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OBJECTIVE Correction of mild flexible cervical deformity (CD) via the posterior approach has been described with and

without the use of posterior osteotomies (POs), despite a lack of clarity regarding their necessity or risks. The purpose of
this study was to determine whether the use of POs when correcting mild flexible CD leads to improved clinical or radio-

graphic outcomes, as well as defining the relative risks in utilizing them.

METHODS A prospective multicenter registry of operative CD patients was analyzed. Inclusion criteria were cervical ky-
phosis > 10°, cervical scoliosis > 10°, cervical sagittal vertical axis (cSVA) > 4 cm, or chin-brow vertical angle > 25°. Mild
deformity was defined by a cSVA of 3—-5 cm and/or kyphosis < 15°. Flexibility was defined by a C2-7 angular change >
5° on preoperative flexion/extension radiographs. Patients who received a posterior column osteotomy (PCO) (Ames
grades 1 and 2) were compared with patients who did not undergo a PCO (noPCO) as well as those who underwent a
three-column osteotomy (3CO) (Ames grades 3-6).

RESULTS Ninety-five patients (33 PCO, 49 noPCO, 13 3CO) met the inclusion criteria. Both the number of levels fused
(9.2vs 7.7, p = 0.001) and the estimated blood loss (EBL) (1027 vs 486 mL, p = 0.012) were higher in the PCO cohort.
Patients in the noPCO group were more likely to have a cervical apex of kyphosis (71.1%, p = 0.046), while those under-
going 3COs were more likely to have a thoracic apex (58.3%, p = 0.005). Preoperative cSVA (PCO vs noPCO: 45.4 vs
37.9.cm, p =0.084), T1 slope (32.5° vs 29.6° p = 0.376), C2-7 lordosis (-8.9° vs -9.2°, p = 0.942), and modified Japa-
nese Orthopaedic Association (mJOA) score (13.4 vs 13.5, p = 0.854) were similar; however, both Neck Disability Index
(NDI) (55.6 vs 42, p = 0.002) and numeric rating scale (NRS) neck (7.2 vs 5.8, p = 0.028) scores were higher in the PCO
group before surgery. When adjusting for the use of an anterior approach, there was no significant difference in 1-year
postoperative cSVA (35.7 and 35.6 cm, respectively; p = 0.969), C2—-7 lordosis (13.7° and 10.1°, respectively; p = 0.393),
and patient-reported outcome measures (NRS, NDI, and mJOA) between the PCO and noPCO groups. Two-year radio-
graphic outcomes were largely similar, except for C2 slope, which was higher in the PCO group (29.1° vs 18°, p = 0.026).

ABBREVIATIONS CD = cervical deformity; cSVA = cervical SVA; EBL = estimated blood loss; mJOA = modified Japanese Orthopaedic Association; NDI = Neck Disability
Index; NRS = numeric rating scale; PCO = posterior column osteotomy; PO = posterior osteotomy; PROM = patient-reported outcome measure; PT = pelvic tilt; SVA = sagit-
tal vertical axis; TPA = T1 pelvic angle; TS-CL = T1S minus cervical lordosis mismatch; T1S = T1 slope; 3CO = three-column osteotomy.
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The overall complication rates progressively increased with more complex osteotomy use (noPCO 68.8% vs PCO 71.9%
vs 3CO 75%) but did not reach significance (p = 0.063).

CONCLUSIONS The use of POs for mild flexible adult CD may not be necessary to achieve desirable radiographic cor-
rection. They are associated with greater EBL and fusion burden. Further studies are needed to fully delineate the risks

of adverse events for various types of osteotomies.

https://thejns.org/doilabs/10.3171/2024.5.SPINE231223
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contribute to neurological dysfunction, and present

significant challenges for surgical intervention.
Various corrective techniques have been described, in-
cluding anterior cervical discectomy and fusion/corpec-
tomy, posterior arthrodesis, and combined anteroposteri-
or approaches.'”” When using posterior approaches, solely
or in part, posterior-based osteotomies are frequently
utilized to improve the corrective capacity of the opera-
tion.® While more severe and/or fixed deformities may
require three-column closing-wedge osteotomies, milder
deformities may be addressed with less aggressive tech-
niques.??

When addressing milder flexible CDs via a posterior
approach, the indications for utilizing posterior osteoto-
mies (POs) have not been clearly defined. A recent study
showed that an anterior approach alone can be sufficient
in many cases of mild flexible CDs; however, there are
circumstances in which a posterior approach is more ap-
propriate.”” When presented with such a situation, there is
no available evidence-based guidance on when it is appro-
priate to use posterior releases/osteotomies for correction.
Because of the additional morbidity incurred when per-
forming osteotomies, it is important to define their relative
benefit in this clinical scenario. As such, the purpose of
this study was to evaluate whether the use of POs was as-
sociated with significantly improved radiographic correc-
tion and patient-reported outcome measures (PROMs), as
well as assessing any differences in postoperative adverse
events in patients presenting with mild CD.

C ERVICAL deformity (CD) can result in neck pain,

Methods

Data Source

This study represents a retrospective review of a pro-
spective multicenter database of patients undergoing sur-
gery for CD. Following approval from each institutional
review board, patients were enrolled from 13 high-volume
spine centers across the United States. Inclusion criteria
for the database were patients 18 years of age or older with
radiographic evidence of CD, as defined by the presence
of any one of the following criteria at baseline: cervical
kyphosis (C2—7 Cobb angle) > 10°, cervical scoliosis (C2—
7 coronal Cobb angle) > 10°, C2-7 cervical sagittal verti-
cal axis (cSVA) > 4 cm, or chin-brow vertical angle > 25°.
Patients were excluded from the database if they had any
active tumors or infections.

Mild Flexible CD

Mild CD was defined by the presence of a cSVA of 3-5
cm and/or kyphosis < 15°, and flexibility was determined
by identifying a C2—7 angular change > 5° on preoperative
flexion/extension radiographs.

All patients underwent cervical spine deformity cor-
rection and fusion surgery (preoperative and postopera-
tive example radiographs obtained in the same patient are
presented in Figs. 1 and 2, respectively). They were cat-
egorized into groups of patients who underwent a PO and
those who did not undergo a posterior column osteotomy
(noPCO). We included patients who had undergone con-
comitant anterior approaches as part of their index surgi-

FIG. 1. Preoperative lateral (A), flexion (B), and extension (C) radiographs obtained in a patient with an apex of kyphosis in the

cervical region undergoing anterior and posterior reconstruction.
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FIG. 2. Postoperative lateral (A) and anteroposterior (B) radiographs
obtained in the patient with mild flexible CD from Fig. 1, after having
undergone a combined approach without osteotomies.

cal correction. Osteotomy types were determined based
on the Ames classification.?! PO cohorts were further sub-
divided into those undergoing lower-grade PCOs (Ames
grades 1 and 2) and those undergoing higher-grade three-
column osteotomies (3COs) (Ames grades 3—6).

Data Collection and Radiographic Analysis

Data were collected at baseline and 6 months, 1 year,
and 2 years postoperatively. Demographic and clinical
data collected in the database included patient age and
sex. Perioperative data consisted of operative time, esti-
mated blood loss (EBL), and complications, which were
classified as major and minor based on prior study group
reports.'® In addition, PROMs such as the numeric rating
scale (NRS), modified Japanese Orthopaedic Associa-
tion (mJOA) score for myelopathy, Neck Disability Index
(NDI), and EQ-5D (a quality of life instrument) were col-
lected for patients at various time points. Cervical radio-
graphic parameters included the following: C2-7 cervi-
cal lordosis (angle between the lower endplates of C2 and
C7), cervical scoliosis coronal Cobb angle (C2-7 Cobb
angle), cSVA (C2 plumb line offset from the posterosu-
perior corner of C7), C2 slope, T1 slope (T1S), and T1S
minus cervical lordosis mismatch (TS-CL). Spinopelvic
radiographic parameters included the following: sagittal
vertical axis (SVA) (C7 plumb line relative to the pos-
terosuperior corner of S1), T1 pelvic angle (TPA) (angle
between a line from the center of T1 to the femoral head
and a line from the femoral head to the center of the S1
endplate), and pelvic tilt (PT) (angle between the vertical
and the line through the sacral midpoint to the center of
the two femoral heads). All radiographic measurements
of deformity were obtained on upright weight-bearing ra-
diographs.

Statistical Analysis

Descriptive statistics, including mean and standard
deviation as well counts and percentages, are used to de-
scribe each variable of interest. Comparative statistical
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TABLE 1. Demographics, approach, and deformity apex for each
cohort

noPCO PCO 3CO p Value*
No. of patients 49 33 13
Age, yrs 62.3(10)  60.1(10) 64.1(6) 0.323
Female sex 30(61.2)  23(70.0) 8(61.5) 0.333
Op time, mins 293 (170) 377 (189) 353 (148) 0.071
EBL, mL 486 (520) 1027 (1015) 1265 (1044)  0.012
No. of levels fused 7.7 9.2 10.6 0.001
Approach 0.041
Posterior 14 (28.6) 17 (51.5) 13 (100)
Anteroposterior 35 (71.4) 16 (48.5) 0(0)
Apex of kyphosis
Cervical 32(71.1) 17 (54.8) 4(33.3) 0.046
Cervicothoracic 7 (15.6) 6 (19.4) 1(8.3) 0.672
Thoracic 6 (13.3) 8 (25.8) 7(58.3)  0.005

Values are presented as number of patients (%) or mean (SD) unless other-
wise indicated. Boldface type indicates statistical significance.
* Between the PCO and noPCO groups.

tests were performed between the noPCO group and the
PCO group (Ames grades 1 and 2). Categorical variables
were compared using chi-square goodness-of-fit tests or
Fisher’s exact tests, as appropriate. Continuous variables
were evaluated using Student t-tests. Any cases of missing
data were excluded via listwise deletion. A priori statisti-
cal significance was defined as p < 0.05. The use of an an-
terior approach was controlled for when comparing 1-year
radiographic, operative, and patient-reported outcome
measures between the PCO and noPCO groups.

Results

Ninety-five patients (46 PO, 49 noPCO) met the inclu-
sion criteria with similar mean ages (PCO 60.1 vs noPCO
62.3 years, p = 0.323). Combined anterior and posterior
approaches were more frequent in the noPCO group
(71.4% vs 48.5%, p = 0.041).

In the PO group, grade 1 and 2 POs were used in 33
(71.7%) patients and grade 3—-6 POs in 13 (28.3%) pa-
tients. The preoperative apex of kyphosis was more likely
to be cervical in location for the noPCO and PCO groups
(71.1% and 54.8%, respectively; p = 0.046), while patients
undergoing more complex 3COs were more likely to have
a thoracic apex (58.3%, p = 0.005) (Table 1). A cervicotho-
racic apex of kyphosis was of similar prevalence between
groups (PCO 19.4%, noPCO 15.6%).

Operative time was greater for PCO patients when com-
pared with their noPCO counterparts but did not reach sta-
tistical significance (377 vs 293 minutes, p = 0.071). EBL
was greatest in the 3CO group, with a mean of 1265 mL,
compared with 1027 mL for the PCO group and 486 mL
for the noPCO group (p = 0.012). The mean number of
fused levels was highest for the 3CO group (10.6) and sig-
nificantly greater in the PCO cohort when compared with
the noPCO group (9.2 vs 7.7, p = 0.001).
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TABLE 2. Preoperative radiographic and patient-reported
outcome measures

TABLE 3. Two-year results in radiographic and patient-reported
outcome measures

noPCO PCO 3CO Vaﬁje* noPCO PCO 3CO Vaﬁje*

Preop radiographic 2-yr radiographic

parameters parameters
cSVA, cm 379(19.7) 454(17.8) 47.8(9.5) 0.084 cSVA, cm 321(175)  411(141) 338(51) 012
TS-CL, ° 38.8(22.0) 41.4(23.2) 32.2(13.3) 0.606 TS-CL, ° 21.7(91) 31.9(15.8) 29.1(9.5) 0.062
T1S,° 29.6 (15.1) 32.5(14.1) 40.7 (19.5) 0.376 T1S,° 32.5(11.5) 41.5(14.5) 48.1(18.5) 0.062
C2§, ° 37 2(235) 41.2(24.2) 351(14.6) 0.463 C2§,° 18.0 (8.5) 291 (15.7) 27.7(10.3) 0.026
CBVA, ° 5(7.0)  537(104) 7.41(51) 0.846 C2-7 lordosis, ©  10.8 (9.8) 10.6 (14.1) 19.0 (14.4) 0.053
C2-7 lordosis, ° —9 2 (16.5) -8.9(23.0) 8.5(26.5) 0.942 C2-7 Cobb -14.9(25.7) -20.9(54.2) 14.7(23.0) 0.57
C2-7 Cobb -3.93(30.0) -16.6 (43.0) -3.1(33.6) 0.151 angle, °
angle, ° SVA, cm 26.0(39.5) 27.2(83.3) 36.2(77.2) 0.967
SVA, cm 15.6 (58.8) -17.2(81.4) -2.7(70.5) 0.057 PT, ° 22.9(8.9) 21.9(131) 216(18)  0.822
PT, © 21.3(9.8)  20.0(13.1) 23.7(12.2) 0.632 TPA, ° 18.6 (9.1) 15.8 (15.2) 18.1(21.4) 0.621
TPA, ° 16.1(10.6) 12.7(15.8) 15.9(11.8) 0.257 2-yr PROMs

Preop PROMs NRS neck score .0(2.4) 4.93 (3.2) 43(31) 0.074
NRS neck score 5.8 (2.79) 7.2 (2.6) 72(1.9) 0.028 NDI score 25 6(17.3) 429(22.7) 36.5(154) 0.023
NDI score 42.0(19.0) 55.6(17.4) 45.4(14.9) 0.002 mJOA score 156.3(3.2) 13.5(31) 15.7(2.5) 0.103
mJOA score 13.5(3.0) 13.4(2.8) 150(25) 0.854 Values are presented as mean (SD) unless otherwise indicated. Boldface type

CBVA = chin-brow vertical angle; C2S = C2 slope.

Values are presented as mean (SD) unless otherwise indicated. Boldface type
indicates statistical significance.

* Between the PCO and noPCO groups.

Preoperative radiographic parameters were largely
similar between the PCO and noPCO groups (Table 2).
These included preoperative cSVA (PCO vs noPCO: 45.4
vs 379 cm, p = 0.084), T1S (32.5° vs 29.6°, p = 0.376), and
C2-7 lordosis (—8.9° vs —9.2°, p = 0.942), among others.
Additionally, there were no statistically significant differ-
ences in global spinopelvic parameters, including SVA
(PCO vs noPCO: —17.2 vs 15.6 cm, p = 0.057), TPA (12.7°
vs 16.1°, p = 0.257), and PT (20.0° vs 21.3°, p = 0.632).

With respect to PROMs, the preoperative NRS score
for neck pain and NDI score were lower in the noPCO
group than in the PCO group (Table 2). However, there
were no preoperative differences between the groups for
mJOA scores (noPCO 13.5 vs PCO 13.4, p = 0.854).

At 2 years postoperatively, there were no differences
between groups in radiographic outcomes or PROMs
(Table 3), with the exception of persistently greater NDI
scores in the PCO group compared with the noPCO co-
hort (42.9 vs 25.6, p = 0.023). Although the PCO group did
have significantly greater preoperative NRS scores, both
groups experienced similar decreases at the 2-year follow-
up (PCO 2.3 points and noPCO 2.8 points, p = 0.18).

When adjusting for the use of a concomitant anterior
approach, radiographic parameters at the 1-year follow-
up were not significantly different between the PCO and
noPCO groups (Table 4). These included cSVA (PCO vs
noPCO: 357 vs 35.6 cm, p = 0.969), C2-7 lordosis (13.7°
vs 10.1°, p = 0.393), and an array of PROMs (NRS, NDI,
and mJOA scores). Interestingly, the T1S was slightly
higher for both groups postoperatively than before sur-
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indicates statistical significance.
* Between the PCO and noPCO groups.

gery (PCO: 41.1° vs 32.5% noPCO: 32.3° vs 29.6°), but
there were no statistically significant differences between
groups after surgery (p = 0.061). At 1 year after surgery,
the mean NRS neck score was greater in the PCO group
compared with the noPCO group (5.2 vs 2.9) but did not
reach statistical significance (p = 0.068). Two-year NRS
outcomes similarly did not reach statistical significance,
with a mean score of 3.0 for noPCO patients and 4.9 for
the PCO group (p = 0.074).

The overall complication rates progressively increased
with more complex osteotomy use (noPCO 68.8% vs PCO
71.9% vs 3CO 75%) but did not reach significance (p =
0.063) (Table 5).

Discussion

Mild flexible CDs may allow for a variety of surgical
approaches in achieving adequate realignment. Anterior,
posterior, and anteroposterior approaches have been de-
scribed in treating cervical kyphosis, but no studies have
previously evaluated the specific role and benefit of oste-
otomies in the context of treating milder CDs.!*!0 In this
study, we specifically aimed to evaluate the radiographic
and clinical benefits of utilizing osteotomies, as well as
ascertaining the additive risk associated with their use.

Based on the analysis of our cohorts, the additional use
of POs does not appear to substantially improve the post-
operative radiographic alignment when compared with
not utilizing them. Certainly, this conclusion could be
influenced by the concomitant application of an anterior
cervical approach, as a greater proportion of patients with-
out osteotomies underwent anterior approaches. However,
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TABLE 4. One-year radiographic and patient-reported outcome
measures when adjusted for use of an anterior approach
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TABLE 5. Complication and reoperation rates for each subcohort
of deformity patients

noPCO PCO p Value* noPCO PCO 3CO p Value*
1-yr radiographic Complications 33(68.8) 23(71.9) 9(75) 0.063
parameters Major complications 13 (27.1)  12(37.5) 4(33.3)  0.59
CSVA, cm 356(16.5)  35.7(11.9) 0.969 Minor complications 19 (39.6)  7(21.9) 2(16.7)  0.076
TS-CL, ° 22.2(10.3) 275 (12.4) 0.203 Dysphagia 6 (12.5) 0 0 0.02
TS, ° 32.3(10.8) 411014 0.061 Cardiopulmonary 2 (4.2) 1(34) 0 0.22
C2s,° 211(8.9) 23 5(126)  0.538 Electrolyte 1(21) 0 0 0.42
CBVA, © 5.1(4.5) 6(8.8) 0.595 Gastrointestinal 0 1(3.1) 0 0.77
C2-7 lordosis, ° 10.1 (10.0) 13 7(13.1) 0.393 Infection 2(4.2) 0 0 0.85
C2-7Cobb angle, ©  -14.7(22.3) 750 (60.9) 0.753 Instrumentation 0 0 0 0.47
SVA, cm 243(459)  320(755)  0.804 Neurological 7(146)  1(3.1) 0 0.42
PT, ° 19.3(9.6) 24.2(10.1) 0.188 Operative 2(4.2) 2(6.3) 0 0.40
TPA, © 15.6 (9.1) 20.1 (15.2) 0.477 Vascular 0 0 0 0.153
1-yr PROMs Radiographic 3(6.3) 2(6.3) 0 0.55
NRS neck score 2.9(2.6) 5.2(3.5) 0.068 Reop 5(10.4) 5(15.6) 3 (25) 0.95
NDI score 27.3(17.3) 365(25.2) 0289 Values are presented as number of patients (%) unless otherwise indicated.
mJOA score 14.8 (3.1) 14.0 (2.6) 0.471 Boldface type indicates statistical significance. In each group, data were miss-

Values are presented as mean (SD) unless otherwise indicated.
* Between the PCO and noPCO groups.

even when correcting for an anterior approach, patients
had similar radiographic and patient-reported outcome
measures at the 1-year follow-up.

Importantly, the decision to use POs may also be influ-
enced by the degree of the deformity or location of the apex
of kyphosis.**!-1* We were specifically evaluating milder
CDs, and thus more severe or higher-degree deformities
were not relevant to our assessment. However, an apex of
the deformity in the upper thoracic spine could certainly
influence the desire to use a posterior approach and extend
more caudally. In addition, these cases may undergo more
aggressive correction through the use of 3COs. In support
of this assertion, we did find that more than 70% of pa-
tients who had an apex of their kyphosis in the thoracic
spine underwent osteotomies (with 46.7% undergoing
3COs), and those undergoing 3CO had a greater number
of levels fused. In our experience, these techniques can be
particularly valuable in cases of prior cervical fusion for
degenerative disease, or in the setting of a previous, long
thoracolumbar construct followed by the development of a
cervical spinal deformity. Figure 3A and B depicts preop-
erative lateral and anteroposterior radiographs obtained in
a 55-year-old female with a past surgical history of C4-6
anterior cervical discectomy and fusion, followed by a
posterior cervical decompression and fusion from C4 to
C7 for adjacent-segment cervical stenosis. She presented
with symptoms of CD and a cervicothoracic apex of ky-
phosis on upright radiographs. She subsequently under-
went removal of the instrumentation at C7, an Ames grade
6 osteotomy at C7, and extension of her posterior construct
from C2 to T4. She did well after surgery. The 3-month
lateral and anteroposterior radiographs for this patient are
presented in Fig. 3C and D.

A higher T1S relative to cervical lordosis could also in-

ing for 1 patient.
* Between the PCO and noPCO groups.

fluence the need for more levels of caudal fixation, as well
as inspire a more aggressive correction. Tang et al. dem-
onstrated the importance of T1S and TS-CL given their
correlation with PROMs."> More importantly, a higher T1S
or more significant TS-CL may portend a greater likeli-
hood of distal junctional kyphosis.'*-'® Extending fixa-
tion more caudally into the thoracic spine may therefore
be advocated and commensurately result in greater levels
of fixation (as was evident in the PO cohort). Despite this
potential concern over selection bias within the study, the
preoperative T1S and TS-CL values in both of our groups
were similar. Thus, it is unlikely that this factor played a
significant role in decision-making regarding the use of
osteotomies. Rather, the greater mean number of fused
levels for the PO group is more likely the result of lower
apices of kyphosis, as a significantly greater proportion
of patients undergoing PCOs had junctional or thoracic
apices of kyphosis.

Operative time was greatest in the PCO cohort but did
not reach significance. However, it remains unclear wheth-
er this time is secondary to the increased use of concomi-
tant anterior approaches or the POs themselves. While we
did not specifically analyze the benefit of the anterior ap-
proach in this study, we have previously shown that the
additive clinical and radiographic benefits may not war-
rant additional operative time (unpublished data). Further
studies would be valuable in specifically identifying those
who would benefit from anterior reconstruction.

EBL progressively increased with the complexity of the
osteotomies, with 3CO patients having the greatest mean
EBL at nearly 1.3 L. Pedicle subtraction osteotomies and
vertebral column resections are well known to substan-
tially elevate blood loss during adult spinal deformity
surgery.'"1*20 With the advent of less invasive techniques,
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FIG. 3. Preoperative lateral (A) and anteroposterior (B) standing radiographs obtained in a patient with a prior cervical fusion and a
cervicothoracic apex of kyphosis. Postoperative lateral (C) and anteroposterior (D) radiographs obtained in the same patient after
having undergone a 3CO at C7 and extension of her posterior construct.

these factors should be carefully considered when decid-
ing on the optimal correction for each case.

Finally, overall complication rates were greatest among
those undergoing 3COs, and patients undergoing PCOs
had a slightly increased rate of overall complications when
compared with the noPCO group. However, significance
was not reached. It is possible that certain complications,
such as dysphagia, were underestimated in the groups with
lower numbers of patients. Other adverse events such as
neurological and operative complications were similar,
regardless of the use of osteotomies. Not surprisingly, pa-
tients in the 3CO group experienced greater rates of re-
operation compared with their counterparts. It is known
that instrumentation-related events as well as pseudarthro-

6 J Neurosurg Spine September 13, 2024

sis are among the most common complications following
pedicle subtraction osteotomies and other invasive tech-
niques. Additional studies will be valuable in delineating
these outcomes for complex CDs.

Limitations

One of the limitations of our study was the heterogene-
ity in patient inclusion with respect to the apex of kypho-
sis. This variable likely contributes substantially to surgi-
cal decision-making, for both levels of fixation and the use
of more aggressive corrective maneuvers, such as osteoto-
mies. Controlling for this factor in our analysis would have
substantially reduced our patient numbers and thus statis-
tical power. Furthermore, the subdivision of the PO cohort
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into PCO and 3CO groups reduced the statistical power
for subanalyses, such as long-term complication rates, and
may have contributed to certain tests being underpowered.
In addition, other variables affecting outcomes after these
operations, such as surgeon experience or variation in
technique, were not incorporated. Finally, this study repre-
sents a retrospective analysis of a prospectively collected
registry, thus creating an inherent risk of selection bias.

Conclusions

The use of POs in correcting mild flexible CD in adults
may not be necessary to achieve desirable radiographic
alignment, regardless of the concomitant use of an ante-
rior approach. Their utilization may be associated with a
higher operative blood loss and greater fusion burden. The
apex of kyphosis may further influence the decision and
potential need for POs. Further studies are needed to fully
delineate the risks of adverse events for various types of
osteotomies.
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