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Spinopelvic Sagittal Alignment in Patients With Adolescent Idiopathic 
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Background: Recently, several authors have demonstrated the importance of sagittal spinopelvic alignment in patients with adolescent 
idiopathic scoliosis (AIS).
Objectives: In the current study, we investigated the preoperative spinal and pelvic sagittal parameters in the abovementioned patients.
Patients and Methods: There were 50 consecutive patients with AIS (16 males and 34 females) in the current prospective study. In addition 
to the measurement of main scoliotic curve on posteroanterior X-rays, pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis 
(LL), and thoracic kyphosis (TK) were measured on lateral X-rays. Finally, the correlations between these parameters were investigated. We 
also compared the sagittal parameters between patients with main thoracic scoliosis (Lenke type I) and thoracolumbar/lumbar scoliosis 
(Lenke type V).
Results: Main scoliotic curve (MSC) was correlated with TK and PT. LL was correlated positively with PI and SS. Negative correlation was 
found between SS and PI. The sagittal parameters were the same in patients with Lenke type I and Lenke type V scoliosis. In addition, MSC 
and LL were significantly greater in patients with thoracolumbar/lumbar scoliosis, while TK was significantly greater in patients with 
main thoracic scoliosis. In the main thoracic group, MSC and TK were positively and PI was negatively correlated with PT. LL and SS had a 
positive correlation.
Conclusions: PI has a constant magnitude and is correlated with SS and LL. Postoperatively, pelvis can compensate for any change in LL. 
Therefore, the LL within fusion must be imposed in lordosis to the extent that the below fusion segments can compensate for intrafusion 
hypo/hyper lordosis to prevent the pelvis to compensate for hypo/hyper lordosis. This can result in a normal or near normal postoperative 
sagittal alignment. The authors recommend the surgeons to perform exact preoperative planning including the sagittal alignment of the 
pelvis in addition to spinal alignment.
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1. Background
Adolescent idiopathic scoliosis (AIS) is the most com-

mon type of idiopathic scoliosis and a challenging prob-
lem for spinal surgeons. Besides severe physical effects, 
its impressions on appearance and function of the pa-
tient, especially in females, is associated with several psy-
chosocial consequences.

Spinal column is a sophisticated biomechanical con-
struct, the normal function of which requires exact and 
ordered performance of its composing components in 
three planes. Based on this fact, although previously sur-
geons tried to regain the normal spinal alignment only 
in frontal plane, recently, authors have demonstrated 
that sagittal alignment is as important as frontal align-
ment (1-5). Sagittal spinal alignment significantly affects 
the quality of life and outcomes of spinal surgeries (1).

AIS represents a tridimensional deformity and regain-

ing normal sagittal balance must be one of the goals of 
any surgical procedure (6). Previous studies have found 
some abnormalities in sagittal spinal alignment such 
as decreased thoracic kyphosis and hypo-lordosis in 
patients with AIS (3, 7-10). Vertebral rotation in thoracic 
curves forces the spinal column anterolaterally and ver-
tebral migration in lumbar curves forces the spinal col-
umn posterolaterally (11). Considering the anatomical 
and biomechanical relationships among different parts 
of the body, it is expected that any spinal malalignment 
in sagittal plane cause some changes in other parts of the 
musculoskeletal system such as pelvis or lower extremi-
ties (12-18). Although in recent years some studies have 
investigated the sagittal alignment in patients with AIS, 
our knowledge is limited and more extensive studies are 
required for better understanding of the sagittal changes 
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of the spinal column and their effects on other parts of 
the body as well as their operative outcomes.

2. Objectives
In the current study, we aimed to measure the preopera-

tive spinal and pelvic sagittal parameters in patients with 
AIS. In addition, we compared the spinopelvic sagittal pa-
rameters between patients with main thoracic scoliosis 
and the ones with thoracolumbar/lumbar scoliosis.

3. Patients and Methods
Between 2010 and 2011, there were 59 consecutive pa-

tients with AIS, admitted to Shafa Orthopedic Hospital, 
Tehran Iran. Patients with previous history of spinal or 
thoracic surgery, coronal curve smaller 20 degrees, hip or 
knee contracture, limb leg discrepancy, neuromuscular, 
metabolic or syndrome diseases and spondylolisthesis 
on X-rays were excluded. Furthermore, patients older 
than 18 years were excluded. Regarding these criteria, 
nine of the patients were excluded and the study was 
completed with 50 patients (16 males and 34 females) 
with a mean age of 16.8 ± 4.3 (11 - 35) years.

After exact clinical examinations, standard standing 
full-length postero-anterior (PA) and lateral and bend-
ing spinal X-rays were taken. For lateral standing X-rays, 
the shoulders were flexed to 90 degrees. On PA X-rays, the 
apical vertebrae were determined and the coronal curves 
were measured using the Cobb’s method (Table 1). The 
main curve was determined as the most rigid curve with 
the greatest rotation of apical vertebra and curve angle 
(19). We used Lenke’s classification system to determine 
the types of deformities.

To evaluate the sagittal spinal alignment, we measured 
the thoracic kyphosis (TK) and Lumbar Lordosis (LL) as 
explained in Table 1. The spinopelvic alignment was in-
vestigated with measuring the sacral slope (SS), pelvic 
incidence (PI) and pelvic tilt (PT) (8). The methods of mea-
surement of these parameters are presented in Table 1. In 

the current study, the midway between the centers of two 
femoral heads was considered as the hip axis. All of the 
measurements were performed by two fellowships of spi-
nal surgery. Before the study, the intra- and inter-observer 
reliability were measured 0.9 m in a pilot study for both 
of the surgeons. We compared the radiographic variables 
between patients with main thoracic curves (Lenke type 
I) and those with thoracolumbar/lumbar curves (Lenke 
type V).

Statistical analysis was performed with SPSS statisti-
cal software (version 15.0; SPSS, Chicago, IL). The correla-
tions between different parameters were investigated by 
Pearson’s correlation coefficient (r). For comparing the 
radiographic variables between different Lenke groups, 
independent samples T-test was used. P value < 0.5 was 
considered significant.

4. Results
The main scoliotic curve (MSC) was 48.5° ± 24.7° (range: 

20° - 107°). For all the patients, TK and LL were 46.6° ± 20.5° 
(range: 6° - 85°) and 43.2° ± 12.7° (range: 16° - 68°), respec-
tively. The means of PI, SS and PT were measured as 43.2° 
± 11.5° (range: 6°-62°), 35.2° ± 7.4° (range: 20°-56°) and 12° ± 
11.9° (range: -8°-52°), respectively.

We found that the size of MSC was correlated with TK 
and PT (Table 2). In addition, TK was correlated with PT 
(Table 2). LL was also correlated positively with PI and SS 
(Table 2). Negative and positive correlations were found 
in SS with PT and PI, respectively (Table 2). There was no 
other significant correlation between the measured vari-
ables. MSC and LL were significantly greater in patients 
with thoracolumbar/lumbar scoliosis. Conversely, TK was 
significantly greater in patients with main thoracic sco-
liosis (Table 3). In patients with AIS type V, we found no 
significant correlation between the sagittal parameters; 
however, in the main thoracic group, there were some 
correlations which are presented in Table 4. MSC and TK 
were positively and PI was negatively correlated with PT. 
LL and SS had a positive correlation.

Table 1. Methods of Measuring the Spinopelvic Sagittal Parameters a

Main scoliotic curve The angle between the intersecting perpendicular lines from the superior surface of the superior end 
vertebra and the inferior surface of the inferior end vertebra

Thoracic kyphosis The angle between the intersecting perpendicular lines from T1 and from the inflected vertebra transited 
from kyphosis to lordosis

Lumbar lordosis The angle between the intersecting perpendicular lines from the inflected vertebra from kyphosis to 
lordosis and the superior end plate of L5

Pelvic incidence The angle between the perpendicular section of superior S1 end plate and the line joining the middle of 
the sacral plate and the hip axis

Sacral slope The angle between the S1 superior end plate and the horizontal line

Pelvic tilt The angle between the vertical line and the line joining the middle of the superior end plate of S1 and the 
hip axis

a  Abbreviations: L5, fifth lumbar vertebra; S1, first sacral vertebra; T1, first thoracic vertebra. 
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Table 2. Statistically Significant Correlations Between Spinopelvic Sagittal Parameters in Patients With Adolescent Idiopathic Scolio-
sis (AIS) a

Variables Pearson’s Correlation Coefficient P Value

MSC-TK 0.373 0.008

MSC-PT 0.399 0.005

TK-PT 0.36 0.011

LL-PI 0.317 0.03

LL-SS 0.377 0.008

PI-SS 0.478 0.001

SS-PT -0.336 0.018
a  Abbreviations: MSC, main scoliotic curve;  LL, lumbar lordosis; PI, pelvic inclination; PT, pelvic tilt; TK, thoracic kyphosis SS, sacral slope.

Table 3. Comparing the Demographic Characteristics and Sagittal Spinopelvic Parameters Between Patients With Lenke Type I and V 
Deformity a

Variables Main Thoracic Curve (n = 18) Thoracolumbar/Lumbar Curve (n = 16) P Value

Age, y 16.8 ± 3.9 16 ± 1.8 NS

Gender NS

Male 4 (22.2%) 7 (43.75%)

Female 14 (77.8%) 9 (56.25%)

MSC, ° 40.4 ± 18.5 48.6 ± 22.3 < 0.001

TK, ° 49.4 ± 18.3 36.8 ± 13.1 < 0.001

LL, ° 39.1 ± 8.8 52.8 ± 7.1 < 0.001

PI, ° 42.3 ± 13.6 44.4 ± 6.4 NS

SS, ° 35.5 ± 5.8 38.6 ± 8.7 NS

PT, ° 14.6 ± 12.4 12.8 ± 7 NS
a  MSC, main scoliotic curve; TK, thoracic kyphosis; PT, pelvic tilt; LL, lumbar lordosis; PI, pelvic inclination; SS, sacral slope; NS, not significant.

Table 4. Statistically Significant Correlation Between Spinopelvic Sagittal Parameters in Patients With Main Thoracic Adolescent 
Idiopathic Scoliosis (AIS) a

Variables Pearson’s Correlation Coefficient P Value

MSC-PT 0.586 0.011

TK-PT 0.513 0.029

PI-PT -0.582 0.011

LL-SS 0.656 0.006
a  Abbreviations: MSC, main scoliotic curve; LL, lumbar lordosis; TK, thoracic kyphosis; PI, pelvic inclination; PT, pelvic tilt; SS, sacral slope.

5. Discussion
Previously, it was demonstrated in healthy populations 

that spinal sagittal curves (TK and LL) and pelvic sagittal 
alignment (SS and PI) were correlated and any change in 
these segments was compensated by changes in other 
regions of the musculoskeletal system (12-18). During et 
al. showed that lumbothoracic spine was affected by the 
shape and orientation of the pelvis (PI) (20). PI is a con-
stant morphological parameter which does not change 
after growth and in association with changes of posture 
or position of the pelvis. In addition, PI does not get af-
fected by the three dimensional orientations of the pel-

vis (8, 21). These characteristics made PI a useful param-
eter in assessing the sagittal pelvis alignment and based 
on the structural and biomechanical spinopelvic correla-
tion, evaluating the spinal diseases.

The importance of sagittal balance encouraged sur-
geons to consider it in evaluation of several pathologic 
spinal conditions such as low back pain, disk herniation, 
degeneration, and scoliosis (1-5, 7-10, 15, 21-23). The three 
plane deformity concepts of scoliosis in recent years 
caused the researchers and surgeons to consider the 
alignment of the spinal column in sagittal and transverse 
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planes in addition to the coronal plane only. It seems that 
understanding the common compensatory changes is 
an important and useful tool, which helps to improve the 
outcomes of treatments in these patients (15).

Jackson et al. evaluated the compensatory spinopelvic 
balance over the hip axis in normal subjects and patients 
with degenerative lumbar disk disease, spondylolisthesis 
and scoliosis and found clinical compensation for the 
balance occurred in all of the participants. However, com-
pensation resulted in different characteristics and angu-
lar alignments in the groups. Even small differences in 
lumbar lordosis led to substantial changes in the spino-
pelvic alignment (15). In addition to the effects of race on 
spinopelvic alignment, Lonner et al. found that larger PI 
resulted in compensatory larger LL to maintain a neutral 
sagittal balance (16). Qiu et al. found that in patients with 
AIS, lumbosacral alignment affects the thoracic kyphosis 
which should be evaluated before surgical management 
(5). Some authors have demonstrated that LL has been 
correlated with SS and PI in patients with spinal disor-
ders such as AIS (9, 24-26).

The findings of the current study confirmed the re-
sults of previous studies. We evaluated the correlations 
between different sagittal spinopelvic parameters and 
found that TK, PT and MSC were positively correlated. 
In addition, LL was positively correlated with PI and SS. 
One should know that each ambulatory patient requires 
to maintain a horizontal gaze while minimizing the en-
ergy expenditure (12). The spinopelvic alignment and bal-
ance in three planes is an important factor affecting the 
energy expenditure for standing and walking in healthy 
individuals and patients with different diseases (16). As 
previously mentioned, minimizing the energy expendi-
ture in balanced walking and standing in patients with 
spinal deformity including sagittal malalignment ne-
cessitates significant compensatory mechanisms. Our 
findings, like previous studies, showed that PI, SS and LL 
were correlated. In other words, PI has a constant magni-
tude and controls SS directly and LL indirectly, which is 
of paramount importance. Pelvis determines the amount 
of LL through PI and may compensate for changing LL by 
anteverting, retroverting and changing PT and SS (26). In-
attention to these compensatory mechanisms may result 
in subsequent postoperative sagittal malalignment (12).

Generally, postoperatively SS seems to be correlated 
with the LL distal to the fusion. Furthermore, LL distal 
to fusion is negatively correlated with LL within fusion. 
The magnitude of LL within fusion can be determined by 
the surgeon intraoperatively. Hence, the surgeon must 
determine LL within fusion in a manner that postopera-
tive overall LL be congruent with the pelvic geometry. 
The within-fusion lumbar spine should be imposed in 
lordosis to the extent that prevents the compensatory 
mechanisms to reciprocate the postoperative hyper/hy-
polordosis through changing the pelvic position (26). 
Although we did not perform a study to investigate these 
compensatory changes in pelvis after scoliosis surgery, 

it was observed in our clinical experience. Wasylenko et 
al. demonstrated that when LL within fusion imposed by 
the Harrington system was insufficient, the LL below fu-
sion increased substantially (27).

In the current study, we investigated whether sagit-
tal spinopelvic parameters differ between patients with 
thoracic and lumbar AIS. Although the sagittal pelvic pa-
rameters were the same in the two groups, MSC and LL 
were significantly greater in lumbar scoliosis, whereas TK 
was significantly greater in thoracic scoliosis. In fact, the 
magnitude of TK and LL was influenced by the location 
of the curve, which demonstrated the tridimensional 
nature of the AIS. We also found some significant correla-
tions between the measured parameters in patients with 
main thoracic deformity, while there was no statistically 
significant correlation in the Lenke type V group. In pa-
tients with main thoracic scoliosis, PI was correlated with 
PT, which was correlated significantly with MSC and TK. It 
may be understood that PI indirectly affects the magni-
tude of MSC and TK through some compensatory mecha-
nisms or vice versa. However, more studies are required 
to investigate these potential relationships, which, if 
present, can affect the postoperative postural outcomes. 
The authors think that if there were more patients in the 
thoracolumbar/lumbar scoliosis group, it would be pos-
sible to find some correlations between the sagittal pa-
rameters.

Charlebois et al. found that TK was affected by the tho-
racic scoliotic curve, resulting in hypokyphosis patients 
with Kings type I, II and III, whereas LL was affected by 
pelvic configuration. However, these authors explained 
that pelvic parameters did not differ between patients 
with different curve types and consequently could not in-
duce the development of a specific type of deformity (3). 
Increased PI was found in patients with thoracic or thora-
columbar AIS compared to normal controls and cannot 
be the potential determinant of the curve type, but it is 
likely a risk factor for the AIS development. Furthermore, 
they explained that thoracic hypokyphosis versus in-
creased lumbar lordosis and pelvic incidence in patients 
with thoracic deformity can support the theory of anteri-
or overgrowth. The anterior overgrowth also may be the 
cause of lumbar scoliosis (10). In another similar study, 
TK was affected by spinal deformity, while LL depended 
on pelvic configuration. Like our study, the scoliotic 
curve type was not correlated with sagittal pelvic config-
uration. Although the authors found a greater PI than the 
normal subjects in patients with AIS, they were unable to 
relate the increased PI and the pathogenesis of AIS (8).

These findings clarified the important role of exact pre-
operative planning for patients with AIS. Although there 
are several studies regarding the sagittal alignment of 
patients with AIS, there are several unsolved problems 
which should be investigated in future studies.

Like any other study, there were some limitations in our 
study. The current study was limited by the sample size. 
We also did not evaluate the postoperative sagittal align-
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ment. The postoperative findings can help to understand 
the role of preoperative sagittal parameters in final out-
comes.

As a conclusion, like normal subjects, in patients with 
AIS, PI was correlated with SS and LL. Pelvis can compen-
sate for any change in LL after the operation. Since PI has 
a constant magnitude, LL within fusion must be imposed 
in lordosis to the extent that the below fusion segments 
can compensate for intrafusion hypo/hyper lordosis to 
prevent the pelvis to compensate for hypo/hyper lordo-
sis. The authors recommend that surgeons perform exact 
preoperative planning, including the sagittal alignment 
of the pelvis, in addition to spinal alignment. Including 
the pelvis in preoperative planning results in normal or 
near normal postoperative sagittal alignment. However, 
more future extensive studies are warranted.

It seems that the magnitude of TK and LL is influenced 
by the location of the curve due to the tridimensional na-
ture of AIS. Furthermore, it is possible that PI indirectly 
affects the magnitude of MSC and TK through some com-
pensatory mechanisms in patients with main thoracic 
scoliosis.
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