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Abstract

Study Design: Retrospective cohort study.
Objective: To determine if severe sagittal malalignment (SM) patients without fixed deformities require a three-column osteotomy (3CO)
to achieve favorable clinical and radiographic outcomes.
Summary of Background Data: 3CO performed for severe SM has significantly increased in the last 15 years. Not all severe SM patients
require a 3CO.
Methods: Severe SMpatients (sagittal vertical axis [SVA]O10 cm)who underwent deformity correction between 2002 and 2011. Patientswith
!33% change in their lumbar lordosis (LL) on a preoperative supine radiograph were classified as stiff deformities, whereas those with>33%
change were categorized as flexible deformities. The clinical/radiographic outcomes were assessed at minimum two years postoperatively.
Results: Seventy patients met the inclusion criteria, 35 patients with flexible and 35 with stiff deformities. Eighteen flexible-deformity
patients underwent a 3CO versus 22 stiff-deformity patients. The remaining patients in each group underwent spinal realignment without
a 3CO. The flexible-deformity patients not undergoing a 3CO had overall improvement in all sagittal radiographic parameters. Preoperative
LL (22�), LLepelvic incidence (PI) mismatch (43), SVA (17 cm), and pelvic tilt (PT, 34�) improved to 46�, 18, 6 cm, and 26�, respectively,
p ! .05. Flexible-deformity patients who underwent a 3CO also had overall improvement in all radiographic parameters. Preoperative LL
(8.5�), LL-PI mismatch (47), SVA (19 cm), and PT (37�) improved to 39�, 15, 7 cm, and 24�, respectively (p ! .05). Stiff-deformity patients
who underwent a 3CO had statistically significant improvement in all radiographic parameters. However, stiff-deformity patients who did not
undergo a 3CO had suboptimal improvement in all radiographic parameters, except for SVA (14 cm-9 cm, p! .05). Flexible patients who did
not undergo a 3CO had statistical improvement in the SRS domains of function and self-mage as well as in their ODI scores (p ! .05).
Conclusion: Severe SM that is flexible can be corrected without a 3CO without compromising clinical and radiographic outcomes.
Level of Evidence: Level III.
� 2018 Scoliosis Research Society. All rights reserved.
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Introduction

Symptomatic sagittal malalignment (SM) is commonly
encountered by surgeons who treat spinal deformity [1].
Optimal sagittal alignment in patients with spinal deformity
has been shown to correlate with improved health-related
quality of life scores [2,3]. Thus, in recent years, with an
improved understanding of pelvic parameters and their inter-
action with sagittal alignment, there has been an impetus to
promote optimal sagittal alignment in in those patients un-
dergoing deformity surgery. This understanding has led to an
increase in the number of three-column osteotomies (3COs),
that is, pedicle subtraction osteotomy (PSO) and vertebral
column resection (VCR) performed in the United States [4].
These 3COs are complex procedures associated with an
increased rate of complications [5-9]. Fortunately, not all
patients with severe SM require a 3CO for optimal correction.
The relative flexibility of a given deformity dictates if one can
achieve optimal correction without an osteotomy [10].

In this study, we sought to determine if patients with
severe preoperative SM (sagittal vertical axis [SVA] O10
cm) but without fixed deformities can be successfully
treated without a 3CO. We hypothesized that a 3CO is not
needed for patients with flexible deformities and such pa-
tients can achieve favorable clinical and radiographic out-
comes comparable to patients who undergo a 3CO.

Methods

Patient selection

From January 2002 to December 2011, we queried a
prospectively maintained institutional data registry. Institu-
tional review board approval was obtained prior to study
initiation. Consecutive adult patients at one institution with a
primary diagnosis of SM treated by one of two fellowship-
trained surgeons were enrolled. The inclusion criteria were
age O18 years, spinal fusion O5 levels, SVA O10 cm,
preoperative and minimum-two-year postoperative outcomes
data (SRS-22 and ODI) and radiographs, including a preop-
erative recumbent film. The surgical decision-making process
was not uniform between the two surgeons and was made on a
case-by-case basis preoperatively. Differences between groups
were analyzed using the Student t test. A p value !.05 was
considered statistically significant.

Determination of flexibility

To determine the relative flexibility of the deformity in the
sagittal plane, a comparison of the change in lumbar lordosis
(LL) between the erect and recumbent (supine or prone)
sagittal images was performed. The angle measurements were
performed by two reviewers (both co-authors and fellowship-
trained spine surgeons) at the same time. If there was a
discrepancy ofO5� between the two authors, the images were
remeasured until the best estimated measure was obtained.
The percentage change was calculated as [(erect LL e

recumbent LL) / erect LL] � 100. The median % change was
then used to establish a cut-off for defining whether a patient’s
deformity was flexible or not. The median value in this study
was 33%; thus, patients with!33% change in flexibility were
denoted as ‘‘stiff’’ and those with>33% change were defined
as having a ‘‘flexible’’ deformity.

Results

A total of 137 patients with severe SM were treated
during the study period. Sixty-seven patients were excluded
because of either lack of adequate follow-up or lack of
visible radiographs. Seventy patients (flexible deformities:
35 patients, stiff deformities: 35 patients) therefore met the
inclusion criteria (Table 1). The mean age was 61 years

Table 1

Clinical summary of patients with flexible and stiff deformities.

No 3CO 3CO p value

Flexible (n 5 35) n 5 18 n 5 17

Patient age, years 64 59 .20

Primary 8 3 .06

Revision 9 15 .06

Charlson Index 2 2 .60

EBL, mL 1566 1747 .60

Length of surgery, hours 7.7 8.8 .20

LOS, days 9 10 .50

Complication rate, % 18 44 .09

PCO 5 12 .20

TLIF 4 5 1.00

ALIF 6 0 .02

Stiff (n 5 35) n 5 13 n 5 22

Patient age, years 54 55 .90

Primary 5 2 .03

Revision 8 20 .03

Charlson Index 2 2 .80

EBL, mL 1012 2495 .003

Length of surgery, hours 7.2 10 .01

LOS, days 7 11 .10

Complication rate, % 31 41 .60

PCO 4 16 .20

TLIF 0 5 .15

ALIF 5 1 .07

ALIF, anterior lumbar interbody fusion; EBL, estimated blood loss;

LOS, length of hospital stay; PCO, posterior column osteotomy; 3CO,

three-column osteotomy; TLIF, transforaminal lumbar interbody fusion.

Values significant at the p ! .05 level are in bold.

Fig. 1. Radiographic results in the flexible deformity group.
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