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Abstract Degenerative changes have the potential to
greatly disrupt the normal curvature of the spine, leading to
sagittal malalignment. This phenomenon is often treated
with operative modalities, such as osteotomies, though
even with surgery, only one-third of patients may reach
neutral alignment. Improvement in surgical outcomes may
be achieved through better understanding of radiographic
spino-pelvic parameters and their association with defor-
mity. Methodical surgical planning, including selection of
levels of instrumentation and site of the osteotomy, is
crucial in determining the optimal plan for a patient’s
specific pathology and may minimize risk of developing
postoperative proximal junctional kyphosis/failure. While
sagittal alignment is essential in operative strategy, the
coronal plane should not be overlooked, as it may affect the
osteotomy technique. The concepts of sagittal balance and
alignment are further complicated in patients with neuro-
muscular diseases such as Parkinson’s disease, and appre-
ciation of the interplay between anatomic and postural
deformities is necessary to properly treat these patients.
Finally, given the importance of sagittal alignment and the
role of osteotomies in treatment for deformity, the need for
future research becomes apparent. Novel intraoperative
measurement techniques and three-dimensional analysis of
the spine may allow for vastly improved operative cor-
rection. Furthermore, awareness of the relationship
between alignment and balance, the soft tissue envelope,
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and compensatory mechanisms will provide a more com-
prehensive conception of the nature of spinal deformity and
the modalities with which it is treated.
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Introduction

Many healthy individuals are fortunate enough to either
age without developing significant degenerative changes
[1] or developing ankylosis of the spine. If no other
pathologies are involved, these subjects age in a favorable
pathway, maintaining an acceptable sagittal alignment and
remaining asymptomatic. However, the combination of
aging and a cascade of degenerative events lead to an
unfavorable and irreversible scenario. The degenerative
process primarily affects the lumbar spine and involves
intervertebral discs, facet joints, ligaments and bone. The
lumbar curve and spinal alignment is an anatomical feature
unique to the hominidae species and allows maintenance of
neutral upright posture with minimum energy expenditure.
However, when degenerative changes affect the lordotic
component of the normal spinal curvatures, the harmony of
the sagittal plane is disrupted, leading to the well-described
phenomenon of sagittal malalignment.

While malalignment itself is not an indication for sur-
gery, the subsequent pain and decline in functional status
constitute a concerning clinical picture. The previously
described loss of lumbar lordosis (LL) leads to anterior
(positive) sagittal alignment. As a response, the body
progressively recruits compensatory mechanisms to coun-
teract the anterior truncal shift. A chain of compensation is
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initiated from the flexible parts of the spine, and extends to
the hips, lower extremities, and cervical spine to preserve
an erect posture and horizontal gaze [2, 3]. The interaction
between deformity and compensatory mechanisms depicts
the final presentation of patients with adult spinal defor-
mity (ASD).

Several studies have described the debilitating course
of sagittal deformity, which requires enormous energy
expenditure and severely impairs quality of life [4-7].
Patients usually seek treatment because of pain and dis-
ability, which are the main characteristics of the ASD
clinical presentation [5]. While non-operative treatment in
ASD can do little to impact pathological anatomy or curve
progression [6], it may have benefit in a specific subset of
patients with mild or moderate disease [7]. However, in
cases of severe deformity, non-operative treatment
modalities may not suffice [8]. For complex sagittal
deformities, surgical intervention has been shown to offer
superior clinical and radiographic outcomes compared to
non-operative approaches [9, 10]. Careful consideration
of the risks, complications, and all possible outcomes of
surgery must occur when patients consider transitioning
from non-operative to operative care. Recent studies on
outcomes following ASD surgeries have shown high rates
of complications (8.4-42 %) [11, 12] and revisions
(9-17.6 %) [13, 14]. On the other hand, as improvements
in the medical area continue to advance, patients’
expectations for surgery have reached unprecedented
levels, even including full recovery to daily activities
[15, 16].

Why do we fail?

Adequate alignment following surgical treatment is not
consistently achieved. Recent studies revealed that only
32 % of patients reach neutral alignment, while 42 %
remain with some positive sagittal malalignment; 26 % are
overcorrected [17]. In addition, the rate of revision surgery
following realignment procedures has been shown to
increase progressively with longer follow-up: 12.3 % for
3-month follow-up and 17.6 % for 1-year follow-up. Given
that revision rates may approach 30 % in some cases [18],
it is possible that these revisions are driven by failure to
achieve and/or maintain realignment.

Multi-center and inter-site variability studies revealed
wide variability in reported complication and revision rates
among different sites in the same study group, and even
among different surgeons at the same institution [18, 19].
These studies unmasked manageable failures and demon-
strated opportunities for improvement. This review will
specifically address several of these matters: understanding
of the sagittal plane, surgical planning, common
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complications such as proximal junctional failure, and the
often overlooked topics of coronal plane and balance.

Opportunity 1: sagittal plane understanding
The importance of the pelvis

The pelvis is a key factor in conceptualizing the ideal
spinal alignment in the sagittal plane. To realign the spine,
it is crucial to identify the magnitude of the sagittal
deformity, as well as the pelvic compensation that can
mislead the surgeon in the assessment of postural align-
ment. Spinal sagittal malalignment (SSD) represents not
only the deviation of lumbar lordosis from the ideal curve,
but also the discordance of the lumbar curve from its seat,
the pelvis.

Over the past few decades, numerous authors’ contri-
butions to the literature have alerted the scientific com-
munity to the importance of the pelvis in SSD [4, 20-22].
This research led to four important facts:

1. The pelvis is another caudal spinal vertebra.

2. The pelvic morphology can be assessed using the
pelvic incidence angle (PI, Fig. 1).

3. The pelvic retro version masks the true spinal align-
ment (Fig. 2), and should be measured using the pelvic
tilt angle (PT).

4. The mismatch between lumbar lordosis and pelvic
morphology angles allows for the quantification of
sagittal deformity (Fig. 3).

What to correct?

Full analysis of the pelvis is highly recommended. This is
accomplished by quantifying the pelvic morphological
parameters and the sagittal orientation of the sacral plate
(sacral slope, “SS”), which governs the lumbar curve.
From studies of asymptomatic subjects, we know that
individuals with a small pelvic incidence (PI) tend to have
a vertical sacrum and relatively small and short lumbar
lordosis. Conversely, individuals with large PI tend to have
a horizontal sacrum and a relatively large and long lumbar
lordosis [21, 23]. Schwab et al. simplified this complex
spino-pelvic relationship with the concept of “Pelvic
Incidence minus Lumbar Lordosis”. PI-LL is the differ-
ence between the PI angle and the lumbar lordosis (LL)
angle, and quantifies the mismatch between pelvic mor-
phology and the lumbar curve. The authors suggested that
the ideal PI-LL target should be <10° if satisfactory spino-
pelvic alignment is to be achieved [4].

As previously mentioned, the PI-LL relationship is
valuable when planning deformity surgical correction in
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Fig. 1 Pelvic incidence

Pl is not affected by
Pelvic Rotation
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the sagittal plane. It allows a surgeon to estimate the
required amount of LL to match PI, thus answering the
question of what and how much to correct. A more recent
study on surgical patients confirmed that use of the PI-LL
relationship to determine the amount of correction when
planning the operation is an excellent predictor of post-
operative standing alignment. Moreover, in this study,
adherence to a stricter threshold of lumbo-pelvic mismatch
(correction aimed for PI-LL < 0°) was an even stronger
predictor of good sagittal alignment [24]. Of note, the
authors found that patients with thoracic hyperkyphosis or
significant kyphosis in the thoracolumbar junction required
greater lordotic correction (PI-LL < —10°) [24].

Limitations

Studies on “PI-LL” demonstrated the validity and reli-
ability of this formula in a wide range of realignment
challenges [4, 25, 26]. However, this simple approach has
limitations when applied to individuals with extreme val-
ues of PI and/or severe thoracic kyphosis (TK). The same
team investigated these limitations in recent communica-
tions and proposed the following solutions [27]:

1. Low PI patients require LL in excess of PI
(LL = PI 4 10°), while large PI patients require LL
smaller than their PI (LL = PI — 10°).

2. High TK patients also require LL greater than the
theoretical LL to compensate for the thoracic
hyperkyphosis.

53° 77°

3. These two findings are summarized by the formula
LL = (PI 4+ TK)/2 + 10. This formula was developed
using multi-linear regression analysis and validated on
a separate group of subjects.

In summary, the correction should target the driver of
the deformity. Loss of lumbar lordosis is the driver of the
vast majority of sagittal deformities. Therefore, the PI-LL
parameter provides an easy, pragmatic, and established
solution. The site of deformity and correction is also a
crucial step in SSD operative planning. On average, 65 %
of the LL occurs in the extreme caudal lumbar segments
[28], and perhaps unsurprisingly, the degenerative changes
that lead to loss of LL also occur in the caudal lumbar spine
[29]. Of course, the individual history, circumstances, and
goals of each patient should be considered along with
quantitative targets in surgical decision-making. Thus, the
determination of where in the lumbar curve should the
correction take a place is multifactorial and depends upon
individual curve characteristics, existing fusion masses or
pseudarthrosis, and surgical team preference [30, 31].

Correction of LL to match the pelvic morphology
indirectly impacts the anterior truncal inclination, as
assessed by the sagittal vertical axis (SVA), and the pelvic
compensation, assessed by PT. Along with PI-LL, correc-
tion of these modifiers through surgery can greatly improve
the clinical outcomes measured by health-related quality of
life (HRQOL) scores. A 2013 study by Smith et al. [32]
compared patients who improved in the sagittal modifiers
(PT, SVA, or PI-LL) versus those whose sagittal modifiers
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Fig. 2 Impact of pelvic rotation
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deteriorated in. Patients who improved in spino-pelvic
modifiers after surgical correction were more likely to
reach a clinically noticeable difference in HRQOL [such as
oswestry disability index (ODI), general health question-
naire (SF-36), scoliosis research society (SRS) activity and
pain scores] than those whose modifiers deteriorated or
remained the same.

There is no clear consensus in the literature regarding
the ideal PT. Some authors are proponents of a fixed
threshold of 20°. Others, such as Vialle et al. [33]
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derived patient-specific pelvic tilt values from the pelvic
morphology, using the equation PT = 0.37 x PI — 7.
From multiple studies of asymptomatic individuals, we
have learned that PI values range from 30° to 90° [34—
36]. Using Vialle’s equation, the ideal PT values for PI
30° and PI 90° are 4.1° and 26°, respectively. Therefore,
even for the extreme values of PI, PT of 20° is a rea-
sonable simplified threshold, and more clinically feasible
than the alternative of memorizing and calculating
equations.
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Fig. 3 Pelvic incidence minus
lumbar lordosis (PI-LL)
mismatch
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Opportunity 2: surgical planning beyond sagittal
alignment

In addition to the surgical planning pertaining to sagittal
spino-pelvic alignment, numerous aspects of the surgery
need to be carefully planned.

Upper- and lower-instrumented vertebra (UIV, LIV)

The choice of the UIV is crucial and is based on several
principles to avoid mechanical complications due to bio-
mechanical overload or reciprocal changes of the unfused
segment after correction-stabilization surgery [37-41]:

Avoidance of the apex of kyphosis

The instrumentation must end at a sagittally neutral ver-
tebra in terms of alignment [42]. This rule is simple to
apply regarding the LIV. However, it should be acknowl-
edged that determination of a stable sagittal vertebra may

be difficult in cases of extreme deformity. In ASD patients
with positive sagittal alignment, commonly accepted levels
for the UIV are T2-3, T10, or L2 [43]. As a generally
accepted rule, fusion should not stop at the apex of a
regional or focal kyphosis to avoid proximal junctional
failure [38]. When compensatory hypokyphosis of the
thoracic spine is present, the surgeon should avoid an UIV
between TS5 and T9, as postoperatively, this region will
become the apex of the thoracic kyphosis.

Quality of adjacent discs

Assessment of the cephalad intervertebral mobile segment
is crucial in the choice of UIV. Signs of degenerative disc
disease and/or stenosis alert to a segment that would serve
as a poor site for instrumentation termination [41, 44].
Magnetic resonance imaging (MRI) is useful in the eval-
uation of stenosis as well as the quality and the hydration of
the disc and the zygapophyseal joints of the segments
adjacent to the planned fusion.
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Avoidance of the thoracolumbar transition zone

The thoracolumbar junction (TLJ) is a transition zone
between the relatively rigid “barrel” of the thoracic spine
and the more mobile lumbar region. Most authors prefer to
instrument across the TLJ, placing the UIV either below it
(frequently L2) or above it (frequently T10). However,
there is no definitive evidence to support this algorithm.
Stopping at T10 can be a viable option in the setting of
limited realignment procedures, especially when the tho-
racic spine compensates for imbalance with active exten-
sion [45].

Avoidance of the upper lumbar spine (L1, L2) as UIV

Ending the construct at the upper lumbar spine in severe
sagittal deformity provides poor clinical results and high
risk of proximal junctional kyphosis (PJK). Moreover, it
limits the amount of possible correction and has been
reported to be associated to a suboptimal rate of fusion [41,
46]. Kim et al. [46] observed that 73 % of patients with
lumbar UIVs had suboptimal sagittal alignment postoper-
atively, compared to only 29 % of patients with T9-T10
Ul Vs; this difference was attributed to greater kyphosis of
vertebral segments over the UIV when a lumbar site was
chosen.

Choice of lower-instrumented vertebra (LIV)

The choice of LIV is still debated in the literature. While
some surgeons preferred to fuse to L5 to avoid extensive
dissection and risk of pseudarthrosis [47], studies by
Edwards et al. [48] and Kuhns et al. [49] demonstrated a
high risk of adjacent segment disease (61 and 68 %,
respectively) if the construct stops at L5, versus a 25 %
revision rate associated with extension to S1. In 2004,
Bridwell [44] proposed criteria necessitating fusion to S1:
L5-S1 spondylolisthesis; previous L5-S1 laminectomy;
central or foraminal stenosis at L5-S1; oblique coronal
take-off of L5 (>15°), and severe degenerative changes
described by the radiographic scoring system for osteoar-
thritis of the lumbosacral spine intervertebral disc by
Weiner et al. [50] and modified by Edwards et al. [48]
(Table 1). In addition, the adjunction of sacro-iliac fixation
is supported by many authors to decrease the risk of distal
junctional kyphosis or pseudarthrosis [51-55].

Short versus long fusion
In 2014, Kim et al. [56] investigated the radiographic and
clinical outcome between patients who underwent short

fusions (UIV T9-L1) versus long fusions (UIV T1-T6). In
the perioperative period, patients who underwent long
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Table 1 radiographic scoring system for osteoarthritis of the lum-
bosacral spine intervertebral disc described by Weiner et al. [50] and
modified by Edwards et al. [48]

Score Characteristic

0 No degeneration, defined by normal disc height, no spur
formation, no eburnation, no listhesis, no gas

1 Mild degeneration, defined by <25 % disc space narrowing,
small spur formation, minimal eburnation, no listhesis and
no gas

2 Moderate degeneration, defined by 25-75 % disc space

narrowing, moderate spur formation, moderate eburnation,
listhesis >3 mm and no gas

3 Advanced degeneration, defined by >75 % disc space
narrowing, large spur formation, marked eburnation,
listhesis >5 mm, gas present

fusions sustained longer operating room time and length of
stay in the hospital. Nevertheless, the complication rates
(including PJK) as well as the radiographic and clinical
outcomes at the 2-year follow-up were similar between the
groups. Scheer et al. similarly investigated maintenance of
radiographic alignment at 2-year follow-up following
pedicle subtraction osteotomy (PSO). The authors found
that long fusion to T1-T6 was protective against PJK, and
associated with lower revision rates as well as increased
likelihood of maintaining sagittal alignment [57]. How-
ever, the difficulty of treating severe PJK in the cervico-
thoracic junction may still cause some surgeons to choose a
lower thoracic vertebra for the UIV. Moreover, in uncertain
cases (for example, if a large correction is indicated but
active extension of the thoracic spine is to be preserved), an
ULV in the lower thoracic spine may be preferred.

Osteotomy level

Spinal osteotomies are effective techniques that allow for
significant correction of alignment in patients with severe
sagittal plane deterioration. The optimum level for the
osteotomy continues to be debated in the literature. Tra-
ditionally, it was thought that if the osteotomy was per-
formed at a caudal spinal level, a smaller angle of resection
was needed [31, 58-62]. More recently, Lafage et al. [63]
found no relationship between the vertebral level of the
osteotomy and the correction in SVA; they concluded that
a more caudal osteotomy correlated only with greater
correction of PT. Though no studies have demonstrated a
difference in outcomes between higher and lower levels of
osteotomy, caudal osteotomies may be superior in the
ability to restore a more physiological shape of the spine.
This distributes most of the LL between L4 and S1, and it
could have consequences for both esthetics and distribution
of body weight.
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In line with the Lafage’s findings, a recent work by the
same team investigated the distribution of three-column
osteotomy (3CO) correction between the trunk and the
pelvis [64]. The authors identified two factors influencing
the effects of 3CO on the spino-pelvic complex:

1. Patients who undergo 3CO and achieve significantly
greater improvement in truncal inclination are more
likely to have larger preoperative SVA and less
preoperative  pelvic  compensation.  Conversely,
patients with greater preoperative pelvic retroversion
are more likely to have improvement in PT after 3CO.

2. Level of lumbar osteotomy: more cephalad osteotomy
correlates with greater correction in SVA than PT,
while more caudal osteotomy correlates with signifi-
cantly larger PT correction.

This study demonstrated that to determine the amount of
correction obtained from a certain osteotomy level, the
patient’s specific deformity must be taken into account.
The authors concluded that patients with proportionally
high pelvic compensation in relation to truncal inclination
may sustain pelvic correction if they undergo caudal os-
teotomies [64].

Proximal junctional kyphosis (PJK)

Proximal junctional kyphosis is a known complication of
deformity surgeries, with reported rates approaching 61 %
[65-69]. PJK is a radiographic complication believed to
have little or no impact on patient-reported outcomes. The
primary exception is esthetic; PJK >20° has been linked to
poor scores in the appearance domain of the SRS HRQOL
[65-68]. In 2011, a classification of PJK has been proposed
by Yagi et al. [67]. The classification aimed to guide
treatment decisions, and helps to distinguish less relevant
forms of PJK from severe ones. The literature reports a
broad spectrum of risk factors for PJK, including short
fusion, reciprocal changes in the unfused segments, age,
fatty degeneration of the muscle envelope, bone health, and
the amount of sagittal correction [66, 70-73]. While
numerous preventive measures have been reported in the
literature [74, 75], the efficacy of these solutions is still
questionable and long follow-up is required to prove their
reliability.

Coronal plane

As previously mentioned, the clinical status and HRQOL
measures are highly affected by the deterioration of the
sagittal plane. Conversely, studies on the relationship
between the coronal plane and quality of life revealed that
coronal malalignment may be better tolerated than sagittal
malalignment in an adult population [76, 77]. Nevertheless,

deformity in the coronal plane should not be neglected.
Gupta et al. addressed the coronal plane status following
sagittal deformity procedures [78]. The authors revealed
that 10 % of patients who underwent sagittal realignment
procedures were iatrogenically malaligned in the coronal
plane. Moal et al. [79] further investigated the ability of
sagittal realignment to radiographically restore spino-pel-
vic alignment in both planes and concluded that the number
of patients that was corrected in the coronal plane was
similar to the number of patients that deteriorated in their
global coronal alignment.

Thus, it is of high importance to surgeons to address the
deformity in both sagittal and coronal planes and to dif-
ferentiate between the patients experiencing exclusively
sagittal malalignment and the patients experiencing mala-
lignment in both planes. The SRS-Schwab classification
provides an opportunity to do so by classifying patients
using the coronal and sagittal modifiers. As a result, this
will facilitate communication among treatment providers
and provides a standardized language and system to
describe their awareness of multiplanar deformities [26].
The direction of coronal imbalance can alter the choice of
level of the osteotomy in the lumbar spine: when the
coronal imbalance presents towards the concave side of the
lumbar scoliosis, an asymmetrical PSO at the base of the
lumbar scoliosis is more effective in the restoration of
sagittal and coronal balance. In the case of a coronal
imbalance towards the convex side, an osteotomy per-
formed at or near the apex of the lumbar curve is more
efficacious to correct both deformities.

Selection of the LIV at L5 can result in new coronal
imbalance when a rigid coronal tilt of L5 is present pre-
operatively [80]. Also, the presence of a more rigid seg-
ment in a lumbar coronal deformity can result in different
degree of correction of two parts of the scoliotic deformity
with consequent postoperative coronal imbalance.

Parkinson’s disease

Parkinson disease (PD) is a degenerative neurological
condition characterized by tremor, rigidity, bradykinesia,
loss of postural reflexes, and alteration of standing balance.
[81]. PD patients present with a broad spectrum of align-
ment abnormalities, such as altered posture and/or defor-
mity. In some patients, PD manifests with an abnormal
muscle recruitment pattern in which flexion of the spine,
hips, and knees predominates. Camptocormia is the term
used to describe this severe alteration in an otherwise
flexible spine, and is classically characterized by a forward
flexion deformity that spontaneously corrects when the
patient is supine. PD patients may also present with a
variety of deformities that likely reflect different modalities
of dystonia [82]. One of these deformities, antecollis, is a
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Fig. 4 Three-Dimensional
representation of the spine in a
patient with adult spinal
deformity

forward flexion posture of the neck. Pisa syndrome is
another such deformity, and is typified by coronal deviation
of the spine that can be combined with forward flexion. All
of these deformities are reversible in supine position.

The treatment of PD postural deformities may overlap
with the same medical therapies used for generalized PD
symptoms. In some cases, however, antecollis and Pisa
syndrome are actually side effects of PD drugs and would
thus necessitate treatment with anticholinergic drugs or
related modalities. Though the postural changes of PD are
in nature reversible and flexible, over time they can lead to
rigid deformity. In those cases, the recommended treatment
combines drug therapy and, eventually, corrective surgery.

Finally, some PD patients present with genuine defor-
mity of the spine, whether rigid or flexible. These cases
may even resemble cases of non-PD collapsing spine, in
which the degenerated discs cannot maintain their shape
under load and subsequently collapse, resulting in positive
sagittal alignment when the patient is standing. In these
cases, surgery can be proposed as the main solution. But
unlike the typical ASD patient, the PD patient will have a
greater tendency of the patient to bend forward as a result
of the abnormal neuromuscular activation pattern, and this
should be taken into account in surgical correction. Some
surgeons, for example, may elect to extend the fusion area
to the upper thoracic spine in PD patients with deformity
[83].

Previous reports have suggested that the outcomes of
spinal surgery in patients with PD may be poorer than in
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patients without this disease, especially for cases in which
instrumented arthrodesis is necessary [84]. Generally, PD
patients with primarily structural deformities and low-
grade PD tend to respond more predictably to surgery.
More severe forms of PD in which malalignment is pre-
dominantly postural are less predictable and carry a higher
risk of failure.

Kuen et al. evaluated the incidence of sagittal mala-
lignment in a consecutive series of PD patients. Forty-
two percent of PD patients had positive sagittal mala-
lignment significantly exceeding the commonly used
threshold of SVA >50 mm. Moreover, 51 % of PD
patients had spino-pelvic mismatch (PI-LL) >10°, and it
was noted that the severity of PD affected the ability to
compensate using pelvic retroversion. The authors’ find-
ings suggested that sagittal malalignment in PD is mul-
tifactorial; accordingly, thresholds of the sagittal
modifiers should be carefully implemented if PD patients
are to be realigned [85].

While sagittal alignment reflects how the anatomic
shape of the spine permits an economical standing position,
sagittal balance is a dynamic parameter and corresponds to
the ability of the subject to maintain the stability of the
standing position. PD patients have characteristically poor
stability, often presenting with greater oscillations in the
standing position and a significantly greater likelihood to
fall [86]. Long fusions of the spine eliminate some of the
mechanisms used to recover the position of the center of
mass above the feet, thus reducing the width of the cone of
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stability of patients. Long fusion in a patient who has
intrinsic loss of stability due to PD can result in correct
alignment but poor balance and instability, leading to cat-
astrophic, repeated falls. This should be taken into account
when treating severe PD patients with sagittal imbalance.

Opportunity 3: what is missing?
Intraoperative control of correction

The literature argues that sagittal alignment measured
radiographically is an independent predictor of outcomes.
If this is true, every effort should be made to plan surgical
procedures with the intention to restore alignment in line
with the values that correlate with better clinical outcomes.
Geometric and non-geometric methods to calculate the
necessary correction have been published and, in some
cases, validated. In the hypothetical case of a patient for
which a narrow range of possible postoperative alignments
provides the best surgical outcomes, preoperative planning
should establish an appropriate target of correction and
intraoperative control should assure that the target is met at
the end of surgery.

Unlike adolescent idiopathic scoliosis, in which the
motion segments not included in the fusion are able to
compensate, ASD tends to be corrected from the pelvis to
the upper spine, leaving little chance for spontaneous
realignment. No specific tools currently exist to assess for
intraoperative coronal alignment. One possible strategy is
obtaining a full-spine radiograph intraoperatively before
closure of the wound. When this is not available, an
inverted cross made with two rods connected at 90° can be
used to check the coronal alignment. In this configuration,
the short rod is positioned on the pelvis, and is confirmed
with the C-arm to be parallel to the sacral alae. Meanwhile,
the long rod is positioned at 90°, extending from the spi-
nous process of S1 to the upper thoracic spine, and the
C-arm is used again to verify that it matches with the
spinous process of T1.

Sagittal alignment may also be assessed with a similar
method. Two parallel shots at S1 and L1 are taken with
the C-arm, subsequently followed by images at T2-T3.
This allows the surgeon to measure the final lordosis and
kyphosis. Furthermore, using the predictive rules descri-
bed by Lafage [87] the surgeon can estimate the final
alignment when the patient stands. If the intraoperative
calculations suggest inadequate alignment, additional
maneuvers can be performed until correct intraoperative
alignment is obtained. Navigation tools may play a role in
the future to facilitate the intraoperative calculation and to
obtain better matching between the surgical plan and the
final result.

Third dimension

The human being is built in three dimensions. The one- or
two-dimension solutions of the past are inadequate to
analyze of spinal deformities. In 1994, Jean Dubousset
raised awareness against the unidimensional thinking [20]
and now advocates for a 3D evaluation including the hor-
izontal plane [88] (Fig. 4). While results from 3D analysis
in AIS revealed “true” sagittal deformity, little is known
on the clinical impact of 3D analysis in the setting of adult
spinal deformity [89]. Currently, there is little knowledge
on the interpretation and utilization of torsional deformity
of the spine in adult deformity.

Alignment, balance or both?

Efforts to realign the sagittal deformity often overlook the
“aging failure of balance” [90]. Alignment and balance are
not similar, nor are they opposite; they are, in fact, com-
plementary components of upright posture in humans.
Sagittal alignment is a morphological parameter that relates
to the relative location of anatomical structures at a given
time point. Balance is a dynamic property that depends on
numerous factors, including the vestibular, ocular, proprio-
ceptive, and cerebral systems. Bony structures can be sur-
gically realigned, but this may not be sufficient to restore an
aged balance. “Balance is the stability within movement”
[90], and alignment is just a component of it. As has been
discussed in the section dedicated to PD, a better alignment
with a rigid spine could paradoxically result in worsened
balance and stability. Future research should aim to quantify
balance and suggest approaches to improve the accommo-
dation of the neurosensorial system to the new sagittal
alignment following surgical intervention.

Muscle envelope

Upright aligned posture is a mission of many components
of the musculoskeletal system. The soft tissue envelope is
often overlooked in the assessment of patients with spinal
deformity. Using MRI, Moal et al. investigated the fatty
infiltration in the sets of muscle from the T12 vertebra to
the proximal tibia in ASD patients [91]. The authors
demonstrated that the lumbar spine extensors had the
greatest percentage (32 %) of fat component. Further
findings from Moal’s study suggested that the significantly
greater degeneration of these muscles is likely not solely
attributable to age and BMI [91].

Full body assessment

Full body images allow for lower limb assessment and a
comprehensive understanding of the chains of action and
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Fig. 5 Full body sagittal X-ray and potential measurements

counteraction between the components above and below
the pelvis. Evaluations of the sagittal plane from head to
toe could unmask compensatory mechanisms distant from
the spinal deformity driver and help surgical planning
(Fig. 5).
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Conclusion

While the literature is rich with research on ASD, we
identified several opportunities that merited additional
consideration and discussion. First, we identified the spinal
curvatures and spino-pelvic parameters that are keys to
proper alignment, and noted that the correction of these
parameters leads to significantly better results in adult
deformity surgery. Similarly, the understanding of these
sagittal values allows for comprehensive surgical planning
that again improves operative outcomes. Several contro-
versies in surgical planning were addressed, with accom-
panying literature that discusses the ways in which the
modalities of surgical execution may prevent radiologic and
clinical failures. In addition, the anatomical and biome-
chanical deformities of PD were discussed as a framework
to understand structural and neuromuscular contributions to
spinal deformity. Finally, we proposed several suggestions
for developing further understanding in the field of sagittal
alignment, drawing on the work of our colleagues to explore
areas such as the intersection between coronal and sagittal
balance, 3D analysis of deformity, and the role of sur-
rounding soft tissues and compensatory mechanisms.
The key points can be summarized as follows:

1.  We have greater understanding of the spinal shape and
alignment that leads to better results in surgery for
ASD.

2. Surgical planning is key to achieving optimum post-
operative alignment and improved outcomes.

3. The modalities of surgical execution have a role in the
prevention of failures.

4. Neurological conditions such as PD pose unique
challenges to the spine surgeon in ASD.

5. Future work in sagittal alignment involves 3D consid-
erations, soft tissue analysis, and better understanding
of compensatory mechanisms.
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