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Background: Balanced global spinopelvic balance is important in the maintenance of the physiological 
alignment of all body segments above the pelvis with minimum energy expenditure. The key determinants 
affecting the 3D index-odontoid-hip axis (OD-HA) angle, and in particular its alterations, have not been 
clearly defined. The aim of this study is to identify the determinants of the 3D OD-HA angle in maintaining 
global spinopelvic balance in a large Chinese adult cohort of different gender and age groups.
Methods: A total of 516 asymptomatic adults were enrolled in this study. Biplanar radiographies were 
performed to reconstruct the subject’s inter-acetabular axis and C2 odontoid process. The 3D angle formed 
by the vertical and the line between odontoid and mid-interacetabular axis (OD-HA angle) was computed 
and projected in the subject’s sagittal and coronal planes. Thoracic kyphosis (TK), lumbar lordosis (LL), T1 
pelvic angle (TPA) and sagittal vertical axis (SVA) were measured.
Results: The mean values of sagittal and coronal OD-HA were −0.2°±2.5° and 0.2°±1.1°, respectively. 
Both sagittal and coronal OD-HA had significant correlation with age (r=0.265 and r=−0.143, P<0.01, 
respectively), sagittal OD-HA showed increment from 20s to 80s (−1.3° to 0.8° for female, −0.3° to 1.5° for 
male) and a significant difference between male and female from 20 to 69 years old. Further analysis showed 
that sex, weight, TK, PT, SVA, TPA and ODI were determinants of OD-HA.
Conclusions: 3D OD-HA angle showed physiological stability with little variability from young to elderly 
adults, with SD of 2.45° and 1.06° in sagittal and coronal planes, respectively. OD-HA angle confirms the 
hypothesis that the head tends to remain above the pelvis in a small cone of stability. This study provides an 
analysis of the determinants of OD-HA and the reference range of the head-pelvis balance in each decade 
and gender based on a large-scale asymptomatic population.

Keywords: 3D reconstruction; asymptomatic; adult; postural alignment; odontoid-hip axis (OD-HA)
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Introduction

“Global spinal balance” was considered as the overall 
alignment of spine, usually by taking centroid of C7 
vertebral body and the sacrum or pelvis as the upper and 
lower reference points (1). The concept of “conus of 
economy” by Dubousset suggested the presence of a narrow 
physiological range within which the human body can 
remain globally balanced three-dimensionally (3D) (2).

Over the past decades, growing emphasis on the 
significance of assessing radiographic images in the sagittal 
plane and its correlation with clinical pain and disability was 
observed (3,4). However, these clinical findings were mostly 
based solely on 2D images. A variety of methods have been 
developed in trying to evaluate the 3D spinal deformity, 
e.g., basing on the projection of the pedicles or spinous
process on coronal X-ray (5). In an effort to characterize 
the axial plane, the radiographic evaluation of adult spinal 
deformity (ASD) patients is often complemented by CT or 
MRI scan with its intrinsic limitation of having the image 
acquisition in supine and non-weight-bearing position (6). 
This often led to inadequate estimation of the true 3D 
deformity that could correlate reliably with the clinical 
pain or functional impairments (7,8). In addition, the 
radiation exposure during CT scan acquisition is a concern 
particularly in longitudinal investigations. To overcome 
these obstacles, low-dose whole-body biplanar imaging 
system was introduced and became increasingly available 
in clinical practice to allow imaging from head to toe in 
standing position without projection distortions. Likewise, 
with a dedicated algorithm, these biplanar images can be 
processed to generate an accurate 3D reconstruction for 
further analysis in three anatomical planes (9,10).

There is growing recognition of the importance of a 
balanced global spinal balance in maintaining the proper 
physiological alignment of all body segments above and 
below the pelvis thus providing the least energy demanding 
standing posture. The failure to maintain the center 
of gravity in this “conus of economy” would require a 
compensatory mechanism to restore a stable global spinal 
balance. In addition, the weight of the head estimated to be 
4 to 5 kg in adults is supported by the flexible cervical spine, 
followed by the thoracolumbar construct (11). Its spatial 

position is thus of great importance in the global spinal 
balance. Making full use of the potential of EOS imaging 
system, Amabile et al. proposed a new 3D parameter: the 
odontoid-hip axis (OD-HA) angle to quantify the 3D head-
pelvis alignment in young asymptomatic adults (12). Further 
studies showed that this parameter was quasi-invariant in 
a large part of the population, including older adults, both 
Caucasian and Chinese, and adolescent idiopathic scoliosis 
patients before and after surgery (13-15).

Previous studies have described the progressive changes 
of spinopelvic alignment of the normal and pathologic 
aging spine (16,17). In an effort to maintain the alignment 
of human body’s segments, including head, spine, pelvis, 
lower limbs, the young subjects have the capacity to 
regulate their spinopelvic alignment by fine-tuning the 
curvature of their spine and adjusting the orientation of 
their pelvis (12). After surgery in adolescent idiopathic 
scoliosis (AIS), it has been shown that they even a shape of 
the pelvis can be involved in this adaptation process, since a 
change of incidence parameter is frequently observed (18).  
Previous studies on different ethnicities also showed 
significant differences in the sagittal alignment (19-21).  
In addition, our recent study has found that sagittal 
alignment could vary with age and gender, and the elderly 
had a different compensation mechanism to keep balance 
beyond which decompensation could occur. However, the 
factors affecting OD-HA, have not been clearly defined nor 
analyzed yet, and such information could further clarify the 
compensation mechanisms deployed by the subject to keep 
balance. Therefore, the objective of this study was to identify 
the determinants of the 3D OD-HA angle in maintaining 
global spinopelvic balance in a large-cohort of Chinese adults 
of different gender and age groups. We present the following 
article in accordance with the MDAR checklist and STROBE 
reporting checklist (available at https://qims.amegroups.com/
article/view/10.21037/qims-21-718/rc). 

Methods

Study design

This was a cross-sectional study with approval from our 
institutional Ethics Committee (CREC Ref. No. 2017.689) 

https://qims.amegroups.com/article/view/10.21037/qims-21-718/rc
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conducted in the light of the Declaration of Helsinki (as 
revised in 2013). All volunteers were fully informed about 
the methods, purposes, and risks involved in the study 
protocol and signed the informed consent.

Subjects

Asymptomatic Chinese volunteers’ age between 20–89 
years old were recruited from the different geographical 
regions of the community. Bi-planar X-rays were obtained 
with the EOS system, a low-dose system permitting the 
simultaneous head to feet acquisition of sagittal and coronal 
X-rays, between November 2016 and September 2018. 
Inclusion criteria were subjects presenting an Oswestry 
disability index (ODI) score lower than 20% and a VAS 
score (visual analog scale) lower than 2% in assessing 
the back pain (including neck pain). The exclusion 
criteria were subjects with neck and back pain in previous  
6 months, presence of neuromuscular disorders, pregnant, 
and previous pathology or surgery on spine, hip or knee 
arthroplasty that could affect coronal or sagittal balance. 
Basic demographic characteristics of the subjects, including 

age, body height, body weight and body mass index (BMI), 
were also recorded.

EOS low-dose biplanar scan

All subjects underwent whole-body biplanar stereographs 
(EOS imaging, Paris, France), which allows a simultaneous 
capture of anteroposterior and lateral radiographs by slot 
scanning of the whole body in an upright, weight-bearing 
position with ultralow radiation doses, with a standardized 
radiographic  protocol  by  a  team of  exper ienced 
radiographers. Subjects were asked to stand up in the 
standardized free-standing position, adapted from Faro  
et al. (22), with hands resting on the mandibles (SRS 
modified free standing position) and with shifted feet. 
A medical practitioner familiar to EOS radiographs and 
not involved in the study blindly reviewed all subjects’ 
radiographs to label and reject radiographs of subjects with 
incorrect posture.

Radiographic measurements and calculation

Two orthopedic specialists who were not otherwise involved 
in this study performed all the radiographic measurements, 
and the average of their results was recorded. The following 
parameters were measured: (I) global parameters: sagittal 
vertical axis (SVA) and T1 pelvic angle (TPA). (II) Local 
curvature: lumbar lordosis (LL) and thoracic kyphosis (TK). 
(III) The measurements of sagittal parameters are shown in 
Figure 1.

The 3D OD-HA angle was formed from measuring the 
position of the most superior tip of the odontoid process 
of C2 (OD) using a validated technique. The OD-HA 
angle was defined as the angle between the vertical line 
crossing the center of the hip axis (HA) and a line between 
OD and HA; this angle was measured in 3D and projected 
in the anatomical sagittal and coronal planes (Figure 2). 
MATLAB® was used to automatically compute the values of 
OD-HA and other radiographic parameters (12).

Statistical analysis

Data were expressed as mean ± standard deviation. The 
measurements were tabulated and analyzed using the SPSS 
version 26.0 software (SPSS Inc., Chicago, IL, USA) and 
Matlab (The Mathworks, Natick, USA). To assess the 
relationship between spinopelvic parameters with coronal 
and sagittal OD-HA, correlations with all parameters were 

Figure 1 Anteroposterior and lateral X-rays of an asymptomatic 
adult illustrating the calculation of coronal and sagittal OD-HA 
angle between the vertical and the line connecting the C2 OD 
and the midpoint of the HA with a 4° of TPA and 0.7 mm of SVA. 
OD-HA, odontoid-hip axis; TPA, T1 pelvis angle; SVA, sagittal 
vertical axis.
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analyzed. Then, stepwise regression was used to determine 
which spinopelvic and clinical parameters affect OD-HA; 
sagittal and coronal projections of this angle were processed 
separately. Then, a multilinear model was built to determine 
the relationship between these variables and OD-HA. 
Finally, a principal component analysis was run to study the 
relationship between these relevant variables.

Normal distribution of the values was confirmed by 
Shapiro-Wilk normality test for each series of measurements. 
Comparisons of means between variables were performed 
using an unpaired Student t-test or Mann-Whitney tests for 
non-normally distributed variables. Comparisons among age 
groups were made with analysis of variance. Correlations 
between variables were analyzed using the Pearson 
correlation coefficient or Spearman’s rank test. The inter-
observer and intra-observer reliability were assessed with an 
absolute agreement intraclass correlation coefficient (ICC) 
analysis using a two-way random effects model. Agreement 

was classified as excellent for an ICC of >0.75. Values of 
P<0.05 was considered statistically significant.

Results

Demographic data

A total of 516 subjects (female to male: 280:236) were 
successfully recruited with the demographic data 
distribution and a minimum of 20 subjects of each sex 
in each age group, as shown in Table 1. The average age 
of the subjects was 51.9 years (range, 20–89 years) and 
the BMI was 23.5±3.5 kg/m2. The average ODI score 
and VAS score were 13.4±12.7 and 1.8±2.1, respectively, 
reflecting the asymptomatic cohort that matched with 
the inclusion criteria. The ICC values for the intra- and 
inter-observer agreement in EOS measurements with the 
sagittal parameters were higher than 0.9, indicating reliable 
measurement methods.

Figure 2 Mean value of whole-body sagittal parameters by age between males and females. *, P<0.05; **, P<0.01.
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Changes in spinal alignment

The mean values of sagittal and coronal OD-HA were 
−0.17°±2.45° and 0.16°±1.06°, respectively. The overall 
trend for each sagittal variable in males and females by age 
decade were presented in Figure 2 containing five subparts 
(Figure 2A-2E). Across the different age groups, TK showed 
steady increasing trend while LL gradual decrease in both 
genders (Figure 2A,2B). The global sagittal parameters, 
TPA and SVA, increased gradually with age from 20 to 
89 in both genders (Figure 2C,2D). However, there is a 
significant higher increase in these parameters on female 
subjects aged above 70 years old when compared with male 
subjects (P<0.05).

OD-HA angle

The average values and overall trend for OD-HA angle in 
males and females by decade were shown in Figure 2E. The 
mean value of sagittal OD-HA angle in female subjects and 
male subjects were −0.7°±2.3° and 0.5°±2.5°, respectively. 
Sagittal OD-HA showed significant changes for male (−0.3° 
to 1.5°) and female (−1.3° to 0.8°) subjects from 20s to 80s.

The comparison on OD-HA, TPA and SVA between 
young adults and elderly adults is shown in Table 2. In female 
subjects, there were significant differences in OD-HA angle 

(−1.20° vs. −0.28°; P<0.01), TPA (8.79° vs. 13.70°; P<0.01) 
and SVA (7.17 mm vs. 25.70 mm; P<0.01) when compared 
between young adults and old adults. Similarly, there were 
significant differences in OD-HA angle (−0.22° vs. 1.04°), 
TPA (6.73° vs. 11.30°) and SVA (12.68 vs. 26.83 mm)  
when compared between young adults and old adults in 
male subjects (P<0.05).

Correlation between OD-HA and other parameters

A summary of the correlations observed between spinopelvic 
and clinical variables is shown in Figure 3. Coronal OD-HA 
only showed a mild negative correlation with age in females 
(r=−0.14, P=0.02), while not in male (P>0.05). In females, 
SVA was correlated with age (r=0.45, P<0.001), but not 
with ODI and TPA (P>0.05). However, sagittal OD-HA in 
this group tended to decrease with subject height and PT 
(r=−0.2, P<0.001 and r=−0.14, P=0.02, respectively), and 
to increase with BMI (r=0.16, P=0.01). On the other hand, 
sagittal OD-HA angle in males showed small but significant 
increase with age (r=0.3, P<0.0001), TPA (r=0.2, P=0.002), 
ODI (r=0.15, P=0.02) and VAS (r=0.13, P=0.04), and a 
strong correlation with SVA (r=0.8, P<0.0001).

In addition, a stepwise correlation analysis was performed 
to determine which among the parameters measured in 
this study were determinant variables for sagittal or coronal 

Table 1 Demographic distribution of study participants

Variable Males (n=236) Females (n=280) Total (n=516)

Age (years)

20–29 47 47 94

30–39 28 38 66

40–49 31 47 78

50–59 41 56 97

60–69 29 44 73

70–79 23 26 49

80–89 37 22 59

Height (cm) 169.1±6.8 156.4±6.0 162.2±9.0

Weight (kg) 68.3±10.1 56.5±9.3 61.9±11.3

BMI (kg/m2) 23.9±3.3 23.1±3.7 23.5±3.5

ODI score 10.8±11.1 15.5±13.6 13.4±12.7

VAS score 1.5±1.9 2.0±2.2 1.8±2.1

Data are presented as number or mean ± SD. BMI, body mass index; ODI, Oswestry disability index; VAS, visual analogue scale.



OD-HA (Figure 4). Based on the analysis, both sagittal and 
coronal OD-HA were related to sex, weight, TK, PT, SVA, 
TPA and ODI. All parameters had a positive effect on both 
sagittal and coronal OD-HA but PT, ODI and TPA, which 
had a negative effect. Age was not retained in the stepwise 
analysis as a determinant of OD-HA, which suggests that 
the correlation between OD-HA and age is indirect.

Finally, principal components analysis on these inter-
related variables showed that the first three principal 
components explained 60% of the data variability. 

Sagittal OD-HA plays a major role in all three principal 
components, as can be inferred by the relative length of 
the vectors representing OD-HA in the biplot in Figure 4.  
Coronal OD-HA, on the other hand, is responsible for 
less variability of the data. Sagittal OD-HA was mainly 
associated with SVA and patient weight. 

Discussion

The measurement of  the composite radiographic 

Table 2 Comparison of global sagittal alignment between young and elderly adults

Variable
Young adults (<50 years) Elderly adults (≥50 years)

Male (N=106) Female (N=132) Male (N=130) Female (N=148)

TK 24.5±8.4 25.2±8.7 28.3±9.5# 27.9±9.9*

LL 43.8±8.3 44.5±9.8 39.8±12.4# 42.7±11.2

TPA 6.7±5.8 8.8±6.2 11.3±7.8# 13.7±8.4**

SVA 12.7±22.2 7.2±19.0 26.8±24.3# 25.7±25.2**

OD-HA −0.2±2.2 −1.2±2.0 1.0±2.6# −0.3±2.5**

*, P<0.05, when compared with young female subjects; **, P<0.01, when compared with young female subjects; #, P<0.01, when 
compared with young male subjects. TK, thoracic kyphosis; LL, lumbar lordosis; TPA, T1 pelvic angle; SVA, sagittal vertical axis; OD-HA, 
odontoid with regard to hip axis.

Figure 3 Correlation of spinopelvic and clinical parameters. Colors represent the correlation coefficient resulting from Pearson’s or 
Spearman’s test, according to data normality. Only those variables with significant correlations are reported (for instance, Sex was not 
correlated to any other parameter), and only significant correlations are reported for the remaining variables (P<0.05). Coronal OD-HA was 
reported even if was not correlated with other variables as one of the main parameters of interest for the study. OD-HA, odontoid-hip axis.
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parameters is essential to understand the compensatory 
mechanism when treating patients with spinal deformity 
quantitatively (23). Although numerous studies on global 
spinal balance in 2D radiographs has helped to advance 
the understanding and classification of spinal deformity, 
the lack of characterization of a true 3D multiplanar 
deformity remains a significant limitation (24-26). With the 
development and widespread availability of EOS imaging 
system in recent years, 3D analysis in spinal deformity 
research become possible (26). In this study, we conducted 
a pilot validation of a 3D global spinal balance parameter, 
OD-HA angle, in a large cohort with even age and gender 
distribution aged from 20 to 89 years old in a large Chinese 
adult cohort.

The results of this study revealed very little variability 
in the 3D OD-HA angle across the different age groups, 
with SD of 2.5° and 1.1° in sagittal and coronal planes, 
respectively. In Amabile’s study on the asymptomatic 
European subjects, the results also suggested that the OD-
HA angle was less variable as compared with other global 
spinal balance parameters and more robust when it comes 
to digitizing the point on the radiographies (12). Based 
on sagittal plane, studies could use odontoid, C7 or T1 
centroid to characterize uniplanar global alignment with 
OD-HA, SVA and TPA that appear as complementary 
parameters. Clinically, OD-HA angle may be more accurate 
when assessing the global spinal balance in both coronal and 
sagittal plane by taking into account the head and cervical 
spine, in contrast to SVA or TPA (1,27,28).

Previous studies have focused on other specific points 

to quantify the alignment of the head with spine or pelvis, 
such as the McGregor line, or cranial center of mass (29,30). 
Although all these points were close to the true center 
of mass of head to assess its alignment compared to the 
pelvis, a reliable, precise and easy-to-implement method is 
necessary to identify points of interest in the busy clinical 
setting. With these requirements, our research group had 
made great efforts to explore this new index, where only 
points directly identifiable on the 3D model of the spine 
were considered.12 The current study provided further 
investigation and validation on the changes of the new index 
with age and gender in a much bigger cohort of adults.

According to the results of this study, OD-HA showed 
very limited increase from 20s to 80s (sagittal: −1.3° to 0.8° 
for female, −0.4° to 1.7° for male; coronal: male: from 0.3° 
to −0.6°; female: 0.4° to 0.2°). Correlation analysis revealed 
that both sagittal and coronal OD-HA had significant but 
mild correlation with age (r=0.278 and −0.157, respectively). 
This suggested OD-HA angle remained stable from young 
to old in asymptomatic population and confirmed the 
hypothesis that the head tends to remain above the pelvis 
in a small cone of stability physiologically. In addition, this 
study provided the reference range of the 3D global spinal 
balance in each decade and gender based on a large-scale 
asymptomatic population.

The results from this study on Chinese population 
was also compared with a European cohort studied with 
the same protocol. The results showed that the values of 
coronal and sagittal OD-HA angle in Chinese group were 
statistically significantly higher than that in the European 

Figure 4 Principal component analysis of parameters related to sagittal and coronal OD-HA. Left panel shows the scores plot of the 
first two components, with the color code representing sagittal OD-HA. Right panel shows a biplot with the included variables. OD-
HA, odontoid-hip axis; SVA, sagittal vertical axis; TPA, T1 pelvic angle; PT, pelvic tilt; TK, thoracic kyphosis; LL, lumbar lordosis; ODI, 
Oswestry disability index.
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group both in young and older group (P<0.05). The higher 
values of OD-HA indicate that the Chinese subjects tend to 
be more leaning forward in the sagittal plane as compared 
with the European subjects. However, the mean differences 
were small (less than 2°), unlikely to be of clinical 
significance.

Our protocol complied with Fechtenbaum’s study that 
subjects stand in a comfortable position with hips and 
knees extended and with hands on a support in order to 
decrease the possibility of motion artifact that may cause 
difficulty in 3D reconstruction, whereas the Arts et Métiers 
ParisTech adapted Faro’s method that subjects stand in 
the free standing position with the hands resting on the 
mandibles (22,31). Hence, the variation on the standing 
position between the two populations during scanning 
might potentially amplify the measured differences of the 
OD-HA angle. Nevertheless, further investigations would 
be needed. In addition, we define “asymptomatic subjects” 
as those volunteers who have no clinical neck or back pain 
nor any related medical consultations or surgical treatment 
in the past six months. In addition to the spine, we also 
actively exclude subjects with pathology or surgery of the 
hip or knee that could affect coronal or sagittal balance.

In our recent study, we found that the subjects aged 
above or below 50 years engaged different compensation 
mechanism of sagittal alignment (32). In the current study, 
therefore, we conducted subgroup analysis by using the 
age of 50 as a cut-off to divide the cohort into young and 
elderly group. The results revealed that there was significant 
difference in OD-HA angle and SVA (P<0.05). It suggested 
that the young and elderly subjects presented with a different 
compensation mechanism to maintain global spinal balance, 
which was in accordance with our previous study.

The analysis of the correlation and determinants of 
OD-HA confirms that balance is a full-body issue, and 
that different subjects might deploy different strategies to 
keep the head above the pelvis; indeed, while spinopelvic 
parameters are often intercorrelated, such as TK, LL 
and PT (Figure 3), sagittal and coronal OD-HA appear 
independent. Results also suggest that differences are 
present between in males and female. The latter showed 
correlations between OD-HA, PT and TK (Figure 3), but 
not their male counterparts. Sagittal OD-HA was strongly 
correlated to SVA, which was expected since the two 
parameters reflect a similar sagittal imbalance. Surprisingly, 
TPA was only weakly correlated to sagittal OD-HA in 
males, but not in females. It is also interesting to notice that 
in this cohort, coronal OD-HA is responsible for less data 

variability than sagittal OD-HA (Figure 4). This could be 
expected, since aging is more often associated with sagittal 
imbalance rather that coronal; coronal OD-HA is more 
relevant in the study of scoliosis.

One limitation of this study lies in the position of the 
subject in the X-ray cabin. Although the purpose of the 
handrail was to keep the subjects to stand still, the grasp 
on the handrail might have altered the volunteer’s natural 
posture by shifting forwards or backwards the upper body. 
As there is no optimal standing position at this stage, a 
careful monitoring on the subject’s position in a natural 
and comfortable status would be needed to truly reflect a 
more reliable results characteristics of the subject’s upright 
posture.

Conclusions

In summary, the 3D OD–HA angle showed little variability 
from young to elderly Chinese asymptomatic adults, with 
standard deviations of 2.5° and 1.1° in the sagittal and 
coronal planes, respectively. OD-HA angle confirms that 
the head tends to remain above the pelvis in a small cone of 
stability physiologically. This study provides the reference 
range of the global spinal balance in each decade and 
gender based on a large-scale asymptomatic population. 
Importantly, this study also facilitates to initiate a new area 
of spinal deformity research which cross from spinopelvic 
alignment to global spinal balance, from two-dimension to 
three-dimension in the near future.
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