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other 18 patients met any of the criteria for add-on phenomenon and were

the non-add-on group (nAG). There were no significant differences

between the two groups in the age at the time of presentation or surgery,

Risser stage, preoperative MT and PT. One out of 3 patients in AG and 10/

18 patients in nAG had L4 tilt to the right (p=0.59). LIV=LSTV-1 did not

appear to be a risk factor (p=0.38); all 8 of those patients were in the nAG

while 3 patients in AG had LIV either at LSTV or LSTV+1. PT bend out

Cobb angles were statistically larger (25.7o +/- 2.1o, range 24 to 28, versus

10.8o +/- 5.5 ˚, range 0 to 21, p=0.0002) and the % PT correction with

bend out was statistically lower (5.0 +/- 2.7%, range 3 to 8, versus 53 +/-

19%, range 25 to 100, p=0.0004) in the AG compared to the nAG.

CONCLUSIONS: We demonstrated an association between add-on phe-

nomenon and limited correction of PT on bend out in Lenke 1A curves

where the LIV was primarily at or immediately adjacent to LSTV. If % PT

correction with bend out is less than 10%, the surgeon may consider treat-

ing the curve as a Lenke 2A curve and set UIV at T1 or T2.
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BACKGROUND CONTEXT: Few studies investigate fractional curve

correction after long fusion with transforaminal (TLIF) vs anterior lumbar

interbody fusion (ALIF) for adult symptomatic thoracolumbar/lumbar sco-

liosis (ASLS).

PURPOSE: Our objective was to compare fractional correction, health-

related quality-of-life (HRQL), and complications associated with L4-S1

TLIF vs ALIF in ASLS operative treatment.

STUDY DESIGN/SETTING: Retrospective review of a prospectively

collected multicenter consecutive case registry.

PATIENT SAMPLE: Database enrollment required age ≥18 years, scoli-

osis ≥20�, sagittal vertical axis (SVA) ≥5cm, pelvic tilt ≥25�, or thoracic
kyphosis ≥60�.
OUTCOME MEASURES: Radiographic correction (including L4-S1

fractional curve), HRQL (Oswestry Disability Index [ODI], Short Form-36
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[SF-36] scores, Scoliosis Research Society-22 [SRS-22r] scores), and

complications.

METHODS: Prospective multicenter data was reviewed. Study inclusion

required fractional curve ≥10˚, thoracolumbar/lumbar curve ≥30˚, index
TLIF vs ALIF at L4-L5 and/or L5-S1, and minimum 2-year follow-up.

TLIF and ALIF patients were propensity-matched using number and type

of interbody fusion at L4-S1.

RESULTS: Of 135 potentially eligible consecutive patients, 106 (78.5%)

achieved minimum 2-year follow-up (age=60.6§9.3years, women=85.8%,

TLIF=44.3%, ALIF=55.7%). Index operations had 12.2§3.6 posterior lev-

els, iliac fixation=86.8%, and TLIF/ALIF at L4-L5 (67.0%) and L5-S1

(84.0%). ALIF had greater cage height (10.9§2.1 vs 14.5§3.0mm,

p=0.001) and lordosis (6.3˚§1.6˚ vs 17.0˚§9.9˚, p=0.001) and longer oper-

ative duration (6.7§1.5 vs 8.9§2.5hrs, p<0.001). Final alignment

improved significantly (p<0.05): fractional curve (20.2˚§7.0˚ to 6.9˚§
5.2˚), maximum coronal Cobb (55.0˚§14.8˚ to 23.9˚§14.3˚), C7-sagittal

vertical axis (5.1§6.2 to 2.3§5.4cm), pelvic tilt (24.6˚§8.1˚ to 22.7˚§
9.5˚), and lumbar lordosis (32.3˚§18.8˚ to 51.4˚§14.1˚). Matched analysis

demonstrated comparable fractional correction (TLIF=−13.6˚§6.7˚ vs

ALIF=−13.6˚§8.1˚, p=0.982). Final HRQL improved significantly

(p<0.05): ODI (42.4§16.3 to 24.2§19.9), SF-36 Physical Component

Summary (PCS, 32.6§9.3 to 41.3§11.7), SRS-22r (2.9§0.6 to 3.7§0.7).

Matched analysis demonstrated worse ODI (30.9§21.1 vs 17.9§17.1,

p=0.017) and PCS (38.3§12.0 vs 45.3§10.1, p=0.020) for TLIF at last fol-

low-up (despite no difference in these parameters at baseline). Total com-

plication rate per patient was not different (TLIF=76.6% vs ALIF=71.2%,

p=0.530), but significantly more TLIF patients had rod fractures (RF)

(TLIF=28.6% vs ALIF=7.1%, p=0.036). Multiple regression demonstrated

1-mm increase in L4-L5 TLIF cage height lead to 2.2˚ reduction in L4 cor-

onal tilt (p=0.011), and 1˚ increase in L5-S1 ALIF cage lordosis lead to

0.4˚ increase in L5-S1 segmental lordosis (p=0.045).

CONCLUSIONS: Operative ASLS treatment with L4-S1 TLIF vs ALIF

demonstrated comparable fractional curve correction (66.7% vs 64.8%)

despite significantly larger, more lordotic ALIF cages. TLIF cage height

had significant impact on leveling L4 coronal tilt, whereas ALIF cage lor-

dosis had significant impact on lumbosacral lordosis restoration. Advan-

tages of TLIF may include reduced operative duration; however,

associated HRQL was inferior and more RFs were detected in this study.
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BACKGROUND CONTEXT: Restoring sagittal alignment in adult spinal

deformity (ASD) surgery is a common goal to improve patient clinical out-

comes and minimize long-term complications. The global alignment propor-

tionality score (GAP) has been validated to consistently predict outcomes,

however, our goal is to determine which components of the GAP score have

the greatest impact on clinical and HRQL outcomes, and whether certain com-

ponents can be prioritized when determining postoperative alignment goals.

PURPOSE: To investigate the impact of GAP components on patient

outcomes.

STUDY DESIGN/SETTING: Retrospective cohort study of prospective,

multicenter ASD database.

PATIENT SAMPLE: A total of 674 ASD patients.

OUTCOME MEASURES: Complications; Health-related quality of life

(HRQL): ODI, SF-36 GH, SRS-22r, NSR

METHODS: Operative ASD patients (scoliosis >20, SVA>5cm, PT>25, or
TK>60) with a fusion at L1 or higher and available baseline (BL) and 2-year

(2Y) radiographic and HRQL data. Proportioned alignment in 4 parameters:

PV (Pelvic Version- based on sacral slope), LL (Lumbar Lordosis), LDI

(Lumbar Lordosis Index), and SP (Spinopelvic- based on global tilt: sum of

the C7 vertical tilt and the pelvic tilt) was investigated. Linear regression anal-

ysis, controlling for the others determined how alignment correlated with

HRQL outcomes (SRS, ODI, SF36, back and leg pain) and complications.

Conditional inference tree (CIT) modeling was then used to rank components

hierarchically to determine which components were most impactful.

RESULTS: There were 674 ASD patients who met inclusion criteria

(59.9years§14.0, 79%F, BMI: 27.7 kg/m2 §6.0, ASD-FI: 3.3§1.6, CCI:

1.8 §1.7). Surgically, patients had mean levels fused of 11.1§4.4, LOS of

7.9 days§4.4, EBL of 1577 mL, operative time of 377 min, with 63%

undergoing an osteotomy. In a component analysis, alignment in GAP SP

was the only component that predicted meeting MCID for SRS and ODI,

and was associated with a higher SRS-Activity, SRS-Satisfaction, and

NSR Leg pain at 2Y. Ranked by CIT, proportioned alignment in GAP SP

was most predictive of achieving a higher SRS-Total score, higher SRS-

Appearance and lower ODI, followed by GAP LDI and GAP LL. GAP LL

proportionality predicted a higher SF-36 General Health Score and lower

likelihood of mechanical failure .4[.24-.8]. Patients aligned in GAP SP

were less likely to develop PJK by 2Y 0.42[.26-.7] and PJF .27[.1-.7], (all

p<0.05). With a malalignment in GAP SP, being proportioned in GAP LL

was correlated with a lower risk of PJK at 2Y .47[.27-.780] (GAP LDI

trended .65[.4-1.04], p=.074). With malalignment in GAP LDI, being pro-

portioned in GAP SP was correlated with increased incidence of‘ PJK 2

[1.02-4], while GAP LL lowered incidence .5[.3-.9], p<0.05.
CONCLUSIONS: Although GAP has been validated to predict mechani-

cal complications, in cases of older, severely deformed, severely frail or

revision cases there was no association. The spino-pelvic component of

the GAP score, based on global tilt, provides an accurate overall picture of

spinal and pelvic alignment and is therefore the most powerful predictor of

ODI, all SRS, leg pain and development of PJK/PJF. GAP lumbar lordosis

aligned patients had a higher SF-36 General health score and were less

likely to develop mechanical failure.
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BACKGROUND CONTEXT: Since circumferential adult spinal defor-

mity (ASD) surgery can lead to high surgical burden for the patient, sur-

geons may elect to stage these procedures during the same hospitalization.

As a result, there is a trend toward planning same-hospitalization staged

ASD surgeries by performing an anterior lumbar interbody fusion (ALIF)

prior to a subsequent staged posterior fusion.

PURPOSE: The aim of this study was to determine optimal timing for

staging (early vs delayed) thoracolumbar ASD surgery within the same

hospitalization.

STUDY DESIGN/SETTING: Retrospective review of a multicenter

database.

PATIENT SAMPLE: A total of 158 surgical ASD patients undergoing

anterior and staged posterior spinal fusion ≥5 levels.
OUTCOME MEASURES: Our outcome measures were 90-day compli-

cation rates, postoperative alignment, and 2-year ODI.

METHODS: Using a prospective, multicenter database, we identified 158

surgical ASD patients undergoing first an anterior surgery followed by a

staged posterior spinal fusion ≥5 levels during the same hospitalization.

Stratum-specific likelihood ratio (SSLR) analysis was performed to calcu-

late a cutoff point beyond which 90-day complications were increased.

The cutoff generated through SSLR were confirmed with multivariable

logistic regression analysis controlling for age, gender, levels fused for

each stage, preoperative alignment, three-column osteotomy, and Charlson

Comorbidity Index. The outcome measures were 90-day complication

rates, postoperative alignment, and 2-year ODI. Multivariable analyses

were performed with logistic, Poisson and linear regressions where

appropriate.

RESULTS: Utilization of staged procedures increased 4x from 2008-

2019, and the mean staging interval was 3 days (range 1-8). On SSLR anal-

ysis, patients were divided into two staging categories based on complica-

tion risk: early (<6 days, range 1-5, N=139) versus delayed (≥ 6 day,

range 6-8, N=19). On bivariate analysis, the delayed group had higher 90-

day complication rates (68.4% vs 32.4%, p=0.002) and longer operative

times (638 min vs 739 min, p=0.020) relative to the early group. Adjusting

for covariates on multivariable analysis, patients with delayed staging had

significantly greater odds of 90-day complications (OR=7.57, p=0.006),

and longer total operative time (beta=119, p=0.035). With respect to spe-

cific complications, delayed staging carries increased odds of infection

compared to early staging (OR=11.8 p=0.031). There were no significant

differences in postoperative alignment or 2-year ODI between the groups

(p>0.05 for all).
CONCLUSIONS: Compared to early staging (< 6 days) of ALIF and

subsequent staged posterior fusion, delayed staging (≥ 6 days) is associ-

ated with greater odds of 90-day complications, particularly infection.

With the growing trend toward staged ASD surgeries, efforts should be

made to shorten the interval between ALIF and subsequent posterior

fusion.
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