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Spinal deformity involves a spectrum of abnormal spinal curvatures deviating from
normal alignment. The resultant disease is described based on its three-dimensional
curvature characteristic, with scoliosis occurring in the coronal plane and kyphosis/lordosis
occurring in the sagittal plane. In the United States alone, an estimated 27.5 million elderly
individuals suffer from some degree of spinal deformity, most often caused by degenerative
spine disease [1,2]. However, pediatric and adolescent populations experience spinal
deformity as well, primarily involving idiopathic scoliosis that has a prevalence of 1-3% [3].
For select patients, the gold standard treatment to restore normal spinal alignment is
multilevel surgical instrumentation with vertebral fusion [4,5]. While these operations
result in notable improvements in alignment and quality of life, the risk of operative
complications is significant, including infection, blood loss, or neurologic injury [6]. Recent
advancements in predictive analytics and intraoperative techniques have the potential to
improve the safety of and outcomes in this surgical population.

One notable area of recent improvement is within predictive modeling, which allows
surgeons to select patients that are more likely to experience surgical success, medically
optimize preoperatively, and plan for postoperative disposition. Two recent studies have
analyzed the ability of novel software to anticipate perioperative complications in adult
spinal deformity surgery, including the need for a blood transfusion and the develop-
ment of proximal junctional kyphosis (PJK). In a retrospective study conducted by De la
Garza Ramos et al., a feedforward artificial neural network (ANN) was built utilizing the
American College of Surgeons National Surgical Quality Improvement Program (NSQIP)
database to predict the need for intra- or postoperative red blood cell transfusion [7].
Following training, validating, and testing several ANN models, one advanced learning
algorithm with 18 inputted patient-specific risk factors and 2 hidden layers was observed to
achieve high sensitivity (0.80), positive predictive value (0.76), overall accuracy (0.77), and
discrimination (0.84), indicating the correct prediction of blood transfusion requirements in
80% of patients. While specific predisposing factors are unable to be identified using ANN
models, this study highlights a novel artificial intelligence approach that could be applied
to a myriad of complications following adult spinal deformity surgery. Predictive modeling
has also been utilized in the form of three-dimensional imaging, as conducted by Asada
et al. in an effort to predict postoperative PJK [8]. In this case-control study, preoperative
dynamic spinopelvic parameters were measured using three-dimensional gait analysis,
a more comprehensive approach to replace static X-ray imaging. After measuring 20 dy-
namic spinal parameters, authors found that a larger preoperative dynamic thoracic—pelvic
spinal angle (T-PSA) was independently associated with PJK incidence following surgery.
New imaging techniques, such as gait-exacerbated spinal alignment, have the potential to
expand our understanding of spinal compensation in adult spinal deformity, which can be
clinically utilized as a non-invasive method for predicting outcomes.
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Similar to new technology outside of the operating room, advancements in intraopera-
tive techniques have been utilized to improve the success rates of spinal deformity surgery.
In a study conducted by Funao et al., sacropelvic fixation with S2-alar-iliac screws (S2AI)
based on patient sex was evaluated in adults, given the innate difference in pelvic size and
shape between males and females [9]. Three-dimensional pelvic computed tomography
was used to determine ideal trajectory pathways for S2AI screw placement, which was
determined to be more laterally angled in the axial plane in females (right 47.7°, left 46.1°)
than in males (right 45.3°, left 44.3°), and more horizontally angled in the coronal plane in
females (right 33.7°, left 34.5°) than in males (right 36.5°, left 37.0°). Additionally, shorter
distances were observed between the midline and starting points of S2Al screw placement
in females than in males, as well as positive correlations between patient height and maxi-
mal lengths and minimal areas of S2AI pathways. Minimally invasive operative techniques
have also experienced recent improvements, as can be observed in the study conducted
by Endo et al. This study evaluated a new hybrid approach to posterior fixation (PF fol-
lowing lateral lumbar interbody fusion (LLIF) in adult spinal deformity [10]. Comparing
traditional LLIF + PF versus LLIF + hybrid PF using percutaneous pedicle screws, the
authors of this study observed similar improvements in all measured radiographic spinal
parameters and in patient-reported pain-relief scores. However, the incorporation of mini-
mally invasive PF resulted in significantly reduced operative blood loss and postoperative
complications, including rod fracture, indicating that LLIF with hybrid PF may be superior
to conventional techniques. Minimally invasive approaches have been adapted further to
the adolescent population, with the recent development of a new minimally invasive scol-
iosis surgery (MISS) aimed at decreasing complications, such as wound infection and rod
dislodgement observed following conventional open scoliosis surgery (COSS) [11]. In the
study conducted by Park et al., the authors described a “coin-hole technique” that includes
the use of tubular retractors, guide wire with cannulated instruments for pedicle screw
placement, fusion bed preparation with a specially designed reamer, application of fusion
materials prior to pedicle screw placement, all-pedicle screw fixation, and thoracoplasty
via undermining the skin. The preliminary results show comparable postoperative patient
satisfaction and spinal parameter improvements, with the exception of the Cobb angle,
which was significantly lower in MISS than in COSS. As a result, MISS was deemed more
appropriate for patients with Cobb angles of less than 80°. Although still in development,
the use of minimally invasive approaches in the context of spinal deformity surgery is
supported by a trend in decreased complications while maintaining similar improvement
in the outcomes.

Spinal deformity surgery, in both adult and pediatric patients, presents with consid-
erable risk for postoperative complications. However, these interventions are necessary
for the improvement in spinal alignment and quality of life. The five studies included
in this discussion feature recent advancements in patient-specific predictive modeling
using artificial intelligence and advanced three-dimensional imaging, as well as novel
intraoperative techniques utilizing gender-specific instrumentation and minimally invasive
approaches. Ultimately, these advancements have the potential to decrease postoperative
complications, increase surgical success, and improve patient satisfaction.
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