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Abstract
Purpose To clarify the relative influence of age, sex, disc height loss and T1 slope on upper (Occiput-C2) and lower cervi-
cal lordosis (C2–C7).
Methods Standing lateral cervical radiographs of 865 adult subjects were evaluated. The presence and severity of disc height 
loss from C2/C3 to C6/C7 (a total of 4325 discs) were assessed using a validated grading system. The total disc height loss 
score for each subject was calculated as the sum of the score of each disc space. Sagittal radiographic parameters included: 
occipital slope, occiput-C2 (Oc-C2) lordosis, C2–C7 lordosis and T1 slope. Multivariable regression analyses were performed 
to examine the relative influence of the multiple factors on upper and lower cervical lordosis.
Results This study included 360 males and 505 females, with a mean age of 40.2 ± 16.0 years (range, 20–95 years). Linear 
multivariate regression analyses showed that greater age, male sex, greater T1 slope were each found to be significantly and 
independently associated with greater C2–C7 lordosis, whereas total disc height loss score was negatively associated with 
C2–C7 lordosis. T1 slope had the most independent influence on C2–C7 lordosis among these factors. Age, sex and disc 
height loss were not independently associated with Oc-C2 lordosis.
Conclusions Results from our large-scale radiologic analysis may enhance the understanding of the factors that affect cervi-
cal lordosis, indicating that age, sex, disc height loss and T1 slope were each independently associated with C2–C7 lordosis. 
However, age, sex and disc height loss were not independently associated with upper cervical lordosis.
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Introduction

Cervical lordosis is one of the critical parameters of cervi-
cal and global sagittal alignment [1, 2]. Although the func-
tional and clinical importance of cervical lordosis have been 
widely investigated and highlighted, the factors affecting the 
lordotic curve of cervical spine have not been explored in 
detail. The cervical lordosis is influenced by several fac-
tors. Recently, numerous studies extensively investigated 
the impact of age and sex on the cervical lordosis, but the 
published data showed conflicting findings. For example, 
prior studies documented that cervical lordosis (i.e. C2–C7 
lordotic angle) increased with ageing and there was no dif-
ference between males and females [3, 4]. On the contrary, a 
meta-analysis showed that the cervical lordosis was higher in 
males than in females and there was no significant relation-
ship between lordosis and age [5].
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Age-related change of cervical intervertebral disc height 
loss is one of the most clinically relevant degenerative phe-
notypes which can be extracted from lateral plain radio-
graphs [6, 7]. For example, disc height loss has been applied 
widely as one of the criteria for the radiographic diagnosis of 
adjacent segment pathology after anterior cervical surgeries 
for degenerative cervical diseases [8]. It has been previously 
reported that loss of cervical lordosis was associated with 
loss of disc space height [7, 9]. Despite this, the independent 
influence of the severity of disc height loss on cervical lor-
dosis is still not extensively documented in any large-scale 
radiographic study after adjustment for age [7, 10].

T1 slope has recently emerged as one of the critical 
determinants of cervical lordosis [11], and it has been docu-
mented that the greater is T1 slope, the larger is the cervical 
lordosis needed to maintain horizontal gaze. Very recent 
studies showed that T1 slope itself was significantly influ-
enced by age and sex [3, 4]. Additionally, C2–C7 lordosis is 
interconnected with other occipitocervical alignment param-
eters, such as occipital slope and occiput-C2 angle [3, 11].

Thus far, the relative influence of age, sex, the extent of 
disc height loss and T1 slope on upper (occiput-C2) and 
lower cervical lordosis (C2–C7 angles) remains unknown. 
This knowledge gap exists since the majority of the previ-
ous investigations included a limited sample size, a narrow-
age range or did not analyse these common factors together 
within one study sample. In addition, the analyses were fairly 
limited and did not account for the potential confounding or 
interaction effects, making interpretation of the findings a 
challenge and a continued point of discussion.

A fundamental understanding of the factors that affect 
cervical lordosis is critical to future studies involving cervi-
cal lordosis. In this paper, we aim at specifically clarifying 
the relative influence of age, sex, disc height loss and T1 
slope on the upper and lower cervical lordosis by means 
of a retrospective analysis of the lateral radiographs of 865 
adult subjects.

Materials and methods

Study sample

A retrospective radiographic study was performed, following 
approval by the local ethical committee board. In this study, 
neutral lateral cervical radiographs of 865 adult subjects 
from a single university hospital between 2016 and 2019 
were analysed. The dataset was similarly used in a previous 
study [6]. The standing lateral plain radiographs of the cervi-
cal spine were taken routinely with the subject in a comfort-
able upright position and the arms positioned at the side of 
the body, and with horizontal gaze. In this work, exclusion 
criteria were: (1) subjects younger than 20 years of age; (2) 

a history of previous surgery; (3) congenital abnormalities, 
fractures, tumour, infection or inflammatory arthritis; (4) 
invisible superior endplate of T1 vertebral body; and (5) 
incorrect head position as previously described [12, 13].

Sagittal radiographic measurements

Occipital slope is defined as the angle between the McRae 
line and the horizontal line; occipital slope angles were con-
sidered positive when the angles opened above the horizon-
tal line [3, 14]. Occiput-C2 lordosis (Oc-C2) is defined as the 
angle between the McRae line and the inferior endplate of 
C2 [3, 11]. C2–C7 lordosis is defined as the angle between 
the posterior body tangents on C2 and C7 [15]. According 
to previous studies [3, 11], cervical lordosis was divided into 
upper lordosis (Oc-C2 angle) and lower lordosis (C2–C7 
angle). Lordotic angles are positive, and kyphotic angles 
are negative in this study. T1 sagittal slope is defined as the 
angle between the upper endplate of the T1 vertebral body 
and the horizontal line [11]. T1 slope angles were considered 
positive when the angles opened below the horizontal line. 
Examples of measurements of occipital slope, Oc-C2 and 
C2–C7 lordosis and T1 slope are all shown in Fig. 1.

Scoring for radiographic disc height loss

The presence and severity of intervertebral disc space 
height loss from C2/C3 to C6/C7 (a total of 4325 interver-
tebral discs) in this study were scored according to 

Fig. 1  Examples of measurements of occipital slope, Oc-C2 and C2–
C7 lordosis and T1 slope
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Kettler’s grading scheme [16]. Briefly, disc height loss 
was scored for each disc space with respect to the nor-
mative values in the population: “normal” (0 points), if 
there was no height loss; “minimal” (1 point), if less than 
30% decrease in disc height; “moderate” (2 points), if the 
decrease in disc height was more than 33% but less than 
66%; “severe” (3 points), if the decrease in disc height 
was more than 66%. The total disc height loss score for 
each patient was calculated as the sum of the score of 
each disc space and possibly ranged from 0 to 15.

The sagittal radiographic evaluation was performed 
using with Surgimap software (Version 2.3.2.1, New 
York, NY). All the radiographs were evaluated by a spi-
nal surgeon, and excellent reproducibility was noted for 
the cervical sagittal radiographic parameters (range of 
intraclass correlation coefficient from 0.91 to 0.97) and 
for the radiographic disc height loss (0.87, by weighted 
kappa statistic) [17].

Statistical analysis

Descriptive analysis was performed for radiographic 
parameters. Mann–Whitney U test was used to compare 
the differences of continuous variables between males 
and females. Spearman’s rank correlation coefficient (r) 
was performed to investigate the relationship among the 
radiographic parameters and age. The strength of the cor-
relation was classified as negligible (0.00–0.10), weak 
(0.10–0.39), moderate (0.40–0.69), strong (0.70–0.89) 
and very strong (0.90–1.00) [18].

Stepwise multivariate linear regression analysis was 
carried out to examine the relative influence of age, sex, 
disc height loss and T1 slope on the upper and lower cer-
vical lordosis (e.g. Oc-C2 and C2–C7 lordosis angles). 
The values of p < 0.05 were considered to indicate statis-
tical significance. All statistical analyses were performed 
using IBM SPSS software version 27.0.

Results

The current study included 360 males and 505 females, 
with a mean age of 40.2 ± 16.0 years (range, 20–95 years). 
Table 1 illustrates the distribution of subjects in this study.

Sagittal radiographic parameters

Overall, in this cohort, the mean occipital slope was 
10.2 ± 6.4° (range: −5.9–32.0°). The mean Oc-C2 lordosis 
was 23.4 ± 8.1° (range: 2.3–47.6°). The mean C2–C7 lordo-
sis was 15.2 ± 12.3° (range: −17.1–49.3°), and the mean T1 
slope was 25.6 ± 9.2° (range: 0.4–49.2°). The results of these 
sagittal parameters were generally consistent with previously 
published data in the literature [3, 4, 11, 19].

Influence of sex and age on sagittal parameters 
and disc height loss

In general, males had higher C2–C7 lordosis than females, 
whereas the mean Oc-C2 lordosis was larger in females than 
that in males (p < 0.0001, respectively). In addition, males 
had larger T1 slope than females (p < 0.0001), whereas the 
mean occipital slope was greater in females than that in 
males (p = 0.012). The detailed sex-related differences in the 
sagittal parameters at each age group are presented in Fig. 2.

Among the all subjects, there were weak but signifi-
cant positive correlations between age and C2–C7 lor-
dosis (r = 0.247, p < 0.0001), occipital slope (r = 0.143, 
p < 0.0001) and T1 slope (r = 0.187, p < 0.0001), but no 
significant correlation between Oc-C2 lordosis with age 
was found (p = 0.765). The detailed results of correlations 
between age and the sagittal parameters of cervical spine in 
males and females are presented in Fig. 3.

In this cohort, 42.8% (370/865) of all individuals showed 
radiographic disc height loss. The moderate and severe disc 
height loss were more commonly found at C5/C6 and C6/
C7 disc levels (Fig. 4). The mean total disc height loss score 
was 1.3 ± 2.0 (range: 0–11), and there was no significant 

Table 1  The distribution of 
subjects in each age group 
(N = 865)

Age group Number of males (%) Number of females (%) Number of 
total subjects 
(%)

20–29 years 127 (35.3%) 163 (32.3%) 290 (33.5%)
30–39 years 87 (24.2%) 100 (19.8%) 187 (21.6%)
40–49 years 65 (18.0%) 73 (14.5%) 138 (16.0%)
50–59 years 46 (12.8%) 94 (18.6%) 140 (16.2%)
60–69 years 20 (5.5%) 43 (8.5%) 63 (7.3%)
 ≥ 70 years 15 (4.2%) 32 (6.3%) 47 (5.4%)
20–95 years (Total) 360 (100%) 505 (100%) 865 (100%)
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Fig. 2  Box plots showing the median value and range of sagittal parameters by age and sex (*indicates significant difference between males and 
females, p < 0.05)

Fig. 3  Correlation between age and sagittal parameters and total disc height loss in males and females
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difference between males and females in terms of the total 
disc height loss score (p = 0.067) (Fig. 5). There was strong 
statistical correlation between age and total disc height loss 
score (r = 0.709, p < 0.0001) among all subjects. Further-
more, there was strong positive correlation between age and 
total disc height loss score in females and of moderate cor-
relation in males (Fig. 3).

Correlations among the cervical sagittal parameters

Among all subjects, there were weak but significant 
positive correlations between occipital slope and upper 
(r = 0.284, p <  0.0001) and lower cervical lordosis 
(r = 0.151, p < 0.0001). Moderate negative correlation 
between Oc-C2 and C2–C7 lordosis was found (r = 0.400, 
p < 0.0001). There was significant moderate positive cor-
relation between T1 slope and C2–C7 lordosis (r = 0.633, p 

< 0.0001), whereas no direct correlation between T1 slope 
and Oc-C2 lordosis was noted (p = 0.546). The detailed 
correlations among the sagittal parameters in males and 
females are presented in Figs. 6, 7, 8. These results of 

Fig. 4  Prevalence and distribu-
tion of degree of disc height 
loss at each level

Fig. 5  Box plots showing the median value and range of total disc 
height loss by age and sex

Fig. 6  Correlation between occipital slope and upper and lower cervi-
cal lordosis in males and females
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correlations among the cervical sagittal parameters were 
similar to previous studies [3, 11].

Results of multivariate analysis

As presented in Table 2, T1 slope affected Oc-C2 angle, 
whereas no independent association of age, sex and total disc 
height loss score with upper cervical lordosis. The combined 
influence explained 58.2% of the variability in the Oc-C2 
lordosis (R = 0.763, R2 = 0.582).

When age, sex, total disc height loss score, T1 slope and 
occipitocervical parameters were taken together, multivari-
ate analysis showed that greater age, male sex, greater T1 
slope and occipital slope were significantly associated with 
greater C2–C7 lordosis, whereas total disc height loss score 
and Oc-C2 angle were negatively associated with C2–C7 
lordosis (Table 2). Moreover, T1 slope had a greater influ-
ence (larger β coefficient) on C2–C7 lordosis than any of the 
other independent variables in the regression model. The 
combined influence explained 77.3% of the variability in the 
C2–C7 lordosis (R = 0.879, R2 = 0.773).

Discussion

To our knowledge, this is the first study that specially clari-
fies the relative influences of age, sex, the extent of disc 
height loss and T1 slope on the upper and lower cervical 
lordosis using multivariate analyses with the largest cer-
vical lateral radiographs currently available. Importantly, 
among several independent variables studied in our study, 
we found that T1 slope had the greatest independent influ-
ence on C2–C7 lordosis. In addition, age, sex and disc height 
loss were not independently associated with upper lordosis 
(Table 2).

The current study showed an average occipital slope 
of 10.2 ± 6.4°, Oc-C2 of 23.4 ± 8.1°, C2–C7 lordosis of 
15.2 ± 12.3° and T1 slope of 25.6 ± 9.2°. Our results of 
these sagittal radiographic parameters are generally in good 
agreement with previous data. For example, in a study with 
full-body radiographs of 115 adult volunteers, Iyer et al. [3] 
reported the mean values of 9.4 ± 8.5° for the occipital slope, 
−27.4 ± 9.4° for Oc-C2, −12.2 ± 13.6° for C2–C7 lordosis 
and 26.1 ± 9° for T1 slope. Yokoyama et al. [19] investigated 
the lateral whole-spine standing radiographs of 220 asymp-
tomatic individuals aged 20–95 years, and they reported the 
mean C2–C7 lordosis angle (with the posterior tangent tech-
nique) of 13.9 ± 14.2° and T1 slope of 24.6 ± 7.5°.

We found that C2–C7 lordosis significantly increased 
with age. To date, the influence of age on cervical lordosis 
is still being debated. For instance, Yokoyama et al. [19] 
reported that age was significantly associated with C2–C7 
lordosis, which was consistent with our study. However, 

Fig. 7  Correlation between upper and lower cervical lordosis in 
males and females

Fig. 8  Correlation between T1 slope and C2–C7 lordosis in males 
and females

Table 2  Results of multivariate linear regression analyses (N = 865)

B Unstandardized B; SE Coefficients std. error; β Standardized coeffi-
cients beta; Bolded values indicate statistical significance at p < 0.05

B SE β p value

Factors associated with upper lordosis (Oc-C2 lordosis angle as 
dependent variable)

Independent variables
C2–C7 lordosis  − 0.648 0.021  − 0.979  < 0.0001
Occipital slope 0.795 0.031 0.629  < 0.0001
T1 slope 0.672 0.028 0.757  < 0.0001
(Constant) 7.875 0.746
R = 0.763, R2 = 0.582, adjusted R2 = 0.580; Durbin-Wasson = 2.082
Factors associated with lower lordosis (C2–C7 lordosis angle as 

dependent variable)
Independent variables
T1 slope 0.959 0.024 0.715  < 0.0001
Occiput-C2  − 0.807 0.026  − 0.534  < 0.0001
Occipital slope 0.899 0.035 0.470  < 0.0001
Age (years) 0.087 0.019 0.114  < 0.0001
Total disc height loss score  − 0.418 0.141  − 0.069 0.003
Sex 0.920 0.421 0.037 0.029
(Constant)  − 3.035 1.011
R = 0.879, R2 = 0.773, adjusted R2 = 0.771; Durbin-Wasson = 2.044
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a meta-analysis showed no evidence that C2–C7 lordosis 
was influenced by age [5]. In addition, we found that there 
was no significant impact of age on Oc-C2 lordosis; simi-
lar results were reported in previous investigations [3, 11]. 
Consequently, our results from multivariate analyses add to 
the evidence that the lower cervical lordosis was affected by 
age. The increase in cervical lordosis observed with ageing 
likely reflects the progressive loss of sagittal balance due to 
degeneration and osteoporosis in the thoracolumbar spine 
[2, 20], which was, however, not documented in this paper 
which did not include radiographs of the full trunk [2, 3, 14].

Our results showed that lower cervical lordosis (C2–C7 
lordosis) was significantly and independently associated 
with sex after adjustment for various factors. Currently, the 
sex-related difference in cervical lordosis also remains con-
troversial. A recent meta-analysis reported that males had 
greater C2–C7 lordosis than females (C2–C7 angles with 
posterior tangent method) [5], which was consistent with our 
data. Additionally, in this study, we found that sex was not 
associated with Oc-C2 lordosis, as previously described [3, 
11]. Collectively, these findings suggested that the influence 
of sex on the lower cervical lordosis should not be ignored 
in the future studies [12, 21].

In this study, as expected, we found that radiographic disc 
height loss was most severely seen at C5/C6 followed by 
C6/C7, and the total score for disc height loss significantly 
increased with age. These results were in good agreement 
with previous study [7]. In fact, very few large-scale radio-
logical studies directly investigated the independent influ-
ence of the extent of disc height loss on upper and lower 
cervical lordosis after adjusting age and other cervical sagit-
tal parameters. Our multivariate analysis demonstrated that 
with an increasing severity of disc height loss was signifi-
cantly associated with the reduction in C2–C7 lordosis. This 
finding agreed with previous studies [7, 9]. Interestingly, 
we noted that the extent of disc height loss was not inde-
pendently associated with Oc-C2 lordosis. Altogether, our 
results not only confirmed that the close association between 
cervical lordosis and the extent of disc height loss, but also 
suggested that age-related disc space collapse was indepen-
dently associated with loss of cervical lordosis in the C2–C7 
region but not in the Oc-C2 segment.

Our results showed that males had larger T1 slope than 
females, and T1 slope itself significantly increased with age-
ing, which were consistent with recent radiographic studies 
[3, 4]. In our study, results from correlation analysis showed 
that T1 slope was moderately related to C2–C7 lordosis; 
C2–C7 lordosis was inversely related with Oc-C2 lordosis, 
whereas there was no direct relation between T1 slope and 
Oc-C2, skipping the C2–C7 lordosis. Similar results were 
presented by Lee et al. [11]. Of importance, in our study, 
multivariate analysis showed that not only T1 slope was sig-
nificantly associated with C2–C7 lordosis, but it also had the 

greatest influence on C2–C7 lordosis (Table 2). These results 
indicated the reciprocal compensatory mechanism of cervi-
cal sagittal alignment to maintain horizontal gaze. Taken 
together, our large radiographic analyses further confirmed 
and emphasized the importance of T1 slope in determining 
sagittal balance of the cervical spine [11, 14].

This study has several limitations. First, since cross-sec-
tional nature of the present study, theoretically, longitudinal 
studies may provide more detail information on the nature 
course of ageing in the cervical lordosis profiles. Second, 
the present study has a retrospective design and clinical data 
such as patient symptoms were not available; therefore, the 
association of the radiographic parameters with pain and 
disability could not be investigated. Third, our study did not 
allow us to determine the causal relationships among the 
radiographic parameters and other soft tissue parameters that 
may play a role, since magnetic resonance images were not 
available for the cohort. Fourth, in this study, there was no 
ethnic record and the cervical radiograph was obtained from 
a single hospital; in fact, the effect of ethnicity on the sagittal 
alignments of the cervical spine should be taken into con-
sideration to determine if our results are globally generaliz-
able [22]. Fifth, the number of subjects aged over 70 years 
was small, the results in the older population may be less 
accurate than those of the younger age groups. Last but not 
least, this study did not include lateral radiographs of the 
full body or of the full trunk, and the relationship between 
cervical lordosis and other global sagittal parameters, such 
as thoracolumbar alignments and knee flexion angle, could 
therefore not to be discussed [2, 3, 14]. The upper and lower 
cervical spine was anatomically complex, and various fac-
tors may affect the lordotic curve of cervical spine. As such, 
prospective multicentre investigations are further needed 
to account for other factors to extend our results, such as 
genetic predisposition [23], history of cervical trauma [24] 
or the condition of posterior neck muscles [25].

Despite these limitations, we believe that results from 
our large-scale study will improve the understanding of 
the importance of these factors in determining the cervical 
lordosis, and findings would serve as references for future 
investigations involving the cervical lordotic curvature.

Conclusion

The current study described the relative influence of age, 
sex, the extent of disc height loss and T1 slope on cervical 
lordosis. We found that T1 slope had the greatest influence 
on C2–C7 lordosis among the common variables studied in 
our study. Additionally, age, sex and disc height loss were 
not independently associated with upper cervical lordosis.
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