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Abstract

Study Design: Retrospective cohort study.

Objectives: In patients undergoing adult spinal deformity (ASD) surgery we sought to: 1) report preoperative and post-
operative lumbosacral fractional (LSF) curve and maximum coronal Cobb angles and 2) determine their impact on radiographic,
clinical, and patient-reported outcomes (PROs).

Methods: A single-institution cohort study was undertaken. The LSF curve was the cobb angle between the sacrum and most
tilted lower lumbar vertebra. Coronal/sagittal vertical axis (CVA/SVA) were collected. Patients were compared between 4
groups: 1) Neutral Alignment (NA); 2) coronal malalignment only (CM); 3) Sagittal malalignment only (SM); and 4) Combined-
Coronal-Sagittal-Malalignment (CCSM). Outcomes including postoperative CM, postoperative coronal vertical axis, compli-
cations, readmissions, reoperation, and PROs.

Results: A total of 243 patients underwent ASD surgery with mean total instrumented levels of 13.5. Mean LSF curve was
12.1±9.9°(0.2-62.3) and mean max Cobb angle was 43.0±26.5° (0.0-134.3). The largest mean LSF curves were seen in patients
with CM (14.6°) and CCSM (13.1°) compared to NA (12.1°) and SM (9.5°) (p=0.100). A higher LSF curve was seen in patients
with fusion to the sacrum and instrumentation to the pelvis (p=0.009), and a higher LSF curve was associated with more TLIFs
(p=0.031). Postoperatively, more TLIFs were associated with greater amount of LSF curve correction (p<0.001). Comparing
the LSF and the max Cob angle among Qiu types, the highest mean max Cobb angle was in Qiu Type B patients (p=0.025),
whereas the highest mean LSF curve was in Qiu Type C patients (p=0.037). Moreover, 82.7% of patients had a LSF curve
opposite the max Cobb angle. The LSF curve was larger than the max Cobb angle in 22/243 (9.1%) patients, and most of these 22
patients were Qiu Type A (59.1%). Regarding correction, the max Cobb angle achieved more correction than the LSF curve,
judged by the percent improved from preop (54.5% Cobb vs. 46.5% LSF, p=0.025) in patients with max cobb>20° and LSF curve >5°.
The LSF curve underwent greater correction in Qiu Type C patients (9.2°) compared to Type A (5.7°) and Type B (5.1°)
(p=0.023); however, the max Cobb angle was similarly corrected among Qiu Types: Type A 21.8°, Type B 24.6°, and
Type C 25.4° (p=0.602). Minimal differences were seen comparing the preop/postop/change in LSF curve and max Cobb
angle regarding postop CM, postop CVA, complications, readmissions, reoperation, and PROs.
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Conclusions: The LSF curve was highest in patients with CM, CCSM, and Qiu Type C curves. Most patients had a LSF curve
opposite the max Cobb angle. The max Cobb angle was more often corrected than the LSF curve. The LSF curve underwent
greater correction among Qiu Type C patients, whereas the max Cobb angle was similarly corrected among all Qiu Types. No
clear trend was seen regarding postoperative complications and PROs between the LSF curve and max Cobb angle.
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Introduction

When evaluating coronal alignment in adult spinal deformity
(ASD) patients, both regional and global measurements must
be scrutinized closely. Globally, the C7 coronal vertical axis
(CVA) is the preferred measurement. Regionally, close in-
spection of all coronal Cobb angles, especially the lumbo-
sacral fractional (LSF) curve is necessary. Given that
postoperative coronal malalignment (CM) can lead to inferior
patient-reported outcomes (PROs) and revision surgery,1-4 a
keen understanding how regional coronal Cobb angles, the
LSF curve, and CVA coexist is warranted.1,5-7

Though assessment of the LSF curve is integral to un-
derstanding coronal alignment, especially in ASD patients
fused to the sacrum, few reports have quantified its
importance.5,8,9 Prior studies have shown that the LSF curve
may be more difficult to correct in Qiu Type C curves, where
the CVA is to the side of the major curve convexity.9,10

A synergistic understanding of how the LSF curve correc-
tion depends on the maximum coronal Cobb angle is lacking.

In a surgical ASD population, the current objectives were
to: (1) report preoperative and postoperative LSF curve and
maximum coronal Cobb angles, (2) describe associations
between the LSF curve and perioperative variables, and (3)
determine how both the LSF curve and maximum coronal
Cobb angle impact radiographic, clinical, and patient-reported
outcomes (PROs).

Methods

Study Design

A retrospective cohort study was undertaken based on pro-
spectively collected data from a single institution center
consisting of 2 spine deformity surgeons. Following institu-
tional review board approval, data was collected on all patients
undergoing ASD surgery between 06/01/2015-12/31/2018.
Informed consent was obtained from all patients.

Patient Population. Preoperative enrollment criteria were similar
to prior studies of ASD patients.11,12 The inclusion criteria
were: adults age >18 years undergoing ≥6 level fusion with at
least 1 of the following radiographic criteria (Cobb angle>30 °,

sagittal vertical axis>5 cm, coronal vertical axis (CVA) >3 cm,
pelvic tilt (PT) of >25 °, or thoracic kyphosis (TK) > 60 °).

Clinical and Radiographic Data Collection

Demographic and perioperative variables were collected from
the electronic medical record and included diagnosis, revision,
total instrumented levels (TIL), and 3 column osteotomy
(3CO). Radiographically, to measure global alignment, both
the C7-coronal vertical axis (CVA) and sagittal vertical axis
(SVA) were continuous variables measured in centimeters
(cm), both taken from the center of the C7 body.13 Additional
radiographic variables included: L4 tilt, L5 tilt, pelvic
obliquity (angle of line passing between superior iliac crest
and horizontal), and leg length discrepancy (difference in
height from femoral head to tibial plafond). The Qiu classi-
fication was used to assess directionality,1 which categorized
CM into 3 groups based on a value of 3 cm as follows: Type A:
CVA <3 cm; Type B: CVA >3 cm and C7PL shifted to the
concave side of the curve; and Type C: CVA >3 cm and C7PL
shifted to the convex side of the curve.1 Lastly, patients were
divided into the following 4 groups based on preoperative
alignment: 1) Neutral alignment (NA): CVA<3 cm and
SVA>5 cm; 2) CM only: CVA≥3 cm and SVA<5 cm; CM only
without sagittal malalignment (SM); 3) SM only: SVA≥5 cm
and CVA<3 cm; CM; 4) Combined coronal and sagittal
malalignment (CCSM): both CVA≥3 cm and SVA≥5 cm.

Primary Exposures: Lumbosacral Fractional Curve and
Maximum Coronal Cobb Angle

The LSF curve was defined as the angle between the sacrum
and distal lumbar spine, either L3/4/5 depending on the most
tilted lower lumbar vertebra, according to prior studies.14 The
maximum coronal Cobb angle – hereafter referred to as the
max Cobb angle – was the largest coronal curve between
the following 4 regions: proximal thoracic (PT), main thoracic
(MT), or thoracolumbar/lumbar (TL/L). Even if the LSF curve
was larger than the PT, MT, or TL/L curves, the max Cobb
angle did not include the LSF curve.

Zuckerman et al. 1969



Primary Outcomes: Radiographic, Clinical, and Patient
Reported Outcomes

All primary outcomes were separated into 3 domains. 1)
Radiographic outcomes included the evaluation of CM
measured as both a binary (CVA ≥3) and a continuous (ab-
solute value) variable. In addition, the amount of preoperative
to immediate postoperative correction regarding the LSF and
max coronal Cobb angles were collected, both as a distance
and percent correction. 2) Clinical outcomes consisted of
major complication,15 readmission, and reoperation. 3) PROs
were based on the Oswestry Disability Index (ODI) version
2.1a,16,17 analyzed as a mean value and percent achieving
minimum clinically important difference (MCID).

Statistical Analysis

Descriptive statistics were used to summarize patient de-
mographics and radiographic data. Categorical data was
presented as frequencies and percentages, whereas con-
tinuous data was presented with mean, standard deviations
(SD), and medians. Pearson’s correlation was used to
evaluate the relationship between the LSF curve, max Cobb
angle, and other radiographic variables. Strength of cor-
relation was classified accordingly: 0-.3 negligible, .3-.5
low, .5-.7 moderate, .7-.9 high, .9-1.0 very high. Wilcoxon-
rank-sum tests were used to assess differences between 2

groups for continuous data (mean PRO values), whereas
Chi-squared proportion tests were used for count data.
Kruskal-Wallis testing and one-way analysis of variance
(ANOVA) were used to assess continuous variables be-
tween 3 groups. MCID threshold values were set in ac-
cordance with prior studies:�18 for ODI.18-22 Logistic and linear
univariate and multivariate regression were used for potential
association with outcomes. Statistical significance was set at an
alpha level of P < .05. All statistical analyses were performed in
STATA version 14 (StataCorp LP, College Station, Texas).

Results

Demographics and Perioperative Variables

A total of 243 patients underwent ASD surgery with a mean
age of 49.3 years; 33% were male with a mean BMI of 25.5
(Table 1). Half of all patients had AdIS, and the remaining
50% had various forms of revision and/or degenerative
scoliosis. The population represented a complex cohort,
given the 62% revision surgery rate, mean total instrumented
levels (TIL) of 13.5 ± 3.9, mean operative time of 471.0 ±
133.9 minutes, and estimated blood loss (EBL) of 1315.8 ±
786.6cc. Mean preoperative CVA (cm) was 2.9 ± 2.7, ranging
from .1-19.7. Mean preoperative SVA (cm) was 3.7 ± 6.8,
ranging from -8.8-26.1. Mean PO was 2.3° ± 2.4°, ranging
from 0-22.1°. Global alignment of all patients was: N 115

Table 1. Demographics, Operative Variables, and Outcome Variables.

Variable Value N = 243

Age, mean ± SD 49.3 ± 18.3
Female, n (%) 163 (67%)
ASA, n (%)
1/2/3 25/150/68

BMI, mean ± SD 25.5 ± 5.7
Depression, n (%) 48 (20%)
Diagnosis, n (%)
Adult idiopathic scoliosis (AdIS) 121 (50%)
Degenerative and other 122 (50%)

Revision, n (%) 150 (62%)
Preop C7-CVA (cm), mean ± SD (range) 2.9 ± 2.7 (.1-19.7)
Preop SVA (cm), mean ± SD (range) 3.7 ± 6.8 (-8.8-26.1)
Max cobb (°), mean ± SD (range) 43.0 ± 26.5 (.0-134.3)
Lumbosacral fractional curve (°), mean ± SD 12.1 ± 9.9 (.2-62.3)
Pelvic obliquity (°), mean ± SD 2.3 ± 2.4 (0-22.1)
Total instrumented levels, mean ± SD 13.5 ± 3.9
Three-column osteotomy, n (%) 35 (14%)
Operative time (min), mean ± SD 471.0 ± 133.9
EBL (cc), mean ± SD 1315.8 ± 786.6
Length of stay, mean ± SD 8.0 ± 7.9
Major complication, n (%) 41 (17%)
Readmission, n (%) 38 (16%)
Reoperation, n (%) 34 (14%)
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Figure 1. Preoperative alignment patterns based on mean lumbosacral fractional curve by (A) alignment group and (B) Qiu type.

Figure 2. Operative technique based on to mean lumbosacral fractional curve by (A) instrumentation to pelvis (B) number of TLIFs.

Figure 3. Mean change in lumbosacral fractional curve by number of TLIFs performed.

Zuckerman et al. 1971



(47.3%), CM 48 (19.8%), SM 38 (15.6%), and CCSM 42
(17.6%). Qiu type was: Type A (153; 63%), Type B (53;
22%), and Type C (37, 15%). Of the 243 patients, 175 (72%)

had 2-year follow-up. Major complications were seen in 41
(17%) patients, readmissions occurred in 38 (16%), and
reoperation was required in 34 (14%).

Figure 4. Preoperative alignment patterns based on mean maximum coronal Cobb angle by (A) alignment group and (B) Qiu type.

Figure 5. Operative technique based on to mean maximum coronal Cobb angle by (A) instrumentation to pelvis (B) number of TLIFs.

Figure 6. Correction of LSF curve and maximum coronal Cobb angle according to Qiu type.
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Lumbosacral Fractional Curve

The mean LSF curve was 12.1° ± 9.9° (.2-62.3). A LSF
curve >5° was seen in 71.6% of all patients and 81.1% of
patients with preoperative CM (P = .012). Though the largest
LSF curves were seen in the CM (14.6 ± 11.9°) and CCSM
(13.1 ± 8.3°) groups, the LSF curve was not statistically dif-
ferent between all groups (Figure 1(a)). A significantly higher
LSF curve was seen in Type C patients (15.6°), compared to
Type A (11.1°) and B (12.7°) patients (P = .037) (Figure 1(b)).
With respect to operative variables, a higher LSF curve was
seen in patients with fusion to the sacrum and instrumentation
to the pelvis (P = .009) (Figure 2(a)). In addition, a higher LSF
curve was associated with a more TLIFs (P = .031)
(Figure 2(b)). Postoperatively, more TLIFs were associated
with greater amount of LSF curve correction (Figure 3).

Maximum Coronal Cobb Angle

Mean max Cobb angle was 43.0 ± 26.5° (.0-134.3). The
largest max Cobb angles were seen in the CM (53.1 ± 23.0°)
and CCSM (42.1 ± 30.3°) groups, and in contrast to the LSF
curve, the max Cobb angles were significantly different

between all groups (Figure 4(a)). According to Qiu classifi-
cation, a significantly higher max Cobb angle was seen in
Type B patients, compared to Type A and C patients
(Figure 4(b)), which is different than the LSF curve trend
where Type C curves had the largest LSF curve. With respect
to operative variables, max Cobb angles were similar in pa-
tients fused and not fused to the sacrum (P = .364)
(Figure 5(a)). In addition, a higher LSF curve was associated
with a higher number of TLIFs (P = .002) (Figure 5(b)).

Directionality

A total of 82.7% of patients had the LSF curve opposite the
max cobb angle. Interestingly, 22 (9.1%) patients had a LSF
curve that was larger than the max Cobb angle. Of these 22
patients, the majority were Type A (59.1%) compared to Type
B (36.4%) and Type C (4.6%).

Comparison of Lumbosacral Fractional Curve vs
Maximum Coronal Cobb Angle Correction

The amount of LSF curve and max Cobb angle correction is
summarized by Qiu Type in Figure 6. The LSF curve appeared

Table 2. Impact of Preoperative, Postoperative, and Total Correction of Lumbosacral Fractional Curve on Radiographic Outcomes, Clinical
Outcomes, and Patient-Reported Outcomes.

Outcome

Univariate
Multivariate (Controlling for Age, CVA,
SVA, PO, Total Instrumented levels)

β /OR (95% CI) P-value β /OR (95% CI) P-value

1. Radiographic
Postop CM
Logistic regression

Preop LSF curve 1.016 (.984, 1.049) .341 1.022 (.986, 1.059) .232
Postop LSF curve 1.054 (.988, 1.125) .112 1.047 (.973, 1.127) .217
LSF curve correction .665 (.287, 1.541) .341 .835 (.335, 2.085) .700

Postop CVA*
Linear regression

Preop LSF curve .00816 (-.0117, .0280) .418 .0074 (-.0118, .0266) .447
Postop LSF curve .0482 (.0071, .0893) .0218 .0367 (-.0028, .0761) .0682
LSF curve correction -.328 (-.9065, .2514) .293 -.1765 (-.7215, .3686) .348

2. Clinical
Complication
Logistic regression

Preop LSF curve 1.011 (.978, 1.045) .509 1.007 (.972, 1.043) .693
Postop LSF curve 1.040 (.971, 1.113) .261 1.005 (.933, 1.083) .899
LSF curve correction .957 (.369, 2.479) .9277 .881 (.306, 2.539) .815

Readmission
Logistic regression

Preop LSF curve .966 (.925, 1.008) .113 .945 (.898, .994) .0273
Postop LSF curve .879 (.792, .975) .0148 .845 (.743, .961) .0106
LSF curve correction 1.224 (.402, 3.728) .722 .908 (.253, 3.263) .883

Reoperation
Logistic regression

Preop LSF curve .962 (.919, 1.007) .0936 .941 (.892, .992) .0234
Postop LSF curve .871 (.779, .973) .015 .799 (.690, .926) .0029
LSF curve correction 1.46 (.433, 4.924) .542 1.185 (.294, 4.769) .811

3. Patient-reported outcomes
ODI*
Linear regression

Preop LSF curve -.1271 (-.3810, .1267) .325 -.2053 (-.4302, .0196) .0734
Postop LSF curve -.0538 (-.6080, .5005) .849 -.0401 (-.5293, .4473) .869
LSF curve correction -1.3755 (-8.1842, 5.4331) .690 -3.8477 (-9.9227, 2.2274) .213

MCID
Logistic regression

Preop LSF curve .967 (.936, .998) .0377 .968 (.936, 1.001) .0561
Postop LSF curve .969 (.904, 1.038) .373 .963 (.896, 1.036) .311
LSF curve correction .416 (.133, 1.296) .130 .423 (.124, 1.439) .168

Zuckerman et al. 1973



to be corrected most in Type C patients compared to Type A
and B (P = .023). However, the amount of correction of the
max Cobb angle was statistically similar across groups (P =
.602). Taken together, different amounts of LSF curve cor-
rection occurred based on Qiu type (Type C the most), whereas
as max Cobb angle correction was consistent across all Qiu
types.

The max Cobb angle also achieved more correction than
the LSF curve, judged by % of each preop angle that was
improved from preop (54.5% Cobb vs 46.5% LSF, P = .025)
in patients with max cobb>20° and LSF curve >5°.

Radiographic, Clinical, and Patient-Reported Outcomes

The impact of LSF curve (preoperative, postoperative, and
percent correction) on the 3 primary outcomes is seen in
Table 2. Interestingly, multivariate analysis revealed that a
higher preoperative and postoperative LSF curve was asso-
ciated with a decreased odd of readmission, while amount of
LSF curve correction was not correlated.

The impact of the max Cobb angle (preoperative, post-
operative, and percent correction) on the 3 primary outcomes
is seen in Table 3. The only significant relationship was that a
larger preoperative max Cobb angle was associated with a

decreased ODI, a somewhat counterintuitive finding. In ad-
dition, a higher amount of max Cobb angle correction was
associated with a decreased ODI.

A case example of AdIS is illustrated in Figure 7, dem-
onstrating a major correction of an 89° TL/L Cobb angle and
57° LSF curve following posterior spinal fusion (PSF) with
multilevel posterior column osteotomies (PCO) for TL/L
curve correction and three-level transforaminal interbody
fusion (TLIF) for LSF curve correction.

Discussion

In the current ASD population, though the max Cobb angle
was higher in patients with CM, similar size LSF curves were
seen in all alignment types, signifying that a notable LSF curve
can be present in any alignment pattern. A LSF curve >5° was
seen in 71.6% of all ASD patients and 81.1% of ASD patients
with preoperative CM. The majority of patients (82.7%) had a
LSF curve that was opposite the max Cobb angle, and in 22
(9.1%) patients, the LSF was larger than any of the max Cobb
angles. In Qiu Type B patients, the max Cobb angle was
significantly higher than Type A/C, whereas in Qiu Type C
patients, the LSF curve was significantly higher than Type A/
BA higher LSF curve often led to 1 or more TLIFs, and more

Table 3. Impact of Preoperative, Postoperative, and Total Correction of MAXIMUM CORONAL COBB ANGLE on Radiographic
Outcomes, Clinical Outcomes, and Patient-Reported Outcomes.

Outcome

Univariate
Multivariate (Controlling for Age, CVA,
SVA, PO, Total Instrumented levels)

β /OR (95% CI) P-value β /OR (95% CI) P-value

1. Radiographic
Postop CM
Logistic regression

Preop max cobb 1.007 (.995, 1.019) .281 1.009 (.994, 1.025) .245
Postop max cobb 1.022 (.997, 1.048) .088 1.016 (.985, 1.047) .314
Max cobb correction 1.117 (.201, 6.206) .899 2.464 (.381, 15.956) .344

Postop CVA*
Linear regression

Preop max cobb .0040 (-.0033, .0113) .279 .0022 (-.0057, .010) .589
Postop max cobb .0179 (.0026, .0333) .0221 .0080 (-.0080, .239) .326
Max cobb correction -.2804 (-1.2919, .7312) .585 -.0657 (-1.047, .9158) .895

2. Clinical
Complication
Logistic regression

Preop max cobb 1.016 (1.004, 1.029) .011 1.009 (.994, 1.024) .224
Postop max cobb 1.035 (1.009, 1.061) .0085 1.025 (.996, 1.055) .092
Max cobb correction .302 (.060, 1.505) .144 .240 (.040, 1.438) .118

Readmission
Logistic regression

Preop max cobb .982 (.967, .996) .013 .986 (.969, 1.004) .123
Postop max cobb .970 (.939, 1.002) .068 .992 (.958, 1.027) .655
Max cobb correction 1.541 (.204, 11.64) .675 .614 (.070, 5.416) .661

Reoperation
Logistic regression

Preop max cobb .983 (.968, .998) .025 .983 (.966, 1.001) .067
Postop max cobb .971 (.938, 1.004) .089 .987 (.952, 1.023) .474
Max cobb correction 1.476 (.182, 11.968) .715 .533 (.056, 5.050) .584

3. Patient-reported outcomes
ODI*
Linear regression

Preop max cobb -.2420 (-.3329, -.1510) <.0001 -.2133 (-.3023, -.1242) <.0001
Postop max cobb -.2831 (-.487, -.0793) .0067 -.1736 (-.3700, .0228) .083
Max cobb correction -10.641 (-23.259, 1.9771) .098 -11.928 (-23.182, -.6751) .038

MCID
Logistic regression

Preop max cobb .992 (.979, 1.004) .190 .992 (.978, 1.007) .315
Postop max cobb .999 (.972, 1.027) .929 1.000 (.971, 1.031) .978
Max cobb correction .500 (.080, 3.141) .459 .540 (.077, 3.767) .534
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TLIFs were associated with more LSF curve correction.
Further supporting the importance of the LSF curve in Qiu
Type C patients, while all Qiu types underwent similar
magnitudes of coronal Cobb angle corrections, Type C pa-
tients had a significantly larger amount of LSF curve cor-
rection than Type A/B. Lastly, the LSF curve was a slightly
stronger driver of postoperative CM than max Cobb angle.

In terms of alignment, the LSF curve was similar amongst
all alignment patterns regardless of a neutral, sagittal, or
coronal malalignment. Even in patients with neutral alignment
or SM only, the LSF curve can still be high despite normal
coronal alignment. Furthermore, the LSF curve was highest in
Type C patients, whereas max Cobb angle was highest in Type
B patients. Correspondingly, Type C patients underwent a
significantly larger LSF curve correction than Type A or B. In
a recent study of 24 ASD patients undergoing minimally
invasive ASD correction (MIS) by Walker et al,10 the authors
reported similar LSF curves between Type B and C patients,
which is in contrast to our results where the highest LSF
curve prevalence was in Qiu Type C patients. Moreover,
while we showed a significant improvement in the LSF
curve across all Qiu types, with Type C being the highest,
Walker et al10 showed that Type C patients were the only
group to not improve their LSF curve. These results may be
attributed to a smaller sample size of an exclusively de-
generative population undergoing a minimally invasive

approach, compared to our open surgery series. An addi-
tional study by Theologis et al9 showed similar results to
Walker et al,10 where Type C patients also had persistently
greater postoperative LSF curves. Overall, our results and
the literature likely confirm that the LSF curve is most
important in Qiu Type C patients.

A higher LSF curve led to more fusions to the sacrum and
more TLIFs, and more TLIFs led to more LSF curve cor-
rection. Amara et al14 showed that patients undergoing more
levels of interbody fusion had greater LSF curve correction
(7.4° vs 12.3° vs 12.1° for 1, 2, and 3 levels; P = .009), and
importantly a combination of anterior interbody fusions
(ALIF) and TLIFs were used. In a study of 124 patients,
Theologis et al9 concluded that the correction of the LSF curve
with TLIFs was better than no interbody in conjunction with
these findings. Moreover, compared to the 2 aforementioned
studies, significant correction was seen in Type C patients with
only TLIFs, which appears to be the most difficult type of
curves to correct.

Fewer associations were seen between LSF curves and
correction of max Cobb angles. However, 1 counterintuitive
finding was the preoperative and postoperative LSF curve
which were associated with a decreased odds of reoperation
and readmission. Potentially this could be due to a greater
correction of a larger LSF curve, though amount of LSF curve
correction was associated with neither outcome. With respect

Figure 7. Case example of a female patient with progressive adult idiopathic scoliosis (AdIS) presenting with coronal and sagittal
malalignment. Major correction of a large LSF curve of 57° and maximum coronal Cobb angle are demonstrated at 2-years postoperatively,
following posterior spinal fusion (PSF) with multilevel posterior column osteotomies (PCO) for thoracolumbar curve correction and three-
level transforaminal interbody fusion (TLIF) for LSF curve correction. A: preoperative posteroanterior (PA) view, B: postoperative PA view, C:
preoperative lateral view, D: postoperative lateral view.

Zuckerman et al. 1975



to max Cobb angle, a higher amount of max Cobb correction
was associated with a decreased ODI.

While the max Cobb angle has been extensively studied in
ASD surgery, the LSF curve has received less attention. In this
study, we showed that differentiating LSF curve and major
Cobb angle is crucial, as a high LSF curve was seen in the
majority of patients with ASD, especially those with CM. We
also found that the LSF curve was a stronger predictor of
postoperative CM compared to max Cobb angle. These results
may assist surgeons in the preoperative planning by optimizing
the LSF curve to improve the postoperative coronal mala-
lignment. Furthermore, these results reinforce the need for
surgeons to pay close attention the LSF curve, even though our
eyes often gravitate to the largest curve, which is the max Cobb
angle. By paying close attention to the LSF curve, surgeons can
pay close attention to the optimal placement of L5/S1 or L4/5
interbodies to correct the LSF curve and the choice of lower
instrumented vertebra (lumbar vs sacrum/pelvis). These strat-
egies are most important in Qiu type C curves, which have been
shown to have the highest rates of postoperative CM.9

This study has several limitations. First, these results rep-
resent retrospectively collected data. Second, since the data was
received from a single institution including patients treated by 2
separate spine surgeons, selection and treatment biases remain
and may have not been accounted for. Another potentially
perceived limitation is not reporting the reason behind read-
missions and reoperations, which might not be directly related
to the degree of malalignment. Other shortcoming of our
analysis was not including the surgical approach used. Re-
porting these techniques can uncover potential surgical con-
founding factors that may influence patients’ outcomes.664

Conclusion

In 243 patients undergoing ASD surgery, a LSF curve >5° was
seen in 81.1% of ASD patients with preoperative CM. The LSF
curve opposed the max Cobb angle in 83.0% of cases and was a
slightly stronger driver of postoperative CM than max Cobb
angle, potentially due to it being corrected less and/or not included
in the surgery than the max cobb angle. A higher LSF curve often
led to 1 or more TLIFs, and more TLIFs were associated with
more LSF curve correction. Qiu Type C patients had a signifi-
cantly larger amount of LSF curve correction than Type A/B.
These results underscore the importance of differentiating the LSF
curve from the max coronal Cobb angle in ASD surgery.
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