
ORIGINAL ARTICLE

Pre- and post-operative sagittal balance in idiopathic scoliosis:
a comparison over the ages of two cohorts of 132 adolescents
and 52 adults

Pierre Roussouly • Hubert Labelle •

Jihane Rouissi • Arnaud Bodin

Received: 27 May 2012 / Revised: 15 October 2012 / Accepted: 3 November 2012 / Published online: 28 November 2012

� Springer-Verlag Berlin Heidelberg 2012

Abstract

Study design Retrospective study of a prospective clinical

and radiological database of subjects with adolescent (AIS)

and adult (AS) idiopathic scoliosis undergoing surgical

correction by posterior approach.

Objectives To evaluate the differences in sagittal align-

ment of the spine and pelvis in AIS and AS before surgery

and changes after surgery in both populations.

Summary of background data The relationship between

the spine and pelvis highly influences the sagittal balance

in adults and adolescents. However, the sagittal alignment

of the spine and pelvis before and after surgery in idio-

pathic scoliosis, whatever the age, is poorly defined in the

literature.

Methods Clinical and radiological data were extracted

from a prospective database of 132 AIS patients and 52 AS

before and at last follow-up after surgical correction.

Sagittal parameters were evaluated on AP and lateral

radiographs using a custom software: pelvic incidence (PI),

sacral slope (SS), pelvic tilt (PT), lumbar lordosis (LL),

thoracic kyphosis (TK), C7 Barrey’s ratio, spino-sacral

angle (SSA). A new algorithm of combination of balance

parameters was proposed to characterize and compare the

various pathological spino-pelvic settings. Based on PI

subdivision in high (\55�) and low values ([55�), then on

a range of PT indexed on PI giving the pelvis positioning

(anteverted, normal or retroverted), the population was

finally characterized by the C7 plumbline position with

regard to the posterior edge of the sacrum and the center of

the femoral heads, in balanced, slightly unbalanced and

unbalanced. More specifically, the AIS study included the

cervical shape alignment with cervical lordosis (CL) and

sagittal thoracic profile assessment (hypo vs. normokyph-

otic). In AS, the study focused on thoraco-lumbar kyphosis

(TLK) occurrence (LL length). Paired Student t tests were

used for comparison (a = 0.02).

Results Pre-operatively, in AIS there was a prevalence of

lower PI (57 %). Whatever the PI, PT remained anteverted

or normal. Positioning of C7 was much more unbalanced,

forward of the femoral heads (50 %), than in asymptomatic

population (17 %). There was a notable loss and reversal of

cervical lordosis in the majority of subjects, with an

average cervical kyphosis measurement of 10 ± 18�.

Thoracic kyphosis values were lower than average, while

lumbar lordosis values were within normal limits. After

surgery, in the entire group, a slight but significant increase

of PT coupled to a decrease of SS and LL was noted, while

no changes could be documented in thoracic kyphosis and

cervical lordosis. However, when sub-classified according

to thoracic hypo versus normokyphosis pre-op, there was a

significant decrease of TK coupled to a decrease of LL and

CL in the normokyphotic group, while TK and CL were

improved in the hypokyphotic group. A significant number

of patients improved their global balance. Changes in

sagittal profile between Lenke curve types were minimal.

In AS there were significant differences between low and

high PI populations. Severity of unbalance increased in

high PI population with association of retroverted pelvis

P. Roussouly (&) � A. Bodin

Croix Rouge française CMCR des Massues,

92 rue Edmond Locard, 69005 Lyon, France

e-mail: chort@cmcr-massues.com

H. Labelle � J. Rouissi

Faculty of Medicine, Université de Montréal, PO Box 6128,
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and forward unbalance. In lower PI, increasing PT was

generally sufficient to balance the patients. The occurrence

of TLK was strongly increased in the entire population and

became the rule in those with lower PI (76 %). Post-

operatively, in those with high PI, PT did not change while

global balance improved slightly. The strategy of correc-

tion in higher PI was to maintain TLK. In those with low

PI, PT improved while C7 did not change. Correction of

TLK was obtained in eight cases.

Conclusions A decrease of cervical lordosis and thoracic

kyphosis is commonly associated with AIS. The anterior

unbalance frequently found in AIS does not seem to have

the same significance of severity as in AS. In AIS PI does

not change the balance criterions, while in AS the severity

of unbalance is increased with higher PI. TLK seems to be

a way of worsening the balance in elderly, mainly in

lumbar and thoraco-lumbar scoliosis with low PI. Surgical

correction of the thoracic and lumbar spine in AIS induces

significant changes in the sagittal spino-pelvic profile.

Changes in the cervical sagittal profile vary according to

the pre-op sagittal profile of the thoracic kyphosis. Cervical

lordosis and thoracic kyphosis are improved by surgical

correction in subjects with pre-operative hypokyphosis, but

a reverse effect is noted in those with normal pre-operative

kyphosis. The clinical significance of these changes in

sagittal shape remains to be determined. In AS, it appears

easier to restore a good balance in the lower PI population

than in those with less pre-operative unbalance.

Keywords Adolescent idiopathic scoliosis � Adult

scoliosis � Kyphosis � Lordosis � Pelvis � Sagittal balance �
Spine � Cervical spine

Introduction

The importance of sagittal spino-pelvic organization in

pathology and the crucial necessity of its restoration after

surgical treatment are now well recognized in the literature

[1]. Parameters allowing the assessment of sagittal balance

are commonly used. Geometrical parameters, described by

Duval Beaupere [2, 3], characterize pelvic shape and

positioning: pelvic incidence (PI), pelvis tilt (PT) and

sacral slope (SS). They are linked by a remarkable math-

ematical relation: PI = PT ? SS. Several parameters

describe the different curvatures of the spine: lumbar lor-

dosis (LL), thoracic kyphosis (TK). With regard to the

global orientation of the spine, C7 positioning is generally

accepted for its stability over the sacrum in balanced

asymptomatic population [4].

Pelvic parameters have not suffered any important

contestation thanks to the easily identifiable anatomical

landmarks (sacral plateau, centers of femoral heads) [5].

Pelvic incidence remains relatively constant during child-

hood. Thereafter, it increases significantly during adoles-

cence, reaching its maximum value in adulthood [6]. This

parameter is closely related to lumbar lordosis in normal

adolescents and adults [7, 8]. Legaye et al. [3] showed a

significant relationship between pelvic incidence and

lumbar lordosis in scoliotic adults, but they did not observe

any significant difference for PI between normal and sco-

liotic adults. Mac-Thiong et al. [9] reported an increased

pelvic incidence in subjects with AIS.

There remains some differences as to the best method to

measure and assess spinal parameters. Classically the

measure of LL has respected the anatomical limits between

T12 and L5 or S1 [10–12]. Some authors [13] have con-

tested these limits, opposing that a biomechanical vision is

more accurate and better describes the main curvatures by

the limit were one curve transitions in another curve

(inflexion point). Using this method, it is possible to

introduce the notion of length of LL, and to describe

thoraco-lumbar kyphosis (TLK). Another area of contro-

versy concerns the C7 positioning. Everyone agrees that

the ideal balanced position of the C7 plumbline (C7 PL) is

very stable at the level of the posterior edge of the sacral

plateau and that a notable forward displacement is a proof

of unbalance [4, 11]. Authors have described horizontal

distance between projection of C7 PL and an easily iden-

tified pelvic landmark. Lafage et al. [14] used SVA (hori-

zontal distance with posterior limit of the sacral plateau).

While easy to obtain, the measuring of a distance needs

calibrated X-rays, and may be a source of error in multi-

center study where different X-ray setups are used. We

prefer to use comparable X-ray measurements, either with

angles (SSA, spino-sacral angle between a line from C7 to

the middle of the sacral plateau and the sacral plateau), or

by the use of a ratio described by Barrey (distance between

C7 PL and femoral heads, and distance between femoral

heads and posterior limit of the sacral plateau) [4, 15].

While a typology of spino-pelvic organization seems

possible [13] in an asymptomatic population, the large

number of combination of parameters forbids such a simple

segmentation in pathological cases. Up to now, a majority

of authors have emphasized some pertinent parameters to

assess the pathological status and to provide guidelines for

surgical treatment.

Even if sagittal balance is a relatively new concept, a lot

of studies have already focused on scoliosis sagittal bal-

ance in adolescents [16] or adults [17, 18] and on surgical

effect. Up to now, there has been no study comparing the

adolescent and adult pre- and post-operative status. Con-

sidering the fact that idiopathic scoliosis is a pathology

beginning in childhood and, if not treated, evolving the

entire life, we propose a retrospective analysis of pre- and

post-operative sagittal balance in a prospectively collected
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and consecutive population of 132 adolescent idiopathic

scoliosis (AIS) and 52 adult idiopathic scoliosis (AS). All

patients were treated at the same institution by the same

surgeon and recorded in the same data bank (Keops�). Pre-

and post-operative long standing X-rays were analyzed

using Keops analyzer by two successive observers. A new

algorithm for sagittal balance analysis is proposed, mixing

PI, PT and C7 positioning to characterize the different

patterns of pathological balance and their evolution after

corrective surgery. In post-operative AS we tried to

determine if PI may influence the quality of balance cor-

rection after surgery. Specific analyzes were conducted

with regard to the pre- and post-operative cervical spine

status in AIS and the presence of TLK in AS. The last part

of this study tried to determine if the combination of some

initial frontal and sagittal features may lead to sagittal

worsening when coupled with degeneration.

Material and method

Two cohorts were analyzed independently: 132 adolescents

aged between 12 and 21 years, and 52 adult patients

between 22 and 75 years at the time of surgery. The

inclusion criteria were: (1) a diagnosis of idiopathic scoli-

osis, (2) no neurological deficit, (3) no previous spine sur-

gery, and (4) no evidence of spondylolisthesis. De novo

degenerative scoliosis was excluded. The whole cohort

underwent reduction and fusion surgery with posterior

instrumentation by one surgeon at a single institution. A

unique instrumentation with translation technic was used

(Colorado�) by posterior approach. In AIS, only one stage

was performed. In AS, above 50 years, lumbar and thoraco-

lumbar scoliosis were fused to the sacrum. If necessary a

second stage of interbody lumbar and/or lumbo-sacral cages

was performed. The average follow-up between the pre- and

post-operative evaluation was 3 years (range 4.8–2.1).

All patients from both consecutive cohorts were entered

in the same prospective database (Keops). Characteristics

of both cohorts are as follows:

AIS

We reviewed a cohort of 132 consecutive patients (16 boys,

116 girls) diagnosed with AIS and operated by one sur-

geon. The mean age at surgery was 15.3 ± 2.2 years

(range 11–21 years) and the mean primary Cobb angle was

56.7� ± 16.2�. The patients were sub-classified based on

their coronal curve type according to the Lenke classifi-

cation system [19]. There were 67 Lenke type 1, 19 Lenke

type 2, 9 Lenke type 3, 0 Lenke type 4, 12 Lenke type 5

and 25 Lenke type 6 patients. Patients were also sub-

classified according to the magnitude of their thoracic

kyphosis: the hypokyphotic group including patients with

thoracic kyphosis \208, and the normokyphotic group

including patients with thoracic kyphosis C208.

AS

There was a predominance of females (51) for only one

male. The mean age at surgery was 52.4 ± 3.7. With

regard to frontal deformity, 76 % were thoraco-lumbar and

lumbar scoliosis. In older patients ([40 years) with lumbar

or thoraco-lumbar scoliosis, there were 18 with TLK for 12

with long lordosis. In younger patients (\40 years) with

lumbar or thoraco-lumbar scoliosis (eight cases) only one

had a TLK.

Radiological measurements

Assessment of the spine was done with long AP and lateral

standing X-rays just before surgery and at the latest post-

operative control. Lateral X-rays were analyzed with Ke-

ops analyzer (SMAIO�). In order to avoid any controversy

on the measuring quality, only very remarkable and read-

able anatomical landmarks were used in this study: center

of femoral heads, sacral plateau, and center of C7 vertebral

body. The proximal limit of the lumbar lordosis was the

only landmark which needed a double advice from two

senior surgeons. This proximal limit (IP of Berthonnaud)

[20] is where LL transitions into TK. Sometimes, due to the

scoliotic deformity, IP was not located at the level of an

inter body space, and was located as the point where both

curvatures are tangent.

Assessment of spino-pelvic organization was determined

by a combination of three sets of parameters: pelvic

parameters (PI and PT), C7 positioning (spino-pelvic angle

and Barrey’s ratio), and lumbar curve length and angle. An

algorithm of pathological identity was designed (Fig. 1). PI

was divided into low PI (\55�) and high PI ([55�), with

regard to the mean value of PI in the global population

(AIS ? AS). In order to determine whether the pelvis

positioning was pathological, three levels of PT were cal-

culated with regard to PI value. Limits were based on a

percentage of PI/2 which was given by Mac Thiong et al

[21], as the maximum value of PT in an asymptomatic

population. A segmentation of PT values was proposed

between 0� and PI/2. The pelvis was considered anteverted

when PT is less than 20 % of PI/2, normal between 20 % of

PI/2 and 80 % of PI/2, and retroverted over 80 % of PI/2

(Fig. 2). C7 positioning was measured using the Barrey

ratio: distance between C7 PL and posterior edge of S1

plateau on distance between posterior edge of S1 plateau and

center of femoral heads. It was considered negative when

behind the S plateau (well balanced), between 0 and 1 when

between S plateau and femoral heads (slightly unbalance),
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and over 1 when forward to the femoral heads (severe

unbalance). Lumbar lordosis length was identified with

regard to L3. When the proximal limit of lordosis was higher

than L3, it was considered as a long lordosis, and when

lordosis proximal limit was L3 or below, it was considered

as a short lordosis and a thoraco-lumbar kyphosis.

To assess specifically the cervico-thoracic area in AIS,

measures in two steps were performed after identification of

the superior plate of T3. The transitional point between cer-

vical and thoracic spine was identified by approximation of

split curves by two successive operators giving the global

angle of each curve. Then, the sagittal contour of each cervical

vertebra was identified by four points giving the different intra

and extra angles to the precise shape and orientation of the

lower cervical spine between C3 and C7-T1.

Results

AIS study

Table 1 details the mean pre- and post-operative values for

all radiological variables with their standard deviations

(SD) and the p value of the paired Student test between

each pair of variables in the cohort of 132 subjects. Neg-

ative angular measures for CL, TK or LL indicate kypho-

sis, while positive values indicate lordosis. The most

striking anomaly detected in baseline measurements is the

cervical lordosis which was in fact reversed to a cervical

kyphosis in the majority of the cohort, averaging

10� ± 16�. Thoracic kyphosis appeared lower than normal,

averaging 28� ± 198 of kyphosis.

With respect to pre- and post-op changes in spino-pelvic

alignment, no important differences could be detected for

PI, LSA, IL5, KT, CL, S1C7, SPC7 and SSA. In contrast, a

Balance algorithm

Pelvic parameters C7 plumbline Lumbar Lordosis
(limit L3)

PI<55°

PI>55°

PI PT

Anteverted pelvis

Normal

Retroverted

Behind S1

Between S1 and FH

Forward FH

Short LL=TL K

Long LL

Fig. 1 Balance algorithm combining pelvic parameters (PI and PT),

C7 positioning, and length of LL

Proposal for PT normalisation 

0° PI/2
20% 20%

Anteverted Normal Retroverted

Fig. 2 PT limits with regard to PI value. [0� ? 20 % of PI/2] and

[PI/2-20 % of PI/2] are proposed as ‘‘limits’’ of normality of PT.

Below pelvis is considered as anteverted, over as retroverted

Table 1 Mean pre- and post-operative values for all radiological

variables in AIS

Variable Mean N SD p

PI

Pre-operative 52.9776 132 12.44264 0.34300

Post-operative 53.4785 132 12.72705

PT

Pre-operative 10.8066 132 7.70336 0.00000

Post-operative 12.5583 132 7.94726

SS

Pre-operative 42.170 132 8.8463 0.0260

Post-operative 40.920 132 8.9877

LSA

Pre-operative -7.4176 132 5.85807 0.46500

Post-operative -6.9919 132 5.64761

IL5

Pre-operative 29.3675 132 16.92762 0.26200

Post-operative 27.5983 132 9.90927

LL

Pre-operative 53.5552 132 10.48778 0.01600

Post-operative 51.7400 132 9.59941

TK

Pre-operative -27.8283 132 18.96241 0.21700

Post-operative -26.2096 132 12.44127

CL

Pre-operative -10.2159 132 16.82074 0.47500

Post-operative -11.2724 132 15.22422

S1C7

Pre-operative 12.9576 132 30.84658 0.49100

Post-operative 11.8214 132 27.77136

GSC7

Pre-operative 3.4261 132 2.48382 0.00100

Post-operative 2.6937 132 2.10799

SPC7

Pre-operative 4.4194 132 22.01291 0.24200

Post-operative 2.6014 132 18.27567

SSA

Pre-operative 129.4203 132 8.55392 0.89500

Post-operative 129.3433 132 8.52339

Cobb MT

Pre-operative 55.7438 132 16.30284 0.00000

Post-operative 22.2672 132 9.46222

Cobb T/TL

Pre-operative 27.9952 132 9.96818 0.00000

Post-operative 12.6899 132 7.45501
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significant increase in pelvic tilt of 1.8� coupled to a

decrease in sacral slope of 1.3� and in lumbar lordosis of

1.8� was found after surgery. Important curve correction in

the frontal plane averaging 60 % for the primary curve and

56 % for the secondary curve was documented. Sub-

grouping with respect to Lenke curve types did not reveal

changes, except for significant increases in pelvic tilt of 3�
in Lenke 3 and 6 curve types.

Table 2 details the mean pre- and post-operative values for

all radiological variables with their SD and the p value of the

paired Student test between each pair of variables in the

subgroup of 94 subjects with a thoracic kyphosis C208 (nor-

mokyphotic sub-group). In contrast to the results in Table 1

for the entire group, it can be seen that significant differences

are now seen in the sagittal alignment of the spine: the thoracic

kyphosis averaging 36� ± 138 pre-op is decreased to

30� ± 118 after surgery, and this change is coupled to an

increase in cervical kyphosis from 4� ± 148 to 8� ± 148 and a

decrease in lumbar lordosis from 56� ± 98 to 53� ± 98.
Table 3 details the mean pre- and post-operative values

for all radiological variables with their standard deviations

(SD) and the p value of the paired Student test between

each pair of variables in the subgroup of 38 subjects with a

thoracic kyphosis \208 (hypokyphotic sub-group). Again,

negative angular measures for CL, TK or LL indicate ky-

phosis, while positive values indicate lordosis. It can be

seen that PI values are unchanged in both groups. In con-

trast to the results in Table 1 for the entire group, it can

also be noted that significant differences are also seen in

the sagittal alignment of the spine, but in a reverse direc-

tion from those seen in the normokyphotic sub-group: the

thoracic kyphosis averaging 6 ± 118 pre-op is increased to

16 ± 108 after surgery, and this change is now coupled to a

decrease in cervical kyphosis from 26� ± 118 to 20� ± 148
and no measurable change in lumbar lordosis.

Table 4 details the AIS population after segmentation

into high ([55�) and low PI (\55�). In both populations we

found a high number of unbalanced C7 PL (48 %), sig-

nificantly improved post-operatively (31 %). Association

of unbalanced C7 PL and anteverted pelvis was more fre-

quent in the low PI population. Association with a retro-

verted pelvis is exceptional (1 case). Post-operatively, the

number of retroverted pelvis in the global population

increased (from 2 cases to 9 cases).

TLK with a short LL was exceptional in high PI (1 case)

and was found only five times in smaller PI. Post-opera-

tively it remained only three cases with TLK.

AS study

With regard to frontal deformity, lumbar (apex L2, L3) and

thoraco-lumbar (apex T11, T12) curves were dominant (69 %);

the proportion increased with age (80 % with age[40).

Pelvic parameters were significantly different compared

with an asymptomatic population: increased PI and PT

(respectively 56.9� and 22.5�) and decreased SS (34.2�).

Table 2 Mean pre- and post-operative values for all radiological

variables in the subgroup of 94 subjects with a thoracic kyphosis

C208 (normokyphotic sub-group) in AIS

Variable Mean N SD p

PI

Pre-operative 53.1118 94 12.71875 0.26600

Post-operative 53.8104 94 13.03754

PT

Post-operative 11.0879 94 8.08487 0.00300

Pre-operative 12.6830 94 8.51197

SS

Pre-operative 42.023 94 8.6821 0.2000

Post-operative 41.128 94 9.0301

LSA

Pre-operative -7.2662 94 5.75878 0.91900

Post-operative -7.3432 94 5.62738

IL5

Pre-operative 30.3958 94 19.33920 0.21200

Post-operative 27.6379 94 10.07757

LL

Pre-operative 55.9394 94 9.45849 0.00000

Post-operative 52.7348 94 9.36213

KT

Pre-operative -36.9422 94 13.32448 0.00000

Post-operative -30.4584 94 10.94125

CL

Pre-operative -3.7169 94 14.21516 0.02400

Post-operative -7.6573 94 14.33646

S1C7

Pre-operative 14.0660 94 30.68792 0.24200

Post-operative 12.4843 94 28.37740

GSC7

Pre-operative 3.5869 94 2.40318 0.00000

Post-operative 2.6756 94 1.98831

SPC7

Pre-operative 5.2766 94 19.98687 0.02300

Post-operative 2.6492 94 18.15919

SSA

Pre-operative 129.0375 94 8.48139 0.68800

Post-operative 129.3171 94 8.66903

Cobb MT

Pre-operative 56.7795 94 17.23598 0.00000

Post-operative 22.3939 94 9.96652

Cobb T/TL

Pre-operative 29.2284 94 10.57477 0.00000

Post-operative 12.8557 94 7.45571
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Table 5 details the AS population after segmentation

into high and low PI. Only two patients in each group may

be considered as well balanced (normal PT, balanced C7).

The majority of cases were slightly unbalanced. The worse

situation (retroverted and unbalanced) was found only with

greater PI (seven cases). There were unbalanced with non-

retroverted pelvis in both groups (eight cases). Proportion

of unbalanced cases was greater in higher PI (39 %) than in

smaller (16 %). Post-operatively, the smaller PI population

was slightly improved on PT values and C7 PL. In the

higher PI population PT did not change and C7 PL

improved poorly.

Table 6 details a superior segmentation with and with-

out TLK. In the global population the number of patients

with TLK was 25 (48 %). The ratio of TLK with greater PI

(25 %) was dramatically lower than that in the smaller PI

population (75 %). After surgery the lumbar shape was not

changed in high PI. In lower PI the number of TLK

decreased, eight cases changing for a longer LL. It was

unchanged in the high PI population.

When compared with the frontal deformity, only one

case of TLK was found in a non-thoraco-lumbar or lumbar

scoliosis.

Discussion

This study evaluated the sagittal alignment of the spine and

pelvis in AIS and AS after surgical correction in a pro-

spective and consecutive cohort of patients operated by the

same surgeon with the same instrumentation and surgical

technique.

AIS features

Baseline values for sagittal alignment found in this study

are consistent with previous work and confirm that spinal

alignment is abnormal in AIS, but that pelvic alignment is

only minimally disturbed. When compared to measure-

ments in an historical control cohort of adolescents pub-

lished by Mac-Thiong et al. using the same radiographic

protocol and software analysis [8], PI was only slightly

elevated in the present study (53� ± 128 vs. 49� ± 11�),

PT was slightly elevated (11� ± 88 vs. 8� ± 88), and SS

similar (42� ± 98 vs. 41� ± 98). In clear contrast, a

reversal of the physiologic cervical lordosis was associated

with AIS, with an average cervical kyphosis of 10� ± 16�.

Hilibrand et al. [22] were the first to confirm on X-rays a

relationship between the thoracic and cervical spine in the

sagittal plane. They noted an inverse relationship between

cervical and thoracic kyphosis in AIS. It is hypothesized

that changes in cervical alignment are compensatory

mechanisms in response to thoracic alignment permitting

the maintenance of vision parallel to the horizon.

A decrease in thoracic kyphosis was also documented in

this study, when compared to the control population of

Table 3 Mean pre- and post-operative values for all radiological

variables in the subgroup of 38 subjects with a thoracic kyphosis\208
(hypokyphotic sub-group) in AIS

Variable Mean N SD p

PI

Pre-operative 52.6547 38 11.94273 0.98000

Post-operative 52.6800 38 12.11029

PT

Pre-operative 10.1297 38 6.76899 0.00600

Post-operative 12.2581 38 6.50214

SS

Pre-operative 42.524 38 9.3624 0.0210

Post-operative 40.422 38 9.0081

LSA

Pre-operative -7.7819 38 6.16909 0.03300

Post-operative -6.1466 38 5.69556

IL5

Pre-operative 26.8931 38 8.51013 0.45000

Post-operative 27.5028 38 9.64888

LL

Pre-operative 47.8184 38 10.76027 0.25400

Post-operative 49.3463 38 9.88828

TK

Pre-operative -5.8978 38 10.70805 0.00000

Post-operative -15.9859 38 9.64528

CL

Pre-operative -25.8541 38 11.53104 0.02600

Post-operative -19.9713 38 13.89306

S1C7

Pre-operative 10.2906 38 31.55547 0.98900

Post-operative 10.2263 38 26.62678

GSC7

Pre-operative 3.0394 38 2.66757 0.57700

Post-operative 2.7372 38 2.40542

SPC7

Pre-operative 2.3569 38 26.50658 0.97700

Post-operative 2.4863 38 18.84569

SSA

Pre-operative 130.3413 38 8.79314 0.39700

Post-operative 129.4063 38 8.29744

Cobb MT

Pre-operative 53.1713 38 13.62961 0.00000

Post-operative 21.9526 38 8.21906

Cobb T/TL

Pre-operative 24.9319 38 7.58344 0.00000

Post-operative 12.2781 38 7.56026
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Mac-Thiong et al. [6, 8] (28 ± 19� vs. 44 ± 108), while

lumbar lordosis was relatively similar (53 ± 108 vs.

49 ± 128). Some authors [23] state a normal TK range of

20�–40�, although reference values of 30�–50� and 20�–50�
are also suggested [24]. Furthermore, the measurement of

the TK with the Cobb method on lateral radiographs tends

to underestimate the loss of TK in patients with a thoracic

scoliotic curve. For these patients, the TK may be smaller

when it is seen from a true lateral view at the apex, due to

vertebral rotation and wedging. Many authors have already

demonstrated that the TK is smaller for thoracic curves as

compared to controls [25]. The findings for the TK in this

study support the hypothesis that hypokyphosis is involved

in the development of thoracic AIS [26].

The high rate of C7 plumbline positioning in front of the

femoral heads seems abnormal in comparison with an

asymptomatic population [21]. Its association with ante-

verted pelvis in low grade PI is relevant in younger pop-

ulation and does not seem to have the same pathological

significance as in adults. Even with a bad position of C7 the

compensation by increasing PT was exceptional (only one

case). This supports the contention that the appearance of

unbalance in young population is well tolerated and prob-

ably differs from the unbalance of the older population due

to a lack of lordosis.

With respect to pre- and post-op changes in spino-pelvic

alignment, this study has shown that corrective surgery

using modern instrumentation and hybrid constructs can

alter pelvic alignment, creating slight pelvic retroversion,

as manifested by an increase in PT, coupled to a slight

decrease in SS. More importantly, corrective surgery can

significantly modify the sagittal alignment of the cervical

spine, but this effect is different depending on the under-

lying configuration of the pre-op sagittal thoracic spine. In

normokyphotic thoracic spines, corrective surgery appears

to decrease TK with a coupling effect of increased cervical

kyphosis, while in hypokyphotic thoracic spines, corrective

surgery improves TK with a coupling effect of decreased

cervical kyphosis. Figures 3 and 4 illustrate these two

different mechanisms of correction in the sagittal plane.

In AIS, little has been published about the consequences

of spinal fusion on cervical spine alignment. Hwang et al.

Table 4 Global sagittal

balance in AIS population after

segmentation into high ([55�)

and low PI (\55�) and with

regard to PT (anteverted,

normal, retroverted)

High PI High PI

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 1 1 anteverted 0
normal 2 26 30 58 normal 6 31 18 55
retroverted 1 1 2 retroverted 5 1 6

TOTAL 2 27 32 61 TOTAL 6 36 19 61

Low PI Low PI

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 2 6 8 anteverted 1 1 5 7
normal 8 29 26 63 normal 11 33 17 61
retroverted 0 retroverted 1 2 3
TOTAL 10 29 32 71 TOTAL 13 36 22 71

Pré Post

Table 5 Global sagittal

balance in AS population after

segmentation into high and low

PI and with regard to PT

High PI High PI

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 0 anteverted 0
normal 13 normal 12
retroverted 15 retroverted 16

TOTAL 28 TOTAL 0 19 9 28

Low PI Low PI

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 1 1 anteverted 1 1
normal 12 normal 17
retroverted 11 11 retroverted

2 7 4 7 5
8 7 12 4

2 7 3 2 12 3
2 3 1 6

TOTAL TOTAL

2 15 11

2 18 4 24 4 15 5 24

Pré Post
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Table 6 Global sagittal

balance in AS with a superior

segmentation combining low

and high PI, with and without

TLK (LL \ L3 and LL [ L3)

High PI + TLK High PI + TLK

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 0 anteverted 0
normal 3 normal 3
retroverted 4 retroverted 4
TOTAL TOTAL

High PI + Long LL High PI + Long LL

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 0 anteverted 0
normal 10 normal 9
retroverted 11 retroverted 12
TOTAL TOTAL

Low PI + TLK Low PI + TLK

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 1 1 anteverted 0
normal 6 normal 6
retroverted 11 11 retroverted 4
TOTAL TOTAL

0 5 2 7 0 3 4 7

2 10 9 21 0 16 5 21

0 14 4 18 1 6 3 10

Low PI + Long LL Low PI + Long LL

Balanced
Slightly 

unbalanced Unbalanced TOTAL Balanced
Slightly 

unbalanced Unbalanced TOTAL

anteverted 0 anteverted 1 1
normal 6 normal

2 1 1 2
3 1 2 2

2 5 3 6 3
5 6 10 2

3 3 4 2
1 2 1

2 4 2 8 1 11
retroverted 0 retroverted 1 1 2
TOTAL TOTAL2 4 0 6 3 9 2 14

Fig. 3 Lenke 5 curve type with a relatively normal pre-op thoracic kyphosis and cervical lordosis. After surgical correction, good frontal plane

correction is achieved, but it can be seen that thoracic kyphosis has decreased with a corresponding decrease of cervical lordosis
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Fig. 4 Lenke 2 curve type with pre-op hypokyphosis coupled to a compensatory cervical kyphosis. After surgical correction, thoracic kyphosis

is improved with a coupled effect on the cervical spine which has reversed to a more physiological cervical lordosis
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[27] have recently reported in a sample of 22 patients that

the sagittal profile of the thoracic spine is related to that of

the cervical spine in AIS. The surgical treatment of Lenke

type 1 and 2 curves by using all pedicle screw constructs

was shown to have a significant hypokyphotic effect on

thoracic sagittal plane alignment and if post-operative

thoracic kyphosis was excessively decreased, the cervical

spine may decompensate into significant kyphosis. The

present study adds to these findings by distinguishing the

effects of surgical correction based on the pre-op config-

uration of the thoracic spine. It is unclear at the present

time why the same surgical maneuvers used in AIS pro-

duce different corrective effects in the sagittal plane

depending on whether the thoracic spine is hypo or nor-

mokyphotic, but it is hypothesized that coupled motions

produced by these maneuvers may be responsible.

The clinical significance of these changes remains to be

determined, but surgeons should be aware of these effects

when performing corrective surgery in AIS. Other authors

have noted 17.6–57 % rates of associated cervical pain

with long-term follow-up after AIS instrumentation [28].

Ofiram et al [29] noted increasing degenerative changes in

the spine adjacent to AIS fusions with 8.5 years of follow-

up, but they also noted that the degenerative changes were

greater than those in the normal counterparts at baseline.

Some authors have not found a correlation strictly between

cervical spine alignment and pain in adults [30], although

the general sagittal profile has been strongly correlated

with function and pain [1].

The current study presents the same limitation as any

cross-sectional study. It cannot precisely ascertain the

evolution of the deformities over time because the evalu-

ated spinal and pelvic parameters were fixed in time. A

longitudinal study is required to confirm the influence of

the corrective surgery on the spino-pelvic alignment.

AS features

Frontal deformity in AIS seems to change mainly the

sagittal contour of the whole spine, without disturbing

strongly the global balance; in AS the combined effect of

the scoliotic deformity and degeneration in aging induces

severe disturbances in global balance and pelvis

compensation.

General patterns of alteration of sagittal balance in

pathology and their functional effect have been well

described in the literature [10, 31]. A combination of var-

ious sagittal parameters has been proposed to assess path-

ological status and to predict an ideal correction. Rose [11]

proposed a formula combining PI, LL, and TK which

Fig. 5 45-year-old woman with a thoracolumbar kypho-scoliosis. PI = 45�, type 1 in Roussouly classification. Good final balance respecting the

sagittal patient’s pattern
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determined a balanced correction when PI ? LL ? TK

\45�. It was difficult to assert if important parameters like

PT or C7 PL were concerned with this formula. Kim [32]

found that patients with optimal pre-operative sagittal

balance had smaller PI and a larger difference between LL

and TK.

More recently, Lafage [18] introduced a range of normal

values to differentiate balanced and unbalanced spine. The

authors combined C7 PL positioning with SVA (lim-

it = 5 cm) and PT (limit 25�). They found a good corre-

lation in unbalanced spine (SVA [ 5CM; PT [ 25�) when

it was less ideal in so called ‘‘balanced spine’’.

Up to now, an identification of the sagittal contour by a

combination of the classical sagittal parameters has not

been done. While it has been possible to define four main

types of spino-pelvic organization in asymptomatic persons

[13], it seems that in pathology the various combinations

do not allow such a simple segmentation. On the other

hand, if we know that a pathological position is identified

by a variation of positional parameters such as PT, it is

necessary to define the limits where the value of one

parameter becomes abnormal. Analysis of an asymptom-

atic population was insufficient to provide pathological

limits of PT. The relation PI = PT ? SS does not allow a

proportional correlation between PI and SS which is con-

firmed by a correlation between PI and PT around 0.65. We

may accept that there is a range of normality of PT

depending on the value of PI. In their study on 709

asymptomatic subjects, Mac Thiong et al. found a maximal

value of PT of PI/2, but the fact that the subjects were

asymptomatic is not a proof of normality. This is the reason

why we chose a lower than PI/2 limit to determine an

excessive abnormal retroversion, at PI/2-20 % of PI/2.

With regard to the lower acceptable limit of PT for defining

an excessively anteverted pelvis, we selected a value of

0� ? 20 % of PI/2. We understand that even if the choice

of these limits seems empirical, we do not have other

scientific ways to characterize PT without any doubt. This

range of normality of PT is important because it determines

the corresponding range of SSA. For one given PI and PT

corresponds one given SS and its ideal SSA.

Lafage [14] has shown that in an elderly population, PT

was increased demonstrating the progressive loss of lumbar

lordosis with age but this study did not made the difference

between a population with high PI and one with low PI.

Due to its constant value through life, PI, as a morpho-

logical parameter, is the only parameter we have to

determine in the post-operative strategy of sagittal

Fig. 6 50-year-old woman with a double curvature. Pre-operative sagittal balance was not compromised and was maintained after surgical

correction with a type 3 sagittal contour (PI = 55�)
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correction. For this reason we divided our population with

respect to an average value of PI of 55�, which was the

average value of PI of both populations. With regard to

age, we found the same observation as Lafage: in the

global population the older the patients, the more the

increase in PT. With regard to the difference between high

and low PI, the ratio between normal and retroverted pelvis

was the same. But if we refer to the C7 plumbline, 39 %

were unbalanced (in front of the femoral heads) in high PI

when only 16 % were unbalanced in low PI with a lower

Barrey’s ratio. It was possible to find patients with ante-

verted or normal PI with unbalanced C7 plumbline as if the

pelvis positioning contributed to the unbalance. The ret-

roversion mechanism of increasing PT was efficient

enough to balance the spine in the low PI population, but in

half of the cases, the increasing PT was unable to com-

pensate the C7 unbalance. It seems that the unbalance

severity was higher in higher PI and better compensated in

lower PI by the retroversion mechanism.

With regard to the shape of lordosis, it was amazing to

observe that 48 % of the global population had a thoraco-

lumbar kyphosis, when in the asymptomatic population this

proportion is 6 %. This ratio increases dramatically to

75 % in cases with low PI. It seems that, in the aging

population, the relation between scoliosis localization in

thoraco-lumbar and lumbar area and TLK increased sig-

nificantly. The torsional effect of scoliosis with degenera-

tive loss of disc height may be a coupling factor producing

TLK. Combination with a low PI is an additional factor

with lumbar and thoracolumbar scoliosis to produce late

TLK (Fig. 5).

After surgical correction in AS, balance improvement

was significantly different in high versus low PI. In high PI,

it was more difficult to improve balance than in low PI. In

cases of unbalance with high PI, PT is strongly increased

and LL decreased. Restoration of balance needs restoration

of a much LL which may be technically difficult to obtain.

This partial reduction is sufficient enough to reach a better

global balance but insufficient to improve PT (Figs. 6, 7). It

is different in patients with low PI where the loss of LL is

lower and, by the way, easier to reduce and to obtain a

good balance by surgical treatment.

Conclusion

Sagittal balance criterions in AIS and AS are very differ-

ent. In AIS, the frontal scoliotic deformity affects the

sagittal contours of the spine by flattening the thoracic

kyphosis with a consequence on cervical sagittal orienta-

tion. If C7 PL is frequently in front of the femoral heads,

this does not have the same impact as in AS, and does not

seem to be associated with a worse spino-pelvic balance

situation. On the contrary in AS, the same positioning of

C7 PL is a proof of severe unbalance accompanying the

increased PT. If a high PI has been considered as allowing

Fig. 7 70-year-old woman with a severe lateral and sagittal unbalance. High level PI (70�), very retroverted pelvis, C7 PL widely in front of

femoral heads. Good post-operative frontal result, but restoration of lumbar lordosis was insufficient inducing a very retroverted pelvis
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more compensation to retroverse the pelvis in pathologies

such as spondylolisthesis, or to better compensate for a

severe kyphosis, our study demonstrates that, in fact, a

smaller PI in AIS is generally associated with a better

balance and a better post-operative result. With regard to

the relation with the frontal scoliotic deformity, it seems

that the high number of TLK is a consequence of a com-

bination between lumbar and thoraco-lumbar scoliosis

coupled with disc degeneration in aging.
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