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Abstract

Sagittal alignment has become a hot topic in the world of orthopedics, particularly as it
pertains to adults with spine deformities and coexisting pain, activity limitations, and
health-related quality of life. It is reported that the prevalence of spinal deformity in the
older adult will continue to increase. Clinicians across disciplines recognize the myriad of
variation that exists in sagittal alignment, and that there is not one ideal norm to ascribe
to. Relatively new to the spine deformity community has been the discovery of the rela-
tionship between the pelvis and the femur (pelvic incidence) in dictating lumbar lordosis
and overall spinal alignment. While it is acknowledged that variation exists, there is now
evidence that there is a limited range within which we can compensate for loss of sagit-
tal alignment and still function well. When compensations run out, the quality of life
becomes affected. These alignment variations, compensations, and in some cases, loss of
alignment all together have clinical implications for the physiotherapist working with
the older adult population. The purpose of this chapter is to describe the current state of
evidence-informed knowledge around spinopelvic parameters as they relate to the adult
with spine deformity and offer clinical implications for the conservative care practitioner.

Keywords: adult spinal deformity, scoliosis, sagittal alignment, pelvic incidence, lumbar
lordosis, sagittal vertical axis

Learning objectives

1. Explain why the sagittal profile is important from an evolutionary and biomechanical
perspective.

2. Appreciate the historical evolution of our understanding of sagittal alignment.
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3. Define key sagittal parameters.

4. Explain the correlations between the various parameters that are key in understanding the
sagittal relationships.

5. Describe how spinal deformity may lead to compensatory changes in sagittal alignment.

6. State implications in terms of assessment strategies for the conservative care practitioner
(physiotherapists/orthotists).

1. Introduction

Spinal Deformity may be defined as an abnormality in alignment, formation, or curvature of
one or more portions of the spine [1]. Spine deformities can occur in one or a combination of
the axial, coronal, and sagittal planes. Scoliosis is a spinal deformity defined by the Scoliosis
Research Society (SRS) as a lateral curve measuring 10° or more on an anterior-posterior
radiograph with the presence of vertebral rotation [2].

In recent years, attention to the role of sagittal plane alignment in the overall health and func-
tion of adults with spine deformity has increased [3]. The purpose of this chapter is to shed
light on the body of literature surrounding sagittal alignment variations and hypothesize
about clinical implications for the conservative care practitioner managing spinal deformity
in clinical practice.

2. Main body

2.1. Definition of posture

Alignment and postural control have long been fundamental to the clinical decision-making
process of the physiotherapist. The Guide to Physical Therapy Practice lists “Posture” as a key
test and measure to be included in a physiotherapist’s objective examination [4]. Indeed, there
exists no universal definition of posture and within postural control, alignment [5]. However,
health-care practitioners from various backgrounds make similar statements when describing
posture. Basmajian in 1965 understood posture to be the “upright, well-balanced stance of the
human subject in a ‘normal’ position” [6]. The Posture Committee of the American Academy
of Orthopedic Surgeons (AAOS) defines posture as “the state of muscular and skeletal bal-
ance which protects the supporting structures of the body against injury or progressive defor-
mity, irrespective of the attitude in which the structures are working or resting. Under such
conditions, the muscles will function most efficiently and the optimum positions are afforded
for the thoracic and abdominal organs” [7].

2.2. Evolutionary perspective on upright posture

In evolutionary terms, it is upright stance and the ability of humans to achieve bipedalism
that differentiates humans from the majority of the animal world. This ability was made
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possible by the evolution of the structure of the pelvis and lumbar spine as well as their mus-
cular attachments.

Several changes have been critical to this evaluation. First, the human lumbar spine is exceed-
ingly longer and more mobile, which has allowed for lumbar lordosis (LL)/extension to align
the trunk over the pelvis from a lateral view [8].

Second, the sacrum in humans is broader/wider. It contributes to the mobility of the lower
lumbar segments to form lordosis, where the narrowness of the sacrum and length of the
ilia in other primates “lock” the lower lumbar segments [9]. In addition to the sacrum being
shorter in length and broader in width, the ilia are also broader in width and more flared ante-
riorly [9]. This adaptation brings the anterior gluteal muscles (gluteus medius and minimus)
from their former roles as hip extensors and migrates them laterally and anteriorly to perform
their current roles as hip abductors and stabilizers of the pelvis during the single limb stance
phase of gait. In partnership with a longer femoral neck, the gluteals create a longer lever
arm, allowing the hip abductors to function more effectively in stabilizing the pelvis during
the stance phase of gait.

Other muscular changes include hypertrophy of the gluteus maximus in humans, particularly
during running, where it serves to keep the trunk from falling forward during heel strike [9].
Additionally, the hamstrings, while they played a “power” function in quadrupedal loco-
motion, play more of a stabilizing/control role in human bipedal locomotion. Furthermore,
humans have smaller erector spinae muscles most likely owing to the center of mass being at
the second sacral vertebrae, which creates a shorter lever arm in which the erector spinae have
to work [9]. Therefore, the muscles do not need to be under such constant activation.

A general understanding of the evolution of spinopelvic alignment and upright stance helps
us understand how the loss of this congruent relationship is potentially problematic in indi-
viduals with spinal deformity.

2.3. Historical perspective on understanding of sagittal alignment

The evolution of our understanding of sagittal alignment has been developing for over 150
years. It is von Meyer who is credited with the discovery of the weight center of the human
body at the level of the second sacral vertebra [6]. Although highly variable, most clinicians
and researchers reporting on alignment agree that the line of gravity should pass near the
mastoid process of the temporal bone, just anterior to the second sacral vertebrae, just poste-
rior to the hip joint, and just anterior to the knee and ankle joint [6, 7, 9, 10]. Thus, balanced
about this line of gravity, man is able to remain upright with mild anterior/posterior sway and
minimal energy expenditure.

The German orthopedist, Franz Staffell, in 1889, is credited with further sub-classification of
ideal posture into categories (i.e., round, flat, lordotic) [11].

Statements such as that made by Schulthess in 1905 are indicative of the openness of clinicians to
the variation in the sagittal plane versus the assumption of one ideal posture and all else faulty [12].

Kendall, Kendall, and Boynton in 1952 described an ideal postural type and three faulty pos-
tural types (kyphotic-lordotic, flat back, and swayback) [7]. Rex McMorris in 1961 described

115



116

Innovations in Spinal Deformities and Postural Disorders

what he termed faulty postural types in children [13]. Roussouly in 2005 identified lordotic
types, which will be discussed in further detail later in this chapter [14]. Mac-Thiong in 2010
described six postural types [15].

Our evolution in understanding the relationship of the pelvis to the spine can be traced to the
early 1960s. Joanne Bullock-Saxton, in her narrative review in 1988, citied work by Hollinshead
in 1962 observing a relationship between the position of the pelvis and the amount of lumbar
lordosis [16]. Indeed, others also discussed the interaction between pelvic obliquity or pelvic
inclination and its role in determining the degree of lumbar lordosis. Additionally, the oblig-
uity of the sacrum was determined to be related to the degree of lumbar lordosis [16]. During
et al. explained the relationship between the position of the sacrum and the depth of lumbar
lordosis as functional. The steeper the slope of the upper portion of the sacrum, the deeper
the lumbar lordosis needs to be in order to maintain optimal position of the upper part of the
body over the lower along the line of gravity [17].

The advent of instrumentation with spinal fusion in the surgical management of scoliosis and
spinal deformity has led to a greater push to understand sagittal alignment. Although early
surgical instrumentation was effective in addressing the frontal plane aspect of the scoliotic
alignment, follow-up revealed often deleterious effects on the sagittal plane [18]. Doherty, in
1973, described what was later coined by Moe and Denis as “flatback syndrome,” character-
ized by a fixed forward inclination of the trunk due to the loss of normal lumbar lordosis [18].
The early instrumentation combined the use of a straight rod with distractive forces and, when
intervention extended to lower lumbar levels, the combination of these forces led to a loss of
lumbar lordosis [18]. Recognition of this postoperative outcome led to advancements in surgi-
cal technique, which is beyond the scope of this text, as well as the understanding of the need
to not only preserve but also enhance lumbar lordosis in order to minimize the risk of post-
operative flatback syndrome. The identification of pelvic incidence, a morphological param-
eter that describes the relationship of the sacrum to the femur, represented a turning point in
the movement to better address the sagittal plane from an operative perspective [19]. These
parameters and their clinical implications may also be useful, as we will see, for the physio-
therapist working with the older adult with spine deformity, as it gives us parameters within
which we can better prognosticate the type of client we may be able to work with successfully.

2.4. Measuring spinopelvic alignment

Assess a patient’s sagittal alignment allows the practitioner to objectively understand its poten-
tial role in contributing to a patient’s pain and dysfunction. In 2006, the Scoliosis Research
Society published the first classification system to develop a common language around adult
spinal deformity (ASD). This classification grew out of an understanding that the existing
adolescent scoliosis classifications were not entirely applicable to the adult population when
making clinical decisions around operative management. The most recent update on this clas-
sification emphasizes the importance the sagittal plane plays in maintaining healthy upright
spinal postures. Their work is valuable for the conservative care practitioner to help make
clinical predictions as to the contribution of alignment to pain in our patients with spinal
deformity [20].
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The first step of the classification is to identify the coronal curve type, depending on the loca-
tion of the curve apices and convexities. The categories are thoracic, thoracolumbar/lumbar,
or double curve. The second step is to assess for the presence of sagittal modifiers. These
modifiers include pelvic incidence (PI), global alignment via sagittal vertical axis (SVA), pelvic
tilt (PT), degree of lumbar lordosis (LL), as well as subluxation or listhesis in the frontal or
sagittal plane [20].

2.4.1. Pelvic incidence

Pelvic incidence is an anatomical or morphological measurement that is unique to each indi-
vidual and is independent to the spatial orientation of the pelvis (Figure 1). It is specific to
each individual and remains constant throughout the life span. The steps in measuring PI are
as follows: (1) Draw a line across S1 superior end plate. (2) Find the midpoint from #1 and
draw a downward perpendicular line. (3) Draw a line from the center of the femoral head line
to the center of the center sacrum line. Often in the presence of pelvic obliquity you will need
to find the midpoint of both femoral heads. (4) The angle between these lines is the pelvic
incidence.

Figure 1. Pelvic incidence measurement. (1) Draw a line across S1 superior end plate. (2) Find the midpoint from #1 and
draw a downward perpendicular line. (3) Draw a line from the center of the femoral head line to the center of the center
sacrum line.

17
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2.4.2. Lumbar lordosis

Lumbar lordosis is measured by the angulation from the inferior angle of T12 and the supe-
rior end plate of S1 (Figure 2).

2.4.3. SVA

Sagittal vertical axis is used to measure the degree of forward or backward angulation of
a patient’s posture. SVA is one of the easiest radiological parameters to measure, since the

Figure 2. Lumbar lordosis measurement: From inferior end plate of T12 and superior end place of sacral. This patient
has a lumbar lordosis of 56.2°.



Sagittal Alignment in Spinal Deformity: Implications for the Non-Operative Care Practitioner
http://dx.doi.org/10.5772/intechopen.69455

femoral heads do not have to be visualized. For this reason, the authors have found it to
be a clinically relevant and useful measure to incorporate into clinical practice. The steps to
measure SVA on a standard lateral view radiograph are as follows: (1) Identify the center of
C7—inferior end plate, and draw a line straight down perpendicular to the bottom of the
film. (2) Draw a vertical line from the posterior-superior corner of the sacrum. (3) Measure the
distance between lines 1 and 2 [21]. A positive number indicates that C7 is in front of sacrum.
On a clinical examination, the patient’s head is likely to be in front of the torso as well as his
trunk in a more forward flexed position. A negative number indicates that a C7 is behind the
sacrum. This type of posture is often called swayback. Clinically, the patient likely stands
with their pelvis more in front than their head (Figure 3A and B).

Figure 3. SVA —Sagittal vertical axis: The steps to measure SVA are as follows: (1) Identify the center of C7 —inferior end
plate, and draw a line straight down perpendicular to the bottom of the film. (2) Draw a vertical line from the posterior-
superior corner of the sacrum. (3) Measure the distance between lines 1 and 2. (A) This individual has a (+) SVA of 169.98
mm. (B) This indivdual has a (-) SVA of 62.6mm.

119
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2.4.4. Pelvic tilt

Radiological pelvic tilt is a sagittal measurement that can be assessed on a lateral radiograph.
Refer to Figure 4 for specifics. The following are the measurement steps: (1) Draw a line from
the midpoint of the sacral end plate running perpendicular down to the bottom of the X-ray.
(2) Draw a line from the center of the femoral heads to the center of the sacrum. (3) The angle
between these two lines is the pelvic tilt. Also, pelvic tilt + sacral slope (SS) = pelvic incidence
(Figure 4) [21].

2.4.5. Sacral slope

The last radiological measure discussed here is the least discussed as it is often difficult to
measure. However, its importance is vital to understanding the relationship of the other
parameters. Refer to Figure 5 for specifics. The steps to measurement are as follows: (1) Draw
a line along the superior sacral end plate. (2) Draw a line from the anterior superior edge
parallel to the bottom of the X-ray. (3) This angle is the sacral slope. Pelvic incidence = sacral
slope + pelvic tilt [22].

2.5. Inter-relationships between spinopelvic parameters

A significant chain of interdependence exists between pelvic and spinal parameters. Pelvic
incidence, as previously stated, is an independent and anatomic parameter that determines
pelvic orientation and the optimal size of lumbar lordosis [19]. In practice, the PI of an indi-
vidual is correlated together with his or her sacral slope. In this section, both SS and PI will
be described in relation to LL and sagittal balance as well as the consequences of mismatch
between the pelvic parameters and LL for the adult individual with spinal deformity.

Figure 4. Pelvic tilt. (1) Draw a line from the midpoint of the sacral end plate running perpendicular down to the bottom
of the X-ray. (2) Draw a line from the center of the femoral heads to the center of the sacrum. (3) The angle between these
two lines is the pelvic tilt. This individual’s pelvic tilt measures 17°.
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Figure 5. Sacral slope: (1) Draw a line along the superior sacral end plate. (2) Draw a line from the anterior superior edge
parallel to the bottom of the X-ray. (3) This angle is the sacral slope. This individual’s sacral slope measures 24°.

2.5.1. Influence of sacral slope on global sagittal alignment

In a well-balanced spine, the SS is between 35 and 45  and the LL has an apex at L3-L4 [23]
(Figure 6). In an individual with a low SS angle (<35’), a regional hypolordotic lumbar deformity
with a compensatory hypo-kyphosis or normal thoracic and lumbar apex at L5 may be observed
[23]. Regional deformity is defined as sagittal kyphotic misalignment that affects a limited number
of segments of the spine (i.e., the lumbar spine, the thoracic spine, the thoracolumbar junction
(TLJ), or the lower lumbar spine). Compensatory mechanisms are changes in the sagittal alignment of
spinal or non-spinal segments, different from those involved in regional deformity, to restore the

Figure 6. Drawings of sacral slope and sagittal spinal alignments. Left: Sacral slope (SS) < 35°, apex of lumbar lordosis
(LL) at middle L5, the spine is hypolordotic and relatively normal kyphotic; middle: 35° < SS <45°, apex of LL at middle
L3-L4, the spine is well balanced; right: SS > 45°, apex of LL at base L3, the spine is hyperlordotic and hyper-kyphotic.



122

Innovations in Spinal Deformities and Postural Disorders

alignment of the gravity line or the horizontal gaze. Compensatory mechanisms need active mus-
cle contraction by the subject [24, 25]. When the SSis high (>45’), a regional hyper-lordosis lumbar
deformity along with compensatory thoracic hyper-kyphosis may commonly be observed [23].

2.5.2. Pelvic incidence and its relationship to LL and sagittal balance

A mean value PI was documented in 2011 to be 55 + 10" [24], and a mean value of LL and thoracic
kyphosis (TK) was documented in 1989 to be 44 and 36" [26]. These mean values do not imply
ideal but simply a fixed angle providing anatomical characteristics of the pelvis and lumbar spine.
Ranges of value are more appropriate for describing normal, but in this section, the mean values
give an easier way of understanding the concept of match versus mismatch between the two. A +10°
difference between Pl and LL was documented as an ideal match for optimal maintenance of sagit-
tal balance [27]. A match occurs when both P and LL are within the margin of 10" difference (known
as PI-LL =10 or PI - LL = 10). PI and LL can be high or low in degrees and still be considered a
match. For example, a PI of 70" and an LL of 65" would be considered a high degree. A PI of 30" and
an LL of 35" would be considered a low degree. In both cases, the difference between them is 5" and
thus considered a match and a harmonious sagittal plane alignment (Figure 7).

A Match

&y
| A2 LL=65 N

PI=30

Figure 7. Representative drawing of harmonious spine in the sagittal plane: high PI and LL (left) and low PI and LL
(right). Both are a match between PI and LL of two possible separate individuals.
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A mismatch occurs when there is a greater than 10° difference between PI and LL and can lead
to a disharmonious sagittal plane alighment. A mismatch can be presented by high PI and low
LL (PI-LL >10) or the opposite (Figure 8).

The most documented [24-26] types of mismatches in adolescent idiopathic scoliosis (AIS)
and ASD include those with PI-LL >10" where the PI is high and the LL is low (Figure 9).

A Match A Mismatch
Pl-LL=/<10° Pl-LL>100°

PI=50 PI=70

Figure 8. Representative drawing of match (left) and mismatch (right) PT and LL.

Figure 9. Mismatch PI-LL in adolescent (left) and older adults (middle and right).
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2.5.3. Clinical implications

Radiological parameters that most highly correlate with pain, disability, and low quality of
life are sagittal vertical axis, pelvic tilt, and the PI-LL relationship and are thus key compo-
nents of the SRS-Schwab ASD classification [20, 27-29].

In a multi-center, prospective cohort trial in 2013 related radiological parameter thresholds
to clinical findings as being predictive of worse clinical symptoms and poorer quality of life
[28]. They proposed and concluded that a PI-LL of 10° or less, global alignment (positive SVA)
of less than 4 cm, and PT of less than 20° were the ideal spinopelvic alignment for reducing
operative intervention procedures and postoperative pain and disability [28].

Overall, literature demonstrates increased surgical complexity with increased severity of sag-
ittal deformity modifiers. A significantly higher osteotomy rate was reported with increasing
positive sagittal malalignment and a PI-LL mismatch [29-31]. Iliac fixation was more com-
monly used as global alignment became increasingly positive. Berjano and Aebi reported
the value of the pedicle subtraction osteotomy (PSO), a procedure to restore lumbar lordo-
sis in patients with lumbar/thoracolumbar scoliosis, concurrent loss of lumbar lordosis, and
PI-LL mismatch [32]. This procedure has been demonstrated to restore sagittal alignment and
improve patient self-reported pain and function.

The incorporation of spinopelvic parameters into surgical decision making has provided
greater insight into the relationship between spine deformity and compensatory strategies
to attempt to maintain upright alignment. It is theorized, for example, that a person with a
low PI may adapt well to a situation if their lumbar lordosis is reduced (due to degenera-
tive changes or scoliosis) because their sagittal alignment, based on the existence of low PI,
may more readily “accept” changes that will cause hypolordosis in the lumbar spine and still
maintain a match between PI and LL. Conversely, an individual with a high PI and low or
loss of lumbar lordosis (secondary to lumbar degenerative changes or scoliosis or to compen-
sate for a decreased thoracic kyphosis) will likely not adapt as well as the one described first.
The high PI may not allow the individual to adapt well to the low lumbar lordosis, and after
exhausting compensatory strategies at the pelvis (through pelvic tilt) and lower extremities,
they may tend toward a positive sagittal balance (positive SVA) and potential compensations
in the thoracic spine as well.

Lamartina and Berjano [24] describe a comprehensive classification of sagittal imbalance. In
their classification, two compensatory mechanisms occur in response to reduced lumbar lor-
dosis (i.e., lumbar kyphosis). First, local lumbar kyphosis may be compensated for by tho-
racic lordosis (Figure 10). In this situation, the thoracolumbar junction is normal or lordotic.
Second, lumbar kyphosis may not be compensated by thoracic lordosis but by thoracic hyper-
kyphosis causing global kyphosis. In this case, the TL] is in kyphosis, and the whole spine
demonstrates an anterior loss of sagittal balance. In both situations, there will be additional
compensations, including pelvic retroversion and knee flexion to maintain upright posture.
The reason for the differences between the two is not yet understood but the most accepted
theory is that the differences in compensation in the thoracic region are based on the preexist-
ing alignment of the thoracic (being originally hypo-kyphotic vs. normal or hyper-kyphotic)
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Figure 10. (A) Lumbar kyphosis with a compensatory thoracic lordosis, pelvic retroversion (increased pelvic tilt), and
knee flexion. (B) global kyphosis—lumbar kyphosis is not compensated by thoracic lordosis. The TL]J is kyphotic.
Compensatory pelvic tilt and flexed knees are present.

and the TL]. Lumbar kyphosis differs from global kyphosis in that in lumbar kyphosis, there is a
local kyphosis (at the lumbar region) with compensatory thoracic hypo-kyphosis (Figure 10A).
In this alignment strategy, thoracic extensor muscles are active, and patients may benefit
from remodeling of the lumbar lordosis conservatively or by selective lumbar osteotomy and
fusion where the patient may regain a balance with reversal of the compensatory mechanism
of the thoracic spine. In global kyphosis, the thoracic spine fails to compensate to the lumbar
kyphosis and the whole trunk becomes kyphotic (Figure 10B).

2.5.4. Summary

The literature review of this section demonstrates that the sagittal plane is vital to under-
standing pain and disability in patients with ASD, and that SVA, PT, and PI-LL mismatch are
the main drivers that affect disability and decreased function [27-32]. Becoming proficient in
defining radiographically the above parameters, values and limits, can help guide a better
therapeutic decision-making process conservatively and operatively with the aim and focus
on maintaining or creating the best sagittal alignment for the individual that will improve
function, as well as decrease pain and disability.

2.6. Assessment of the patient with ASD

The objective examination should begin with the assessment of alignment using a posture
grid. In this section, we only discuss the evaluation of the sagittal alignment. With the patient
standing sideways to the posture grid, the examiner can obtain sagittal alignment in a variety
of ways, utilizing tools such as an inclinometer, a flexi-ruler, or a plumbline. The amount
of cervical lordosis, thoracic kyphosis, lumbar lordosis, thoracolumbar junction transitional
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area, pelvic tilt, as well as description of hip and knee position can be measured. An increase in
thoracic kyphosis (hyper-kyphosis), and loss of lordosis either in the cervical or in the lumbar/
thoracolumbar region, may lead to alignment faults accompanied by muscle length/strength/
activation changes that will need to be tested and addressed. See Table 1 for a description
of predicted implications of various alignment faults on mobility, muscle length, strength,
and muscle performance. This is not an all-inclusive list and does not substitute for a careful
evaluation of alignment and contributing factors to the clinical presentation of the client. See
Table 2 for take-home messages regarding radiological parameters as were discussed in this
chapter.

Specific intervention strategies are beyond the scope of this chapter. The authors recom-
mend that clinicians interested in working with this patient population pursue additional
training in scoliosis education as most experts view it as a sub-specialty in physiotherapy

practice [34].

Thoracic hyper-kyphosis

Loss of LL with TLJ in kyphosis

Loss of LL with TL] normal
or lordotic

PI and hip pathology

Compensatory alignment
faults

e excess cervical lordosis
with forward head

e excess lumbar lordosis
Mobility deficits

* shoulder range of motion
(ROM): flexion and
external rotation

¢ thoracic mobility
e ribcage mobility
Muscle length deficits
e short/stiff pectorals

e short/stiff latissimus
dorsi

e short/stiff rectus
abdominus

Muscle performance deficits

* abdominals (imbalance
of coordination/recruit-
ment of abdominal
musculature)

* scapular adductors

e thoracic extensors

Compensatory alignment
faults

e increased thoracic and
global kyphosis

e increased pelvic tilt
e increased hip/knee flexion
Mobility deficits

e shoulder range of motion
(ROM): flexion and external
rotation

e thoracic mobility

* ribcage mobility

Muscle length deficits

e short/stiff pectorals

e short/stiff latissimus dorsi

e short/stiff rectus abdominus
Muscle performance deficits

e abdominals (imbalance of
coordination/recruitment of
abdominal musculature)

e scapular adductors

e global trunk extensors
and hip extensors, knee
extensors

Compensatory alignment
faults

® increased thoracic
hypo-kyphosis (usually
preexisting)

Mobility deficits

¢ thoracic mobility

¢ ribcage mobility
Muscle length deficits

e short/stiff or overactive
thoracic extensors

e short/stiff rectus

Muscle performance
deficits

® abdominals (imbalance
of coordination/recruit-
ment of abdominal
musculature)

* scapular adductors

e global trunk extensors
and hip extensors, knee
extensors

Novel theory
hypothesizing
relationship
between low PI and
femoral acetabular
impingement (FAI)
[33]

Low PI - anterior
pelvic tilt with

gait > artificial
anterior acetabular
over coverage and
recurrent FAI that
increases risk for
CAM morphology

Table 1. Common sagittal alignment faults and predicted impairments.
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Take-home messages on radiological measurements: [20-22, 27, 28]

1. Pelvic incidence = sacral slope + pelvic tilt—This is a radiological measurement
2. Lumbar lordosis should be within +10° of pelvic incidence (PI)

3. Pelvic tilt should be <25°

4. SVA (sagittal vertical axis)- should be within 46mm

5

. Frontal or sagittal plane listhesis, 0 cm

Table 2. Take-home messages on radiological measurements.

2.7. Implications of sagittal alignment and spinopelvic parameters for the orthotist
managing adolescents with spine deformity

2.7.1. The evolution of orthoses for patients with spinal deformity

Spinal bracing has evolved significantly since the days of Dr. Sayre’s tripod device and
Dr. Taylors “spinal assistant,” both notable historical reference points [35]. The ideas that
they employed are still found in orthoses designed today. The concepts of spinal elonga-
tion, application of pressure to the prominence of the deformity, and “windows” to create
areas of relief are still basic concepts of almost all bracing types still used today. This dem-
onstrates to us that we are not starting a new form of treatment but merely using research
to advance ideas started long ago. For further reference, please refer to the SRS bracing
manual [36].

The pivotal Bracing in Adolescent Idiopathic Scoliosis trial (BrAIST) has altered the medical
community’s recommendation on bracing in the AIS population. The study was originally
designed as a randomized controlled study, but when enrollment goals were not being met, a
preference arm was added. This meant that families who opted against randomization were
able to choose which group they would like to enter [37]. The study used 44% of patients
assigned to the randomized cohort to calculate their intention to treat analysis. They found
that the Number Needed to Treat (NNT) in order to prevent one case of curve progression
was 3.0 and reduction in relative risk with bracing was 56% [37]. This is no small matter as
scoliosis fusion surgery was second only to appendicitis in terms of the total cost in children
aged 10-17 years [37, 38]. The BrAIST study linked the success of the brace with more hours
of wear time, an average of 17.7 h per day [37].

2.7.2. Role of the sagittal profile in scoliosis orthoses —our theory

It has long been known that scoliosis is a three-dimensional deformity, and even in the pres-
ence of spinal deformity, the body will try to regain balance. Historically, the focus of inter-
vention has been on the control of the frontal and transverse plane. However, the sagittal plane
may play a larger role in spinal deformity than previously suspected. The pelvic incidence
parameter, described earlier in this chapter, may be a key factor in driving sagittal alignment
and an important factor in brace design [19]. It is known that spinal loading occurs mainly via
axial compression. However, vertebral bodies are also subjected to shear forces in an anterior
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or posterior direction. The more posterior the shear force, the less stable the spine is in rota-
tion [39]. It may be theorized that increased posteriorly directed shear forces increase the risk
of scoliotic deformity. A study by Schlosser in 2015 noted that the spines of girls during the
peak growth spurt are more posteriorly inclined [40]. If accounting for sagittal forces during
the peak growth phase can reduce this rotational instability, it may lead to further efforts both
clinically and research-wise to address scoliosis based on parameters in addition to the Cobb
angle. It may be, according to the hypothesis of the authors, that an increase in Cobb angle
is a reaction to the above-described imbalance and instability. Is it possible to predict at-risk
patients based on parameters other than the Cobb angle and treat these patients proactively?
These questions warrant more clinical research.

2.7.3. Brace construction

Up to now, the goal in orthoses fabrication has been to maintain “normal” lumbar lordosis and
kyphosis values. However, there is a wide range of “normal” ranges in pediatrics. The original
scoliosis TLSO used 0° of lordosis as its default value. It was noted that orthoses may achieve
the same coronal correction with a lumbar lordosis of 15°, which led to increased patient com-
fort level. This point is referenced in the SRS bracing manual and in an editorial response in
which research has proven the original Boston brace set at 0° of lordosis “produced significant
curve correction of the spinal deformity in the frontal plane at the expense of a significant
reduction of thoracic kyphosis in the sagittal plane” [36, 41] (Figure 11). With respect to the
sagittal profile, the authors feel it is imperative to match a patient’s individual pelvic incidence
to their ideal lumbar lordosis when constructing a brace. In a study using biomechanical mod-
eling, we have the first opportunity to trial several braces on the same patient to observe out-
comes based on 15 different design factors [42] (Figure 12). This study had some interesting
conclusions which may help guide the future of brace treatment.

Figure 11. It would be difficult to treat both of these patients when using a “standard” amount of lumbar lordosis. Both
of these patients require individualized parameters for treatment success.
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Figure 12. Example of a brace correcting sagittal balance while maintaining thoracic kyphosis.

1. When a thoracic pad was placed in a more posterior position, it controlled axial rotation
better but caused decreased kyphosis.

2. Placing pads below the curve apex was not optimal. In a questionnaire of the Society on
Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT) members, 11 of the 21 sur-
veyed said the pad should be at the level of the apex. Ten indicated pad placement below
the apex [43].

3. No correlation was found between the reduction of the lordosis and the correction of the
coronal curves (Figure 13).

4. The reduction of the lordotic profile of the brace only had a negative effect on sagittal
curves (hypo-kyphosing and hypo-lordosing). This is actually the way that Schuermans
kyphosis is treated with the brace to have the effect of reducing hyper-kyphosis.

5. An asymmetric rigid shell was more efficient in correcting the coronal curves than a sym-
metric one.

6. Strap position has a great effect on rotational control of the brace. Anterior opening seems

to control rotation better.

All of these concepts need to be tested in the real world and on a much larger scale but they are
great starting points for developments of new treatments. A global method to assess bracing
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Figure 13. New digital imaging can be used to match clinical photos and digital X-rays to patient-specific morphology.

is the concept of overall balance summation, but this is only valid in the frontal plane [44]. The
implications for sagittal plane malalignment that continues into adulthood have been well
documented and discussed in this chapter; therefore, they should also play a part in brace
design [27].

In conclusion, further work is needed with regard to the role of the orthotist in treating
sagittal deformity in scoliosis patients, and clear protocols need to be developed. This
field is ripe for an infusion of new ideas. The paper that found the number to treat to be
three patients also reported that this number was only for patients who were considered
compliant. It also reads “routine bracing without efforts to maximize brace compliance
are likely to be less effective than the brace trial indicates” [45]. It has been suggested
that all conservative care centers should make a strong effort to maximize brace compli-
ance and this should be the new routine, or standard of care as Karol has shown in a
recent article. Karol’s study demonstrated that if patients engage in compliance coun-
seling, then patients will wear their brace an extra 3 h per day. This increase in bracing
compliance also correlated with a decreased surgical rate of 11% [45]. This topic requires
further consideration of factors involved in setting up clinics that can handle this portion
of treatment.

3. Conclusion

This chapter has introduced current concepts and evidence-informed practice patterns
around knowledge of sagittal alignment and its implications for the conservative care prac-
titioner managing adults with spinal deformity and for the orthoptist managing adolescents
with idiopathic scoliosis. Much research and clinical practice lie ahead for practitioners in
this field, and it has been the intention of the authors to begin to start a deeper conversation
around the role of sagittal alignment in the clinical decision-making process with this unique
patient population.
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