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Abstract The surgical treatment of adult spinal defor-
mity has been shown to offer superior clinical and radio-
graphic outcomes compared with nonoperative approaches;
furthermore, osteotomies are increasingly applied for
treating spinal deformities. Establishing a plan for a patient
suffering from marked spinal deformity is a matter of
consideration of certain radiographic parameters which
correlate with health-related quality of life scores, adher-
ence to consistent principles of alignment and established
formulas, and selecting the appropriate osteotomies. This is
a review of the most recent work on vertebral osteotomies
and includes a summary of a systematic and anatomically
based osteotomy classification. A universal classification
will facilitate communication, standardize outcomes
research, and establish a framework upon which indica-
tions can be properly studied and described. Ongoing
multicenter collaboration is certain to drive a more evi-
dence-based approach to the complex clinical scenarios of
patients suffering from spinal deformity.

Keywords Spinal osteotomy - Anatomical classification -
Adult spinal deformity - Surgical planning

Indications for osteotomies

Many spinal pathologies warrant surgical intervention,
especially complex three-dimensional deformities which
can be disabling and require complex realignment through
the use of spinal osteotomies. In this era of scientific
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advancement and increased attention to the nuances of
disease manifestation in each individual, patient-specific
planning and surgical intervention can profoundly drive
improvements in quality of life.

Trending toward more deformity and more surgery

After infancy and adolescence, the prevalence of scoliosis
peaks again after age 50 and is known as adult spinal
deformity (ASD); this third peak was previously reported at
varying from 1.4 to 32 % [1-4] in asymptomatic patients.
In 1978, 20 % of all scoliosis operations performed by
members of Scoliosis Research Society were in adults [5].
Twenty-seven years after the latter report, ASD was noted
to be present in 68 % of asymptomatic volunteer popula-
tion older than 60 years [6]. ASD encompasses sagittal and
coronal spinal deformities secondary to either progressive
adolescent idiopathic scoliosis (AIS) or de novo from
degenerative lumbar disease, both of which are on the rise
particularly due to the increasing prevalence noted with
aging (Fig. 1).

It is important to note that the elderly population is
expected to expand significantly due to demographic shifts.
In the year 2003, the population at age 60 could expect to
live about 22.2 more years [7]. The highest life expectancy
was observed for white females (80.5 years) [7], possibly
contributing to a higher prevalence of scoliosis, since
women have been reported to have about twice the prev-
alence of scoliosis as men [8].

Regarding treatment and expectations for scoliosis,
surgery is frequently a last resort for patients with spinal
disease and patients often have high expectations of their
surgical outcomes [9]. Many look at surgery as the cure to
all their pain and disability; however, these expectations
can become unrealistic and surgery should be viewed as a
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Fig. 1 Rise in AIS and DLD.
*Data are weighted national
estimates from Healthcare Cost
and Utilization Project (HCUP)
Nationwide Inpatient Sample
(NIS), based on HCUP

NIS = 39,434,956

Number of Nationwide* Discharges for
DLDD and ASD from 1997-2010 84.658
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temporizing measure of a chronic disease, not a cure.
Saban et al. [10], in a study related to patient expectations
after lumbar spine surgery, reported that half of the patients
expected to become completely free of leg pain and more
than three-fourth of the patients expected to gain complete
recovery in their walking ability.

Patient expectations continue to rise at unprecedented
levels due to significant developments in the medical arena;
however, surgical outcomes have been incongruent with
such expectations. Patients are expecting not only to live
longer, but to maintain a productive and increased quality of
life on par with young individuals, broadening the gap
between expectations and surgical outcomes and generating
potential disappointment. Enriching our knowledge to
improve and maintain clinical outcomes after spinal sur-
geries will aid in narrowing this gap.

The surgical treatment of ASD has been shown to offer
superior clinical and radiographic outcomes compared
with nonoperative approaches [11, 12]; furthermore, os-
teotomies are increasingly applied for treating spinal
deformities. National trends support these assertions.
Statistics from the Agency for Healthcare Research and
Quality (AHRQ) show a significant increase in the num-
ber of patients discharged with osteotomies, fusions, and
ASD procedures within the last 15 years in the USA
(Fig. 2).

With increased use of osteotomies as a treatment
modality, there is also a concomitant rise in comfort and
training in applying osteotomies. However, this rise in
comfort and utilization coexists with high complication
rates, failures, and revisions. Rates in the published liter-
ature for revision surgery after osteotomy procedures can
be up 25.8 % [13]. Ironically, despite the increase in ASD
and the demand for quality of life, surgery often leads to
repeated needs for intervention.
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Fig. 2 Rise in Hospital Discharges for Osteotomies and Fusions.
*Data are weighted national estimates from Healthcare Cost and
Utilization Project (HCUP) Nationwide Inpatient Sample (NIS),
based on HCUP NIS = 39,434,956

Radiographic evidence for surgery

Certain radiographic parameters, especially ones describ-
ing sagittal alignment, are correlated with poor health-
related quality of life scores (HRQOLs). Sagittal mala-
lignment such as loss of lumbar lordosis (LL) and
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thoracolumbar kyphosis is significantly associated with
greater pain scores [14-16].

Moreover, radiographic pelvic parameters such as pelvic
retroversion (measured by the pelvic tilt, PT), spinopelvic
mismatch (measured by pelvic incidence minus lumbar
lordosis, PI-LL), and global sagittal alignment (measured
by sagittal vertical axis, SVA, or T1 pelvic angle, T1PA)
reflect significant changes in patient-reported outcomes
[17-20]. Recently, Schwab et al. [21] used the radiographic
parameters as modifiers to provide a validated system to
classify ASD. In addition, a significant coronal radio-
graphic parameter that also is associated with pain scores is
the obliquity of lumbar vertebrae; contrary to common
thought, Cobb angle actually has less bearing on HRQOLs
and pain [16].

Spinopelvic harmony, as quantified objectively utilizing
radiographic parameters, is indicative of proper spinal
alignment. Given that severity of symptoms increases in a
linear fashion with progressive sagittal malalignment, even
a mildly positive sagittal vertical axis offset (SVA) is
somewhat detrimental [22].

While mild spinopelvic malalignment can be corrected
with numerous kinds of spinal procedures, some adult
patients present with severe, rigid curves, where the use of
vertebral osteotomies may be necessary to achieve signif-
icant restoration of the sagittal and coronal alignment.
Adequate correction of the deformity can produce consid-
erable improvements in the patient’s quality of life [23].

Although managing a symptomatic ASD patient typi-
cally involves an initial attempt at nonoperative approach
[24], there are proposed indications for surgical interven-
tion. Indications for 3 column (3CO) osteotomies have
been described as pseudoarthrosis, sharp angular kyphosis,
severe global positive sagittal malalignment, concomitant
coronal deformity, or previous multilevel circumferential
fusions [23, 25, 26]. However, despite aggressive attempts
at surgical realignment, it is important to cite findings that
up to 29 % of patients do not experience a clinically
noticeable improvement following surgery [27, 28].

Considerations for spinal osteotomies

In addition to evaluating direct indications for osteoto-
mies based on radiographic alignment, assessing the eti-
ology of the deformity may factor into the decision of
surgical strategy. De novo spinal deformities involve the
sagittal plane to a more significant degree than the
coronal plane. Therefore, realigning the sagittal plane is
paramount, especially because of the sagittal plane
impact on quality of life. Other minimally invasive or
hybrid techniques may offer correction of the sagittal
plane; however, there is a limitation to the amount of
correction achievable and these techniques may not

always be appropriate in rigid deformities [29]. In
patients presenting with hypolordosis and pelvic retro-
version, shortening the posterior column by either Smith-
Peterson or pedicle subtraction osteotomies, allows for
correction in the sagittal plane so that the patient can
assume a more physiological alignment [30].

In AIS patients, deformities often afflict the coronal
plane. Even though HRQOLS are not highly correlated with
coronal radiographic parameters, osteotomies are still
indicated in curves that may progress (Cobb angle >30° in
patients that are still growing or >45° in patients that have
completed their growth) or cause the patient significant
cosmetic distress [31]. Maximum permanent correction of
the deformity in three dimensions is often achieved by
three-column thoracic osteotomy (TCTO) [32].

Along with the myriad of indications for osteotomies,
there are also a variety of osteotomies. Further research and
knowledge in matching appropriate indications to specific
osteotomies necessitates an organizational framework, a
classification scheme.

Anatomical classification of osteotomies
Background

The spectrum of surgical realignment techniques ranges
from partial facetectomies to major resections such as
corpectomies. Smith-Petersen, in 1945, described a supe-
rior facet osteotomy to intervene in the fused facets of
rheumatoid arthritis [33, 34]. Decades later in 1984, Ponte
took the Smith-Petersen osteotomy (SPO) one step further,
resecting both superior and inferior facets, as well as the
posterior ligaments to correct the rounding kyphosis that
may characterize patients with Scheuermann’s disease
[35]. Though there is overlap, Ponte and SPO are often, and
mistakenly used interchangeably in the spine literature
creating confusion and further hampering the clarity of
presented research.

In 1984, Heinig published his approach on a resection of
the vertebral body which he called the “eggshell proce-
dure,” more commonly known today as a transpedicular
decancellation [36]. Variations have lead to the techniques
of closing wedge osteotomy or pedicle subtraction osteot-
omy (PSO); a procedure he concluded that was reserved for
treating more complex reconstructive problems like sharp
angled deformities, traumatic deformity, tumors, and
infection [37-39].

These techniques are just a sample of the myriad of
osteotomies utilized in spinal surgical practice. Until
recently, there was no official classification categorizing
these various types of osteotomies and group eponyms into
a universal language.
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Fig. 3 Osteotomy
classification: grades /-6
according to the anatomical
resection
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Classifying vertebral osteotomies

A systematic and anatomically based approach toward
spinal osteotomies that is reliable and simple to learn is
needed to facilitate communication, standardize outcomes
research, and establish a framework upon which indica-
tions can be properly studied and described. As noted in
prior research [40], an osteotomy classification system,
such as the Denis classification system [41], should be
anatomically based. Schwab et al. [42] proposed an ana-
tomical classification that offers 6 grades of resection that
reflect increasing degrees of destabilization and thus
potential angular correction ability (Fig. 3). Furthermore,
to address the surgical approach, modifiers were added: P
for posterior approach and A/P for combined anterior and
posterior approach (Table 1).

Grade 1: Partial facet resection

A grade 1 osteotomy achieves the most modest deformity
correction and encompasses techniques that resect the
inferior facet and joint capsule like the Chevron osteot-
omy, extension osteotomy, and SPO. This is essentially a
partial facetectomy without complete removal of the
superior articular process and Smith-Petersen osteotomies
fall into this category. About 5°-10° of correction can be
gained at each level of the grade 1 osteotomy, which is
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approached from the posterior only (modifier P). If this
osteotomy 1is utilized, the patient must have a nonfused
anterior column due to the anterior lengthening that
occurs.

Grade 2: Complete facet resection

Like the grade 1 osteotomy, the grade 2 osteotomy requires
anterior column mobility and involves resection of the
inferior facet. However, a grade 2 osteotomy extends the
resection to include both the inferior facet and superior
facet, along with their articulating processes, the liga-
mentum flavum, and potentially other posterior elements to
include the lamina or spinous process. Osteotomies like the
Ponte procedure are only approached from the posterior,
but other grade 2 osteotomies like the one described by
Burgos et al. [43] for pediatric thoracolumbar scoliosis
involving an anterior soft tissue release with a posterior
resection, would have a combined A/P modifier. Again, it
is important to distinguish between the inferior facet
resection of a grade 1 osteotomy and the inferior and
superior facet resection and removal of the respective
articulating processes of a grade 2 osteotomy; while both
SPO and Ponte osteotomies involved facet resection, they
differ in amount of bone removed and degrees of angula-
tion achievable, and thus should be distinguished (Grade 1
vs. Grade 2).



Eur J Orthop Surg Traumatol (2014) 24 (Suppl 1):S11-S20

S15

Table 1 Spinal osteotomy classification

Surgical approach modifiers

P (posterior approach only)

P (posterior approach only) A/P
(anterior soft tissue release combined
with posterior resection)

P (posterior approach only) A/P (both)

P (posterior approach only) A/P (both)

P (posterior approach only) A/P (both)

P (posterior approach only) A/P (both)

Anatomical Description
resection
Grade  Partial facet Resection of the inferior facet and joint capsule at a given spinal level
1 joint
Grade Complete Both superior and inferior facets at a given spinal segment are resected
2 facet joint with complete ligamentum flavum removal; other posterior elements of
the vertebra including the lamina, and the spinous processes may also be
resected
Grade Pedicle/partial  Partial wedge resection of a segment of the posterior vertebral body and a
3 body portion of the posterior vertebral elements with pedicles
Grade Pedicle/partial Wider wedge resection through the vertebral body includes a substantial
4 body/disk portion of the posterior vertebral body, posterior elements with pedicles
and includes resection of at least a portion of 1 endplate with the adjacent
intervertebral disk
Grade Complete Complete removal of a vertebra and both adjacent disks (rib resection in
5 vertebra and the thoracic region)
disks
Grade  Multiple Resection of more than one entire vertebra and adjacent disks. Grade 5
6 vertebrae resection and additional adjacent vertebral resection
and disks

Grade 3: Partial body and pedicle resection

The grade 3 osteotomy extends the resection into the ver-
tebral body, specifically a wedge resection with the pos-
terior elements, while leaving the disks and a portion of
cortex above and below the resection intact. Depending on
the technique, grade 3 osteotomies can be approached
posteriorly (P) or combined (A/P). There exist many pub-
lished procedures that fall into this grade including the
PSO, circumferential wedge bone resection, multilevel
vertebral osteotomy by Suh et al. [44, 45] closing opening
wedge osteotomy, and Pascal-Moussellard’s osteotomy are
all grade 3 resections.

Grade 4: Partial body, pedicle, and disk resection

Disk removal characterizes a grade 4 osteotomy. This
osteotomy resects slightly more than the grade 3 to
include not only just the posterior vertebral body and
posterior elements, but also an end plate and at least one
adjacent disk; a grade 4 resection in the thoracic region
would involve a concomitant rib resection. The approach
modifier for grade 4 is also P or A/P. Examples in the
published literature include a modified eggshell proce-
dure [36], and a technique described by Scudese and
Calabro which combines a modified SPO with removal
of the superior disk and superior body to lessen
stretching which could cause aortic or inferior vena cava
obstruction [46].

Grade 5: Complete body and disks resection

Grade 5 osteotomy involves total removal of a vertebral
body, posterior elements, pedicles, as well as the adjacent
disks; in the thoracic region, a grade 5 osteotomy is
accompanied with a rib resection. The approach is usually
a posterior (P), but can actually be performed in a com-
bined method as well (A/P). This osteotomy is also com-
monly known as a vertebral column resection (VCR) [30].
Another grade 5 osteotomy described by Brodner et al.
utilizes an anterior approach and can also be labeled grade
S5A/P [47].

Grade 6: Multiple vertebral and disks resection

A grade 6 osteotomy expands upon the resection of a grade
5 osteotomy to include several adjacent vertebrae, thus
achieving the most coronal and sagittal plane correction of
all the osteotomies; at the very least, this includes one
complete vertebral body and a partial second vertebrae.
Congenital malformations can lead to partially developed
vertebrae that may warrant a grade 6 osteotomy. In addi-
tion, tumors and infectious processes can lead to destruc-
tion of multiple adjacent vertebrae, also necessitating
surgical treatment with a grade 6 osteotomy. Like the other
higher grade osteotomies, the approach modifier can be
either P or combined A/P.

The reproducibility and reliability of this classification
scheme have also been evaluated and found to be user-
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friendly and consistent. Specifically, the intra-rater reli-
ability for the resection grade and modifier has been tested
to find an average Fleiss kappa coefficient of 0.96 and 0.90,
respectively, and an interrater reliability of 0.96 and 0.88
[40]. This anatomically based, graded scale classification
system which also addresses the nuances of approach,
attempts to include the majority of spinal osteotomy
techniques, yet it is still simple enough to permit com-
parative analysis for future research in spinal deformity
treatment.

Surgical planning
Why plan?

As mentioned above, there still remains a noteworthy
percentage of patients who do not report a clinically sig-
nificant change in health care-related quality of life after
surgery. In addition, there is still a portion of patients who
have poor sagittal realignment and radiographic outcomes,
which are also tied to the patient-measured quality of life
outcomes. Recently, Moal et al. [48] analyzed the radio-
graphic parameters for 161 ASD patients at baseline and
1 year postoperatively. Only 23 % of the patients sustained
a complete radiographic correction in coronal or sagittal
plane at 1-year follow-up, while the rest of the patients had
a deformity in the sagittal, coronal, and both planes (35, 14,
and 27 %, respectively) [48]. Prior studies have also
reported failed realignment rates of 23 % after PSO and
22 % after TCTO [49, 50]. This data suggest that threshold
radiographic deformity can still be present after osteotomy,
with sagittal deformities being the most persistent.

Optimal sagittal realignment centers the patient’s head
over his or her pelvis, restores level gaze, and recreates an
ergonomic standing posture, resulting in improved function
and reduced pain. Radiographic parameters specific to
evaluating sagittal realignment include SVA, PT, and PI-
LL [17, 51, 52]. The thresholds of deformity are defined by
a SVA <50 mm, PT <20°, and PI-LL <10° [21].

Jackson and Hales set a goal for realigning mission
which is SVA <50 mm [53]. Reaching this goal may
require a different amount of correction for each patient
and thus a patient-specific approach, with larger spinopel-
vic deformities receiving larger osteotomies, or additional
corrective procedures beyond osteotomies to avoid under-
correction [49].

Realignment also involves accounting for PT and esti-
mating subsequent changes in the unfused spine. There
have been many mathematical models and formulas that
attempt to account for PT and compensatory changes in
order to predict postoperative sagittal alignment. Smith
et al. [54, 55] evaluated 5 predictive models for predicting
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postoperative SVA after PSO and demonstrated that the
Lafage formulas, developed from a multivariate linear
regression of 219 adult patients treated for spinal defor-
mity, showed the greatest accuracy in predicting postop-
erative SVA when PT and spinal compensatory changes are
accounted for. Such formulas are essential in spinal
reconstruction and must be considered during preoperative
planning for PSO procedures.

Although osteotomies are associated with high compli-
cations and revision surgery rates, human error plays a
significant role in this deterioration. In a multisite study,
Maier et al. [56] reported that variations in surgical tech-
nique, composition of surgical team, and treatment center
were parameters to predict rates of revision surgery; among
the eight sites in the study, revision surgery rates varied
between 6.3 and 31.9 %. Additionally, a combined (ante-
rior and posterior) surgical approach was reported as the
strongest predictor of revision surgery in retrospective
study by Hart et al. [57].

Intriguingly, a 2-surgeon approach has been shown to
improve outcomes and decrease complications [58, 59].
Previously, Blam et al. [58] found an increased odds ratio
of postoperative infection for orthopaedic or neurosurgeons
operating alone compared with a combined team. More
recently, Ames et al. [59] demonstrated that over 0.5 1 of
blood and 2.5 h of operative time could be saved by using
2 experienced deformity surgeons. Several leading spine
centers have started to adopt the team approach in spine
surgery over the last few years, including 2 or more trained
surgeons on complex deformity procedures [59].

In addition to a multisurgeon team, usage of Tranexamic
acid (TXA) in the setting of spinal deformity surgery can
markedly reduce estimated blood loss [60]. Blood loss
remains one of the most common intraoperative compli-
cations, while not yet directly associated with realignment
failure, every effort should be made to reduce intraopera-
tive and postoperative complications. Also, minimally
invasive surgery continues to be an area where studies are
demonstrating benefit to patients, perhaps by minimizing
blood loss as well. Ongoing education on these approaches
is critical to optimize learner skills and patient care [61].

The next step in improving osteotomy outcomes is a root
cause analysis to identify factors that are associated with
successful and unsuccessful surgical outcomes. A recent
study by Moal et al. [62] on 40 consecutive deformity
patients suggests that undercorrection of LL occurs in
patients that had no major change from the preoperative
plan and those that had a major intraoperative deviation
from the preoperative plan. These results illustrate the
complexity of intraoperative decision making. Further
work in this root cause analysis needs to be pursued, again
demonstrating the need for a comprehensive, but simple
osteotomy classification scheme.



Eur J Orthop Surg Traumatol (2014) 24 (Suppl 1):S11-S20

S17

How to plan surgical realignment of the spine

Establishing a plan for a patient suffering from marked
spinal deformity is a matter of systematic analysis, adher-
ence to consistent principles of alignment goals, and use of
established formulas.

Drivers of deformity

Loss of LL is one of the common drivers for malalignment
in ASD. This loss could be due to degenerative changes
with age, iatrogenic causes, or progression of an idiopathic
deformity. LL, as a sagittal plane parameter, is usually low
or even negative in patients with ASD [63]. Restoring LL
to normal values is a common method to re-establish the
spinal alignment [64].

Normal LL has been studied and exists as a seemingly
broad range of normative values, anywhere 30—80 [65], but
this is a clinically insufficient guideline for surgical plan-
ning. However, when LL is linked to PI, this potentially
broad range of normative LL, narrows. Schwab et al. [52]
proposed a relationship between PI and LL, such that
correcting the LL to match the PI was more patient specific
than targeting a definite normative LL. This study defined a
threshold value of PI-LL >10 for severe disability in ASD
[66]. However, this applies only when the sagittal plane
deformity is isolated to the lumbar spine and does not
account for abnormal thoracic or thoracolumbar alignment
[67].

In addition to the drivers of deformity in the sagittal
plane, there exist additional factors in the coronal plane
that surgeons must also consider in planning. Many studies
have revealed that lumbar vertebrae obliquity, apical level
of scoliotic deformity, and intervertebral subluxation are
correlated with clinical outcome scores [16, 22, 68, 69].
A C7 coronal plumbline offset of 4-5 cm and rotatory
subluxation <7 mm is generally well tolerated [68].

Compensatory mechanisms

Compensatory mechanisms are the patient’s progressive
response to their spinal deformity starting in the flexible
parts of the spine moving distally to the hip and lower
extremities [70].

When the center of both acoustic meatus (CAM) over-
hangs the vertical projection of the axis between the fem-
oral heads by 2 cm, the whole spine is globally malaligned
[71] and the patient starts recruiting mechanisms to com-
pensate. Patients use these maneuvers to counter the for-
ward or backward translation of center of mass (COM)
[72]. Initially, patients utilize muscular tone to manipulate
the spinal regions adjacent to the deformity, for instance,
straightening the thoracic spine in a case of lumbar

degenerative kyphosis [73]. This requires a muscular
ability to maintain posture. With ASD patients, muscular
compensation can only go so far as fatigue and lower back
pain set in; as the pathology evolves, there is less reliance
on the back musculature with the shift of compensation
toward retrograding the pelvis along with flexing the knee
and ankles [70, 74].

Quantifying the previous mechanisms by certain
parameters exposes the amount of deformity the patient is
trying to hide by compensating. PT quantifies pelvic ret-
roversion, while the angle of femur obliquity (FOA, the
inclination of the femoral shaft to the vertical) can quantify
the amount of knee flexion [63]. Thus, a clinical evaluation
of the lower extremities is needed.

While the drivers of deformity cause the malalignment,
the compensators are the counterbalance and are not to be
corrected, because restoring the alignment by correcting
the deformers will automatically correct these clinical
manifestations. Nonetheless, compensators should be con-
sidered in the planning, because they complete the picture
of the patient’s deformity.

Amount of correction, osteotomy selection, level
and degree

The amount of correction the patient needs is not a theo-
retical fixed amount, but rather varies based on the patient
morphological parameters, compensation capacity and
harmony between the corrected curve and the other spinal
curves, which will be reciprocally changed.

Several authors have proposed mathematical formulas to
aid determining the amount of correction needed. Ondra
et al. [75] used a trigonometric method to calculate the
angle of correction to achieve neutral alignment for PSO
procedures, but this failed to consider pelvic compensation.
Full body integrated (FBI) proposed by Le Huec is another
technique to calculate the theoretical correction needed
[63]. In cases of Ankylosing Spondolystisis (AS) Van
Royen et al. [76] proposed a way to calculate the correction
needed based on chin-brow to vertical angle (CBVA) and
sacral endplate angle (SEA) then developed a computa-
tional program called ASKyphoplan for the same purpose
[77]. Regarding more recently utilized parameters, patients
with high PI require a greater correction in LL compared
with patients with a lower PI [76]. Surgeons have started to
account for the relationship between PI and LL to deter-
mine how much LL needs to be corrected; this is the
author’s preferred method. Moreover, patients with high PI
also have high theoretical PT [78]. Lafage et al. [54, 55]
were the first to incorporate PT as a factor in predicting
postoperative SVA and were found to be superior to prior
formulas which did not account for spinopelvic harmony
(Table 2).
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Table 2 Smith et al. [54] accuracy of mathematical formulas to predict good and poor postoperative sagittal alignment after single-level PSO

(with permission from Ref. [54])

Mathematical formula Author Accuracy Accuracy Total prediction Prediction accuracy Mean
prediction good prediction poor accuracy (good and  (good and poor error SVA
postoperative postoperative poor postoperative postoperative SVA; prediction
SVA (% correct) SVA (% correct) SVA; % correct) spearman coefficient) (mm)

LL > TK + 20° Kim et al. 51 87 63 0.37 NA

PSO angle = atan (y/z) Ondra et al. 59 98 72 0.54 111

LL + PI 4+ TK < 45° Rose et al. 97 28 74 0.37 NA

LL > PI — 10° Schwab et al. 78 79 78 0.55 NA

SVA = —52.87 + 5.90 Lafage et al. 98 70 89%* 0.75%* 30

(PI) — 5.13 (LL,.x) — 4.45
(PT) — 2.09 (TKnax)
+ 0.57 (age)

LL lumbar lordosis, 7K thoracic kyphosis, PI pelvic incidence, LL,,,, maximum lumbar lordosis, 7K., maximum thoracic kyphosis, 7L T10-L1 kyphosis,

NA not applicable
* P <0.05

The second step involves selecting the surgical tech-
nique, which depends on the deformity etiology and the
state of anterior spinal column. PSO is preferable in
patients who have had prior operations and present with a
very large posterior bone callus, while SPO and TLIF are
favorable if disk spaces seem to be mobile after posterior
release [73].

Regarding level and degree, Lafage et al. [79] reported
that the location of the osteotomy along the spine needs to be
considered when attempting to normalize PT. PT reduction is
greater when the osteotomy performed is more caudal,
however, the level of osteotomy and degree of correction is
correlated with change in PT [55, 80]. It is also important to
consider that spinal segments not incorporated within the
fusion may become more kyphotic after lumbar PSO [67].
This negative impact has been reported by Lafage et al. [81]
to a reciprocal increase of 13° in TK within the unfused
thoracic spine after lumbar PSO, and this phenomenon is
more common in patients with a higher PI, a greater preop-
erative sagittal misalignment, and an older age.

Concluding thoughts

Over the past decades, spinal deformities warranting sur-
gical intervention and vertebral osteotomies have contin-
ued to rise. Because osteotomies range from smaller
facetectomies to major three-column resections, a new
classification scheme that is anatomically based is neces-
sary to standardize a common language for patient care and
continued research. Surgical planning continues to evolve
and plays an important role in preparing for the complex
impact of osteotomies on the various spinal parameters
which orthopaedic and neurosurgeons attempt to control.
Using osteotomies for surgical correction involves skill not
only in the operating setting, but a meticulous patient-

@ Springer

specific plan prior to operative intervention. Ongoing
multicenter collaboration is certain to drive a more evi-
dence-based approach to the complex clinical scenarios of
patients suffering from spinal deformity.
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