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Objective : The purpose of this study was to investigate the correlations among various radiological parameters used to determine
cervical alignment from cervical spine radiographs (X-CS) and cervical spine computed tomography (CT-CS), both within and
between modalities.

Methods : This study included 168 patients (<60 years old) without a definite whole spine deformity who underwent CT-CS
and X-CS. We measured occipital slope (O-s), C1 slope, C2 slope, C7 slope, sella turcica - C7 sagittal vertical axis (StC7-SVA), spino-
cranial angle, T1 slope, and C27-SVA. We calculated the O-C2 angle, 0-C7 angle, and C2-7 angle from the measured parameters and
conducted correlation analyses among multiple parameters.

Results : The intrinsic correlation features among multiple cervical parameters were very similar for both X-CS and CT-CS. The two
SVA parameters (C27-SVA and StC7-SVA) were mainly influenced by the upper cervical slope parameters (r=|0.13-0.74]) rather than
the lower slope cervical parameters (r=|0.08-0.13|). The correlation between X-CS and CT-CS for each radiological parameter was
statistically significant (r=0.26—0.44) except for O-s (r=0.10) and StC7-SVA (r=0.11).

Conclusion : The correlation patterns within X-CS and CT-CS were very similar in this study. The correlation between X-ray and
CT was statistically significant for most radiological parameters, and the correlation score increased when the horizontal gaze was
consistently maintained. The lower cervical parameters were not statistically associated with translation-related parameters (C2-7
SVA and StC7-SVA). Therefore, the upper cervical segment may be a better predictor for determining head and neck translation.
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INTRODUCTION

Standing cervical spine radiographs (X-CS) are considered
the standard protocol to evaluate cervical alignment, and vari-
ous radiological parameters can be used to determine sagittal

balance both quantitatively and qualitatively. Using X-CS,

many popular cervical parameters (e.g., C2-7 angle [C2-7A],
sagittal vertical axis [SVA], Cl-slope [Cl-s], C2-slope [C2-s],
and C7-slope [C7-s]) are easily measured to analyze cervical
balance. However, the cervical spine characteristically serves
as a support for the head (horizontal gaze) and is closely relat-

ed to the thoracic spine anatomically. Therefore, additional
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parameters that include the head and thoracic spine (e.g., O-
slope, O-C7 angle [O-C7A], T1-slope [T1-s], thoracic inlet an-
gle [TIA], neck tilt [NT]), are necessary and are used frequent-
ly. In particular, TIA and T1-s have recently been identified as
key factors influencing cervical sagittal alignment'".

It is typically straightforward to measure the parameters as-
sociated with the head, but measuring parameters associated
with the thoracic vertebrae (i.e., TIA and T1-s) often results in
high uncertainty or is impossible to perform. This is due to
anatomical interference of the shoulder contour and the am-
biguous anatomical marker of the tip of the sternum'”. The
%, At this time, that
the development of a new modality that overcomes the limita-

C7-s is also often difficult to distinguish

tions of X-rays and clearly shows the anatomical structures is
necessary. Although two commonly used representative mo-
dalities (computed tomography [CT] and magnetic resonance
image [MRI]) have the power overcome the above limitations,
they are typically conducted in the supine position. Therefore,
until standing CT or MRI are commercially available, it is
necessary to complement the shortcomings of X-ray by using
conventional CT or MRI to analyze cervical alignment”.

Previous studies have tried to confirm the reliability or va-
lidity of the two modalities (CT and MRI); however, the num-
ber of patients was relatively small, and some reports were
conducted with patients with spinal pathologic lesions'”.
Moreover, the diversity of the analyzed parameters and the
degree of precision was relatively low.

The purpose of this study was to investigate the degree of
correlation and change of cervical alignment through the
X-CS and CT, both within and between the two methods.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of The Catholic University of Korea (VCI9RESI0211).

Study patients

This study was conducted using retrospective data analysis
of consecutive patients who exhibited minor head or neck in-
jury without definitive neurological symptoms. We evaluated
lateral X-CS and cervical spine CT (CT-CS) taken between
January 2016 and December 2018.

A total of 168 patients (age range, 20—60 years) who had no

Cervical Spine Alignment Analysis | Lee HJ, et al.

other spinal pathology and exhibited relatively well-balanced
global spine alignment were included in this study. Patients
who had obvious regional or global spinal imbalance (scoliosis
angle >10° or C7-S1 SVA >50 mm), a major spine injury (frac-
ture or cord injury), a previous spinal operation, or another
related medical disease (rheumatoid arthritis or neuromuscu-

lar disease) were excluded from the study.

Radiographic evaluation

The X-CS was collected in the standing position with pa-
tients receiving guidance on maintaining a comfortable,
straight, horizontal gaze. The CT-CS scans were collected in
the supine position, and two representative images (scout lat-
eral image or reconstructed mid-sagittal images) were used for
the analysis. The two modalities (X-CS and CT-CS) were typi-
cally conducted within a few days; however, patients whose
time between the two tests was more than 3 weeks were ex-

cluded from this study.

Radiographic analysis
Various cervical alignment parameters were measured and

calculated in this study (Fig. 1). 1) Occipital slope (O-s; hori-

Fig. 1. The measured cervical parameters in this study; occipital slope,
Cl1-slope, C2-slope, C7-slope, T1-slope, C2-C7-sagital vertical axis (C27-
SVA), sella turcia-C7 sagittal vertical axis (StC7-SVA) and spino-cranial
angle.
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Table 1. The change in the cervical spine alignment from the upright (X-CS) to

supine position (CT-CS)

X-CS CT-CS Difference between X-CS and CT-CS (4) p-value
Occipital slope (*) 11.3+7.3 -2.2456 -135 <0.0001
Cl-slope () 19.0+8.0 44+6.8 -14.6 <0.0001
C2-slope (") -79+8.0 -12.2+77 -4.3 <0.0001
(7-slope (%) -22.6+6.5 -15.2+47.1 74 <0.0001
T1-slope () -24.646.2 -19.0+6.5 56 <0.0001
C27-SVA (mm) 16.2+£9.6 15.0£7.3 1.2 0.4902
StC7-SVA (mm) 26.6+154 40.5£11.6 -13.9 <0.0001
0-C7angle (%) 34.0+104 13.0+10.0 210 <0.0001
0-C2angle () 19.248.3 99+8.8 93 <0.0001
C2-7 angle (°) 14.7£11.0 3.0£109 -11.7 <0.0001
Spino-cranial angle (°) 105.3+8.0 93.0+£8.0 -12.3 <0.0001

Values are presented as mean+standard deviation. X-CS : cervical spine radiog
axis, St : sella turcica

zontal gaze value) : Angle between the McGregor line and a
horizontal reference line. 2) Cl-s : Angle between the Cl line
(between the middle of the anterior arch and the middle of
the posterior arch) and a horizontal reference line. 3) C2-s :
Angle between the lower endplate of the C2 body and a hori-
zontal reference line. 4) C7-s : Angle between the lower end-
plate of the C7 body and a horizontal reference line. 5) T1-s :
Angle between the upper endplate of the T1 body and a hori-
zontal reference line. 6) O-C2 angle (O-C2A) : Calculated as
the O-slope minus the C2-s. 7) O-C7A (global cervical lordo-
sis) : Calculated as the O-slope minus the C7-s. 8) C2-7A (cer-
vical lordosis) : Calculated as the C2-s minus the C7-s. 9) C2-
C7 SVA (C27-SVA; neck translation) : Distance between a
plumb line dropped from the centroid of C2 and the posterior
superior corner of C7. 10) Sella turcica (St) - C7 SVA (StC7-
SVA; head translation) : Distance between a plumb line
dropped from the center of the St and the posterior superior
corner of C7. And 11) Spino-cranial angle (SCA) : Angle be-
tween the C7 line and the line joining the center of the St and
C7 reference point (the center of the lower endplate of the C7
body)”.

The slope angle was positive when the specific line was ori-
ented upward from the horizontal line, and lordotic cervical
angle was also defined as a positive value. Correlation analyses
among multiple variables were performed for X-ray and CT,
both within and between groups. All parameters were mea-
sured using m-view software version 5.4 (Marosis Technolo-

gies, Inc., Seoul, Korea). To reduce measurement error, three
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raph, CT-CS : cervical spine computed tomography, SVA : sagittal vertical

observers determined the anatomical landmarks (e.g., the
hard palate, the center of the St, C2 centroid, posterosuperior
margin of C7 vertebral body) by mutual consent. To reduce
measurement error and increase reliability, all scans were

doubled in size.

Statistical analysis

Data were analyzed using SAS software, version 9.3 (SAS
Institute INC., Cary, NC, USA). The Wilcoxon rank-sum test
(i.e., Mann-Whitney U test), the paired t-test, and the Pearson
correlation coefficient were used for this study. Differences

were considered significant at p-values <0.05.

RESULTS

The mean age was 38.4 years old (standard deviation, 12.6),
and there were 127 men and 41 women. The change in the
cervical spine from the upright (X-CS) to supine position (CT-
CS) induced downward movement (AO-s, 13.5% ACl-s, 14.6%
AC2-s, 4.3°) in the higher cervical region and upward move-
ment (AC7-s, 7.4°% AT1-s, 5.6°) in the lower cervical region. As
aresult, a significant kyphotic change of whole cervical curva-
ture (AO-C7A, 21.0; AO-C2A, 9.3; AC2-7A, 11.7°) and forward
head translation (StC7-SVA, 13.9 mm) occurred. However,
neck translation (C27-SVA) values were maintained without
significant change (A 0.3°) (Table 1).

The results of the correlation analysis on the relations
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Table 2. The intrinsic correlation features among multiple cervical parameters in both X-ray and CT

X-ray/CT  O-slope Ci-slope

C2-slope C7-slope Ti-slope C27-SVA StC7-SVA 0-C7 angle O-C2angle C2-7 angle SCA

O-slope 1/1 0.70%/0.51*  042%/0.06%  -013/-022% -0.12/-0.28* -0.25%/-0.13 -0.73%-0.52* 0.78%/0.72* 047%/049* 0.38%0.26* 0.54*/049*
Cl-slope 11 0.68%0.39* -0.12/-011 -0.15/-0.20* -037%-038* -0.74%-0.65* 057*/0.37* -0.04/-001 057*035* 0.55*/041*
C2-slope 11 -0.13/-0.07 -0.17%-0.02 -059%-052* -0.72%-0.52* 0.38%0.14 -059%-077% 0.81*/0.76* 0.54%/0.30*
(7-slope 11 081%0.76* -010/-013  -0.01/005 -0.71%/-0.83* 0.01/-0.07 -0.68%-0.70* -0.73*-0.80*
T1-slope 11 -0.02/-005  0.08/011  -059%-069* 0.05/-014 -060%7-051* -0.65%/-0.68*
C27-SVA 11 068%0.78*  -011/0.02 034*037* -036%-0.28* -0.32%/-0.28*
StC7-SVA 11 -0.51%-033*  006/0.12 -0.53%-040* -0.61%-0.53*
0-C7 angle 171 0.32%/0.33* 0.70%/0.64* 0.84%*0.85*
0-C2angle 1 -044%-050% -0.05%/0.04*
C2-7 angle 11 0.83%/0.74*
SCA 1
*Statistical significance. CT : computed tomography, SVA : sagittal vertical axis, SCA : spino-cranial angle
Table 3. The correlation analysis between simple radiographs and CT for each cervical parameter
O-slope Cl-slope C2-slope C7-slope T1-slope C27-SVA StC7-SVA :_;;; :)n-;IZe a(;\zg-l7e crarsnzxiln aor;gle

X-ray vs. CT, whole r=010  r=028* =026 r=043* r=044* =037 =011 r=0.33* r=036* r=036* r=0.38%

patients

X-ray vs. CT, r=0.83* r=076* r=072* r=050* r=049* =031 r=041* r=069* r=070* r=0.66* r=0.61*

horizontal gaze

fixed

*Statistically significance; horizontal gaze fixed : the difference value of occipital slope was less than 5° between two modalities (X-ray and CT). CT :

computed tomography, SVA : sagittal vertical axis, St : sella turcica

among the parameters for X-CS are given in Table 2. The up-
per cervical parameters (O-s, Cl-s, and C2-s) were closely re-
lated (r=0.42—0.70) to each other, and the C7-s was also statis-
tically correlated to T1-s (r=0.81). The two SVA parameters
(C27-SVA and StC7-SVA) were closely related to the upper
cervical slopes (O-s, Cl-s, and C2-s) but not to the lower cer-
vical slopes (C7-s and T1-s). C2-7A was statistically associated
with all other measured parameters (r=|0.34—0.81|) in this
study. SCA was also statistically associated with all other mea-
sured parameters except for OC2-A. Although the correlation
values of CT-CS were generally lower than X-CS, the correla-
tion patterns for CT-CS were very similar to those of the X-CS
correlation analysis.

The correlation scores between X-CS and CT-CS for each
radiological parameter are given in Table 3. All parameters ex-
cept for O-s and StC7-SVA were significantly correlated be-
tween CT and X-ray. The correlation score was higher in the

lower cervical segment (C7-s and T1-s; range, 0.43—0.44) than

in the upper cervical segment (Cl-s and C2-s; range, 0.26—
0.28).

DISCUSSION

Recently, many studies have shown that cervical spine
alignment is very closely related to pain, neurological func-

5,8,16,17)
>0 Therefore, an ap-

tion, and health-related quality of life
propriate understanding of cervical spine alignment is needed
to obtain the best clinical results.

Although conventional CT cannot be a golden standard test
for cervical balance analysis, CT can contribute in various
ways. First, CT may secure a clearer anatomical landmark
than X-ray regardless of posture and body shape. Second, it
can be an essential substitute for X-rays in severe traumatic
conditions. Third, CT may more accurately reflect lying pos-

tures such as sleep and rest. Fourth, it serves as a variant (not
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excessively deformed neck) or dynamic posture change of the
cervical spine that can be used to examine the cervical align-
ment. Finally, supine posture is most often used by spinal sur-
geons during anterior cervical operations.

Generally, the cervical spine changed to a kyphotic align-
ment in the CT scans as compared with the X-ray scan. The
lordotic angle was reduced by downward tilting of the upper
cervical vertebrae and upward titling of the lower cervical ver-
tebrae. Although all the slope parameters had a statistically
significant change in angle between the procedures, the rela-
tive change of O-s (£ 13.5°) and Cl-s (< 14.6°) were the larg-
est, followed by C7-s (£ 7.4°) and T-1 (£ 5.6°), and the small-
est change occurred at C2-s (£ 4.3°). The angular changes of
T1-s and C7-s were much larger than those seen in many pre-
vious studies (CT or MRI, 4 1.1°-3.2°), although Janusz et al.
showed that a flexion posture induced a decrement of T1-s by
6.9"°*"*"9 These differences are likely because the present
study had several advantages in selecting patients : a relatively
large number of patients (n=168), younger adult patients (=60
years old), no cervical spine pathology, and a well-balanced
global spine. Therefore, the present results are also reliable and
have strong validity. A majority of the measured parameters
showed significant changes between the two modalities (X-ray
and CT), and only C27-SVA was not statistically different in
this study. Liu et al."” had similar results when comparing X-
ray and MRI; however, another study determined that SVA
significantly changed between modalities”.

The intrinsic correlation features among multiple cervical
parameters were very similar in both X-CS and CT-CS. The
higher cervical parameters (O-slope, Cl-s, and C2-s) were
closely related with each other, and the lower cervical parame-
ters (C7 slope and T1 slope) were also closely related with each
other. The two SVA parameters (C27-SVA and StC7-SVA)
were mainly influenced by the higher cervical slope parame-
ters (O-slope, Cl-s, and C2-s) but not by the lower cervical
slope parameters (C7-s and T1-s). Moreover, the upper cervi-
cal slope parameters were more highly correlated with StC7-
SVA (head translation, r=[0.72—0.74|) than with C27-SVA
(neck translation, r=|0.25-0.59|). Many previous reports have
shown a close relationship among T1-s, C2-7A and C27-SVA,

however the present study showed different results""”

. Weng et
al.” also showed a close relationship between T1-s and C27-
SVA; however, the correlation value was very low (r=0.22).

Moreover, cranial tilt (based on C2 centroid, r=0.91) had a
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very strong correlation with C27-SVA in their study. To solidi-
ty present results, we conducted a sub-group analysis compar-
ing the two groups according to T1-s value with a cutoff of
25° The high-T1-s group (mean, 29.8°) and low-T1-s group
(mean, 20.1°) has almost the same value of C2-7 SVA (15.2 vs.
15.8 mm) in this study.

C2-7A (cervical lordosis) showed statistical correlations with
all other cervical parameters ranging between 0.26—0.81 in
this study. Although SCA was introduced as a similar param-
eter to the SCA of the thoraco-lumbar spine, it is not typically
used as a representative parameter for analyzing cervical spine
alignment. However, SCA showed a strong relationship with
all cervical parameters except for O-C2A in both X-CS and
CT-CS in this study. Therefore, SCA is as useful as C2-7A for
the analysis of cervical alignment.

Almost all parameters were statistically correlated between
X-CS and CT-CS; however O-s (horizontal gaze) and StC7-
SVA were not. Generally, the correlation values were slightly
higher for lower cervical slope parameters (C7-s and T1-s,
r=0.43-0.44) than for the upper cervical slope parameters
(Cl-s and C2-s, r=0.26—-0.28). The correlation values of the
three angular parameters (O-C7A, O-C2A, and C2-7A) were
very similar in this study. Because the control of the horizon-
tal gaze may have led to a much different cervical alignment
change compared to our previous studies, we conducted a
second sub-group analysis of the subjects who maintained a
fixed horizontal gaze (n=28, O-s =5°) between two modali-
ties (X-CT and CT-CS)""”. The correlation values of the fixe-
gazed group (r=0.31-0.83) were higher than the whole patient
population (r=0.11-0.44) (Table 3). However, contrary to the
whole patient group, C27-SVA was the only parameter not
statistically inter-correlated between the two modalities.

It is necessary to expand and interpret the above research
results more clinically as follows; 1) by simply measuring the
typical parameters of the upper and lower cervical segment
(e.g., C2-s and C7-s), the degree of overall cervical alignment
can be estimated. 2) It may be very important to conduct the
radiographic evaluation without positional error (especially in
the upper cervical segment), when measuring SVA parameters
that predict the degree of neck pain and quality of life. And
3) although there is a difference in absolute values between the
modalities (X-ray and CT), the relationship of parameters
within the cervical spine itself is very closed related to each

other.



This study has some limitations. First, we did not measure
TIA and NT in this study. This is because TIA has well-
known representative constant parameters, and inter- and in-
tra-subject reliability can be very low in X-CS due to anatomi-
cal interference. Second, as this was retrospective study, the
control of the neck and head posture may not be accurate and
precise across subjects. Third, we did not analyze the status of
disc degeneration and facet degeneration, which may influ-
ence cervical alignment. Fourth, it should be reconsidered
that the patient population in this study was not pure healthy
people. Therefore, the explanation for the effect of muscle
strain occurring after minor injury is very insufficient. We
should be aware that how to and how much to affect present
study results by neck muscle sprain of patients after mild inju-
ry (selected as the object to study). Usually, it has been a gen-
eral beliefs or expectations that the lordosis of cervical align-
ment may be changed after neck injury due to muscle spasm
or ligament injury. However, Beltsios et al.” showed that there
was no statistical significance regarding the sagittal alignment
between patients with (n=60) and without (n=100) cervical
spine injury. Therefore, it may be possible to secure some va-

lidity for the contents of present study.

CONCLUSION

Kyphotic changes to the cervical spine in the supine posture
were mainly influenced by the upper cervical segment, and
the correlation patterns within X-CS and CT-CS were very
similar in this study. The inter-correlation between X-ray and
CT was reaffirmed for many of the cervical alignment param-
eters. The lower cervical segment was not statistically associ-
ated with translation-related parameters (C2-7 SVA and St-C7
SVA). Therefore, the upper cervical segment may be a better
predictor for determining head and neck translation. Addi-
tionally, C2-7 angle and SCA showed a strong correlation with
almost other cervical parameters in both X-ray and CT.
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