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Abstract

Purpose: This study aimed to identify sagittal misalignment patterns in adolescent idiopathic
scoliosis (AIS) by measuring sagittal segmental slope angles of the lower cervical, upper and lower
thoracic, and upper and lower lumbar segments relative to the global horizontal line, as well as
sagittal deviations of C4, T7, and L3 from the sagittal central sacral line (SCSL) on lateral
radiographs of AIS patients. The study also examined the sagittal pathomechanics of AIS,
including the compensatory mechanisms underlying these misalignment patterns.

Methods: A retrospective radiographic analysis was conducted using standing full-spine lateral
radiographs from 100 AIS patients randomly selected from a scoliosis clinic database. Five sagittal
segmental radiographic spinal alignment parameters (RSAPs) and three sagittal deviational angles
(SDAs) were measured. Radiographs were classified into distinct sagittal misalignment types
based on combinations of SDA values and sagittal segmental RSAP measurements. Statistical

analyses were performed to confirm the distinctiveness of each type.
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Results: Seven sagittal misalignment types were identified, ranging from near-normal alignment
to patterns involving mixed combinations of the following features: pronounced posterior tilting
of the thoracic spine with excessive posterior decompensation of the superior segments; thoracic
hypokyphosis with or without cervical decompensation; vertical straightening of the upper lumbar
segments, lower thoracic segments, or both; and lumbar hyperlordosis with pronounced anterior
tilt of the lower lumbar segment. These profiles reflect regional responses—anterior
displacement or compensatory hyperextension—to increased extension moments.

Conclusion: AlS sagittal misalignment is driven by increased extension moments and
compensatory hyperextension, with regional responses governed by facet joint orientation.
Recognizing these mechanisms supports universal 3D biomechanical principles for orthotic

design, enhancing sagittal correction and treatment outcomes.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common of the types of idiopathic scoliosis
that occurs during the adolescent period. The prevalence of AIS is approximately 2% to 2.5% of
most populations, affecting up to 0.15-4% of schoolchildren [1-2]. AIS is a three-dimensional
(3D) deformity of the vertebrae, spine, and rib cage that produces asymmetries of the trunk [3].
While the etiopathogenesis is still unknown, it is hypothesized to be multi-factorial [3].

AIS is diagnosed when the spine exhibits more than 10 degrees of coronal curvature with

visible rotation on a posterior-anterior (PA) radiograph. Coronal misalignment can be easily
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identified by drawing the central sacral line on the radiograph [4]. In contrast, sagittal
misalignment has not been well characterized due to the complex, region-specific sagittal
architecture of the human spine, which includes kyphotic alignment in the thoracic and sacral
regions and lordotic alignment in the cervical and lumbar regions [5-7]. The most well-known
sagittal deformity in AIS is the loss of thoracic kyphosis (thoracic hypokyphosis or flattening),
particularly when a structural curve is present in the thoracic region. While several classification
systems such as the Lenke sagittal modifier and the sagittal classification by Abelin-Genevois et
al. have provided valuable insights into sagittal alignment [8-11], they do not fully explain global
sagittal misalignment and sagittal imbalance patterns observed in AIS, particularly those relevant
to orthotic treatment. Lateral radiographs are often unavailable in smaller orthotic clinics,
limiting the ability to assess sagittal plane abnormalities in routine practice. As a result, orthotists
frequently rely on assumptions when determining sagittal corrective force placement in 3D
orthotic designs, leading to disagreement over universal 3D biomechanical correction principles
and contributing to significant variability in the quality of scoliosis orthotic systems [12-16]. In
North America, orthotic treatment has also largely relied on manufacturer-specific brace systems
such as the Boston Brace, which often do not emphasize sagittal correction, or on European
orthotic systems, rather than on the patient-specific 3D deformities of AIS. Therefore, there is an
urgent need to more precisely define and classify sagittal misalignment patterns in AIS to
establish a foundation for universal 3D orthotic biomechanical correction principles [12].

The Cobb angle method is used to measure thoracic kyphosis and lumbar lordosis curvature
on sagittal spine profiles in lateral radiographs. However, it cannot quantify global sagittal
alignment, as it only measures angles between two segments. In addition, the normal reference

values for the thoracic kyphosis angle and lumbar lordosis angle measured by the Cobb angle
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method have never been clearly established. Several studies have been published regarding the
normal ranges for the thoracic kyphosis angle and the lumbar lordosis angle, but their reported
reference values had ranges that were too wide to be clinically suitable [6, 17-22]. For example,
one study found that there was no significant difference in thoracic kyphosis angle and lumbar
lordosis angle between the scoliosis group and the non-scoliosis group [20].

The purpose of this study is to identify sagittal misalignment patterns in AIS patients by
measuring sagittal slope angles of the lower cervical, upper and lower thoracic, and upper and
lower lumbar segments relative to the global horizontal line and spinal deviations of C4, T7, and
L3 from the sagittal central sacral line (SCSL) on the lateral view radiographs of AIS spines.
Additionally, it examines sagittal pathomechanics of AIS, including its compensatory
mechanisms.

Methods
Subject:

This retrospective study utilized lateral view, standing, full-spine radiographs of 100 AIS
patients. Subjects were randomly selected from a pool of confirmed AIS patients seen at one of
scoliosis clinics in the United States over an eight-year period, as shown in Figure 1. AIS
diagnosis criteria included patients aged 10 to 15 years at the time of radiography, Risser value
of 0-2, primary curve angle of 20°-50°, and no prior orthotic treatment for scoliosis.

Radiographs were excluded if patients had a leg-length discrepancy >2 cm, lower limb
deformities, or had undergone lower limb or spinal surgery, which could contribute to postural
scoliosis misdiagnosis. Among each patient’s radiograph series, only the first lateral view
radiograph, taken at the time of AIS diagnosis and before treatment initiation, was used.

Two Outcome Measures:
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a. Sagittal Segmental Radiographic Spinal Alignment Parameters

To quantify the spinal misalignment and deformities of AIS, five sagittal segmental
radiographic spinal alignment parameters (RSAPs) were developed based on the segmental slope
angles related to the ground which is global horizontal line, and characteristics and
biomechanical properties of the non-scoliotic spine. In the non-scoliotic spine, the cervical and
lumbar regions are located anterior to the line of gravity (LoG) producing external extension
moments whereas the thoracic and sacral regions are placed posterior to the LoG, yielding
external flexion moments[23]. This gives the sagittal spinal column a unique alignment,
including cervical lordosis, thoracic kyphosis, lumbar lordosis, and sacral kyphosis. Each
curvature consists of anteriorly and posteriorly tilted segments, dividing the spine into six
segments. The lower cervical, upper thoracic, and lower lumbar segments are anteriorly tilted,
producing anteriorly directed shear forces, while the upper cervical, lower thoracic, and upper
lumbar segments are posteriorly tilted, generating posteriorly directed shear forces [24-27].
Significant differences in the changes of segmental slope or tilt degrees and direction exist
between non-scoliotic and scoliotic spines [24].

Only five of the six spinal segments (the lower cervical, upper thoracic, lower thoracic, upper
lumbar, and lower lumbar segments), were of interest in use for developing the parameters for
quantifying AIS misalignment because a scoliotic curve does not occur in the upper cervical
segment and sacral region.

Based on these sagittal factors, the following five sagittal segmental RSAPs were developed
to measure sagittal segmental slope angles related to the global horizontal line for radiographic
analysis (Figure 2): Sagittal Lower Cervical Alignment to Horizontal Angle (SCEA), Sagittal

Upper Thoracic Alignment to Horizontal Angle (SUTA), Sagittal Lower Thoracic Alignment to
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Horizontal Angle (SLTA), Sagittal Upper Lumbar Alignment to Horizontal Angle (SULA);
Sagittal Lower Lumbar Alignment to Horizontal Angle (SLLA).
b. Three Sagittal Deviational Angles

In addition to the sagittal segmental RASPs, three sagittal deviational angles (SDAs) were
also recorded. These angles denoted the deviation of three key anatomical landmarks (C4/5,
T7/8, L3/4) of the cervical lordosis, thoracic kyphosis, and lumbar lordosis curvatures from
SCSL. The SCSL is defined as a vertical line drawn from the midpoint of the superior endplate
of the S1 vertebral body in the sagittal plane, analogous to the coronal central sacral line. In the
erect human spine, LoG typically passes near the posterior edges of the C4 and C5 vertebral
bodies, anterior to the thoracic spine, and around the posterior edges of the L3 and L4 vertebral
bodies. The body’s center of gravity lies approximately anterior to the second sacral vertebra
(S2), near the center of the pelvis [7]. However, S2 is often difficult to identify on lateral
radiographs, whereas the superior endplate of S1 is more consistently visible. Several studies
have reported variations in the position of the LoG relative to S1 [23]. Among these, the center
of the S1 vertebral body is generally considered the most biomechanically stable reference point,
even when excessive sacropelvic anterior tilt is present in AIS.

Figure 3 showed the exact location of each anatomical landmark for the three SDAs and the
SCSL. The descriptions of the three SDAs are: SAC4 (Sagittal Deviational Angle of C4):
Sagittal deviational angle between the SCSL and the C4/5. This is a sagittal C4 decompensation
angle which is represented as a spinal balance; SAT7 (Sagittal Deviational Angle of T7): Sagittal
deviational angle measured between the SCSL and the T7/8; SAL3 (Sagittal Deviational Angle of

L3): Sagittal deviational angle measured between the SCSL and the L3/4.
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If there is no misalignment in the spine, the SAC4 and SAL3 should have close to “zero
(neutral)” value while the SAT7 has a positive value. If any key anatomical landmark is located
anterior to the SCSL, the measurement was marked as a negative value; if it was located on the
SCSL, the measurement was marked as a zero value; and if it was located posterior to the SCSL,
it was marked as a positive value.

Data Collection:

The five sagittal segmental RSAPs and three sagittal deviational angles were measured on the
lateral view, standing, full-spine radiographs of the AIS patients through the Carestream Picture
Archiving and Communication System (PACS) digital-imaging program by a single operator.
Data Analysis:

For sagittal misalignment patterns, the 100 lateral view radiographs were categorized into
different sagittal misalignment types by grouping combinations of the positive, negative, or zero
values of SAC4, SAT7, and SAL3. If any RSAP segments within the same group displayed
differences in slope direction—either anteriorly inclined or posteriorly inclined based on RSAP
measurements—the radiographs were reclassified into separate groups. The measurements of the
five sagittal segmental RSAPs for each sagittal misalignment type were analyzed statistically
using descriptive statistics and tests of normality. To verify whether the classified groups
represent distinct sagittal alignment types, both parametric tests (two-tailed t-test) and non-
parametric tests (two-tailed Mann-Whitney U test) were performed using IBM SPSS Statistics
Version 25 (IBM Corporation, Armonk, NY, United States), comparing each group with the one
that had the "minimal misalignment" or was the "closest to a neutrally aligned type. Statistical
significance for all testing was set with an a of 0.05. To visualize each misalignment type,

Microsoft Excel was used to illustrate the sagittal misalignment shapes.
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Results

The average age of the 100 randomly selected AIS patients (97 females and 3 males) was 12.6
years old. The distribution of curve patterns was as follows: 46 double thoracic, and lumbar or
thoracolumbar curves, 33 single thoracic curves, 15 single lumbar or thoracolumbar curves, 3
triple curves, 2 double two thoracic curves, and 1 double upper thoracic and thoracolumbar
curve. The average Cobb angle magnitudes for each curve were 31.8 = 5.2° for upper thoracic
curves, 31.5 = 11.8° for thoracic curves, and 28.7 + 8.4° for lumbar or thoracolumbar curves.
Seven major sagittal misalignment patterns were identified (Table 1). Table 1 presents the values
of the three SDAs and the mean + standard deviation for the five sagittal segmental RSAPs for
each sagittal misalignment type. Type 1 was defined as minimally misaligned, or the type closest
to the natural alignment. All radiographs classified as Type 1 had values of “0” for SAC4 and
SAL3, and “+” for SAT7, matching the pattern observed in non-scoliotic spines. The tilt
directions of the segments in Type 1 also mirrored those in a non-scoliotic spine, with anteriorly
inclined lower cervical (SCEA: 70.1 +4.5), upper thoracic (SUTA: 72.9 + 3.3), and lower lumbar
(SLLA: 80.1 £5.3) segments, and posteriorly inclined lower thoracic (SLTA: 103.0+4.2) and
upper lumbar (SULA: 107.1 £ 3.6) segments.

Other types showed different combinations of SDA values, except for Types 2 and 3. All
types included at least one misaligned segment, defined as a segment whose slope direction
differed from that of the corresponding segment in the non-scoliotic spine, based on the
measured sagittal segmental RSAP values. Although Types 2 and 3 had the same combination of
SDA values, they were classified as distinct types because the specific combinations of

misaligned segments differed.



Sagittal misalignment patterns and pathomechanical hypothesis of adolescent idiopathic scoliosis: a radiographic analysis

Table 1 also showed the results of non-parametric two-sample tests, conducted to determine
whether each sagittal misalignment type was statistically distinct. This was done by comparing
the mean RSAP values of each type (Types 2-7) to those of Type 1.

Discussion
Seven Sagittal Misalignment Types:

Type 1 represents an idealized reference configuration of sagittal alignment in non-scoliotic
spines—characterized by cervical lordosis, thoracic kyphosis, and lumbar lordosis—consistent
with the multiple sagittal morphotypes described by Roussouly et al. [28]. This reference served
as the baseline for defining the other misalignment types. These patterns exhibited various
combinations of the following features: pronounced posterior tilting of the thoracic spine with
excessive posterior decompensation of the superior segments; thoracic hypokyphosis with or
without cervical decompensation; vertical straightening of the upper lumbar segments, lower
thoracic segments, or both; and lumbar hyperlordosis with pronounced anterior tilt of the lower
lumbar segment.

Table 2 presents the sagittal segmental misalignment characteristics of each type based on the
five sagittal segmental RSAP measurements and SDA values shown in Table 1. In Figure 4, all
seven sagittal misalignment patterns are illustrated based on the mean values of the five sagittal
segmental RSAPs shown in Table 1. The figure also presents representative radiographic
examples of each sagittal misalignment type.

Sagittal Pathomechanics and Compensatory Mechanisms of ALS Deformity:
Alterations in sagittal segmental slope angles relative to the natural alignment of non-scoliotic

spines, along with deviations of key anatomical landmarks from the SCSL, are considered to
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play an important role in the development and progression of spinal misalignment and imbalance

in AIS.

a. Anterior Displacement of the Upper and Lower Lumbar Segments
When misalignment occurs in the upper lumbar segments (Types 3, 4, 5, 6, and 7), the
normally posteriorly inclined segments become less posteriorly tilted and more vertically
oriented. In contrast, when misalignment involves the lower lumbar segments (Types 5, 6, and
7), the naturally anteriorly inclined segments become more anteriorly tilted.
When both the upper and lower lumbar segments are involved (Types 5-7), the lumbar spine
exhibits marked anterior displacement, and L3 shows pronounced anterior deviation from the
SCSL. This is accompanied by excessive anterior tilt of the lower lumbar segments and
vertical alignment of the upper lumbar segments, leading to the development of severe lumbar
hyperlordosis. Given the vertically oriented anatomical structure of the lumbar facet joints,
which facilitates anterior translation, this anterior displacement of the lumbar spine appears to
be biomechanically plausible [31, 32].

b. Compensatory Hyperextension of Superior Segments (Lower Cervical and Upper
Thoracic)
Unlike the lumbar spine, anterior displacement was not observed in the thoracic spine.
Instead, in all misalignment types except Type 1, either a relatively greater posterior tilt in the
cervical segments, an atypical posterior tilt (rather than the expected anterior tilt) in the upper
thoracic segments, or both were observed.
Dickson et al. [29] reported that tightening of the posterior spinal structures in the lower
thoracic region occurs in response to anteriorly directed forces at the thoracic apex, resulting

in posterior tilting of the upper thoracic spine and reduced thoracic kyphosis. This pattern can
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be reasonably attributed to the oblique anatomical orientation of the thoracic facet joints,
which restricts anterior translation [31,32].
Based on this framework, reduced thoracic kyphosis (thoracic hypokyphosis) with posterior
tilting of the upper thoracic segments, as observed in Types 2—7, and posterior sagittal
imbalance (C4 posterior decompensation), particularly evident in Types 2, 3, and 7, are
considered manifestations of compensatory hyperextension of the superior segments. This
compensatory hyperextension can be interpreted as an equilibrium response to anteriorly
directed forces acting on the lower thoracic segment or between the upper and lower thoracic
segments.

¢. Anterior Displacement or Compensatory Hyperextension of Lower Thoracic Segment
The lower thoracic segment shows variable alignment, exhibiting either anterior displacement
similar to the upper lumbar segment or compensatory hyperextension resembling that seen in
the upper thoracic or lower cervical segments. In Types 2 and 5, it is more posteriorly tilted
than neutral, consistent with compensatory hyperextension. Pronounced posterior tilting of the
thoracic spine with marked posterior decompensation of the superior segments is particularly
evident in Type 2, which does not exhibit anterior displacement of the lumbar spine.
In contrast, in Type 4, the lower thoracic segment appears vertically straightened, similar to the
upper lumbar segment. Consequently, Type 4 produces the most globally straightened sagittal
profile among all patterns, through a combination of upper lumbar anterior displacement and
upper thoracic compensatory hyperextension, resulting in mild thoracic hypokyphosis and
anterior C4 decompensation.

d. Anteriorly Directed Forces Acting on Specific Segments or Between Segments

11
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The origin of the anteriorly directed forces responsible for these deformities remains
unknown; however, this study proposes the presence of such forces acting on specific spinal
segments. This concept aligns with the biplanar spinal theory proposed by Dickson et al. [29],
which describes anteriorly directed mechanical forces acting on the apical vertebral body in
the thoracic spine when a thoracic scoliotic curve is present. According to Burwell’s
aetiological model [30], the thoracic curve in AIS originates in the sagittal plane, producing
relatively increased lordosis (or reduced thoracic kyphosis) at the thoracic apex, followed by
sequential vertebral rotation in the transverse plane and lateral displacement toward the
convex side of the curve.
Although these theories have traditionally been applied to the thoracic apex, the present study
extends their relevance to the entire spine, suggesting that similar anteriorly directed forces
are present, as evidenced by anterior displacement in the lumbar region and, in some cases,
the lower thoracic segment.

e. Increased Extension Moments, Compensatory Mechanisms, and the Development of AIS
Sagittal Misalignment
When anteriorly directed forces act on the spinal column, they generate increased extension
moments, which appear to give rise to the diverse sagittal profiles observed in AIS and to
distinct segmental responses based on regional anatomy. In the lumbar spine, where vertically
oriented facet joints facilitate anterior translation, these forces induce severe anterior
displacement of the lumbar spine and significant anterior deviation of the L3 vertebra. This
manifestation typically involves marked anterior tilt of the lower lumbar segments, vertical
straightening of the upper lumbar segments, or a combination of both, ultimately culminating

in severe lumbar hyperlordosis. In contrast, the oblique orientation of the thoracic facet joints
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restricts anterior translation; therefore, the superior segments respond to these forces through

compensatory hyperextension as an equilibrium response. This response results in atypical

posterior tilting of the upper thoracic and/or lower cervical regions (and, in some cases,
involves the lower thoracic segment), leading to thoracic hypokyphosis with varying degrees
of cervical decompensation. When compensatory hyperextension involves the lower thoracic
segment, pronounced posterior tilting of the thoracic spine accompanied by excessive
posterior decompensation of the superior segments is observed.

These mechanisms also contribute to vertical straightening of the upper lumbar and/or lower

thoracic segments, sometimes producing a globally straightened sagittal profile, while in other

cases near-normal sagittal alignment is maintained.

Collectively, these findings indicate that sagittal misalignment in AIS may be fundamentally

driven by increased extension moments and compensatory hyperextension of the superior

segments acting throughout the spinal column in the sagittal plane. Accordingly, this study
further hypothesizes that as the spine undergoes progressive multisegmental misalignment, the
spinal column gradually straightens or arches posteriorly, followed by segmental rotation
toward the convex side and sequential lateral displacement, consistent with Burwell’s

aetiological model [30].

Clinical Implications for Orthotic Intervention:

Identifying global sagittal misalignment and imbalance patterns in AIS and understanding
how these misalignments contribute to deformity development (pathomechanics), has important
clinical implications, particularly for orthotic intervention strategies. This is because the primary
goal of orthotic treatment in AIS is to restore the spine to a near-neutral alignment across all

three planes, including the sagittal profile. However, sagittal correction has often been

13
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overlooked or applied empirically due to a limited understanding of sagittal misalignment. This
study provides a biomechanical foundation for achieving sagittal correction within the orthosis,
which may enhance the overall effectiveness of scoliosis treatment.

Limits and Further Directions:

This study has several limitations. The smaller proportion of patients with Types 4—7 reflects
their lower prevalence, which may limit the statistical robustness of those subgroups. Second,
this study analyzed only sagittal parameters. Because sagittal and coronal alignments are
biomechanically interdependent, our ongoing research aims to explore how specific sagittal
misalignment patterns correspond to coronal misalignment, including curve magnitude and other
misalignment classifications. This may provide a more comprehensive three-dimensional
understanding of AIS pathomechanics.

Conclusion

This study identified seven distinct sagittal misalignment and imbalance patterns in AIS,
emphasizing the role of anteriorly directed forces and increased extension moments acting on
specific spinal segments. These forces cause anterior displacement of inferior segments,
specifically the upper and lower lumbar segments and, in some cases, the lower thoracic
segment, and compensatory hyperextension of superior segments, including the lower cervical
and upper thoracic segments (and, in some cases, the lower thoracic segment). Together, these
regional anatomical responses result in a varied range of sagittal profiles, including mixed
combinations of pronounced posterior tilting of the thoracic spine with excessive posterior
decompensation of the superior segments, thoracic hypokyphosis with or without cervical

decompensation, vertical straightening of the upper lumbar and/or lower thoracic segments, and
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lumbar hyperlordosis, while some cases retain near-normal sagittal alignment.

Overall, increased extension moments and compensatory mechanisms play key
biomechanical roles in the initiation and progression of AIS. Understanding these mechanisms
may help refine orthotic strategies, improve sagittal correction, and support the development of

unified 3D biomechanical principles for AIS management.

Figure and Table Legends

Figure 1. Patient Selection Flowchart

Figure 2. Measurement and Key Anatomical Landmarks of Five Sagittal Segmental

Radiographic Spinal Alignment Parameters (RSAPs)

Figure 3. Measurement and Key Anatomical Landmarks of the Three Sagittal Deviational
Angles (SDAs): (a) Sagittal Central Sacral Line (SCSL): a vertical line drawn from the midpoint
of the S1in the sagittal plane, (b) C4/5: the midpoint between the posterior-inferior corner of the
C4 vertebral body and the posterior-superior corner of the C5 vertebral body, (c) T7/8: the
midpoint between the posterior-inferior corner of the T7 vertebral body and the posterior-
superior corner of the T8 vertebral body, and (d) L3/4: the midpoint between the posterior-
inferior corner of the L3 vertebral body and the posterior-superior corner of the L4 vertebral

body
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Figure 4. Illustrations and Radiographic Examples of the Seven Sagittal Misalignment
Types with Sagittal Central Sacral Lines (red vertical lines): (a) Type 1, and (b)-(g) Types 2-

7 in solid lines, with Type 1 in blue dotted lines for comparison.

Table 1. Seven Sagittal Misalignment Types and Their SDA Values and Sagittal Segmental
RSAP Measurements: This presents the means and standard deviations of five sagittal
segmental RSAPs across the 7 newly identified sagittal misalignment patterns and results from
non-parametric two-sample tests comparing Type 1 (minimal misaligned type) with other 6
sagittal misalignment types. Cells highlighted in grey indicate statistically significant differences

with p-value < 0.05.

Table 2. Characteristics of Sagittal Misalignment Types in AIS: Description of sagittal
misalignment characteristics for each type, based on sagittal segmental RSAP measurements and
SDA values, as shown in Table 1.
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Figure 2:
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Figure 3:
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Figure 4:
(a) TySPe 1 (b) Type2  (c) Type3  (d) Type4  (¢) TypeS  (f) Type6  (g) Type7
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Table 1:
SDAs/ Seven Sagittal Misalignment Patterns
Sagittal Sagittal Segmental RSAPs: Mean £Std. Deviation (p = significance value, <0.05)
Segmental | Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7
RSAPs (n=16) (n=34) (n=23) (n=7) (n=7) (n=9) (n=4)
SAC4 + + - 0 - +
SAT7 + + + + + + +
SAL3 0 0 - - .
SCEA 70.1+4.5 | 79.047.3 | 79.946.9 | 76.9+53 | 70.9+5.4 | 72.1+8.2 | 84.8+7.1
(p=.000) | (p=.000) | (p=.012) | (p=.579) | (p=.522) | (p=.002)
SUTA 729433 | 85.5+7.2 | 88.1+5.0 | 80.9+2.9 | 79.6+3.2 | 82.7+3.8 | 95.0+6.4
(p=.000) | (p=.000) | (p=.000) | (p=.000)| (p=.000)| (p=.000)
SLTA 103.0£4.2 | 111.844.2 | 100.4+54 | 93.6+£5.6 | 107.624.7 | 104.6£4.6 | 105.5+2.4
(p=.000) | (p=.128) | (p=.001) | (p=.033) | (p=.487) | (p=.437)
SULA 107.1£3.6 | 109.3+4.7 | 102.743.1 | 97.746.7 | 96.9+4.9 | 96.3+4.6 | 95.3+1.0
(p=.180) | (p=.000) | (p=.001) | (p=.000) | (p=.000) | (p=.000)
SLLA 80.145.3 | 77.0£6.6 | 77.2+4.8 | 76.123.8 | 68.4+4.0 | 55.7+5.6 | 63.5+8.5
(p=.100) | (p=.107) | (p=.154) | (p=.000) | (p=.000) | (p =.005)
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Table 2:
Sagittal segmental RSAP
Types | Measurements Compared to SDA Values Characteristics
Natural Alignment
Tvpe 1 Natural Alignment of All Five | No C4 sagittal Minimal misalignment type; used as reference
P Segments decompensation | configuration
Excessive posterior tilt of . Most severe cerv1c0th0rac1§ hyperex.tended type;
: . Severe posterior posterior tilting of the thoracic spine with severe
Type 2 | lower cervical, upper thoracic, . . . .
- C4 decompensation | thoracic hypokyphosis and pronounced posterior
and lower thoracic segments . .
decompensation of the superior segments
Excessive posterior tilt of
lower cervical and upper . Severe thoracic hypokyphosis with cervical posterior
. . . Posterior C4 . . . .
Type 3 | thoracic segments; insufficient . decompensation; vertical straightening of the upper
. decompensation
posterior tilt of upper lumbar lumbar segment
segment
Excessive posterior tilt of Most vertically straightened type; mild thoracic
lower cervical and upper . LY . : .
) . . Anterior C4 hypokyphosis with cervical anterior decompensation;
Type 4 | thoracic segments; insufficient . . . .
L . decompensation straightening of upper lumbar and lower thoracic
posterior tilt of lower thoracic
segments
and upper lumbar segments
Excessive posterior tilt of
upper and lower thoracic No C4 sagittal Lumbar hyperlordosis with severe anterior tilt of the
Tvpe 5 segments; insufficient decompensation; | lower lumbar segment and vertical straightening of the
yp posterior tilt of upper lumbar significant anterior | upper lumbar and lower thoracic segments; mild
segment; excessive anterior tilt | deviation of L3 thoracic hypokyphosis without cervical decompensation
of lower lumbar segment
Excessive posterior tilt of . Most severe lumbar hyperlordotic type; characterized
upper thoracic segment; Anterior C4 Lo
. . .. . by pronounced anterior tilt of the lower lumbar segment
insufficient posterior tilt of decompensation; . . .
Type 6 . ; and vertical straightening of the upper lumbar segment;
upper lumbar segment; severe | significant anterior . . . . .
o - mild thoracic hypokyphosis with cervical anterior
anterior tilt of lower lumbar deviation of L3 .
decompensation
segment
. L Combined cervicothoracic hyperextension and
Excessive posterior tilt of . . . .
. Severe posterior lumbar hyperlordotic type; characterized by posterior
lower cervical and upper o . . .
) . . C4 tilting of the thoracic spine with severe thoracic
thoracic segments; insufficient . . . .
Type 7 L decompensation; hypokyphosis and marked posterior decompensation of
posterior tilt of upper lumbar . ; . . .
] L significant anterior | the superior segments, along with pronounced anterior
segment; severe anterior tilt of o . .
deviation of L3 tilt of the lower lumbar segment and vertical
lower lumbar segment . .
straightening of the upper lumbar segment
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