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Objective: To evaluate Obeid-coronal malalignment (O-CM) modifiers according to age, 
sagittal alignment, and patient-reported outcome measures (PROMs), in the mobile spine.
Methods: Retrospective review of a prospective multicenter adult spinal deformity (ASD) 
database with 1,243 (402 nonoperative, 841 operative) patients with no prior fusion surgery. 
Patients were included if they were aged over 18 years and were affected by spinal deformity 
defined by one of: Cobb angle ≥ 20°, pelvic tilt ≥ 25°, sagittal vertical axis ≥ 5 cm, thorac-
ic kyphosis ≥ 60°. Patients were classified according to the O-CM classification and com-
pared to coronally aligned patients. Multivariate analysis was performed on the relationship 
between PROMs and age, global tilt (GT) and coronal malalignment (CM).
Results: Four hundred forty-three patients had CM of more than 2 cm compared to 800 
who did not. The distribution of these modifiers was correlated to age. After multivariate 
analysis, using age and GT as confounding factors, we found that before the age of 50 years, 
2A1 patients had worse sex life and greater satisfaction than patients without CM. After 50 
years of age, patients with CM (1A1, 1A2) had worse self-image and those with 2A2, 2B 
had worse self-image, satisfaction, and 36-item Short Form Health Survey physical func-
tion. Self-image was the consistent determinant of patients opting for surgery for all ages.
Conclusion: CM distribution according to O-CM modifiers is age dependent. A clear cor-
relation between the coronal malalignment and PROMs exists when using the O-CM clas-
sification and in the mobile spine, this typically affects self-image and satisfaction. Thus, 
CM classified according to O-CM modifiers is correlated to PROMs and should be consid-
ered in ASD.

Keywords: Spine, Deformity, Scoliosis, Coronal malalignment

Neurospine
eISSN 2586-6591 pISSN 2586-6583 

This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (https://creativecom-
mons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

Copyright © 2021 by the Korean Spinal 
Neurosurgery Society 

Neurospine 2021;18(3):475-480.
https://doi.org/10.14245/ns.2142458.229

http://crossmark.crossref.org/dialog/?doi=10.14245/ns.2142458.229&domain=pdf&date_stamp=2021-09-30


Effect of Coronal Malalignment on the Mobile SpineKieser DC, et al.

https://doi.org/10.14245/ns.2142458.229476 www.e-neurospine.org

INTRODUCTION

Adult spinal deformity (ASD) describes a complex array of 
spinal conditions causing spinal deformity.1 ASD is common 
with a reported prevalence of 32% of patients aged over 50 years 
and 68% of patients aged over 70 years.2 The degree of deformi-
ty typically correlates with the patient’s disability (quality of life, 
QoL).3 The predominant reason for this disability is that the spi-
nal deformity induces spinal imbalance that prevents the nor-
mal economic resting posture of the spine, increasing the physi-
ological demands of the spine and perispinal musculature. The 
resulting disability has been shown to directly relate to the de-
gree of spinal imbalance.4-7 It is now well recognized that an im-
balanced spine severely affects patient’s function and QoL.2,4,7-10 
Due to its high incidence and severe effects, ASD is estimated 
to have the greatest global disease burden of all common long-
term disorders, including arthritis, chronic lung disease, con-
gestive heart failure, diabetes, and ischemic heart disease.11

The most well-recognized correlation between spinal imbal-
ance and disability is that of sagittal imbalance. Glassman and 
colleagues were the first to study the effects of spinal sagittal im-
balance on functional outcomes and found that an increase in 
sagittal imbalance worsened functional outcomes.4 This finding 
has been confirmed in a number of subsequent publications.5-7,9,10

More recently the effects of coronal malalignment (CM) have 
been reported, with new classification systems developed to fur-
ther understand the effect of coronal deformities on pain, func-
tion, and QoL. CM reflects the lateral deviation of the trunk over 
the pelvis and can be represented by the C7 plume line, with sub-
stantial displacement from the midline of the pelvis considered 
to be more than 20 mm. In a recent classification, proposed by 
Obeid and colleagues, the Obeid-CM (O-CM) classification, 
the authors incorporate specific modifiers for each curve type, 
dependent on the direction of the CM in relation to the main 
curve of the deformity.12 The classification defines a concave 
CM (type 1) as the coronal plumbline being on the ipsilateral 
side of the concavity of the curve, in contrast to a convex CM 
(type 2) where the plumbline is on the convex side of the curve. 
This is further subtyped with type 1A having the main curve 
apex between T12 and L4 and type 1B having its apex above 
T12. Type 1A1 is flexible and type 1A2 is rigid. Type 2A has the 
apex of the main curve between T12 and L4, whereas type 2B 
has the apex below L4. Type 2A1 has a normal lumbosacral junc-
tion and type 2A2 has a degenerative lumbosacral junction (Fig. 
1). Patients with no CM are defined as a C7 plumb line being 
within 2 cm of the central sacral vertical line.

The purpose of this study was to evaluate O-CM modifiers 
according to age, sagittal alignment, CM, and patient-reported 
outcome measures (PROMs), in the mobile spine.

MATERIALS AND METHODS

We performed a retrospective review of a prospective multi-
center ASD database with 1,243 ASD patients with no prior spi-
nal fusion surgery. Ethical approval was obtained from Centre 
Hospitalier Universitaire de Bordeaux (IRB number: CE-GP-2019- 
14). Patients were included if they were aged at least 18 years, 
had no prior spinal fusion, and were affected by spinal defor-
mity defined by at least one of the following: Cobb angle ≥ 20°, 
pelvic tilt ≥ 25°, sagittal vertical axis ≥ 5 cm, or thoracic kypho-
sis ≥ 60°.

All patients completed Numerical Rating Scale back and leg 
pain scores, Oswestry Disability Index (ODI), 36-item Short 
Form Health Survey (SF-36), and Scoliosis Research Society 22 
(SRS-22) scores. All patients were radiologically assessed accord-
ing to the O-CM classification as well as global tilt (GT). Patients 
were classified according to the 6 modifiers of the O-CM classifi-
cation and were compared to coronally aligned patients.12 We 
then subsequently compared those patients that decided to un-
dergo deformity correction to those that did not in order to de-
termine which reported PROMS affected this decision.

Univariate and multivariate analysis was performed on the 
relationship between PROMs and age, sagittal GT, and CM us-
ing IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA). 
We used GT as our sagittal parameter to exclude the confound-
ing effect of sagittal balance on PROMs. Cross-tabulation was 
generated and chi-square test was used to compare all the dis-

Fig. 1. Obeid-coronal malalignment classification.
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tributions of the modifiers according to age. Impaired t-tests or 
analysis of variance were performed to compare all groups of 
CM and to assess differences in means for PROMs. For each 
distribution, we used linear regression analysis to analyze the 
correlation between health-related QoL scores with GT and age 
and to determine if GT and/or age were confounding factors. 
In this case, we carried out a multivariate analysis using an anal-
ysis of covariance (ANCOVA) test for the PROMs for which we 
had a p-value less than 0.05 to determine if statistical significance 
persisted when taking into account the effect of GT and/or age.

RESULTS

A total of 1,243 patients were included. The mean age was 52 
years (range, 18–90 years). Four hundred forty-three patients 
had CM of more than 2 cm compared to 800 who did not and 
the age distribution of CM appeared bimodal (Fig. 2). Eight hun-
dred forty-one patients were subsequently elected for operative 
intervention and 402 elected for nonoperative treatment.

The distribution of the modifiers was correlated to age; mean 
age was 35 years for 2A1 patients, 44 years for 1B, and around 
64 years for all other modifiers (Table 1).

When patients are grouped into an age of under 50 years com-
pared to those older than 50 years, 76% of patients affected by 
CM who are under 50 years of age have subtype 2A1. In con-
trast over the age of 50 years, the distribution of the O-CM var-
ied more broadly (Table 2).

On univariate analysis, comparing the PROMs of those pa-
tients aged under 50 years with O-CM type 2A1 to those with-
out coronal imbalance, the only statistically significant differenc-
es were a reduction in the ODI sex life (0.52 vs. 0.77, p= 0.033) 
and higher satisfaction (3.56 vs. 3.22, p= 0.015). No age or ra-
diological confounders were identified and therefore no multi-
variate analysis performed in this group.

After 50 years of age, on univariate analysis, patients with cor-
onal malalignment (O-CM classification 1A1/2) had a worse 
SRS-22 self-image (2.2 vs. 2.5, p = 0.000) and SF-36 physical 
function (33.3 vs. 35.2, p= 0.044) than those with no CM. Simi-
larly, patients with coronal malalignment O-CM classification 
2A2 and 2B had worse SRS-22 self-image (2.3 vs. 2.5, p= 0.000), 
SRS-22 satisfaction (2.8 vs. 3.2, p = 0.002) and SF-36 physical 
function (32.9 vs. 35.2, p = 0.015) than those with no CM. In 
contrast, only those with O-CM classification 1A1/2 had signif-
icantly greater GT (40.6 vs. 30.7, p = 0.000). On multivariate 
analysis, accounting for age and GT as confounders in patients 
with O-CM classification 1A1/2, only the SRS-22 self-image re-
mained significant (2.2 vs. 2.5, p= 0.014).

When comparing those patients that subsequently elected for 
continued nonoperative care to those who undergo deformity 
correction, in those younger than 50 years, we found that the 
nonoperative cohort O-CM 2A1 initially presented with a worse 
ODI sex life (0.26 vs. 0.55, p= 0.026) than their coronally balan-

Table 1. The distribution of modifiers correlated to age

Subtype No. Age (yr), mean (range)

1A1 56 65.0 (19–90)

1A2 71 64.9 (19–85)

1B 23 43.6 (18–75)

2A1 140 34.9 (18–74)

2A2 113 63.7 (28–82)

2B 40 62.7 (20–82)

No coronal malalignment 800 50.9 (18–87)

Total 1,243 52.0 (18–90)

Table 2. The frequency of Obeid-coronal malalignment sub-
groups under and over the age of 50 years

Subtype Age < 50 yr Age ≥ 50 yr

1A1 5 (1.0) 51 (6.7)

1A2 1 (0.2) 70 (9.2)

1B 13 (2.7) 10 (1.3)

2A1 110 (22.9) 30 (3.9)

2A2 9 (1.9) 104 (13.6)

2B 7 (1.5) 33 (4.3)

No coronal malalignment 335 (69.8) 465 (60.9)

Values are presented as number (%).

Fig. 2. Scatter plot showing the distribution of coronal align-
ment related to age. C7PL, C7 plumbline; CSVL, central sacral 
vertical line.
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ced counterparts. All other PROMS and GT were similar. How-
ever, age was a confounding factor (ANCOVA, p= 0.104), and 
on multivariate analysis no difference when accounting for age 
between the 2A1 and coronal balanced patients ODI sex life was 
found. In contrast, those that subsequently elected for surgical 
correction had a worse SRS-22 self-image (2.5 vs. 2.8, p= 0.020) 
and better SRS-22 satisfaction (3.5 vs. 3.0, p= 0.014) than their 
coronally balanced counterparts. The age and GT were again 
similar.

For those aged over 50 years, the nonoperative group with 
O-CM 1A1/2 had worse SF-36 physical function (36.0 vs. 40.0, 
p= 0.039) than those who were coronally aligned. There was no 
significant difference in GT (35.0 vs. 27.1, p= 0.066) and there-
fore no multivariate analysis was performed. For those with 
O-CM 2A2 and 2B, there were no identifiable differences in 
PROMS or GT between the coronally aligned and mal-aligned 
groups that elected for nonoperative care.

In contrast, those aged over 50 years that elected for operative 
intervention with O-CM 1A1/2 had worse SRS-22 self-image 
(2.0 vs. 2.3, p= 0.000) than those who were coronally aligned. 
They also had a greater GT (42.9 vs. 32.1, p= 0.000). On multi-
variate analysis, accounting for age and GT, the SRS-22 self-im-
age remained lower for those with O-CM 1A1/2 (2.0 vs. 2.3, 
p= 0.007). Patients with O-CM 2A2 and 2B had worse SRS-22 
self-image (2.1 vs. 2.3, p= 0.014) and SRS-22 satisfaction (2.7 
vs. 3.1, p= 0.004) than those who were coronally aligned. When 
accounting for age and GT the trend remained with a worse 
SRS-22 self-image (2.1 vs. 2.3, p= 0.031) and SRS-22 satisfac-
tion (2.7 vs. 3.1, p=0.003) in the O-CM 2A2 and 2B group. There 
was no other statistically significant difference between the groups 
in relation to PROMS or GT.

DISCUSSION

While sagittal imbalance is well recognized as correlating to 
patient outcomes, there is inconsistent evidence about the effect 
of coronal deformities on patient pain, function, and QoL.4,13,14 
However, with a number of new classifications recently pro-
posed there is a resurgence of interest in CM.12,14-17 In a recent 
study published by Plais et al.,18 the authors assessed the effect 
of CM in relation to the Qui classification in mobile spines and 
found an age-dependent variance in the curve type and a rela-
tionship between the degree of CM greater than 3 cm to func-
tional outcomes.

In the present study, we assessed similar variables, but utilized 
the O-CM classification. We found that a CM of 2 cm or great-

er affected PROMs, suggesting that the O-CM classification is 
more sensitive than other published classifications for detecting 
the effects of CM on patient outcomes. We found a similar age 
variance to the curve type reported by Plais et al.18 with most 
patients under the age of 50 years being affected by O-CM sub-
type 2A1, and those older than 50 years being more evenly af-
fected by different subtypes. We chose 50 years because our da-
taset suggested a bimodal distribution with 50 years being be-
tween the peaks (Fig. 1). In addition, the article by Fujishiro et 
al.19,20 used an age of 40 years as a cutoff because the authors 
noted patients typically start to become symptomatic after this 
age. Furthermore, Yilgor et al.21 used age 60 years for the Global 
Alignment and Proportion score because most complications 
were thought to present around this age. In our study, we were 
assessing the deformity itself and age 50 years was therefore 
deemed appropriate.

We also identified that coronal imbalance variably affects spe-
cific outcomes according to the age and curve type. Patients aged 
under 50 years with CM have a worse sex life, but higher satis-
faction. In contrast, those older than 50 years with O-CM 1A1 
or 1A2 had worse self-image and those with 2A1 and 2B had 
worse self-image, satisfaction, and physical function.

In addition, when assessing which patients subsequently elect-
ed for spinal deformity correction, irrelevant of age, self-image 
was the only consistent factor. Unexpectedly, patient satisfac-
tion was in fact higher in those aged less than 50 years who sub-
sequently elected for surgery in contrast to those older than 50 
whose satisfaction was lower. This suggests that self-image is 
the predominant determinant of surgical intervention in young-
er patients, whereas satisfaction and self-image drive decision 
making in older patients.

Furthermore, the fact that only specific PROMs, notably self-
image and satisfaction, rather than overall QoL and function 
were altered suggests that surgeons contemplating surgical in-
tervention for CM should recognize these factors as predomi-
nant determinants of patient decision making and council them 
accordingly.

This study offers several advantages to previous literature: 
notably its large sample size, its multivariate analysis, the con-
sideration of different curve types to subanalyse CM, and the 
effects on specific PROMS. However, despite these advantages, 
this study has a number of limitations. Firstly, for each age brack-
et, we analyzed the most common deformity patterns and there-
fore our results cannot be translated to more rare deformity sub-
types. Secondly, we used GT as a composite of sagittal imbal-
ance and therefore other parameters of sagittal deformity can-
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not be excluded as confounders. Lastly, we have not assessed the 
effect of surgical intervention on improving patient outcomes.

Despite these limitations, this study shows that CM clearly 
affects PROMs and the disparity with the previous literature is 
due probably to the fact that only general types of CM were de-
scribed, bypassing the different subtypes and eventually confus-
ing them. In addition, the current study has shown that the CM 
pattern is age related and that the age distribution is not homog-
enous which we believe needs to be understood for the patient’s 
best management and eventual operative planning if surgery is 
indicated.

CONCLUSION

CM distribution according to O-CM modifiers is age depen-
dent. Despite previous reports failing to correlate CM with PROMs, 
our study shows that when each modifier is considered a clear 
correlation exists. In the nonfused spine, an independent corre-
lation between CM and PROMs affecting specifically self-im-
age and satisfaction was shown. Thus, CM classified according 
to O-CM modifiers is correlated to PROMs and should be con-
sidered in ASD.
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