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Correlation and reliability of cervical sagittal alignment
parameters between plain radiographs and multipositional MRI
images
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STUDY DESIGN: A retrospective study.
OBJECTIVES: To assess the validity and reliability of cervical sagittal alignment parameters from multipositional magnetic
resonance imaging (MRI) and dynamic cervical radiography.
SETTING: Hospital in Suzhou, China.
METHODS: Patients who underwent both multipositional MRI and dynamic plain radiography of the cervical spine within a 2-week
interval between January 2013 and October 2021 were retrospectively enrolled in this study. The C2–7 angle, C2–7 cervical sagittal
vertical axis (C2–7 SVA), T1 slope (T1S), cervical tilt, cranial tilt, and K-line tilt were measured in three different positions (neutral,
flexion, and extension) with multipositional MRI and dynamic radiography. Inter- and intraobserver reliabilities were assessed by
intraclass correlation coefficients (ICCs). Pearson correlation coefficients were used for statistical analyses.
RESULTS: A total of 65 (30 males and 35 females) patients with a mean age of 53.4 years (range 23–69 years) were retrospectively
enrolled in this study. Significant positive correlations were noted regarding all parameters between the plain radiographs and
multipositional MRI images. Inter- and intraobserver reliabilities were excellent for all cervical sagittal alignment parameters
measured in the two imaging modalities. All cervical sagittal parameters had significant positive correlations with those from
multipositional MRI in all three positions (p < 0.05). Pearson correlation coefficients demonstrated moderate and strong correlations
between the two examinations.
CONCLUSIONS: Cervical sagittal alignment parameters measured on multipositional MRI could reliably substitute for those
measured on plain radiographs. Multipositional MRI is a valuable, radiation-free alternative for diagnostic evaluation in
degenerative cervical diseases.
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INTRODUCTION
The concept of cervical sagittal balance is closely associated with
patients’ quality of life and has gained increasing interest in the
field of spinal deformity in recent years [1–4]. Sagittal imbalance of
the spine has been extensively studied in relation to acceleration
of degenerative diseases, complications after spinal surgeries and
the exacerbation of clinical symptoms [5–9]. Therefore, accurate
assessment of the spine sagittal plane requires good cervical
parameters and remains a heated topic among researchers. Many
radiological parameters have been identified to be highly
associated with cervical sagittal balance. For example, several
studies proposed that the T1 slope (T1S) was correlated with
cervical spinal sagittal balance and was as critical as the
relationship between pelvic incidence and lumbar lordosis
[10–12]. Xing et al. [13] investigated the characteristics and
relationships of cervical sagittal parameters from both cervical
conventional MRI images and radiographs. They found that T1S
was involved in the occurrence and development of cervical disc

degeneration. Fujiyoshi et al. [14] first reported the K-line, which
could reflect the alignment and thickness of the ossification of the
posterior longitudinal ligament (OPLL) and has been widely used
in making decisions about the surgical approaches for patients
with OPLL and assessing surgical outcomes [15, 16]. Recently, the
K-line tilt, a newly studied concept and first described by Kim et al.
[17], has been reported to be a good cervical parameter, just as
the C2–7 cervical sagittal vertical axis (C2–7 SVA) is, and a close
relationship between the K-line tilt and C2–7 SVA has been
established.
Dynamic plain radiographs are frequently used to evaluate

degenerative cervical diseases and are easily accessible and
affordable. However, plain radiographs provide only two dimen-
sions of bony structures and cannot accurately quantify para-
meters about cervical sagittal balance due to the invisible sternum
contour and T1 vertebra. In addition, it is obvious that patients are
exposed to harmful ionizing radiation during radiographic
procedures, which enhances risks for health, especially for
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pregnant women, children, and individuals requiring repeated
radiographic evaluations [18–21]. Therefore, an examination with
no radiation or less radiation than plain radiographs should be
considered.
Recently, studies focusing on the advantages of magnetic

resonance imaging (MRI) in evaluating degenerative spinal
diseases have begun to accumulate. Compared with plain
radiography, MRI examinations lack ionizing radiation, provide
clear visibility of anatomic landmarks and produce accurate
measurement results [22, 23]. However, radiographic findings
from conventional MRI with patients in the supine position may
mismatch the dynamic changes that occur with motion due to the
effects of gravity on the spine. This disadvantage could be
ameliorated with multipositional MRI. Multipositional MRI, as a
novel and noninvasive technology, allows imaging in various
weight-bearing positions and offers evaluation in different
positions [24] and has been considered a meaningful radiographic
examination for evaluating degenerative spinal diseases [25, 26].
Nigro et al. [27] found that multipositional MRI could detect a
large number of spinal cord compressions and could provide
more useful information than static exams.
Previous studies have compared some cervical sagittal para-

meters on radiographs and supine MRI images. Qiao et al. [28]
compared T1S with supine MRI and found no significant
differences between the two imaging modalities. They concluded
that supine MRI could serve as a good substitute for X-ray scans
with regard to the measurement of T1S. Lee et al. [16] evaluated
C2–7 SVA, C2–7 angle, and T1S from standing plain radiographs,
supine CT scans, and supine MRI images and found that MRI
images were a good alternative to plain radiographs regarding
those parameters. In contrast, Xing et al. [29] measured and
compared some cervical sagittal parameters on radiographs and
MRI images, but they concluded that most sagittal parameters
could be affected by positional changes, and supine MRI images
could not substitute for upright cervical radiographs for the
measurement of most parameters. However, few studies have
been conducted to compare cervical sagittal parameters on plain

radiographs and multipositional MRI images. Hence, whether
these two imaging examinations could substitute each other
remains unknown. The aim of this study was to assess the
correlations and differences in cervical sagittal alignment para-
meters between multipositional MRI and dynamic plain
radiography.

MATERIALS AND METHODS
From January 2013 to October 2021, patients who received cervical
examinations with both multipositional MRI and dynamic plain radio-
graphy within two weeks were retrospectively enrolled in the study. The
inclusion criteria were as follows: age ≥20 years; patients with neck pain,
radiculopathy symptoms, and/or myelopathy. Patients with recent spinal
trauma, congenital spinal anomaly, spinal deformity, spinal infection, spinal
inflammatory disease, spinal tumor, and history of spinal surgery were
excluded. This study was reviewed and approved by the institutional
review board of the Second Affiliated Hospital of Soochow University, and
written informed consent was obtained from all participants in this study.
All participants were scanned in a 0.25 Tesla MRI machine (G-scan,

ESAOTE, Italy) in three positions: flexion (40°), neutral (0°), and extension
(−20°). The scans included T1-weighted and T2-weighted sagittal fast spin-
echo images. Each patient received dynamic plain radiography in neutral,
flexion, and extension positions, with angles similar to those of multi-
positional MRI. All the images were viewed and measured using the PACS
viewer system (version 5.5, Neusoft Corp., Shenyang, China).

Measurements
All cervical sagittal alignment parameters were measured using the
methods described below (Figs. 1, 2).

1. The C2–7 angle was defined as the angle between the tangent lines
of the lower endplates of the C2 and C7 vertebral bodies in a
weight-bearing sagittal view. A positive value indicated kyphotic
alignment, whereas a negative value indicated lordotic alignment.

2. The C2–7 SVA was defined as the horizontal distance between the
center of C2 and the posterior edge of the C7 upper endplate. The
C2 center was the point of intersection of crossing diagonals within
the C2 vertebral body on the central sagittal MRI picture. A positive

Fig. 1 Cervical plain radiographs and MRI images. Dynamic cervical plain radiographs in neutral (A), flexion (B) and extension (C) positions,
and multipositional MRI images in neutral (D), flexion (E) and extension (F) positions.
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value of C2–7 SVA indicated that the C2 center was anterior to the
posterior edge of the C7 upper endplate, while a negative value
indicated that the C2 center was posterior to the posterior edge of
the C7 upper endplate.

3. T1S was measured as the angle between the T1 upper endplate
(T1UEP) and a horizontal line.

4. Cervical tilt is the angle formed between the vertical line from the
center of T1UEP and the line from the center of T1UEP to the tip of
the dens.

5. Cranial tilt is the angle formed between the line from the center of
the T1UEP to the dens and the SVA from the T1UEP.

6. The K-line is a line that links the center of the spinal canal at C2
and C7.

7. The K-line tilt is the angle between the K-line and a line
perpendicular to the horizon.

Statistical analysis
All images were acquired from the PACS viewer system and were
independently evaluated by two spine surgeons with 8 years of
experience. The intra- and interobserver reliability for each parameter in
both modalities was analyzed by the intraclass correlation coefficients
(ICCs). The ICC values were assessed using the following criteria: ICC values
<0.40 were considered poor; 0.40–0.59 were considered fair; 0.60–0.74
were considered good; and 0.75–1.00 was considered excellent. The
correlation between the 2 measurement methods for each parameter was
analyzed by the Pearson correlation test. A Pearson correlation coefficient
(r) of 0.00–0.19 was considered very weak; 0.20–0.39, weak; 0.40–0.59,
moderate; 0.60–0.79, strong; and 0.80–1.0, very strong. Statistical analyses
were performed using SPSS Statistics software (version 23; SPSS Inc,
Chicago, IL, USA), and a p-value less than 0.05 was considered significant.

RESULTS
Demographic factors
Images from a total of 65 (30 males and 35 females) patients with
a mean age of 53.4 years (range 23–69 years) were reviewed after
careful evaluation based on the inclusion and exclusion criteria.
The means and standard deviations of the C2–7 angle, C2–7 SVA,
T1S, cervical tilt, cranial tilt, and K-line tilt measurements were
shown in Table 1.

Reliability
The reliability results were shown in Table 2. Intraobserver
reliability was excellent for all cervical sagittal alignment
parameters, with ICCs ranging from 0.792 to 0.992 for plain
radiographs and 0.854 to 0.942 for multipositional MRI images.
Interobserver reliability was excellent for all parameters, with ICCs
ranging from 0.761 to 0.915 for plain radiographs and 0.853 to
0.901 for multipositional MRI images.

Validity
All cervical sagittal parameters had a significantly positive
correlation with those from multipositional MRI in all three
positions (p < 0.05). Pearson correlation coefficients demonstrated
moderate and strong correlations between the two imaging
modalities, with r values ranging from 0.421 to 0.752 (Table 1).

DISCUSSION
Dynamic radiographs are frequently used in the evaluation of
cervical instability. However, it is difficult to accurately measure
the T1S due to the unsatisfactory visibility of the T1 vertebra in
cervical plain radiographs. In our study, 45 of 110 subjects were
excluded due to this issue. MRI, on the contrary, can provide clear
details of soft tissues and easily measure cervical sagittal
parameters. Cervical sagittal alignments in previous studies were
mostly obtained from plain radiographs, and little attention had
been given to MRI until recently. Oshina et al. [30] investigated the
difference in alignment between standing radiographs and supine
MRI images and assessed whether neck position could affect
cervical parameters and neurological changes. The results showed
that neck tilt was a constant parameter, and the C2–7 angle in the
kyphotic group was similar; however, in the lordotic group, these
measures were different between the two imaging examinations.
Lee et al. [16] assessed the validity and reliability of cervical
alignment parameters from standing cervical radiographs and
supine MRI images and found significant differences regarding
C2–7 SVA and C2–7 angle. Other studies also revealed that
radiological images obtained from conventional MRI with patients

Fig. 2 Cervical alignment measurements. Cervical alignment measurements on plain radiographs (A–C) and multipositional MRI images
(D–F).

Z. Zhou et al.

309

Spinal Cord (2023) 61:307 – 312



in the supine position may not precisely reflect the actual
conditions of the cervical spine in the upright position [28, 31].
The effects of gravity on the spine differ between upright and

supine positions, and assessments of the actual condition of spine
pathologies might be significantly altered. Multipositional MRI can
be used to define spine motion regions and capture each
segment’s mobility of the cervical spine, which are not identifiable
with the conventional MRI. Further, it can be used to assess not
only the angular parameters of the cervical spine, but also the
quality of cervical structures including intervertebral discs or
ligamentum flavum (LF). For example, a previous research by
Zhong et al. [32] found that the frequency and depth of missed LF
bulge were highest at C5–C6 and C4–C5 segments in the
extension position. Another study by Hayashi et al. [33] showed
that dynamic cord compression was mostly detected at the

C5–C6 segment. Therefore, multipositional MRI allowing patients
to be scanned in three weight-bearing positions seems to be a
better alternative.
In this study, our results showed that cervical sagittal alignment

parameters measured from lateral cervical dynamic plain radio-
graphs and multipositional MRI images had significantly positive
correlations. The intra- and interobserver reliability in both groups
was excellent. Our results were in line with a previous study
conducted by Paholpak et al. [34], which also showed a positive
correlation between multipositional MRI and dynamic X-ray for
measuring the C2–7 angle and segmental cervical angles, with
excellent ICC results (0.762–0.968). However, other cervical
parameters, such as C2–7 SVA, T1S, cervical tilt, cranial tilt, and
K-line tilt, were not measured and analyzed in that study. The
regression analysis for each parameter also revealed a significant

Table 2. Intra- and inter-observer ICC for cervical sagittal alignment measurements.

Parameters Intra-observer reliability Inter-observer reliability

plain radiograph multi‐positional MRI plain radiograph multi‐positional MRI

C2–7 angle 0.921 0.872 0.911 0.871

C2–7 SVA 0.882 0.942 0.862 0.863

T1S 0.792 0.911 0.761 0.883

Cervical tilt 0.862 0.932 0.876 0.901

Cranial tilt 0.893 0.854 0.859 0.853

K-line tilt 0.911 0.903 0.915 0.891

ICC intraclass correlation coefficient, C2–7 SVA C2–7 cervical sagittal vertical axis, T1S T1 slop.

Table 1. The parameters on plain dynamic radiographs and multi‐positional MRI.

Parameters Dynamic plain radiograph Multi‐positional MRI Pearson correlation coefficient (r) p-value

C2–7 angle

Neutral 12.92 ± 6.75 10.13 ± 9.53 0.624 <0.01

Extension 27.58 ± 16.14 24.29 ± 9.45 0.613 <0.01

Flexion −10.58 ± 12.25 −7.49 ± 10.33 0.545 <0.01

C2–7 SVA

Neutral 16.16 ± 9.57 15.33 ± 6.12 0.752 <0.01

Extension −5.57 ± 14.46 −4.53 ± 8.84 0.543 <0.01

Flexion 65.33 ± 14.13 56.21 ± 7.82 0.453 <0.01

T1S

Neutral 25.65 ± 3.79 26.23 ± 5.31 0.433 <0.01

Extension 21.24 ± 4.61 24.46 ± 5.31 0.478 <0.01

Flexion 32.81 ± 7.62 28.78 ± 6.61 0.453 <0.01

Cervical tilt

Neutral 19.01 ± 5.45 19.80 ± 5.94 0.512 <0.01

Extension 31.08 ± 10.02 34.30 ± 5.82 0.476 <0.01

Flexion 9.13 ± 8.03 8.33 ± 5.40 0.435 <0.01

Cranial tilt

Neutral 6.64 ± 3.91 6.43 ± 3.18 0.634 <0.01

Extension −9.84 ± 11.87 −9.84 ± 5.54 0.611 <0.01

Flexion 23.68 ± 11.76 20.45 ± 4.40 0.421 <0.01

K-line tilt

Neutral 8.43 ± 5.49 7.77 ± 4.12 0.623 <0.01

Extension −7.10 ± 7.82 −7.92 ± 6.54 0.504 <0.01

Flexion 27.84 ± 10.89 25.75 ± 5.45 0.602 <0.01

SVA Cervical sagittal vertical axis; T1S, T1 slope.
Values are indicated as mean ± SD; p < 0.05 as statistically significant.
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correlation between the two imaging modalities. These findings
suggested that radiographic parameters measured from the two
examinations could substitute for each other. In addition, it is
highly possible that multipositional MRI with patients in different
weight-bearing positions can show the actual status of the spine
and reveal abnormalities that are usually missed in supine MRI.
Cumulative radiation exposure from medical imaging is

reported to be associated with cancer risks [35] and may be
hazardous to patients with recurrent or chronic diseases due to
multiple imaging procedures. Moreover, it has been reported that
children with scoliosis may exhibit a higher incidence of breast
cancer and leukemia later in life because of repeated spinal
radiographic examinations [18, 36]. Hence, there is no doubt that
every effort should be made to lower radiation exposure for adults
and children. From this perspective, MRI without radiation should
be considered before consideration of plain radiography.
Although multipositional MRI has many advantages, it is not

universally available due to limited access to it. To the best of our
knowledge, although multipositional MRI has been investigated
for many years, only several spine centers are currently equipped
with multipositional MRI machines. As a result, plain radiographs
should still be the first choice for the evaluation of degenerative
cervical diseases due to their availability and affordability.
However, since multipositional MRI could be reliably used to
measure several cervical parameters according to our results, it
might serve as an alternative for patients with cervical degen-
erative diseases. In addition, multipositional MRI images provide
clearer visualization and more accurate results than plain radio-
graphs in assessing lower cervical levels, which are not accurately
measured in plain radiographs [37]. For the measurement of T1S
in our study, both intra- and interobserver reliability of plain
radiographs were lower than those obtained with the multi-
positional MRI, indicating the advantages of multipositional MRI in
measuring T1S. Given these benefits, multipositional MRI images
could be a substitute for plain radiographs, especially for
individuals with high radiation risk, such as pregnant women
and children.
Despite the benefits and encouraging results, the present study

has several limitations. First, the number of enrolled subjects was
small. Studies with a larger sample size are warranted to reveal the
potential differences between the two imaging modalities.
Second, differences in cervical sagittal alignment parameters
might have existed due to changes in symptoms and deformity
during the 2-week interval between scans. A smaller time interval
between assessments with the two imaging modalities should be
considered. Third, some small changes in the cervical spine might
have been overlooked due to the low magnetic field strength
(0.25 T) of multipositional imaging [38], even though the inter- and
intraobserver reliability was high in our results. What’s more, the
lower radiation exposure using multipositional MRI has to be
weighed against its higher cost compared with X-Rays, and the
cost and time cost are of great challenge for multipositional MRI to
become a routine tool currently. Further research into MRI
algorithms for the rapid and inexpensive evaluation of the spine
is therefore required.

CONCLUSIONS
Cervical sagittal alignment parameters measured on multiposi-
tional MRI images could reliably substitute for those measured on
plain radiographs. Given its affordability and accessibility, plain
radiography is the first choice for evaluating cervical spinal
diseases, while multipositional MRI provides satisfactory visibility
of anatomical landmarks while minimizing exposure to ionizing
radiation. Multipositional MRI is a meaningful alternative for
evaluating degenerative cervical diseases and could be an
alternative for patients with radiation risks, including pregnant
women and children. The selection of imaging modalities should

be individualized with regard to the cost, radiation risk, and the
parameter of cervical alignment being measured. However, since
the number of enrolled subjects was small, further study in a
broader population (i.e., patients with spinal deformity, degen-
erative spinal instability) should be performed to determine how
generalisable these findings are.

DATA AVAILABILITY
The data generated or analyzed during this study can be found in the published
article.
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