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Abstract

Adult spinal deformity (ASD) is a spectrum of abnormalities of the thoracic and lumbar spine and has an increas-

ing prevalence. It is associated with significant physical and mental disability in symptomatic patients. Given

the increased rates and the morbidity associated with this disease, novel innovation in the diagnosis and treatment
of such deformity is required. The SRS-Schwab classification system described coronal scoliotic deformity with sagittal
modifiers. Other parameters, such as the sagittal vertical axis, pelvic tilt, T1 pelvic angle, pelvic incidence and lum-

bar lordosis attempted to quantify global sagittal balance. More recently, a focus on more patient specific param-
eters has been targeted to improve patient outcomes. The Roussouly classification system attempted to predict
sagittal alignment parameters based on fixed parameters of the pelvis. Others determined the parameters based

on patient age. Technological advances have also enhanced our understanding of ASD. Long cassette films and auto-
mated analyses have allowed standardization of these measurements across physicians. 3D printing has been used
as an adjunct for both surgical planning and implants, both generic and patient specific, to improve outcomes. With
these, advances in minimally invasive approaches have allowed ASD correction with lower complications and blood
loss. Intraoperative navigation and the use of robotics has allowed improved accuracy in the care of these patients.
Development of complex osteotomies have allowed for correction of advanced deformity. Fusion, however, is the ulti-
mate goal of surgical ASD correction. Advances in biologics such as the use of recombinant Human Bone Morphoge-
netic Protein-2 have been used to improve fusion rates and combat pseudoarthrosis. Finally, post-operative advances
in ASD patient care with emphasis on enhanced recovery after surgery has allowed improvements in hospital length
of stay and pain scores. ASD is becoming a more ubiquitous diagnosis for spine surgeons with an increasing aging
population. Improvement in the understanding of the diagnosis, spinopelvic parameters, imaging techniques,

and post operative care are all aimed toward helping patients in whom care can be extremely difficult. Further study
in ASD patient care will target advanced innovation to provide optimal treatment to these patients and allow for best
possible outcomes.
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Overview of adult spinal deformity
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projected to increase from 10.0% in 2000 to 21.8% in
2050 to 32.2% in 2100 [5]. This trend is reflected in rates
of surgery performed for ASD for Medicare patients
which showed a fourfold increase from 2000 to 2010, a
70% increase for managed care patients across that same
period and a 273% increase in the overall rates of fusions
for ASD since 2001 [2, 6]. Though the costs of ASD sur-
geries have increased over the last two decades largely
due to inflation and implant costs, the one-time median
cost of ~ $30,000—60,000 is offset by an estimated annual
cost of~$10,000 per patient managed non-operatively
making surgical intervention not only beneficial to the
patient, but also cost effective [4, 7].

The aging population has increasing incidence of osteo-
porosis and decreased bone mineral density [8]. A recent
study showed that 32.8% of patients undergoing surgical
correction for ASD carried the diagnosis of osteoporosis.
Of these, only 34.4% were undergoing treatment for their
osteoporosis [9]. In addition to other causative factors
in this population, increasing spinal degeneration and
deformity can lead to imbalance and falls [8]. A recent
retrospective review of emergency department admis-
sions over 10 years showed that 18% of adults over the
age of 65 who were admitted after falling from a low level
(<3 feet) sustained a spinal fracture [10]. Such fractures
can frequently be associated with progressive deformity
requiring surgical correction [11].

ASD is associated with significant physical and men-
tal disability in symptomatic patients. A study using the
Standard Form (SF) 36 showed that the mean physi-
cal component score for these patients was worse than
that of unaffected U.S. total population. If the ASD is
associated with severe sagittal malalignment, then phys-
ical component scores are lower than patients with lim-
ited use of their arms and legs [12]. Using the Scoliosis
Research Society (SRS) instrument, compared to a con-
trol population, those with surgical deformity showed
lower scores in almost all subgroups including pain, self-
image, function and mental health [13]. Similarly, Schwab
et al. showed significantly lower scores in all eight SF-36
subgroup scores when compared to the US population
norm [14]. Notably, this study demonstrated not only
physical debilitation but also a significant diminution in

(See figure on next page.)
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their mental health scores [14]. Given the increased rates
of patients with ASD and the morbidity associated with
this progressive disease, novel innovation in the diagno-
sis and treatment of such deformity will be required to
keep pace.

Diagnosis of adult spinal deformity

With the improvement in understanding of the etiology
and effects of ASD has come a more rigorous definition of
the diagnosis and thus more specific treatment goals for
surgery. In 2006, Schwab et al. created the SRS-Schwab
classification system of ASD. This system described coro-
nal scoliotic deformity with modifiers for the amounts of
lumbar lordosis and intervertebral subluxation [15]. This
system was expanded in 2012 to the coronal curve and
global alignment using the sagittal vertical axis and pelvic
parameters including the pelvic tilt and the relationship
between the pelvic incidence and lumbar lordosis [16].

Sagittal vertical axis

The sagittal vertical axis (SVA) is defined as the measured
offset between a mid-body C7 plumbline and the pos-
terosuperior corner of S1 [17, 18] (Fig. 1D). SVA less than
50 mm has generally been considered within normal and
is targeted during corrective surgery [17—19]. An increase
in SVA is associated with a linear increase in pain and
decrease in function as measured by SRS, Owestry Dis-
ability Index (ODI) and SF-12 [17]. In fact, Glassman et al.
considers sagittal balance and its restoration to be the pri-
mary objective of deformity surgery [20].

Pelvic tilt

Pelvic tilt (PT) is defined as the angle between a line
drawn from the femoral heads to the midpoint of the S1
endplate and a vertical line [21] (Fig. 1C). Elevated PT has
been correlated with impairment of walking tolerance
[19] as it is frequently a compensatory mechanism to
maintain upright posture relative to poor sagittal align-
ment [17]. It has been proposed that increased pelvic tilt
(>20 degrees) in the setting of corrected SVA (<5 mm)
indicates that the patient has residual spinal deformity
[19].

Fig. 1 Advanced spinopelvic parameter measurements. A: Pelvic incidence is the angle between the line perpendicular to the ST endplate

at its midpoint and the line connecting this point to the axis of the femoral head. B: Lumbar lordosis is the angle measured from the superior
endplate of L1 to the superior endplate of S1. C: Pelvic tilt is defined as the angle between a line drawn from the femoral heads to the midpoint

of the ST endplate and a vertical line. D: The sagittal vertical axis is defined as the measured offset between a mid-body C7 plumbline

and the posterosuperior corner of S1. E: T1 pelvic angle is defined as the angle between a line drawn from the center of the T1 vertebral body

to the femoral heads and a line from the femoral heads to the center of the ST endplate. F: The cobb angle is measured between the upper border
of the upper vertebra and the lower borders of the lowest vertebra in a scoliotic curve in the coronal plane
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Fig. 1 (See legend on previous page.)
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T1 pelvic angle

PT can be compensatory for an increased SVA with
these values being closely interrelated. As such, T1 pelvic
angle (TPA) has been identified as a measurement that
can account for both PT and SVA and is unaffected by
compensation [22]. TPA is defined as the angle between
a line drawn from the center of the T1 vertebral body to
the femoral heads and a line from the femoral heads to
the center of the S1 endplate [22, 23] (Fig. 1E). Severe
deformity threshold for TPA is considered 20 degrees
which corresponds with an ODI>40. Notably, a change
of 4.1 degrees corresponded to a concordant 15 point
change in ODI [23]. Increasing TPA has been shown to
parallel significant and progressive worsening in health-
related quality of life [22]. Ryan et al. suggest a target TPA
of 10 degrees such that if any post-operative deteriora-
tion occurs, a buffer is well established prior to the severe
deformity level of 20 degrees [23].

Pelvic incidence and lumbar lordosis

Pelvic incidence (PI) is defined as the angle between the
line perpendicular to the S1 endplate at its midpoint and
the line connecting this point to the axis of the femoral
head [21] (Fig. 1A). Lumbar lordosis is the angle meas-
ured from the superior endplate of L1 to the superior
endplate of S1 [21] (Fig. 1B). The difference between the
two is known as the PI-LL mismatch and is part of the
expanded 2012 Schwab classification. When the mis-
match is less than 10 degrees, the modifier is “0”, when
it is between 10 and 20, the modifier is “+” and greater
than 20, the modifier is “+ +” [16]. This parameter cor-
relates with health related quality of life scores [17] and
authors note that matching these parameters with oste-
otomies during surgery can result in harmonious correc-
tion in ASD [15].

Roussouly classification system

More recently, it has been proposed that these parame-
ters interact more than previously appreciated. In 2005,
the Roussouly classification was introduced [24] and
argued that characteristics of the lumbar lordosis are
most dependent on the orientation of the sacral slope
and the pelvis. Originally, four subgroups were identi-
fied, type 1 and 2 with a low PI, and type 3 and 4 with a
high PI. Type 1 has a low sacral slope, low lordotic apex
and higher compensatory kyphosis. Type 2 also has a
low sacral slope but with a slightly higher lordotic apex
and thoracic hypokyphosis. Type 3 patients have a mod-
erate sacral slope and higher lordotic apex and tend to
be relatively balanced. Finally, type 4 are patients with
high sacral slope and a resulting high lordotic apex [24].
In 2018, this classification was amended to include a
group of patients (group 3, anteverted) with low PI but
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high sacral slope [25]. In 2020, Sebaaly et al. showed
that restoring the shape of the spine according to this
classification decreased the combined rate of proximal
junctional kyphosis fracture of the rods, loosening of
the instrumentation or clear nonunion on imaging by
threefold [26]. This relatively innovative thinking focuses
on the shape of the entire spine according to PI and rep-
resents a significant advancement in the diagnosis and
understanding of ASD.

Global coronal alignment

While sagittal imbalance has been the focus of correction
in ASD, global coronal malignment (GCM) is gaining
traction as being a significant predictor of poor outcomes
in ASD [27]. Zuckerman et al. proposed a coronal verti-
cal axis (CVA) of>3 cm as the definition of GCM with
the Qiu classification to describe curve directionality
[28]. Disturbance of the global coronal alignment can be
attributed to a progressive baseline deformity or, often,
as an iatrogenic complication of prior surgery [27, 28].
The International Spine Study Group performed a multi-
center prospective study showing an 25.7% incidence
of coronal imbalance after ASD surgery and in patients
undergoing upper thoracic fusion was associated with
worse clinical outcomes than after lower thoracic fusions
[27]. The same group demonstrated that a residual GCM
of >/=3 cm was associated with worse patient reported
outcomes which is a finding recapitulated in other stud-
ies [29-31]. Coronal deformity was interestingly removed
from the Scoliosis Research Society (SRS)-Schwab ASD
classification after the 2006 iteration but is regaining rec-
ognition as an important measurement in ASD [32].

Age specific parameters

Lafage, et al. classified the spinopelvic parameters listed
above into age related categories [33]. Using age spe-
cific US normative ODI values, the authors established
age-specific spinopelvic parameters. In general, the ideal
spino-pelvic alignment parameters increased with age,
indicating that these patients tolerate a higher baseline
deformity [33]. With increasing efforts to deliver patient
specific care, these values allow the spine surgeon to tar-
get ideals for surgical correction of ASD on an individual
patient basis.

Imaging

Importantly, all the parameters that comprise bony
spinopelvic alignment are measured on x-ray with the
patient in the standing position. Long cassette standing
films allow the surgeon to evaluate global spinopelvic
alignment to better plan for surgery [34]. Multiple stud-
ies have shown that patients while standing show sig-
nificantly different parameters when compared to any
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variant of seated position [35]. Innovation in this field
has centered around optimizing both image capture and
post processing/analysis. Recently, there has been devel-
opment of a simultaneous anterior—posterior and lateral
plane x-ray to image the full body of the patient [36].
This accession allows for the measurement of the stated
parameters as well as a 3D analysis to improve the overall
understanding of the patient’s anatomy [36]. Innovative
software analysis simplifies user and physician calcula-
tions of spinopelvic parameters using validated tools
such a Surgimap Spine Software (Nemaris Inc, New York,
NY) [37]. Understanding and advancements in assessing
bony spinopelvic parameters are paramount, however,
there is growing evidence regarding the impact of par-
aspinal muscle sarcopenia on surgical outcomes in ASD.
Sarcopenia is defined as muscle atrophy with replace-
ment by fatty infiltrates, findings that can be identified on
pre-operative magnetic resonance imaging and quanti-
fied by muscle cross sectional area [38, 39]. Specifically,
paraspinal sarcopenia has been associated with not only
the development of ASD, but also surgical outcomes such
as increased rates of proximal junctional kyphosis and
failure [38, 39]. Further study into the association of par-
aspinal sarcopenia with ASD outcomes and pre-operative
strategies to optimize paraspinal musculature health is
needed.

Advances in 3-Dimensional (3D) printing in adult spinal
deformity
A recent advancement in medicine has been the use of
3D printing to influence multiple aspects of care. In spine
surgery, 3D models have been used for pre-operative sur-
gical planning and surgical guides [40]. These 3D mod-
els have been shown to decrease time in the operating
room with an average reduction of 45.5 min. They can
also reduce the use of fluoroscopy thus reducing surgeon
and patient exposure to ionizing radiation [40]. Surgical
guides have the potential to improve outcomes as they
serve as both a tactile and visual aid that can be placed
on the patient’s bone to confirm landmarks and improve
accuracy of implant insertion [41, 42].

3D printed surgical implants have also been devel-
oped and can optimize surgical outcomes both in terms
of increased rates of osteogenesis and decreased rates
of hardware failure. In comparison to polyetheretherk-
etone and titanium alloy cages, 3D printed biomimetic
titanium showed 2.6 and 8.9 times the amount of bony
ongrowth at 12 weeks, respectively [43]. In the same
study, though eventually comparable at 12 weeks, the
boney ingrowth was faster in the 3d printed implant and
was significantly higher at 6 weeks than the other two
implant types [43]. Furthermore, 3D printing has allowed
customizable implants in the setting of gross deformity
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from pathologies such as tumor [44] or osteoporotic frac-
ture [45].

Intraoperative advances in adult spinal deformity
Minimally invasive deformity surgery

Increasing efforts to ameliorate the surgical burden of
spine surgery on the patient have been undertaken in
recent years using minimally invasive surgery (MIS). Spe-
cifically, the goal is to decrease iatrogenic tissue damage
and improve clinical outcomes with a favorable socioeco-
nomic balance [46]. The use of MIS technology for ASD is
being further defined in the literature. Authors advocate
for strict patient selection criteria such as a cobb angle
greater than 90 (Fig. 1F), an SVA greater than 10 cm,
the presence of a fixed deformity, and/or osteoporotic
patients [47]. As with open surgical approaches, pre-
operative standing x-rays to assess these spinal param-
eters are essential to patient selection and pre-operative
planning. Careful patient selection allows for the applica-
tion of single stage MIS, combined MIS anterior/lateral
and MIS posterior approaches, known as circumferen-
tial MIS (cMIS), or hybrid MIS and open cases [48]. In
a comparison of hybrid MIS and cMIS, the hybrid group
had a higher complication rate of 55% vs 33% in the cMIS
group [49]. More recently, Uribe et al. published overall
complication rates of cMIS, hybrid MIS and open sur-
gery, and showed no significant difference amongst the
groups. There was, however, significantly less intraop-
erative complications in the ¢cMIS group which may be
related to reportedly lower blood loss [50]. Most nota-
bly, studies show that outcomes as measured by ODI and
Visual Analog Score (VAS) were not significantly differ-
ent postoperatively [49, 50]. Regardless of MIS approach,
intra-operative x-rays are necessary for real-time locali-
zation, and post-operative standing x-rays provide the
surgeon the ability to critically assess their correction and
should be utilized similar to the post-operative care in an
open approach.

Intraoperative full body films

Spine surgeons have difficulty in accurately predicting
postoperative radiographic parameters based on the pre-
operative films and proposed plan [35]. This difficulty
tends to extend to the operating room given that tradi-
tionally, spinopelvic parameters are measured on x-rays
that are taken while a patient is standing. Intraoperative
films while a patient is recumbent do not provide the
same load bearing changes in the spine as a person that
is standing. Salem et al. determined that though segmen-
tal lumbar lordosis improved on intraoperative x-rays,
this improvement was lost at 6 month postoperative
follow up x-rays [51]. As such, a modern innovation in
spine surgery is the development of intraoperative long
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films and algorithms to correlate this to postoperative
radiographic outcomes [52]. For instance, it has been
postulated that L4-S1 intraoperative lordosis is, on aver-
age, 4 degrees greater than postoperative measurements
[53]. Other studies have suggested that measuring global
alignment parameters such as the TPA with intraopera-
tive long films has much greater ability to predict post-
operative alignment when compared to regional values
such as the lumbar lordosis [54]. Ultimately, further-
ing this understanding and technology of intraoperative
imaging will allow spine surgeons to more accurately tar-
get specific intraoperative goals to improve postoperative
alignment and outcomes.

Intraoperative navigation and robotics

Correction of ASD is achieved through pedicle screw
placement and subsequent correction to normal values
described above. Patients with 3D rotations or abnor-
mal pedicles present a significant difficulty when con-
sidering standard “free-hand” or fluoroscopic techniques
[55]. As such, advances in intraoperative navigation have
improved technical outcomes in these patients. Pedicle
breach in pediatric deformity has been shown to be sig-
nificantly decreased when navigation was used — from
23% in the fluoroscopy group to 2% in the navigation
group [56].

More recently, robotic assistance, especially in combi-
nation with navigation has come into favor when treat-
ing deformity, especially when doing so using minimally
invasive techniques [57, 58]. Roser et al. proposed that
the ideal robot is semi-autonomous with the surgeon
guiding the robot, but maintaining control of the sur-
gery to diminish the safety risks associated with inad-
vertent motion causing registration to the patient to be
inaccurate leading to misplaced instrumentation and
possible neurological injury or need for reoperation [58,
59]. Robotic pedicle screw placement has been found to
be more accurate with decreased revision rates and less
radiation exposure to the surgeon and patient when com-
pared to conventional techniques [58-61]. It can also
allow for safe placement of larger screws [62]. That being
said, robotic technology has not been adequately studied
in the ASD population [55], and it is not clear if the rela-
tively small improvement in accuracy offsets the financial
cost, the learning curve or the potential safety risks with
inaccurate patient registration [58, 60]. For example, the
learning curve of using robotic systems is surpassed at
approximately 20-30 cases; therefore, the most experi-
enced surgeons will suffer from setbacks in their day-to-
day practice when adopting this technology. Additionally,
less experienced surgeons that begin to use robotics are
compromising their surgical learning as well as their
ability to teach traditional “free hand” or fluoroscopic
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techniques to trainees [63]. The need for continued tra-
ditional training is necessary, as not all residents gradu-
ating their program will practice in an area that has or
can afford to purchase robotic technology. Though well
versed in pedicle screw placement, at their current state,
spinal robots cannot assist with rod placement or crea-
tion, decortication, or decompression [64]. It is likely that
spinal robots will expand their capabilities tremendously
in the coming years and “the future is bright” for this
technology improving outcomes in spine surgery [64, 65].

Osteotomies

In the surgical treatment of ASD, surgeons typically
employ advanced osteotomies to obtain improved sagit-
tal and coronal balance. In 2014, Schwab et al. proposed
a classification system for these osteotomies to codify
understanding and discussion amongst surgeons [66].
Graded from 1 to 6, these osteotomies become increas-
ingly technically complex with an increased risk, but also
offer a greater degree of correction [67]. Grades 1 and 2
osteotomies are performed from a posterior approach
and involve the facet only. As such, they require anterior
column mobility to be truly effective [1]. Grade 3 oste-
otomy involves resection of the bilateral pedicles and a
wedge of vertebral body while grade 4 extends this into
the disc space above [66]. Finally, grades 5 and 6 involve
resection of an entire vertebral level and multiple lev-
els, respectively [66]. With increasing grade of oste-
otomy, particularly when involving all three columns of
the spine, blood loss can be significant. Previous studies
have shown increased blood loss to be associated with
longer intensive care and overall length of stays [68].
With increased experience and the use of antifibrinolyt-
ics such as tranexamic acid (TXA), however, intraopera-
tive blood loss can be lessened with the presumed benefit
of decreased morbidity [69].

Patient specific instrumentation

Instrumentation fit to a patient’s specific anatomy is
being developed in tandem with improvements in pre-
operative planning software [70]. Pre-bent rods (MEDI-
CREA Group, New York, USA) is an example of such
a technology which holds promise of maintaining the
maximum deformity correction initially planned without
the need to bend a rod manually in the operating room.
Small retrospective studies have shown a decrease in rod
breakage and a significant correlation between planned
and postoperative spinopelvic parameters with prefab-
ricated rods [70-72]. Recently, four-rod, or quad-rod,
constructs have begun to be used more frequently across
sites of notable instability, such as an osteotomy, unique
to the individual patient. Data thus far has shown that
quad rod constructs reduce motion and construct stress
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thereby promoting enhanced rates of arthrodesis and
lower rates of revision [73-75]. Additionally, the advent
of trans-psoas and anterior-to-psoas approaches to the
lumbar spine’s intervertebral discs has led to increased
ability to instrument the lumbar spine’s anterior and
middle columns. This technology bolsters significant
power to restore lumbar lordosis, as interbody placement
necessitates release of the anterior longitudinal ligament
and annulus fibrosis during discectomy. They also carry
similar reoperation rates while avoiding the higher rates
of morbidity when compared to higher grade posterior
approach osteotomies. Taken together, the success of the
lumbar interbody fusion has resulted in a steady increase
in their utilization with a corresponding decrease in
pedicle subtraction osteotomy rates since 2010 [76, 77].
Despite promising technology, long-term, prospective
studies are needed to better understand the benefits and
potential pitfalls of patient-specific instrumentation.

Fusion generation

High rates of pseudoarthrosis have plagued long term
stability of correction in ASD, being reported between
17 and 24% of cases [78, 79]. Recent advances in bio-
logics have begun to correct this issue. Recombinant
Human Bone Morphogenetic Protein-2 (BMP) was
developed and shown to promote anterior interbody
fusion in a nonhuman primate model leading to Fed-
eral Drug Administration (FDA) approval for the use in
anterior lumbar interbody fusions [80]. BMP is now fre-
quently used off-label in the surgical treatment of ASD
with 24 month radiographic fusion rates of 100% being
reported [81, 82]. Data has raised concerns over the early
off-label use of BMP, specifically due to instances of dys-
phasia and airway compromise from bony growth in
anterior cervical fusions, heterotopic ossification, oste-
olysis, seroma formation, soft tissue swelling and pain
[83]. Newer data reported by Bess et al., however, has
shown that it does not increase acute major, neurologi-
cal, or wound complications [84]. In addition, a recent
meta-analysis by Poorman et al. has shown BMP use to
be associated with higher rates of arthrodesis without a
significant relationship to tumorigenesis, infections, ser-
oma formation, or osteolysis and in fact, spine surgeons
may be underdosing BMP based on manufacturer recom-
mendations [85].

Tethers

Another area of emerging technology to combat PJK is
the inclusion of posterior polyethylene junctional teth-
ers in fusion constructs. The reason for this decrease
in PJK may be attributed to a more favorable biome-
chanical profile; reducing proximal intradiscal pres-
sures, transmitting the force to the posterior ligament
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complex and increased pedicle screw loading. This
technique involves the spinous process at and above the
upper instrumented vertebrae, connecting them using
polyethylene tape using maximal tension [78, 86]. Buell
et al. presented the largest clinical study demonstrating
a decrease in PJK rates after using both tape-only and
cross-linking tethers in multi-level spinal instrumen-
tation [86]. Further study is needed in this area, but it
holds promise to potential reduce rates of PJK and PJF
in this population.

Postoperative advances in adult spinal deformity

Recently, emphasis has been placed upon enhanced
recovery after surgery (ERAS) programs to examine the
delivery of quality care and improve outcomes with lower
costs [87]. In a recent systematic review, early postopera-
tive mobilization, postoperative analgesia, early urinary
catheter and drain removal, and early diet advancement
were associated with shorter hospitalizations, lower
postoperative complication rates, and lower postopera-
tive pain scores [87]. Use of ultrasound guided erector
spinae and thoracolumbar interfascial plane blocks have
been shown to improve postoperative pain control and
reduced opioid usage [88, 89]. These improvements may
result in early mobilization and shorter hospital stays.
Overall, ERAS programs have been designed to improve
patient outcomes, however, there are intrinsically high
complication rates in ASD surgery ranging from ~ 8-70%
in current literature [90]. Despite high complication
rates, efforts such as ERAS have led to surgical outcomes
outperforming non-operative care in ASD [4].

Conclusion

Adult spinal deformity, defined as abnormal alignment of
the thoracic and lumbar spine in those who have finished
growth is becoming a more ubiquitous diagnosis for
spine surgeons with an increasing aging population. This
progressive disease process is associated with significant
physical and mental debility in symptomatic patients.
Multiple measurements are helpful in determining the
diagnosis of ASD, including SVA, PT, PI, LL and TPA,
but a focus on harmonic, age-appropriate correction
should be pursued. 3D printing and modelling have cre-
ated patient specific implants to improve final correction.
Intraoperative advancements in minimally invasive sur-
gery, imaging, robotics, navigation, surgical techniques
and biologics have allowed surgeons to achieve correc-
tion in even the most difficult cases. Finally, postopera-
tive protocols and optimized pain management strategies
have allowed patients to mobilize earlier and begin on the
road of recovery in an expedited fashion.
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