 0.80-0.83 0.82-0.93 0.67-0.81 0.80-0.86
Occiput inclination angle 0.94-0.97 0.78-0.84 0.78-0.90 0.67-0.90
Occiput cervical distance 0.95-0.98 0.86-0.87 0.85-0.93 0.88-0.93

All parameters were statistically significant (p value of less than 0.05)

Discussion

Occipitocervical parameters measured in both dynamic
radiograph and multi-positional MRI had a significant posi-
tive correlation for all parameters except AADI. Dens-to-
McGregor distance, Redlund-Johnell parameter, Modified
Ranawat and clivus canal angle C02 Cobb angle and C02
distance had moderate to very strong correlation. Addition-
ally, our study also found good to excellent inter- and intra-
observer reliability for all parameters. These findings sug-
gested that occipitocervical parameters which demonstrated
moderate to very strong level of correlations can be used
reciprocally between two modalities.

Occipitocervical area has various anatomical landmarks
and parameters such as range of motion, PADI to deter-
mine upper cervical spine stenosis and Dens-to-McGregor,
Dens-to-McRae, Redlund-Johnell, etc., to diagnose basilar
invagination. Paholpak et al. reported that for C2-7 Cobb
angle and cervical segmental Cobb angles multi-positional
MRI and dynamic radiograph can be reliably interchange-
ably used if there is at least moderate correlation. C2—7 and
cervical segmental Cobb angles showed the strongest corre-
lations in neutral position which is the same for the majority
of occipitocervical parameters [20].

The use of dynamic radiograph in diagnosis of occip-
itocervical pathology was a mainstay for a long time,
especially in diagnosis of occipitocervical instability
and basilar invagination [21]. MRI on the other hand was
developed after dynamic radiograph and is a more expen-
sive modality with limited access compared to dynamic
radiograph. However, MRI can provide better details of the
soft tissues such as ligament, disc degeneration and pannus
of dens in the rheumatoid patient. Multi-positional MRI
was has been studied and used since the late 1990s [22,
23]. It came with the benefit of traditional MRI evaluating

soft tissue, with the added benefit to allow patients to be
scanned in multiple positions. Previous studies revealed
that there are changes in soft tissue pathology according
to patient position such as neutral, flexion and extension.
Xiong et al. reported mobility of the cervical spine in
symptomatic patients receiving upright cervical multi-
positional MRI. The results showed the translation motion
decreased from proximal segment to distal segment and
the angular mobility was the greatest at C5/6 and least at
C7/T1 [24]. Hayashi et al. demonstrated upper cervical
spine motion in order to compensate for lower cervical
intervertebral disc degeneration using multi-positional
MRI. They found that the occipito-axial angular motion
was greater in patients with decreased lower cervical sagit-
tal motion. Thus, occipito-axial motion compensated for
motion lost in the lower spine secondary to disc degenera-
tion [25].

All studies about occipitocervical imaging focus on diag-
nosis of basilar invagination, instability, correlation of cervi-
cal disc degeneration and sagittal alignment [5, 7, 16], the
relationship of lower cervical alignment and upper cervical
compensation [25], correlation between occipitocervical
parameters themselves [15] and correlation in lower cervi-
cal spine motion between multi-positional MRI and radio-
graph [20]. Nevertheless, there is no literature on correla-
tion of occipitocervical parameters measured in two imaging
modalities.

According to our results, both dynamic radiograph and
multi-positional MRI can diagnose occipitocervical instabil-
ity and basilar invagination in Dens-to-McGregor distance
and Redlund-Johnell parameter, Modified Ranawat, clivus
canal angle, C0O2 Cobb angle and C02 distance. We also
found positive statistically significant correlation for each
parameter for the two imaging modalities demonstrating that
they can accurately substitute each other.
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Although our study achieved to compare two distinctly
different modalities taken not more than 2 weeks interval in
each patient, this advantage restricted the number of patients
enrolled to the study, and thus, the overall power declined.
The last limitation of this study was lack clinical informa-
tion of the patients such as definite diagnosis or severity of
disease; however, we could not compare parameters meas-
urement in both modalities according to type or severity of
pathology.

Conclusion

Occipitocervical parameters demonstrated various level of
correlation between the multi-positional MRI and dynamic
radiograph. Our study suggested that Dens-to-McGregor dis-
tance and Redlund-Johnell parameter, Modified Ranawat,
clivus canal angle, C02 Cobb angle and C02 distance can
be used interchangeably between two image modalities with
an acceptable range of error in all cervical positions and
that multi-positional MRI can substitute and enhance X-ray
outputs.
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