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Introduction

Cervical sagittal parameters, especially thoracic inlet angle 
(TIA), neck tilt (NT), and T1 slope, have been considered 
previously as important factors influencing cervical sagit-
tal balance. Lee et  al. initially reported that the TI align-
ment significantly correlated with cervical sagittal balance. 
To preserve physiological NT around 44°, a large TIA 
increased T1 slope, and thereby cervical lordosis, and vice 
versa for smaller TIAs. TIA and T1 slope can be used as 
parameters to predict physiological alignment of the cervi-
cal spine [1–3]. Recently, several studies also showed that 
T1 slope minus C2–C7 lordosis, similar to PI-LL, signifi-
cantly correlated with cervical sagittal alignment, the neck 
disability index (NDI), and patient-reported health-related 
quality-of-life (HRQOL) scores following cervical surgery 
[4, 5].

Although cervical sagittal parameters have shown their 
importance in cervical sagittal balance and predicting 
postoperative clinical outcomes, the inability to visualize 
the sternum tip and T1 vertebra on radiographs is a criti-
cal defect, preventing T1 slope, NT, and TIA from being 
clearly measured, and may decrease the accuracy of the 
measurements.

To overcome this defect of radiographs, we studied the 
cervical sagittal parameters of an asymptomatic population 
measured via cervical MRI, which can accurately demon-
strate the sternum tip and T1 vertebra. To the best of our 
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knowledge, this is the first study to investigate the value of 
MRI to measure cervical sagittal parameters of an asymp-
tomatic population and the relationship of cervical sagittal 
parameters between cervical MRI and radiographical data. 
Two previous studies only focused on adolescent idiopathic 
scoliosis (AIS) patients and considered MRI as a reliable 
substitute for X-ray imaging in adolescent idiopathic sco-
liosis (AIS) patients; however, we found different results in 
asymptomatic population.

Materials and methods

One hundred asymptomatic adults who visited the outpa-
tient department or physical examination center of our hos-
pital between September 2013 and September 2015 were 
reviewed. Each individual had both an MRI and radio-
graphs of the cervical spine. The study was approved by the 
Ethics Committee of our institution.

The inclusion criteria are as follows: (1) age ≥20 years; 
(2) no history of diagnosis or treatment related to any part 
of the spine, all of them underwent both MRI and cervical 
radiographs due to exclusion of the possibility of cervical 
spine disease and patients strongly claim; (3) no evidence 
of cervical deformity on radiographs. The exclusion crite-
rion was as follows: T1 vertebral body and/or upper end 
of sternum were not clearly visible on lateral radiograph 
(obscured by overlapping soft and bony tissues). A total of 
52 subjects met the study criteria and were included.

A standing lateral radiograph of the cervical spine was 
obtained with the subject in a neutral standing position, 
looking straight ahead. Cervical MRI was obtained with 

the subject in a comfortable supine position. The param-
eters, including T1 slope, TIA, neck tilt, and C2–C7 lordo-
sis, were measured on the cervical radiograph and cervical 
MRI.

Cervical parameters

C2–7 lordosis (CL): the Cobb angle between the lower end-
plates of C2 and C7 (Fig. 1).

T1 slope (T1S): the angle between the upper endplate of 
T1 (T1UEP) and the horizontal (Fig. 1).

Thoracic inlet angle (TIA): an angle formed by a vertical 
line from the center of the T1UEP, and a line connecting 
the center of the T1UEP and the upper end of the sternum 
(Fig. 1).

Neck tilt (NT): an angle formed by a vertical line from 
the sternum tip and a line connecting the center of the 
T1UEP and the upper end of the sternum (Fig. 1).

T1S minus C2–7 lordosis (T1S-CL): the T1S angle 
minus the C2–7 lordosis.

The above acronyms followed by an ‘X’ denote X-ray 
imaging parameters, and followed by an ‘M’ denote MRI 
parameters, for example, CLX and CLM for C2-7 lordosis 
on X-ray and MR imaging, respectively.

Statistical analysis

All measurements were determined using the picture 
archiving and communication system in the hospital, both 
by a spine surgeon and a radiologist. Each reader evaluated 
each image twice at different time points and their average 
values were adopted. Quantitative data were analyzed using 

Fig. 1  Measurements of cervi-
cal sagittal parameters on X-ray 
(a) and MR (b) imaging. Simi-
lar correlation of parameters 
on both X-ray and MRI: a large 
TIA led to a large T1S, resulting 
in a large CL
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a paired t test, and the correlations between parameters of 
the cervical radiographs and MRI were analyzed using the 
Pearson correlation coefficient. Statistical analyses were 
performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA) 
and P < 0.05 was considered significant.

Results

Forty-five subjects of 100 subjects were excluded, because 
it was difficult to evaluate the sternum and T1 vertebral 
body accurately on X-ray imaging, and three subjects were 
excluded due to the absence of the sternum from the MR 
image. A total of 52 subjects were included. There were 27 
male and 25 female subjects, with a mean age of 32.3 ± 8.9 
years.

Comparison of the cervical sagittal parameter measure-
ments on MR and X-ray imaging yielded significant differ-
ences in CL, T1S, and T1S-CL. The mean radiographic CL 
was significantly greater than that on MRI (19.1°± 12.0° 
versus 3.3°± 9.8°, P < 0.01), the mean radiographic T1S 
was significantly greater than on MRI (25.7°± 5.0° ver-
sus 22.6°± 6.4°, P < 0.01) while the mean radiographic 
T1S-CL was significantly lower than on MRI (6.6°± 9.9° 
versus 19.3°± 8.3°, P < 0.01). The difference between the 
means of CLX and CLM (CLX − CLM), T1SX and T1SM 
(T1SX − T1SM), and T1S-CLX and T1S-CLM (T1S-CLX 
− T1S-CLM), was 15.9°± 12.2°, 3.1°± 6.5°, and −12.7°± 
10.5°, respectively. There was no significant difference in 
TIA and NT between X-ray and MR imaging (Table 1).

Each of the radiographic cervical sagittal parameters 
had a significant relationship with that of MRI. The Pear-
son correlation coefficient of CLX and CLM, TIAX and 
TIAM, T1SX and T1SM, NTX and NTM, T1S-CLX, and 
T1S-CLM, was 0.387, 0.563, 0.367, 0.357, and 0.307, 
respectively. There were also significant correlations with 
other parameters. CLX significantly correlated with TIAX, 
T1SX, T1S-CLX, and T1S-CLM (r = 0.299, 0.591, −0.913, 
−0.278, respectively). TIAX significantly correlated with 
T1SX, NTX, CLM, T1SM, and NTM (r = 0.476, 0.684, 
0.377, 0.305, 0.330, respectively). T1SX significantly 

correlated with TIAX, NTX, and TIAM (r = 0.476, −0.313, 
0.280, respectively). NTX significantly correlated with 
TIAX, T1SX, and TIAM (r = 0.684, -0.313, 0.370, respec-
tively). T1S-CLX significantly correlated with CLX and 
CLM (r = −0.913, −0.361, respectively). Parameters on 
MRI, similar to those on X-ray imaging, also had signifi-
cant correlations with others (Table 2).

Discussion

In the previous studies, cervical sagittal parameter showed 
promise for similar relationships to be found in the lum-
bar spine. TIA, T1S, and NT were considered as critical 
parameters that account for cervical sagittal balance. A cer-
vical balance mechanism in an asymptomatic population 
was confirmed, whereby a larger TIA increases T1S and 
subsequently increases CL, to obtain a horizontal gaze and 
sagittal alignment of cervical spine with minimum energy 
expenditure [1]. Furthermore, increasing values of T1S had 
been correlated with worse outcomes after posterior cervi-
cal surgery and T1S-CL was also found to significantly cor-
relate with HRQOL scores following cervical surgery [6].

However, the previous studies based on unclear cervical 
X-ray radiographs could not accurately measure TIA, T1S, 
and NT due to the invisible sternum tip and T1 vertebra [7]. 
In this study, a similar issue was encountered. Nearly half 
of the subjects (45 of 100) were excluded due to difficulty 
measuring accurately. We initially compared MRI cervical 
sagittal parameters in an asymptomatic population with the 
data measured on X-ray images. The purpose of this study 
was to investigate the capability to analyze cervical sagittal 
parameters via MRI. The merit of MRI was that we could 
easily visualize the sternum tip and T1 vertebra and accu-
rately measure cervical sagittal parameters. However, as 
cervical X-ray was obtained with the subject in a neutral 
standing position, while cervical MRI was obtained with 
the subject in a supine position, several parameters sig-
nificantly changed, probably because of positioning [8, 9]. 
The mean T1S and CL on X-ray imaging were significantly 
greater than on MRI, while the mean T1S-CL was signifi-
cantly lower. TIA did not change significantly in different 
positions (70.2 ± 6.6 versus 68.9 ± 8.5, P = 0.236).

Since the balance of the cervical spine is acquired in 
an upright position during a human’s daily life, param-
eters derived from a supine MRI might not suitable for 
assessing this directly. However, the capability of MRI 
to evaluate cervical sagittal balance is still of interest. In 
this study, we found the similar correlation of parameters 
on both X-ray and MR images, and that a large TIA led 
to a large T1S, and large CL (Fig.  1). Meanwhile, each 
of the radiographic cervical sagittal parameters had a 
significant correlation with that on MRI. We wondered 

Table 1  Data of cervical sagittal parameters on X-ray and MR imag-
ing

*Indicates significant difference

X-ray MRI Difference of mean P value

CL (°) 19.1 ± 12.0 3.3 ± 9.8 15.9 ± 12.2 0.000*
TIA (°) 70.2 ± 6.6 68.9 ± 8.5 1.2 ± 7.3 0.236
T1S (°) 25.7 ± 5.0 22.6 ± 6.4 3.1 ± 6.5 0.001*
NT (°) 44.6 ± 6.1 46.3 ± 8.6 −1.7 ± 8.6 0.153
T1S-CL (°) 6.6 ± 9.9 19.3 ± 8.3 −12.7 ± 10.5 0.000*
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whether parameters on MRI could substitute for those 
on radiographs in instances where it was difficult to 
determine the location of the sternum tip and T1 verte-
bra. Therefore, we analyzed a linear regression model of 
cervical sagittal parameters derived from MR and X-ray 

imaging (Fig.  2). There was a significant correlation in 
TIA between radiographs and MRI (r = 0.563); however, 
no obvious correlations were found in other parameters. 
Cervical sagittal parameters might be influenced by dif-
ferent positions. As a result, the value of T1S, CL, and 

Table 2  Pearson correlation of the parameters on X-ray and MR imaging

*Significant correlation at the 0.05 level (2-tailed)
**Significant correlation at the 0.01 level (2-tailed)

TIAX T1SX NTX T1S-CLX CLM TIAM T1SM NTM T1S-CLM

CLX Correlation 0.299* 0.591** −0.170 −0.913** 0.387** 0.123 0.230 −0.051 −0.278*
P (2-tailed) 0.032 0.000 0.227 0.000 0.005 0.384 0.100 0.721 0.046

TIAX Correlation 1 0.476** 0.684** −0.121 0.377** 0.563** 0.305* 0.330* −0.209
P (2-tailed) 0.000 0.000 0.393 0.006 0.000 0.028 0.017 0.138

T1SX Correlation 0.476** 1 −0.313* −0.211 0.213 0.280* 0.367** 0.002 0.032
P (2-tailed) 0.000 0.024 0.134 0.129 0.044 0.007 0.986 0.823

NTX Correlation 0.684** −0.313* 1 0.048 0.226 0.370** 0.029 0.345* −0.243
P (2-tailed) 0.000 0.024 0.734 0.107 0.007 0.838 0.012 0.082

T1S-CLX Correlation −0.121 −0.211 0.048 1 −0.361** −0.008 −0.094 0.063 0.353*
P (2-tailed) 0.393 0.134 0.734 0.009 0.957 0.508 0.658 0.010

CLM Correlation 0.377** 0.213 0.226 −0.361** 1 0.408** 0.540** 0.000 −0.761**
P (2-tailed) 0.006 0.129 0.107 0.009 0.003 0.000 0.999 0.000

TIAM Correlation 0.563** 0.280* 0.370** −0.008 0.408** 1 0.367** 0.716** −0.197
P (2-tailed) 0.000 0.044 0.007 0.957 0.003 0.007 0.000 0.161

T1SM Correlation 0.305* 0.367** 0.029 −0.094 0.540** 0.367** 1 −0.386** 0.136
P (2-tailed) 0.028 0.007 0.838 0.508 0.000 0.007 0.005 0.337

NTM Correlation 0.330* 0.002 0.345* 0.063 0.000 0.716** −0.386** 1 −0.298*
P (2-tailed) 0.017 0.986 0.012 0.658 0.999 0.000 0.005 0.032

Fig. 2  Linear regression analysis model of the parameters. a CLX versus CLM; b T1SX versusT1SM; c NTX versus NTM; d T1S-CLX versus 
T1S-CLM; e TIAX versus TIAM
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T1S-CL showed significant differences and no obvi-
ous correlation between the two imaging modalities. 
Although NT showed no significant difference between 
modalities, and was not influenced by positional change 
as a previous study reported [10], the correlation was not 
as significant as that of TIA (r = 0.367 versus 0.563). We 
could not apply MRI as a substitute to measure any of the 
parameters except TIA. The value of TIA on MRI was 
not identical to that on X-ray images, and the correla-
tion (r = 0.563) between MRI and radiographs was not as 
high as expected, similar to the result on supine CT [9], 
indicating that it might not be considered as constant a 
morphological parameter as previously reported [10], we 
suggest that MRI should be used for measuring TIA only 
if the sternum tip and T1 vertebra were not evident on 
the lateral radiograph. We also noticed some other stud-
ies consider MRI as a reliable substitute for X-ray imag-
ing, since no significant difference was noted in terms of 
TIA, T1S, NT, and the sagittal alignment of the upper 
thoracic spine [11, 12]; however, subjects in those studies 
were adolescent idiopathic scoliosis (AIS) patients with 
a deformative, rigid, and activity-restricted spine, and 
therefore, positional change might not significantly affect 
the data of cervical sagittal parameters and the result was 
not applicable to an asymptomatic population with a nor-
mal spine.

Conclusion

In this study, we initially investigated the value of MRI to 
measure cervical sagittal parameters in an asymptomatic 
population via comparison to the data measured on radio-
graphs. TIA was the only cervical sagittal parameter that 
showed no significant differences and a significant corre-
lation between X-ray and MR imaging. Our results indi-
cate that supine MRI cannot substitute for upright radio-
graphs to measure most cervical parameters, except TIA, 
in an asymptomatic population. We suggest that MRI 
supersedes for measuring TIA only if the sternum tip and 
T1 vertebra are not visible on radiographs.
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