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Objective: In this study, we investigate about relationship between postoperative global sag-
ittal imbalance and occurrence of mechanical complications after adult spinal deformity
(ASD) surgery. In global sagittal balance parameters, odontoid-hip axis (OD-HA) angle
and T1 pelvic angle (TPA) were analyzed.

Methods: Between January 2009 and December 2016, 199 consecutive patients (26 males
and 173 females) with ASD underwent corrective fusion of more than 4 levels and were fol-
lowed up for more than 2 years. Immediate postoperative and postoperative 2 years whole
spine x-rays were checked for evaluating immediate postoperative OD-HA, TPA, and other
parameters. In clinical outcomes, back and leg pain visual analogue scale, Scoliosis Research
Society-22 spinal deformity questionnaire (SRS-22), Oswestry Disability Index (ODI), 36-
item Short Form Health Survey (SF-36) were evaluated.

Results: Based on the occurrence of mechanical complications, a comparative analysis was
performed for each parameter. In univariable analysis, mechanical complications were sig-
nificantly much more occurred in OD-HA abnormal group (odds ratio [OR], 3.296;
p <0.001; area under the curve [AUC] =0.645). In multivariable analysis, the result was
much more related (OR, 2.924; p =0.001; AUC =0.727). In contrast, there was no signif-
icant difference between normal and the occurrence of mechanical complications in TPA.
In clinical outcomes (normal vs. abnormal), the differences of SRS-22 (0.88 +0.73 vs. 0.68 +
0.64, p=0.042), ODI (-24.72 £ 20.16 vs. -19.01 £ 19.95, p = 0.046), SF-36 physical com-
posite score (19.33 +18.55 vs. 12.90 +16.73, p =0.011) were significantly improved in
OD-HA normal group.

Conclusion: The goal of ASD surgery is to improve patient life quality through correction.
In our study, TPA was associated with spinopelvic parameter and OD-HA angle was associ-
ated with health-related quality of life and complications. OD-HA angle is predictable fac-
tor for mechanical complications after ASD surgery.
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INTRODUCTION

Degenerative changes have the potential to greatly disrupt
the normal curvature of the spine, leading to sagittal malalign-
ment.' The interaction between deformity and compensatory
mechanisms depicts the final presentation of patients with adult
spinal deformity (ASD).> ASD is a debilitating condition that
often requires surgical correction. In case of severe deformity,
surgical treatment has been shown to offer better clinical and
radiological outcomes compared with nonoperative treatments.*”

However mechanical failure, such as proximal junctional ky-
phosis (PJK), proximal junctional failure (PJF), or rod fracture
is one of the most common complication and have substantial
incidence in ASD surgery. There were many studies to investi-
gate about risk factors or predictive factors of mechanical fail-
ure after ASD surgery.*"" Among these radiologic parameters,
increasing evidence implies that sagittal vertical axis (SVA) alone
does not fully reflect sagittal malalignment, and global spinal
pelvic alignment such as the T1 pelvic angle (TPA) assessment
provides a more complete picture of the mechanisms for main-
taining an upright posture.”? Thus, TPA is one of the global tilt
parameters that is not affected by posture with good parameter
for showing thoracolumbar alignment. On the other hand, as
Le Huec et al.” summarized the sagittal balance of the spine,
odontoid-hip axis (OD-HA) angle includes a cervical alignment
and have been proven to represent a constant global sagittal pa-
rameter which could show current patients posture according
to gravity line."*

TPA corresponds to the angle between a line connecting the
center of T1 to the center of the femoral heads and the line to
the center of the S1 endplate. It has been correlated with pelvic
tilt (PT) and SVA, but does not account for pelvic incidence
(PI) value. The TPA target value is under 14° and OD-HA angle
is the angle between the vertical and the highest point of the
dens connecting the center of the acetabulum.''® The OD-HA
angle target value is +2° to -5°. This angle takes into account the
position of the cervical spine, the thoraco-lumbar spine and
pelvis, and may benefit an overall analysis and assessment of
the risk of PJK after ASD surgery (Fig. 1).">'"*"

Although both of these parameters have been proved to re-
flect global balance, there is little comparative study between
these 2 parameters with regard to impact on mechanical com-
plications or patients’ reported outcome.

Therefore, this study aimed to investigate which one would
be a good representation of a patient’s global balance, to predict
clinical outcome and the occurrence of mechanical complica-
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Fig. 1. Measurement of global balance parameters. (A) Odon-
toid-hip axis (OD-HA) angle. OD-HA angle (white lines) is
the angle between the vertical and the hightest point of the
dens connecting the center of the femoral heads (black dotted
line, center of the black circles). The OD-HA angle target val-
ue is +2° to -5°. (B) T1 pelvic angle (TPA). TPA (white dotted
lines) corresponds to the angle between a line connecting the
center of T1 to the center of the femoral heads (black dotted
line, center of the black circles) and the line to the center of
the S1 endplate (black line). The TPA target value is under 14°.

tions after surgery for patients with ASD.

MATERIALS AND METHODS

1. Patient Population

We retrospectively reviewed patients with ASD who under-
went posterior spinal fusion and instrumentation in 2 centers.
Inclusion criteria were as follows: (1) patients who underwent
surgical corrective surgery for ASD; (2) those with at least one
of the following radiologic criteria: coronal Cobb angle more
than 20°, SVA more than 5 cm, PT more than 25° and/or tho-
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racic kyphosis (TK) more than 60° (3) those who underwent
posterior spinal fusion and instrumentation as ASD surgery for
more than 4 levels; and (4) those with a follow-up period of
more than 24 months. Exclusion criteria were (1) patients with
ASD secondary to syndromic, autoimmune, infectious, tumor,
or other pathologic conditions: (2) those who underwent ASD
surgery for fewer than 4 levels; and (3) those with a follow-up
period less than 24 months.

Between February 2011 and January 2018, 454 patients with
ASD underwent spinal surgery in our institute. Among them,
we excluded 253 patients whose follow-up period was less than
2 years, and those who were not indicated for corrective sur-
gery for ASD or whose surgery level was 3 levels or less. Finally,
199 consecutive patients with sagittal imbalance who under-
went ASD surgery were included.

The demographics of patients, such as age, sex, bone mineral
density (BMD), body mass index (BMI) were also conducted.
Dual-energy x-ray absorptiometry scan to measure BMD at the
spine and hip.

This study was approved by each hospital’s Institutional Review
Board, and all participants provided written informed consent.

2. Radiological Assessments

In order to minimize the error, our study used the radiograph-
ic measurement manual introduced by the Scoliosis Research
Society for whole spine radiograph imaging. A 36-inch whole
spinal anteroposterior and lateral planar radiographs were col-
lected at a distance of 72 inches from the film. The patient was
standing in a comfortable position with the knees fixed, feet
shoulder-width apart, looking straight ahead, elbows bent, and
the knuckles of the supraclavicular fossa bilaterally.'>"

All radiologic evaluation of OD-HA angle and TPA were con-
ducted at 4 weeks postoperatively. The normal value of OD-HA
angle is +2° to -5°, and normal value of TPA was under 14°."

And whole spine anteroposterior/lateral was performed at
postoperatively 2 years to evaluate mechanical complications;
such as PI, sacral slope, L1-S1 lordosis (LL), PT, SVA, and PI-
LL. In order to reduce the error between individual measure-
ments, a software program called Surgimap (https://www.sur-
gimap.com/) was used. Also, level of fusion vertebra, upper-
most instrumented vertebra (UIV) and lowest instrumented
vertebra (LIV), and state of spinopelvic fixation (SPF) were con-
ducted.

3. Mechanical Complications and Clinical Outcomes
Mechanical complications were defined as PJK or PJE, distal
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junctional kyphosis (DJK) or distal junctional failure, rod frac-
ture, and implant-related complications.***! Implant-related com-
plications were defined as rod breakage or prominence, painful
implant, screw breakage, loosening, or malposition, implant
(interbody graft, hook, or set-screw) dislodgement.”**

In clinical assessments, patients reported pre- and postopera-
tive 24-month back and leg pain using a visual analogue scale
(VAS) scored from 0-10. The Oswestry Disability Index (ODI),
Scoliosis Research Society-22 spinal deformity questionnaire
(SRS-22), and 36-item Short Form Health Survey (SF-36) were
used to measure health-related quality of life (HRQoL) mea-

sures.

4. Statistical Analysis

Statistical analyses were performed using SAS 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). Demographic and radiological data
were compared using independent t-test and categorical vari-
ables using chi-square test or Fisher exact test. The logistic re-
gression model is established with mechanical complications,
PJK, PJE, and implant-related failure as outcome. The results
are expressed as mean + standard deviation or number (per-
centage). A p-value less than 0.05 was considered statistically
significant.

RESULTS

A total of 199 patients (26 males and 173 females) were retro-
spectively reviewed. The average age was 67.36 years (range,
49-80 years), and they were followed for an average of 30.54
months (range, 24-118 months).

Patients were classified according to normal TPA and OD-
HA angle values. In the OD-HA angle group, 102 patients were
in the normal range and 97 patients were in the abnormal range,
In the TPA group had 59 patients with a normal range and 140
patients with an abnormal range. Although the OD-HA angle
group showed no difference between normal and abnormal
groups in demographic comparisons, the TPA group had a high
average age and female ratio in the abnormal group. In radio-
logical assessments, postoperative sagittal balance parameters
were compared with fusion segment, UIV, LIV, and SPF via
whole spine radiographs anteroposterior/lateral view for the 2
years after surgery. In postoperative parameters, in OD-HA an-
gle groups, the normal group was on average close to normal
compared to the abnormal group, but there was no statistical
significance. On the other and, the TPA group showed differ-
ences in SVA, PI-LL, PI, and PT values, which were statistically
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significant. For instrumentation, on average, there were 7 fu-
sion segments, T11-12 for UIV, L5-S1 for LIV. In these results,
both OD-HA angle and TPA were not different in normal and
abnormal groups. In SPF, 91 patients were administered and
108 were not. In this result, OD-HA angle was significantly more
frequent in the normal group, and there was no difference be-
tween the 2 groups in TPA (Table 1).

In clinical assessments, back and leg VAS related to pain and
OD], SRS-22, SF-36 related to functional impairment were ana-
lyzed. First of all, there was no significant difference in pain be-
tween normal and abnormal groups in the OD-HA angle group.
However, there were significant differences in the change values
of ODI, SRS-22, and SF-36 physical composite score related to

the functional impairment. On the other hand, in the TPA group,
there was no significant difference in functional impairment
between normal and abnormal groups, but in the case of pain,
the results were particularly favorable in the back pain, which
was statistically significant (Table 2).

A simple comparison of the patients’ mechanical complica-
tion, PJK, PJE and implant-related complication was conduct-
ed. In the entire patient population, the incidence of complica-
tions (n, %) was mechanical complication (84 of 199, 42.2%),
PJK (80 of 199, 40.2%), PJF (43 of 199, 21.6%), implant-related
complication (26 of 199, 13.1%). In simple comparison, there
was no difference between normal and abnormal groups in TPA,
but in C2HA, there was a difference between normal and ab-

Table 1. Demographic variables and radiographic data between OD-HA and TPA

OD-HA TPA
Variable T:;g Normal Abnormal Normal Abnormal
(n=159) (n=102) (n=97) ol (n=59) (n=140) ol
Demographics
Age (yr) 67.36+£8.28 66.71+8.23 68.052+8.32 0.253 64.61+8.97 68.52+7.71 0.002*
Sex 0.162 0.015°
Male 26 (13.07) 10 (9.80) 16 (16.49) 13 (22.03) 13 (9.29)
Female 173 (86.93) 92 (90.20) 81 (83.51) 46 (77.97) 127 (90.71)
BMD -1.98+1.05 -1.91+1.03 -2.063+1.07 0.299 -1.84+0.85 -2.04+1.12 0.170
BMI (kg/m?) 23.98+2.61 23.71+2.37 24.261+2.82 0.133 24.26+2.85 23.86+2.50 0.328
Postoperative parameters
SVA 38.18+39.98 34.73+26.00 41.80+50.60 0.221 26.98+£37.95 42.89+40.01 0.010*
PI-LL 15.81£12.82 14.69+11.88 16.98£13.70 0.208 9.60+10.44 18.43+12.86 <0.001*
LL 35.03+£12.97 35.13+£13.43 34.92+12.54 0.906 35.63+11.67 34.78£13.51 0.674
PI 50.84+11.91 49.82+12.33 51.90+11.42 0.220 45.22+9.47 53.20+£12.07 <0.001*
PT 24.01+£9.77 23.22+8.39 24.85+11.02 0.243 18.19+8.38 26.47+£9.29 <0.001*
SS 27.53+10.39 27.65+10.54 27.40+10.29 0.862 27.90+8.69 27.37+11.06 0.718
Instrumentation
Segments* 7.13+2.41 6.95+2.18 7.32+2.62 0.282 7.12+2.36 7.14+2.44 0.964
Urvs 11.40+2.54 11.69+2.23 11.10£2.81 0.101 11.39+2.60 11.40+2.52 0.980
LIV® 17.52+1.18 17.62+0.85 17.41+1.44 0.225 17.51+1.37 17.52+1.09 0.949
SPF 0.006" 0.529
No 108 (54.27) 62 (60.78) 46 (47.42) 30 (50.85) 78 (55.71)
Yes 91 (45.73) 40 (39.22) 52 (52.58) 29 (49.15) 62 (44.29)

Values are presented as mean * standard deviation or number (%).

OD-HA, odontoind-hip axis angle; TPA, T1-pelvic angle; BMD, bone mineral density; BMI, body mass index; SVA, sagittal vertical axis; PI,
pelvic incidence; LL, lumbar lordosis; PT, pelvic tilt; SS, sacral slope; UIV, upper most instrumented vertebra; LIV, lower most instrumented

vertebra; SPFE, spino-pelvic fixation.

*p <0.05, statistically significantly differences in independent t-test. "p <0.05, statistically significantly differences in chi-square test (Fisher ex-
act test). *The number of instrumented vertebral segments. "Numbering the spine. It starts with 1 for C1 and ends with 18 for S1. Number 11

stands for T11, and number 17 for L5.
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Table 2. Clinical data between OD-HA versus TPA

OD-HA TPA
Variable T_otal Normal Abnormal Normal Abnormal
e (n=102) (n=97) p-value (n=59) (n=140) p-value

Back VAS

Preoperative 7.41+1.98 7.43+2.02 7.38+1.94 0.860 7.53+1.73 7.36+2.08 0.585

Postoperative 4.73+2.47 4.51+2.44 4.96+2.48 0.200 4.12+2.39 4.99+2.46 0.023*

Changes -2.68+2.23 -2.92+2.29 -2.42+2.15 0.115 -3.41+2.20 -2.37+2.18 0.003*
Leg VAS

Preoperative 6.76£2.88 7.03+£2.82 6.49+£2.93 0.183 6.48+£3.00 6.89+£2.83 0.359

Postoperative 4.44+2.90 4.40£2.79 4.47+3.03 0.861 3.71+£2.59 4.74+2.98 0.022*

Changes -2.33+2.89 -2.63+£2.95 -2.01+£2.82 0.133 -2.76+£3.20 -2.14+2.75 0.168
ODI

Preoperative 60.02+17.04 59.91+15.81 60.14+18.32 0.923 60.57+£14.77 59.79+17.96 0.770

Postoperative 38.09+19.85 35.19+18.40 41.13+£20.93 0.034* 35.07+17.03 39.36+20.85 0.165

Changes -21.94+20.21 -24.72+£20.16 -19.01£19.95 0.046* -25.50+17.05 -20.44+21.28 0.107
SRS-22

Preoperative 2.38+£0.47 2.37+£0.49 2.39+£0.45 0.762 2.38+£0.47 2.38+£0.47 0.931

Postoperative 3.16+£0.72 3.25+£0.72 3.07+£0.72 0.081 3.29+£0.71 3.11+£0.72 0.120

Changes 0.78£0.69 0.88+£0.73 0.68+£0.64 0.042* 0.91+£0.66 0.73+£0.70 0.092
SE-36 PCS

Preoperative 27.18+17.95 25.44+17.19 29.01+18.62 0.162 27.04+17.75 27.24+18.10 0.943

Postoperative 43.38+£21.65 44.77 £20.90 41.91+22.44 0.354 44.96 £20.50 42.71+22.16 0.506

Changes 16.20+£17.93 19.33+£18.55 12.90+16.73 0.011* 17.92+16.22 15.47+18.61 0.381
SF-36 MCS

Preoperative 35.85+18.94 34.99+18.35 36.76£19.59 0.512 36.42+20.74 35.61+18.20 0.783

Postoperative 53.44+23.28 55.02+£23.74 51.77£22.80 0.326 54.03£23.55 53.19£23.25 0.818

Changes 17.59+18.61 20.04+20.01 15.02+16.74 0.057 17.61+£19.25 17.58+18.41 0.993

Values are presented as mean * standard deviation.

OD-HA, odontoid-hip axis; TPA, T1-pelvic angle; VAS, visual analogue scale; ODI, Oswestry Disability Index; SRS, scoliosis research society;
SE-36, 36-item Short Form Health Survey; PCS, physical component summary; MCS, mental component summary.

*p <0.05, statistically significantly differences in independent t-test.

normal groups. [Normal (n, %) vs. abnormal (n, %), p-value,
mechanical complication (29 of 102, 28.4%) vs. (55 of 97, 56.7%),
p<0.001; PJK (28 of 102, 27.5%) vs. (52 0f 97, 53.6%), p < 0.001;
PJF (13 of 102, 12.8%) vs. 30 of 97, 30.9%, p=0.002; implant-re-
lated complication (7 of 102, 6.9%) vs. 19 of 97, 19.6%, p=0.008]
(Table 3).

In order to investigate the correlation more closely, a logistic
regression was constructed using mechanical complication, PJK,
PJE, and implant-related complication as outcomes. In univari-
ate analysis, OD-HA angle, age, BMD, BMI, postoperative SVA
was related with postoperative mechanical complication. In mul-
tivariable analysis, OD-HA angle was related with postoperative
mechanical complication (OR, 2.924; p=0.001; AUC=0.727)

https://doi.org/10.14245/ns.2142452.226

(Table 4, Fig. 2).

DISCUSSION

Recent studies on outcomes following ASD surgeries have
shown high rates of complications (8.4%-42%) and revision
rates (9%-17.6%).>'>** In our study, the overall mechanical
complication occurred in about 42%, and revision rate was about
21%. This is slightly higher than other studies, but does not show
much difference.*'"*

The occurrence of mechanical complications after ASD sur-
gery has already been dealt with in several studies. In previous

studies, thoracoplasty, posterior spinal fusion, combined an-
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Table 3. Occurrence of complications between OD-HA versus TPA

OD-HA TPA
Variable T:';a;lg Normal Abnormal Normal Abnormal
(=199 (n=102) (n=97) p-value (n=59) (n=140) p-value
Mechanical complication <0.001* 0.123
Occurred 84 (42.2) 29 (28.4) 55 (56.7) 20 (33.9) 64 (450.7)
Not occurred 115 (57.8) 73 (71.6) 42 (43.3) 39 (66.1) 76 (540.3)
PJIK <0.001* 0.135
Occurred 80 (40.2) 28 (27.5) 52 (53.6) 19(32.2) 61 (430.6)
Not occurred 119 (59.8) 74 (72.5) 45 (46.4) 40 (67.8) 79 (560.4)
PJF 0.002* 0.925
Occurred 43 (21.6) 13 (12.8) 30 (300.9) 13 (22.0) 30 (210.4)
Not occurred 156 (78.4) 89 (87.3) 67 (690.1) 46 (78.0) 110 (780.6)
Implant related complication 0.008* 0.431
Occurred 26 (13.1) 7 (6.9) 19 (190.6) 6 (10.2) 20 (14.3)
Not occurred 173 (86.9) 95 (93.1) 78 (80.4) 53 (89.8) 120 (85.7)

Values are presented as number (%).

OD-HA, odontoid-hip axis; TPA, T1-pelvic angle; PJK, proximal junctional kyphosis; PJE, proximal junctional failure.

*p<0.05, statistically significantly differences in chi-square test.

ROC curve for model
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Fig. 2. Receiver operating characteristic (ROC) curve. Logis-
tic regression (mechanical complication) in odontoid-hip axis
angle. Odds ratio, 2.924; p=0.001; area under the curve=0.727.

teroposterior spinal fusion preoperative existence of more than
5° proximal junctional angle one level above UIV, fusion to the
sacrum and surgical correction of TK more than 50% was sug-
gested as risk factors for PJK.>'"**** And older age (over 55 years),
large abnormal preoperative sagittal parameters, osteoporosis,
high BMI, thoracoplasty, and fusion to the lower lumbar verte-
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bra and sacrum was suggested as risk factors for PJE'>**?*

Yagi et al."" demonstrated that PJK can be minimized by post-
operative normalization of global spine alignment and balance.
Thus, we analyzed the difference according to whether normal-
ity of the postoperative global balance parameters TPA and OD-
HA angle.

It is done through cervical curvature and lumbar lordosis in
order to maintain a horizontal gaze and to free the upper limbs.
It is important to analyze the problem statically and dynamical-
ly to understand the conditions required for this balance. Re-
cently, several studies demonstrated that OD-HA angle was char-
acterized the overall spinal balance, remains constant whatever
the age and despite variations of lordosis (which decreases with
loss of disc height) and the presence of compensation mecha-
nism. And it hardly varies and is a good way to study the over-
all sagittal balance. It integrates the cervical spine and head and
stays constant even in elderly if they are asymptomatic."***

In Dubousset’s conus of economy (ref), the concept of bal-
ance includes from head to lower limbs. Therefore, the center
of the head, that is, the center of C2, which is a line descending
from the center of the external auditory meatus, can be regard-
ed as the center of gravity. For that reason, OD-HA could be a
good indicator of global balance in terms of the concept of Du-
bousset’s conus of economy that global balance is the ability of a
person to stand upright with respect to gravity and that it is ef-
ficient to use the least energy. However, there are not many stud-

https://doi.org/10.14245/ns.2142452.226
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Table 4. Logistic regression (mechanical complication) in OD-HA angle

Univariable (n=199) Multivariable
Variable
OR (95% CI) p-value AUC OR (95% CI) p-value AUC

OD-HA 0.645 0.727

Normal Reference Reference

Abnormal 3.296 (1.830-5.938) <0.001* 2.924 (1.567-5.455) 0.001*
TPA

Normal Reference Reference

Abnormal 1.642 (0.872-3.094) 0.125 1.370 (0.673-2.791) 0.386
Age 1.038 (1.000-1.077) 0.048* 1.018 (0.978-1.060) 0.390
Sex

Female Reference

Male 0.832 (0.363-1.904) 0.663
BMD 0.634 (0.473-0.850) 0.002* 0.739 (0.527-1.039) 0.082
BMI 1.199 (1.066-1.349) 0.003* 1.144 (1.008-1.299) 0.038*
SVA 1.009 (1.001-1.017) 0.020* 1.006 (0.997-1.014) 0.174
PI-LL 1.016 (0.994-1.039) 0.152
PI 1.005 (0.981-1.029) 0.690
LL 0.988 (0.967-1.010) 0.292
PT 1.013 (0.984-1.043) 0.381
SS 0.995 (0.968-1.022) 0.702
Fusion level segments 1.022 (0.909-1.148) 0.719
UIvV 0.996 (0.891-1.113) 0.939
LIV 1.073 (0.836-1.377) 0.582
SPF

None Reference Reference

Done 1.731 (0.980-3.055) 0.059 1.324 (0.695-2.523) 0.393

OD-HA, odontoid-hip axis; OR, odds ratio; CI, confidence interval; AUC, area under the curve; TPA, T1 pelvic angle; BMD, bone mineral
density; BMI, body mass index; PI, pelvic index; LL, lumbar lordosis; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; UIV, uppermost
instrumented vertebra; LIV, lowest instrumented vertebra; SPE, spino-pelvic fixation.

*p <0.05, statistically significantly differences in logistic regression.

ies yet analyzed whether this indicator can predict mechanical
complications in ASD.

Protopsaltis et al.' introduced about TPA, and several studies
reported it is related with clinical outcomes of patients’ mechan-
ical complication after ASD surgery.»'®***"* TPA is similar to
the spinopelvic angle, allows the patient to check thoracolum-
bar alignment well, and is not affected by changes in the patient’s
posture, so it can be evaluated objectively. It can be assumed
that there may be a downside to being difficult to know exactly
in terms of the ability to stand in the Dubousset’s conus of econ-
omy. In our study, the normality of TPA was related to the nor-
mal value of the spinopelvic parameter after surgery, and was
related to the pain parameters. The sagittal spinopelvic param-

https://doi.org/10.14245/ns.2142452.226

eters were related with chronic back pain and/or HRQoL.** It
can be seen that this contributed to the improvement of back
pain by sufficiently making lordosis through correction of the
sagittal imbalance. TPA has a certain value even in the stooping
posture of the patient because the alignment of cervical spine
and the horizontal gaze of the patient are missing. There was
no research on whether these differences were related to the
prediction of mechanical complications. In postoperative stoop-
ing posture related with global imbalance of the patient after
ASD surgery, it may be due to pain, and there may be various
reasons. Such as, PJK, DJK, pain, insufficient decompression. If
the patient’s global balance cannot be maintained due to vari-
ous reasons, assuming that the OD-HA angle might come out

www.e-neurospine.org 603



TPA vs. ODHA

Predictive Value for Mechanical Complications

Kim KR, et al.

"GT 10} £] IoquInu pue 1 I, I0J Spue)s 11 QNN ‘IS

103 QT TJIM SPUD puUe 1) J0J T YIIM SIe)s )] “durds a7} Surroquuny], "SJUaSas [BIGR1I9A PIJUSUINIISUT JO JOqUUINT YT, 1833-) Judapuadapur ur saouatafip Apueoyrusis A[reonsness ‘6o 0 >d,

‘uonexty o1ajpd-ourds $1JS 8Iq91I9A PAJUSWNIISUT JSOU JOMO] AT BIQ)IA

payuowmnnsut 3sow 1oddn AT dors [exoes ‘gS 913 o1a12d I J ‘SISOPIO] Jequun “TT ©oUPIoUT JIA[Rd I STXE [eOT)I0A [e]ISes “YAS Xopur ssewr Apoq T AJISUSp [erourur auoq ‘qINg

*(9) JoqUINU JO UOTILIAdP pIepUe)s F UedW st pjuasaxd are sanye
%) 19q HEIASD pIep |3 [eA

(69°LS) ST (€6'€v) 9L (¥1'89) ST (1€72¥) 99 (SL7¢9) e (veor) sy (L57¢9) v (00°0%) 9% (€L'sv) 16 SX
(I€Ty) 11 (£0'99) L6 (98'1%) 81 (69'LS) 06 (sTov) e (99%6S) 1L (evor)6€  (0009)69  (LT¥S) 801 ON
0120 ¥80°0 180°0 €900 AdS
8¢S0 PI+6CLT  €TTFVPSLL 9S80  S8TIF6VLI  SI'T+ESLT TH6'0 OV IF+€SLL  TOTFISLL  T8S0 FPETIFLSLL SOT+8VLL  8I'T+TSLI $AI'T
¥90°0 CSTFPSOT  TSTHESTIL  8%YCT0  P6'CTHOOTT  I¥FCHISTL  Se¥0 LLTFETIT  LETFISTIL  0¥6°0 SLTFBETL  6€TFHFIVIL PSS CTHFOV'TL $AIN
¥01°0 €9TFG8L 9¢TF 0L wheo  69TFISL  TETFEOL ¥8€0 8STFICL  6TCFIOL 120 9STF0TL  0€CT+80L WTFErs  syuswsag
UONRJUIWINISU]
8L1°0  ¥9CI+600¢ 000IFFILT 6150 €TTIFEY8C 986+F8CTLC 6080 LBOIFICLT OI0IFL9LT  ¥0L0 69°01F0CLC TTOIFLLLT 6€01F€SLT SS
e 99VIF09'SC  P88FBLET  8GC0 TOCIF08CC LOGFSEVC S¥V6'0 86'01FL0FC TO'8FLO6EC  T8CO0 C€OTIFTCLYC SL8FO0SET LLO6FIOFT 1d
00 VTO6+18GS TITTIF6005 9980 ¥8IIF990S LO6TIFI60S 9¢80 T0TIFTCO09 CSCIF860S 1690 FPITIFECTIS 6V CIF9509 16 TIF¥809 Id
1600  6TCIF€06E S8TCIFEYTE  PSG0 T0TIFL09¢ STEIFVLPE  S6T0 9LTI+G8€E OT'CIFI8GE €600 CSTIF68€E 8TECIFI8'GE L6TIFE0'GE T1
PELO  L6'STFBLIT  €CTIFI9ST  0SF'0 8OFIFOSHI LVCIFLTIOL 98¢0 L8CIFLLOT 80TIFIT'ST 1ST°0 99°€CT+¥PC LT TICI+69FI T8TI+I8'GI TI-Id
0I€0  PTPS+LOBY 9€LEF+699¢  €ITO LSPS+989F 9L FVEFB8LGE 8000 LS 6V+0T8Y 8COc+IP'IC xSCO0 106V FVI'9F LLOCF9ETE 86'6¢+818¢ VAS
s1ojourered aaneradoisog
9¢T0 89°CFILYC  OFPTFO8ET  TLOO  O0CEFGLYC SETFILECT «II00 LBTFGSTC SGETFO6SEC 000 LI9TFPOVC OV TF6V'EC 19T+86'CT INd
x[0000>  O9T'T+8LT-  66'0F98T- €000 STTF0¥T- 660FL8T- «F000 OTTF¥CTT  €60+FI8T- 1000 PITF9TT  €6'0+8LT- SOT+861- dnd
(29¥8) e (8T'L8) IST (0v'18) s€  (97°88) 8¢€1 (00'68) 89 (¥T'88) SOT (12s8) L (€848) 10T  (€6'98) €£1  S[eW™]
(8€sD ¥ (ceen)ee (0981)8  (¥S°TD) 8T (oost)zr  (9LTD¥I (6T¥1) el (LITDvl  (LO€T) 9T AN
§SL°0 S0€0 92G0 990 REN
0820 68'8F0069  8I'8FTI'LY  S6L0  PL8FLOLY LIBF¥¥L9 G810 86LFIEC8Y GV8FTLI9 xGPO0 TVLFVLBY GLB8FIE99 8T8FIC LI a8y
soryderSowaq
anfea (9z=1) (¢L1=1) anfea (ev=1u) (961 =) anfea (0g=1u) (611=1) anpea (Fg=u) (s11=1)
-d pa1mo»Q [ewIoN -d pa1mm»Q [BULION -d pa1mm»Q [euLION -d paLIdO [BULION Am_MMMﬁE a[qerrep

uonesrduros pajerar juerduwy

an[rey [euonoun( [ewWIXOI]

stisoydAy [euonoun( fewrrxoxg

uones1[duod [esrueydaA

suoneoT[dwod Jo 90Ua1IN00 0) SUTPIOdI. SI0JOB) ST 'S (LT,

604 www.e-neurospine.org

https://doi.org/10.14245/ns.2142452.226



Kim KR, et al.

Predictive Value for Mechanical Complications: TPA vs. ODHA

poorly and TPA remains constant, we studied whether this dif-
ference is different in the prediction of the patient’s postopera-
tive prognosis, that is, the mechanical complication. Results in
our paper, OD-HA angle showed better results.

In several studies have reported that spinopelvic fixation af-
fects the occurrence of PJK. In several studies reported SPF with
iliac screws had high rates of lumbosacral fusion and low inci-
dence of mechanical complications and revision surgery for
PJK* and reduced sacroiliac joint pain after multisegment spi-
nal fusion after SPF with S2 alar iliac screws.” Otherwise, some
studies reported although the rigid SPF has decreased the risk
for distal screw loosening, cyclic loading during daily activities
might lead to fatigue of the posterior instrumentation, which
can result in mechanical long-term complications such as non-
union and eventually increase the risk of iliac screw loosening,
development of PJK, PJF, and pseudarthrosis or pedicle screw
loosening at L5-S1 level.'*** In our study; statistical significance
was not observed, but there was a force to SPF was related with
development of mechanical complication especially PJK/PJE

Also, many articles reported that older age, osteoporosis, and
obesity are important risk factors of mechanical complication,
PJK, and PJE Lau et al.”* demonstrated that age was an impor-
tant risk factor of PJK and PJE And high BMI was related with
worse sagittal alignment after ASD surgery and worse postop-
erative scores in HRQoL, and development of PJK."****" And
osteoporosis was related with PJK and PJE'*!"* Especially, Yagi
et al." reported low BMD (T score <-1.5) was a significant risk
factor for the incidence of PJE In our study; older age was relat-
ed with occurrence of mechanical complication, BMD was re-
lated with all types of complications, and BMI was related with
occurrence of mechanical complication and PJK. Sexual differ-
ence was not related with occurrence of complications. In ra-
diological assessments, postoperative SVA was related with oc-
currence of mechanical complication and PJK. The other post-
operative sagittal parameters were not related with complica-
tions. And UIV and LIV were similar between the 2 groups as
T11-12 and L5-S1. In SPE, there is no significant difference be-
tween the 2 groups, but it shows approaching an acceptable sig-
nificance level. The results of our study were also similar to pre-
vious other studies (Table 5).

The present study had several limitations. Because this was
not a randomized and prospective study, but rather retrospec-
tive in design, a control population that received standard con-
servative care was not included. In addition, we did not control
for selected surgical method or the period of preoperative con-
servative management. Meanwhile, the clinical score was not

https://doi.org/10.14245/ns.2142452.226

an absolute result because it was entirely patent specific. The
images of the patients were measured by whole spine x-ray. Due
to this, there may be some correction by the patient’s position.
Finally, the results of this study may be limited because it was
conducted only in a single country and a single institution. Fur-
ther studies are needed with multicenter, multinational, and mul-
tiracial data for more reliable results in the future.

CONCLUSION

The goal of ASD surgery is to improve patient life quality thr-
ough correction. In our study, TPA was associated with spino-
pelvic parameter and clinical parameters related with pain, OD-
HA angle was associated with clinical parameters with func-
tional impairment and complications. OD-HA angle is predict-
able factor for mechanical complications after ASD surgery.
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