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Abstract
Background: To identify the relationship between T1 slope and the sagittal alignment parameters of the upper and subaxial cervical spine in patients with
cervical lordosis and kyphosis.

Methods: Relevant sagittal radiographic parameters pertaining to patients with non-speci�c neck pain but with no associated neurogenic symptoms were
retrospectively analyzed. Patients were categorized into lordotic alignment and kyphotic alignment groups based on the C2-C7 Cobb. Correlation among
radiographic variables was assessed with the Pearson correlation coe�cient and linear regression analysis. Between-group differences with respect to cervical
alignment parameters were assessed with One-way Analysis of Variance.

Results: Intra-observer and inter-observer agreement (two independent observers) was rated as excellent (kappa: 0.91 - 0.93). Inter-observer agreement for the
two independent observers was rated as  and substantial (kappa: 0.79 - 0.80), respectively. Signi�cant between-group differences were observed with respect
to C0-C1 angle, C1-C2 angle, C0-C2 angle, C2-C7 SVA (sagittal vertical axis) and TS-CL (T1 slope minus cervical lordosis) (P<0.01 for all), but not with respect
to T1S (T1 slope) (P=0.367). In both groups, C2-C7 SVA showed a signi�cant linear correlation with T1S (r2=0.712 vs. r2=0.467) and TS-CL (r2=0.810 vs.
r2=0.248).

Conclusion: This study showed that the two cervical alignment types (lordosis and kyphosis) have different angular variation in upper and subaxial cervical
spine. With the increase in T1 slope, the upper cervical C0-C2 Cobb angle and the C2-7 SVA in the lordotic group were signi�cantly higher than that of the
kyphotic group. TS-CL mismatch may signi�cantly impact lordotic cervical alignment in patients with lordosis.

Background
The occipital-atlantoaxial complex, also referred to as the transition zone between the occipital condyle and the lower cervical spine, is a remarkably complex
segment and a unique “special” structure in the skeletal system [1]. It not only plays an important role in the maintenance of head stability and allows the
widest range of movements relative to the rest of the spine, but also bene�ts preoperative planning[2,3].

The intricacies of cervical alignment make it more susceptible to a variety of disorders[4]. Till now, various aspects of cervical alignment have been described
in the published literature. Lee et al [4] reported the use of T1 slope to predict physiological cervical alignment. Knott[5] emphasized the close association
between the T1 slope and spinal sagittal balance. According to the authors, patients in whom the T1 slope is outside the range of 13°-25° should undergo full-
column radiographs for a complete evaluation of sagittal balance. Ordway[6] and Tetsuo[1] have shown the compensatory role of upper and lower cervical
spine motion, especially that of the Oc–C1 segment.

Spinal fusion, over the past 50 years, has become a standard surgical treatment for cervical spondylosis[17]. In order to avoid adjacent segment problems,
more attention should be paid to the compensatory mechanisms that maintain sagittal alignment of the upper and subaxial cervical spine. This is especially
important in patients with cervical kyphosis following occipital-atlantoaxial fusion.

However, the relationship between T1 slope and the sagittal alignment parameters of the upper and subaxial cervical spine in patients with cervical lordosis
and kyphosis is not well-characterized. Considerable ambiguity persists as to whether this special relationship holds for determining the compensatory
mechanism in different cervical alignment types (lordosis and kyphosis)[2]. We hypothesized that the relationship between T1 slope and sagittal alignment in
patients with lordotic cervical curvature differs from that in patients with kyphotic cervical curvature, and that the special relationship holds true for upper and
subaxial cervical segments in the context of kyphotic cervical spine.

The purpose of this study, therefore, was to further clarify the association between T1 slope and sagittal alignment parameters of the upper and lower cervical
spine in patients with lordotic and kyphotic curvature by retrospective radiographic analysis.

Methods
Patients

Data pertaining to patients who underwent cervical radiography for non-speci�c neck pain between March 2015 and August 2015 at the local Hospital were
retrospectively analyzed. Inclusion criteria were: absence of neurogenic symptoms such as myelopathy or radiculopathy and no effect of pain on
activities of daily living or on participation in recreational activities. The exclusion criteria included presence of neurogenic symptoms, malignancies, infection, 
scoliosis, ankylosing spondylitis, fractures, diffuse idiopathic skeletal hyperostosis, or global sagittal alignment deformity. The study was approved by the
Institutional Review Board.

Radiographic positioning

All patients underwent lateral radiograph of cervical spine with horizontal gaze in standing position. Upper limbs were positioned naturally on both sides of the
body. Vertically, the area coverage was from the orbit to the third thoracic vertebra, and from the maxilla to the occiput horizontally. Maintenance of horizontal
gaze as measured by CBVA (Chin brow vertical angle) between -5° and 17°, McGregor’s slope between -6° and 14° or slope of lines of sight (SLS) between -5.1°
and 18.5°[7,8] allow for maintenance of horizontal gaze. The Cobb angle of C2-7 was used to indicate lordotic and kyphotic curvature of the cervical spine.

Data Collection and radiographic measurements
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Demographic data including age, gender, BMI, and duration of pain were collected. The data obtained from standard lateral cervical x-ray images were
extracted, and exported to the PACS system for analysis at our institution. Additionally, the following sagittal radiographic parameters were evaluated:

C0-C1 curve (C0-C1COBB): the angle between occipital foramen line and C1 anterior and posterior tubercle line. A positive value denotes lordosis.

C1-C2 curve (C1-C2COBB): the angle between C1 tubercle line and lower endplate of C2. A positive value denotes lordosis.

Upper cervical sagittal curve (C0-C2COBB): the angle between occipital foramen line and lower endplate of C2. A positive value denotes lordosis.

subaxial cervical sagittal curve (C2-C7COBB): the angle between the lower endplate of C2 and C7. A positive value denotes lordosis.

C2-C7 sagittal vertical axis (C2-C7SVA): the horizontal offset of a plumb line dropped from the center of C2 vertebral body to the center of C7 vertebra.

T1 slope: the angle between a horizontal line and the superior endplate of T1. A positive value denotes open back.

T1 slope minus cervical lordosis (TS-CL):

Chin brow vertical angle (CBVA): the angle subtended between a line from the brow to the chin and the vertical plane.

McGregor slope (McGS): the angle between the line from the posterosuperior aspect of the hard palate to the caudal aspect of the opisthion and the
horizontal plane.

Slope of line of sight (SLS): the angle between Frankfurt line and the horizontal (Figure 1).

Statistical methods

Statistical analysis was conducted with SPSS software (version. 21.0, SPSS IBM, Armonk, NY). Data pertaining to continuous variables is expressed as mean
± standard deviation (SD).

Two spine surgeons independently performed the measurements twice to determine intra- and inter-observer reliability of radiographic parameters. There was
at least a 2 weeks interval between the two measurements by the same surgeon. All measurements were carried out using a picture-archiving and
communication system. Intra-observer reproducibility of radiographic parameters was assessed using weighted Kappa statistics.

In order to generate linear regression models, correlation between radiographic variables was assessed with the Pearson correlation coe�cient and linear
regression analysis.

Cervical radiographic parameters between the two groups were compared with one-way Analysis of Variance (ANOVA). A P value of <0.05 was considered
statistically signi�cant.

Results
A total of 610 patients (309 men and 301 women; mean age: 42.18 years [range, 18-76]) quali�ed the inclusion criteria. Of these, 507 (83.1%) patients (256
men and 251 women) maintained horizontal gaze with lordotic cervical alignment. The mean age of these patients was 43.38 (± 13.88) years (range, 18-76);
mean BMI was 26.5 ± 5.2 kg/m2 (mean weight: 72.3 ± 20.5 kg; mean height: 1.65 ± 0.15 m). The remaining 103 patients (16.9%) maintained horizontal gaze
with kyphotic cervical alignment. These patients were signi�cantly younger (age: 36.23 ± 13.45 years vs. 43.38 ± 13.88 years, P< 0.001) than those with
lordotic cervical alignment, and had lower BMI (24.4 vs. 26.5 kg/m2, P <0.01); however, the sex distribution was comparable between the two groups
(proportion of females: 49.5% vs. 50.4%, respectively).

‘Excellent’ intra-observer agreement was observed for both observers ( kappa:C0-C1 COBB 0.90, C1-C2 COBB 0.91, C2-C7COBB 0.91, C2-C7SVA 0.93, T1 slope
0.90, TS-CL 0.91, CBVA 0.93, McGS 0.90, SLS 0.90), while inter-observer agreement was rated as ‘substantial’ (kappa: C0-C1 COBB 0.79, C1-C2 COBB 0.80, C2-
C7COBB 0.78, C2-C7SVA 0.83, T1 slope 0.79, TS-CL 0.81, CBVA 0.83, McGS 0.81, SLS 0.81) .

Radiographic parameters in the cervical lordosis and kyphosis groups along with the results of one-way ANOVA are presented in Table 1 and Figure 2.
Signi�cant between-group differences were observed with respect to C0-C1 angle (P<0.01), C1-C2 angle (P<0.01), C0-C2 angle (P<0.01), C2-C7 SVA (P<0.01)
and TS-CL (P<0.01). However, no signi�cant difference was observed with respect to T1S (P=0.367).

Table 1. Results of the one-way Analysis of Variance of the radiographic parameters

*:P<0.01; data presented as mean ± standard deviation

T1S:T1 slope; TS-CL:T1 slope minus cervical lordosis; SVA, sagittal vertical axis

 

The correlation of radiographic parameters among patients with different cervical alignment types (lordosis and kyphosis) are summarized in Tables 2 and 3,
respectively. A signi�cant positive correlation was observed between age and C2-C7Cobb in the cervical lordosis group (r=0.159; P=0.002), but not in the
kyphosis group (r=0.12 P=0.312). T1S showed a signi�cant correlation with C0-C1Cobb and C1-C2Cobb (r=-0.255, P<0.001; r=0.168, P=0.001), but not with C0-
C2 Cobb (r=0.009, P=0.969). However, in the cervical kyphosis group, a signi�cant positive correlation was observed between C0-C2 Cobb and T1S (r=0.277
P=0.018). The C2-C7 Cobb showed a signi�cant correlation with T1S in lordotic groups (r=0.289, P<0.001; r=0.684, P=0.018).

Table 2. Results of Pearson correlation analysis showing correlation between radiographic parameters in the Lordotic group
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Sagittal parameters Lordotic Kyphotic         ANOVA

Age

C01Cobb

C12Cobb

C02Cobb

C27SVA

T1S

TSCL

43.34 ± 13.88*

4.90 ± 4.78*

26.72 ± 6.80*

31.62 ± 8.20* 

 

13.20 ± 10.30*

 

19.7 ± 10.81

 

1.79 ± 12.45*

36.23 ± 13.45       (F=16.18 P<0.001)

7.22 ± 5.79        (F=13.35 P<0.001)

29.95 ± 5.79        (F=13.43 P<0.001)

37.08 ± 9.60       (F=25.54 P<0.001

 

17.32 ± 10.29      (F=10.27 P<0.001)

 

20.79 ± 7.71       (F=0.817 P=0.367)

 

21.16 ± 10.23  (F=162.44 P<0.001)

  AgeC0-

C1COBB

C1-

C2COBB

C0-

C2COBB

C2-

C7COBB

C2-

C7SVA

T1S T1S-

CL

Age 1 .061 .018 .051 .159** -.015 .040 -.092

C0-

C1COBB

  1 -.028 .559** -.070 .010 -.255**-.159**

C1-

C2COBB

    1 .813** -.208** .276** .168** .316**

C0-

C2COBB

      1 -.213** .235** .009 .169**

C2-

C7COBB

        1 -.209** .289** -.567**

C2-C7SVA           1 .845** .900**

T1S             1 .624**

T1S-CL               1

*: P<0.05; **:P<0.01

T1S:T1 slope; TS-CL:T1 slope minus cervical lordosis; SVA, sagittal vertical axis

 

On linear regression analysis, statistically signi�cant linear regression models were established (Figure 3). There was a signi�cant linear correlation between
C2-C7 SVA and T1S (r2=0.712 vs. r2=0.467), and between C2-C7SVA and TSCL (r2=0.810 vs. r2=0.248).

Table 3. Results of Pearson correlation analysis showing correlation between radiographic parameters in the Kyphotic group

AgeC0-C1COBBC1-C2COBBC0-C2COBBC2-C7COBBC2-C7SVA T1S T1S-CL

1COBB

2COBB

2COBB

7COBB

7SVA

CL

  1 .006 -.028 -.007 -.120 .035 .016 .103

  1 .062 .647** .095 .129 .164 .051

    1 .797** -.031 .219 .238* .202

      1 .033 .251* .277* .183

        1 .023 .126 -.664**

          1 .684**.498**

            1 .659**

              1

*: P<0.05; **:P<0.01

T1S:T1 slope; TS-CL:T1 slope minus cervical lordosis; SVA, sagittal vertical axis

Discussion
In this study, we clari�ed the association between T1 slope and sagittal alignment parameters of the upper and lower cervical spine in patients with lordotic
and kyphotic curvature by retrospective radiographic analysis. Results of the present study support the hypothesis that the relationship between T1 slope and
sagittal alignment in patients with lordotic cervical curvature differs from that in patients with kyphotic cervical curvature, and that the special relationship
holds true for upper and subaxial cervical segments of kyphotic cervical spine. The cervical spine plays an important role in total spinal sagittal alignment by
means of compensatory mechanism to maintain the horizontal gaze. There is, therefore, an obvious need to accurately characterize the cervical deformity and
distinguish it from cervical compensation for thoracolumbar and cervical alignment. Although cervical kyphosis, often interpreted as indicative of cervical
deformity, is an increasingly prevalent phenomenon, studies have shown that cervical kyphosis in up to 30% of patients may be a component of normal
sagittal spinal alignment.[9,10] In other words, the presence of kyphotic cervical alignment in some patients may indicate substantial deformity and be linked
to poor clinical outcomes, while in others, the kyphotic cervical alignment may be appropriate given the patient’s global and thoracic sagittal alignment.

The compensatory mechanism of upper and lower cervical spine during cervical motion at weight-bearing neutral, �exion and extension positions is well-
documented in previous studies [1,6]. These studies have indicated that the decreased movement at the lower cervical spine, caused by intervertebral disc
degeneration was compensated for by increased angular movement of the upper cervical spine, and especially that of Oc–C1. However, owing to different T1
slope in patients with lordotic and kyphotic curvature, the compensatory sagittal alignment of upper and lower cervical spine is still unclear. We hypothesized
that compensatory mechanisms differ based on the cervical alignment (lordosis and kyphosis), and sought to examine the relationship between T1 slope and
sagittal alignment parameters of the upper (Co-C2 Cobb) and subaxial (C2-C7 Cobb) cervical spine in patients with lordotic and kyphotic cervical curvature.
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In the present study, of all patients with non-speci�c neck pain, 103 patients (16.9 %) were able to maintain horizontal gaze with kyphotic cervical alignment.
These �ndings differ from those of previous studies which showed that cervical kyphosis in up to 30% of patients may be a component of normal sagittal
spinal alignment.[9,10]

In this study, patients with cervical kyphosis were younger than those in the lordotic group and this may be attributable to two potential reasons: Firstly, we
selected patients with non-speci�c neck pain who had no neurogenic symptoms and required operative treatment. In these patients, cervical pain did not
affect cervical activities. Secondly, there are differences between Asian and European populations, such as with respect to BMI, daily exercise, and job
category. Especially in young people, the time spent working on the desk tends to be longer than that in older people. Furthermore, �attening of the thoracic
spine leads to progressive cervical kyphosis. These �ndings were described by Yu et al [11], who found that larger curvatures in the thoracic and lumbar spines
were associated with greater cervical lordosis in both symptomatic and asymptomatic patients.

We observed a negative correlation between C2-C7 Cobb and the T1 slope (P<0.05) and between C2-C7 Cobb and C0-C2 Cobb (P<0.05), while no correlation
was observed between C0-C2 Cobb and T1 slope (P>0.05) in the lordotic group. However, no signi�cant correlation was found between C2-C7 Cobb and T1
slope and between C2-C7 Cobb and C0-C2 Cobb (P>0.05) in the kyphotic group, while a signi�cant correlation was observed between T1 slope and C0-C2
Cobb (P<0.05). A possible explanation for this correlation is that with increase in T1 slope angle, subaxial cervical spine had enough adjusting ability to
maintain horizontal gaze and to compensate cervical global sagittal alignment by an increase in the C2-C7 Cobb angle in lordotic group.

In the kyphotic group, however, the limited adjusting ability of upper cervical spine induces an increase in the angle of C0-C2 Cobb in order to maintain the
horizontal gaze and the total cervical sagittal alignment (C2-C7 SVA) owing to decreased adjusting ability of the subaxial cervical spine; this may be correlated
with cervical muscle content, but is not clearly described in published literature. Therefore, C2-C7 SVA and C0-C2 Cobb angles in the kyphotic group were
signi�cantly greater than those in the lordotic group (P<0.05). The decrease in Cobb angle of the lower cervical spine is compensated by increase in Cobb
angle at the upper cervical spine, especially that of O0–C2.

Compared with previous studies, the aforementioned �ndings are interesting in several respects, even though these studies do not necessarily support the
�ndings of the present study. Roussouly et al[12] described different compensatory mechanisms and proposed a three-step algorithm for the analysis of the
global status (spine, pelvis and lower limb) in patients with severe degenerative lumbar spine. To maintain the horizontal gaze, cervical hyperextension above
a hyperkyphosis of the thoracic spine is a typical compensatory mechanism. Consistent with our �ndings, Hayashi et al7 demonstrated that decreased motion
at the lower cervical spine was compensated for by an increase in the angular movement of the upper cervical spine, especially that at C0-C1. Lee et al[4]
reported the relationship between thoracic inlet alignment and craniocervical sagittal balance in asymptomatic adult volunteers. According to the authors, TIA
and T1 slope could be used to predict the physiological cervical alignment. Yoshimoto et al[13] reported kyphotic changes in the lower cervical spine of
patients with hyperlordotic C1-2 fusion angle. Matsunaga et al[14] reported the occurrence of lower cervical hyperlordosis and subaxial subluxation after C1-2
fusion of a kyphotic cervical spine in a patient with rheumatoid disease. Global alignment of spine compensates for local spinal changes in order to maintain
global alignment and horizontal gaze. This may be an important factor which determines cervical fusion angle, especially in patients with cervical kyphosis.

Another interesting finding was the linear correlation of C2-C7 SVA with T1 slope in both the groups. However, in the linear regression model, T1 slope
exhibited a weaker association than TS-CL; moreover, TS-CL was a stronger predictor of total cervical sagittal alignment than T1S in the lordotic group (Figure
3), which not only re�ected the change in T1 slope, but also represented the adjusting ability of the subaxial cervical spine. In the lordotic group, the value of
C2-C7 SVA gradually increased with change in T1S value (R2=0.712). When the subaxial cervical spine adjusted for the T1S slope by hyperlordosis, a stronger
correlation was found between C2-C7 SVA and TS-CL (R2=0.810). However, we did not observe this trend in the kyphotic group because of the limited
adjusting ability of the subaxial cervical spine. Similarly, Hyun et al [15] reported their experience with multilevel posterior cervical fusion; they examined the
relationship between sagittal cervical alignment and patient-reported health-related quality-of-life scores. The authors reported that a greater T1S-CL mismatch
was often accompanied by a greater degree of cervical malalignment, especially if the mismatch was greater than 26.1°.

In contrast to the cervical lordotic type, there is a speci�c correlation for upper and lower cervical segments in the kyphotic type, and the inadequate adjusting
alignment of the C0-C2 Cobb angle was incapable of maintaining the total cervical sagittal alignment. In a similar recent study involving cervical
reconstruction surgery in the thoracolumbar spine, serious instability was increased with positive sagittal malalignment[16]. We demonstrated a similar
relationship between C2-C7 SVA and TS-CL in the lordotic group, but not in the kyphotic group.

Several limitations in this study should be recognized. Firstly, General QOL such as SF-36, VAS could not be evaluated because of the retrospective study
design. Secondly, longitudinal analysis of the in�uence of degenerative cervical spondylosis on the upper and subaxial cervical morphological characteristics
could not be undertaken because of the lack of long-term follow-up data. Thirdly, The lack of whole spine X-ray is also the limitation. Fourthly, the cervical
spine was divided into lordosis and kyphosis groups, and S-type was not included in this study. The relationship between S-type and cervical spine alignment
should be clari�ed in future studies. Lastly, objective was to demonstrate the special relationship in the upper and the subaxial cervical spine. However, the
cervical malalignment may be affected by muscles and biomechanics. Therefore, future studies to clearly demonstrate this mechanism should be conducted.

Conclusion
In this study, the association between T1 slope and sagittal alignment parameters of the upper or subaxial cervical spine were found to differ between patients
with cervical lordotic and kyphotic curvature. The two cervical alignment types (lordosis and kyphosis) have different angular variation in upper and subaxial
cervical spine. With increase in T1 slope, the upper cervical C0-C2 Cobb angle and the C2-7 SVA in the lordotic group was signi�cantly higher than that in the
kyphotic group, which indicates that subaxial cervical lordosis plays an important role in the maintenance of total cervical balance and horizontal gaze.
Consistent with the trend observed in the lumbosacral spine, TS-CL mismatch may signi�cantly impact lordotic cervical alignment.
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Figures

Figure 1

Illustration of the horizontal gaze parameters McGS is the angle subtended by a line joining the postero-superior aspect of the hard palate with the caudal
aspect of the opisthion with the horizontal plane. SLS is the slope of line of sight; angle between Frankfurt line and the horizontal. CBVA is chin brow vertical
angle, which is the angle subtended by the line joining the brow to the chin with the vertical plane.
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Figure 2

Distribution of the radiographic parameters (A and G), C0-C1COBB; (B and H), C1-C2COBB; (C and K), C0-C2COBB; (D and I), C2-7SVA; (E and J), T1S; (F and L),
TS-CL.
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Figure 3

Results of linear regression analysis showing statistically signi�cant correlation between radiographic parameters in the lordotic and kyphotic groups (A, C),
C2-C7SVA versus T1S; (B, D), C2-C7SVA versus TS-CL.


