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significant correlation between multi-positional MRI and 
dynamic X-ray (p < 0.05, R2 = 0.107–0.571).
Conclusions  The C2–7 angle and segmental cervical 
angles measured by multi-positional MRI were valid, and 
reliability substituted the dynamic X-ray measurement 
within the acceptable range of error. Multi-positional MRI 
can be used as a reliable tool for angular parameter meas-
urement and detection of angular instability in the cervical 
spine.

Keywords  Multi-positional MRI · Kinematic MRI · 
Cervical spine · Dynamic X-ray · C2–7 angle · Spinal 
segmental angle

Introduction

Dynamic plain radiograph is one of the most important tools 
used to evaluate angular cervical instability in degenera-
tive disease and following spinal trauma. Using this imag-
ing modality, cervical spine instability can be diagnosed by 
identifying segmental rotation in the sagittal plain of more 
than 11° [1, 2]. Although dynamic cervical radiograph is the 
gold standard for angle measurement, it comes with inherent 
risks and limitations.

Plain radiographs are inexpensive, fast, and provide con-
sistent, quality images of bony structures. However, they are 
limited by the fact that they are only two dimensional and 
cannot be used to analyze soft tissue structures. Further-
more, obtaining multiple plain radiographs of the head and 
cervical spine exposes patients to harmful ionizing radia-
tion [3, 4]. While the risk associated with a single series of 
plain radiographs is low, the average annual rate of exposure 
to ionizing radiation has increased over the past 45 years 
and continues to climb. It is important to consider lifetime 

Abstract 
Purpose  To test the reliability and validity of the multi-
positional magnetic resonance imaging (MRI) in measur-
ing cervical angular parameter using the standard dynamic 
cervical X-ray as a reference.
Methods  All patients who underwent both cervical 
dynamic plain radiograph and multi-positional MRI on 
the same day between 2010 and 2016 were included in 
this study. The C2–7 angle and the segmental angles of the 
C2–3 to C6–7 segments were measured in all three positions 
(neutral, flexion, and extension) using multi-positional MRI 
and dynamic radiograph. The Pearson’s correlation coeffi-
cients and linear regression analysis were used for statistical 
analysis.
Results  46 patients were enrolled in this study. All angular 
parameters showed significant positive correlation between 
multi-positional MRI and dynamic X-ray (p < 0.05). The 
angle of C2–7 showed significantly positive correlation 
between multi-positional MRI and X-ray (r = 0.552–0.756). 
All segmental angles from C2–3 to C6–7 showed moderate 
correlation (r = 0.401–0.636). The linear regression analysis 
showed that C2–7 angles and all angular parameters had 
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exposure, especially in high-risk populations such as chil-
dren, pregnant women, and individuals with chronic diseases 
who require repeated radiographic evaluation, where ioniz-
ing radiation is potentially more harmful than in the general 
population [3]. While the assumed risk of exposure is often 
justified by the medical benefit of the study, it is important 
to reduce exposure by choosing safer, non-radiating imaging 
modalities whenever possible.

Magnetic resonance imaging (MRI) is an imaging modal-
ity frequently to evaluate cervical spine pathology, and does 
not expose the patient to any ionizing radiation [5, 6]. In 
addition to a lack of ionizing radiation, it offers multiple 
other advantages to plain radiograph including multi-planar 
capability and excellent soft tissue contrast. Multi-positional 
magnetic resonance imaging (multi-positional MRI) offers 
additional benefits including multi-positional evaluation and 
the ability to take weight-bearing images [7, 8]. Given these 
capabilities, multi-positional MRI has been shown to be a 
valuable imaging modality for the diagnosis, evaluation, and 
management of degenerative vertebral disease and spinal 
injury. Because multi-positional MRI can accurately iden-
tify bony and soft tissue structures in the spine as well as 
evaluate multiple types of spinal pathology, it is a powerful 
tool for investigating the relationship between pathological 
changes and cervical vertebral motion. Previous studies have 
used multi-positional MRI to successfully show decreased 
cervical vertebrae mobility to be correlated with disc degen-
eration, cord compression, and sagittal misalignment of the 
cervical spine [7–9]. While previous studies have shown 
multi-positional MRI to be a promising tool for evaluating 
cervical spine pathology, the use of multi-positional MRI 
is expensive relative to radiographs and there are limited 
spine or imaging center which are capable of performing 
multi-positional MRI studies. The limited access to multi-
positional MRI leads us to conduct this study. We want to 
know if the angle measurement in cervical dynamic plain 
radiograph can be used as a reliable, valid substitute for the 
angle measurement in cervical multi-positional MRI. To do 
this, we measured angular parameters in cervical spine in 
neutral, flexion, and extension position using both multi-
positional MRI dynamic plain radiograph and compared the 
measurements between two modalities. If the two measure-
ments are shown to be equivalent, then the measured angle 
from dynamic plain radiograph can be used as a predictor for 
the significant findings which had been found in the previous 
multi-positional MRI studies. Furthermore, if measurements 
using both modalities are equivalent, then multi-positional 
MRI sagittal segmental rotation measurement values can be 
used to diagnose cervical spine radiographic instability for 
which plain radiographs are currently the gold standard. This 
will allow for the safe evaluation and diagnosis of cervical 
spine instability in populations at high risk for developing 
complications from ionized radiation.

Materials and methods

Patients who received both dynamic plain radiograph and 
multi-positional MRI of the cervical spine in the same set-
ting (same day) from January 2010 to December 2016 were 
enrolled in the study. To be included in the study, the lower 
endplate of C7 had to be clearly identifiable in both plain 
radiograph and multi-positional MRI images in all three 
studied positions (flexion, neutral, and extension) and all 
images from a single patient had to have good image qual-
ity. Patients with cervical spine deformity (more than 10° in 
sagittal, coronal, and frontal plane), inflammatory diseases 
of the spine, congenital anomaly, cervical spine infection, 
cervical spine tumor, and previous cervical spine surgery 
were excluded from the study. We also excluded patients 
whose MR images had an artifact, which obscured the exact 
angle measurement on both dynamic plain radiograph and 
MRI. After all inclusion and exclusion criteria were met, 46 
patients were included in this study. For all patients, meas-
urements of the C2–7 angle, C2–3 angle, and subaxial seg-
mental angles (C3–4, C4–5, C5–6, and C6–7) were taken 
using both dynamic plain radiograph and multi-positional 
MRI in all three positions (neutral, flexion, and extension).

Multi‑positional magnetic resonance imaging 
(multi‑positional MRI) and dynamic plain radiograph

Multi-positional MRI of the cervical spine was performed 
using a 0.6 Tesla MRI scanner (Upright Multi-Position, 
Fornar Corp., New York, NY, USA). The MR unit uses 
two electro magnets to produce a horizontal magnetic field 
allowing imaging in the upright position, and also the use of 
both solenoidal and planar receiver coils, allowing patients 
to be scanned in weight-bearing positions. The image pro-
tocol included T1- and T2-weighted sagittal fast spin-echo 
images that were obtained using a flexible surface coil with 
the patient seated in upright weight-bearing neutral (0°), 
flexion (40°) and extension (−20°) positions. The follow-
ing parameters 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 × 224, number of 
excitations 2) and T2-weighted fast spin echo images (rep-
etition time 3000 ms, echo time 140 ms, thickness 4.0 mm, 
field of view 30 cm, matrix 256 × 224, number of excita-
tions 2).

The angle in flexion, neutral, and extension position 
in dynamic plain radiograph were similar to the multi-
positional MRI angles. Three positions on dynamic plain 
radiographs and multi-positional MRIs were adjusted by a 
radiological technician who took both the dynamic plain 
radiograph and multi-positional MRI for each patient in the 
same setting.
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Images were viewed using the eRAD PACS system (ver-
sion 7.2.38.0, SC, USA).

Angular parameters measurement

The C2–7 angle (cervical lordotic measurement) was meas-
ured as the angle between the tangent lines of the lower 

endplates of the axis and C7 (Fig. 1). The positive value 
was the kyphotic alignment and the negative value was 
the lordotic alignment. The C2–3 angle (C2–3 segmental 
angle) was defined as the angle between the tangent lines 
of the lower endplate of the axis and the tangent lines of 
the lower endplates of C3 (Fig. 2). The subaxial segmental 
angles (C3–4, C4–5, C5–6, and C6–7) (segmental angle) 

Fig. 1   C2–7 angle measurement on plain radiograph and multi-positional MRI

Fig. 2   Subaxial (C2–3 to C6–7) segmental angle measurement on plain radiograph and multi-positional MRI
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were measured as the angle between the tangent lines of 
the upper endplates of the cephalad cervical spine and the 
tangent lines of the lower endplates of the caudad cervical 
spine (Fig. 2). All multi-positional MRI angle measurement 
used the mid-sagittal image in each position.

Statistical analysis

Angular parameters (C2–7 angle and subaxial angles) on the 
dynamic plain radiographs and multi-positional MRI images 
were carefully evaluated independently by three spine sur-
geons. The intraclass correlation coefficients (ICCs) were 
used to analyze intra- and inter-observer reliability. Pearson 
correlation was used to evaluate the correlation between 
dynamic plain radiograph and multi-positional MRI in each 
parameter. A Pearson correlation coefficient (r) of 0.00–0.19 
was considered very weak correlation, r of 0.20–0.39 was 
considered weak correlation, r of 0.40–0.59 was considered 
moderate correlation, r of 0.60–0.79 was considered strong 
correlation, and r of 0.80–1.0 was considered very strong 
correlation [10]. Linear regression analysis was used to 
confirm the correlations. For statistical analysis, SPSS 23.0 
(Chicago, IL, USA) was used; a p value of less than 0.05 was 
considered a statistically significant finding.

To test the correlation between two dependent groups, 
the sample size of 27 in each group was determined using 
the effect size of 0.278 (calculated by the difference between 
mean and standard deviation of C2–7 angle in neutral posi-
tion in both groups), α value of 0.05, and β value of 0.20.

Results

Forty-six patients (25 male and 21 female, ages 
45.41 ± 9.32 years old) were enrolled in the study after being 
carefully evaluated using the previously outlined inclusion 
and exclusion criteria. The ICCs of intra- and inter-observer 
between three spine observers showed excellent reliability in 
all measured parameters; the ICCs were 0.762–0.968.

The Pearson correlation coefficient results showed sta-
tistically significant positive correlation between dynamic 
plain radiograph and multi-positional MRI for all parameters 
and in all three positions (p < 0.05). The C2–7 angle showed 
strong correlation in the neutral position (r = 0.756) and 
moderate correlation in flexion and extension (r = 0.552, 
and 0.558, respectively). For the subaxial cervical segmental 
angle, the Pearson correlation coefficient showed moderate 
and strong correlation between the two imaging modalities. 
In the neutral position, the segmental angle of the subaxial 
segments showed strong correlation (r of more than 0.6) 
at every segment except the C6–7 segment which showed 
moderate correlation (Table 1).

Linear regression analysis also showed statistical sig-
nificant correlation between dynamic plain radiograph and 
multi-positional MRI. R2 results are shown in Table 1.

Discussion

Our results showed significantly moderate to strong positive 
correlations of all angular parameters between the cervical 
spine multi-positional MRI and cervical spine dynamic plain 
radiograph. Our study also found excellent intra- and inter-
observer reliability for all angular parameters measured in 
both multi-positional MRI images and dynamic radiographs. 
These findings suggest that the two modalities can be used 
interchangeably.

While dynamic plain radiographs were mainly used for 
diagnosis of cervical angular instability [11, 12], MRI of 
the cervical spine can provide superior evaluation of disc 
degeneration, soft tissue pathology, for example ligamen-
tous injury, and the spinal canal [13, 14]. Previous studies 
have evaluated the angular parameters of the cervical spine 
using either dynamic plain radiograph or multi-positional 
MRI but not using both. Studies using plain radiographs 
have primarily focused on stability evaluation [2, 15–18]. 
Conversely, most of the cervical spine multi-positional MRI 
studies have mainly focused on correlation between angular 
parameters and significant soft tissue pathologies such as 
disc degeneration, space available for cord, and ligamen-
tum flavum [9]. Our study was the first to compare the two 
imaging modalities in the evaluation of cervical segment 
angulation, in order to understand whether the cervical seg-
mental angular information obtained from multi-positional 
MRI and dynamic plain radiograph can reliably substitute 
each other. Our data show the measurements from the two 
modalities to be interchangeable, which suggests that plain 
radiographs can reliably detect the presence of significant 
soft tissue pathology, and that multi-positional MRI can be 
used to reliably evaluate for cervical instability.

For the C2–7 angle and the individual subaxial segmen-
tal angles, our study showed significant moderate to strong 
positive correlation in all parameters measured between 
multi-positional MRI and dynamic radiograph. This finding 
was strongest for images taken in the neutral position which 
showed strong correlation in all parameters except for the 
C6–7 angle which showed moderate correlation. The regres-
sion analysis for each parameter also showed a statistically 
significant correlation between two image modalities. These 
results confirmed our hypothesis that the angular measure-
ment parameters measured from either multi-positional MRI 
or dynamic plain radiograph in the same setting could be 
reliably substitute each other for radiographic evaluation. In 
other words, if angular instability on multi-positional MRI 
was identified, the same patient will have the moderate to 
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strong chance of having the angular instability identified by 
dynamic plain radiograph. Similarly, the angles measured 
on dynamic plain radiograph can be used to predict, with 
moderate to strong reliability, cervical spine soft tissue 
pathology including disc degeneration, cord compression, 
and sagittal spine malalignment that would be shown using 
multi-positional MRI [2, 16–18].

Plain radiograph should still be the mainstay for evalu-
ation of dynamic angular parameters in the cervical spine 
given its widespread availability, affordability, and low risk 
when used appropriately in the general population. How-
ever, our findings show that multi-positional MRI can also 
be reliably used for angular measurement in the cervical 
spine. Given this finding, multi-positional MRI should be 
considered as an alternative for evaluating cervical insta-
bility in patients with high risks associated with radiation 
including children and pregnant women. Furthermore, 
because multi-positional MRI can perform dynamic soft 
tissue evaluation whereas dynamic radiographs only show 
bony structures, multi-positional MRI should also be used 
in patients being evaluated for cervical instability who also 
have cervical degeneration or minute cervical trauma that 
require dynamic soft tissue pathology evaluation. Finally, 

because our findings show that cervical segmental angular 
measurements taken with the two imaging modalities are 
comparable, dynamic plain radiographs can be used to esti-
mate cervical soft tissue pathology.

To our knowledge, this is the first study that has evaluated 
the reliability and validity of measuring angular parameters 
on cervical multi-positional MRI using the gold standard 
of dynamic plain radiograph as a control. In addition to 
the previously mentioned benefits, multi-positional MRI 
also allows patients to be imaged in three weight-bearing 
positions, and can overcome the limitation of X-rays in 
evaluation below the C7 lower endplate region. The multi-
positional MRI was more accurate than dynamic plain radio-
graph for all parameters. This is particularly important for 
the lower cervical levels which are not reliably visualized in 
plain radiograph [13, 19].

While one of the strengths of this study’s design was 
that it allowed for the direct comparison of multi-positional 
MRI and dynamic plain radiographs of the cervical spine 
taken in the same setting, this greatly limited the number of 
patients eligible for the study which decreased the overall 
power. Many patients also had to be excluded because their 
cervical radiographs did not contain a full view of the lower 

Table 1   The angular 
parameters measurement values 
from kinematic MRI and plain 
dynamic radiographs, the 
Pearson correlation coefficients, 
statistical significant, and the R2 
value of regression analysis

๕ Statistically significant (p value of less than 0.05)

Parameter X-ray MRI Pearson Cor-
relation

p value R2

C2–7 angle
 Neutral 10.31 ± 16.25 14.60 ± 14.60 0.756 < 0.001๕ 0.571
 Flexion −18.10 ± 12.56 −10.72 ± 14.10 0.552 < 0.001๕ 0.305
 Extension 29.66 ± 14.17 26.55 ± 13.96 0.558 < 0.001๕ 0.311

C2–3
 Neutral 0.81 ± 5.04 0.36 ± 4.00 0.620 < 0.001๕ 0.384
 Flexion −1.90 ± 5.13 −1.43 ± 4.60 0.460 0.001๕ 0.212
 Extension 3.93 ± 3.90 2.95 ± 4.20 0.607 < 0.001๕ 0.368

C3–4
 Neutral 2.75 ± 4.20 1.96 ± 4.98 0.640 < 0.001๕ 0.410
 Flexion −4.78 ± 4.69 −2.96 ± 4.90 0.577 < 0.001๕ 0.333
 Extension 7.36 ± 4.64 7.15 ± 4.99 0.401 0.042๕ 0.091

C4–5
 Neutral 0.25 ± 6.64 1.50 ± 5.85 0.631 < 0.001๕ 0.398
 Flexion −7.55 ± 5.69 −4.34 ± 5.77 0.636 < 0.001๕ 0.405
 Extension 5.41 ± 6.16 5.48 ± 5.24 0.614 < 0.001๕ 0.377

C5–6
 Neutral 0.47 ± 6.48 2.76 ± 5.57 0.613 < 0.001๕ 0.376
 Flexion −8.69 ± 5.34 −4.23 ± 35.17 0.569 < 0.001๕ 0.324
 Extension 5.65 ± 6.12 7.26 ± 6.13 0.589 < 0.001๕ 0.346

C6–7
 Neutral 4.29 ± 5.31 5.57 ± 5.62 0.483 0.001๕ 0.233
 Flexion −2.42 ± 5.50 −1.23 ± 5.13 0.428 0.026๕ 0.107
 Extension 7.66 ± 5.25 8.04 ± 6.41 0.418 0.004๕ 0.175
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endplate of C7. Another limitation of this study was that 
it did not allow us to compare the translational motion of 
the cervical spine between both modalities. This is because 
plain radiograph provides a two-dimensional image and 
multi-positional MRI provides multiple sections. For the 
same reason, multi-positional MRI measurements could be 
taken on a mid-sagittal image whereas measurements with 
radiographs did not represent a purely mid-sagittal view 
which created source of inconsistency. Finally, a lack of the 
patients’ clinical information was also a limitation because it 
did not allow the authors to compare correlation of measure-
ments in patients with varying levels of pathology.

Conclusion

Measurements of the C2–7 angle and segmental angles 
of the cervical spine taken using weight-bearing multi-
positional MRI can reliably substitute measurements using 
dynamic plain radiograph within an acceptable range of 
error. As such, multi-positional MRI can be used as a reli-
able tool for angular parameter measurement in the cer-
vical spine. Similarly, dynamic plain radiograph angular 
measurements can reliably substitute measurements taken 
using multi-positional MRI within the acceptance of error. 
Therefore, dynamic plain radiograph angular parameters can 
potentially be used as a predictor of significant pathologi-
cal soft tissue findings reported by previous cervical multi-
positional MRI studies, including disc degeneration, spinal 
cord compression, and sagittal misalignment.
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