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Study Design: A retrospective review of prospectively collected data.

Objective: The objective of this study was to investigate the fu-
sion status of the lumbar spine and lumbosacral junction at
2 years postoperatively after complex adult spinal deformity
(ASD) surgery.

Summary of Background Data: Achieving fusion is crucial for
maintaining optimal alignment in ASD surgery. However, pro-
spective data assessing fusion status using large patient populations
are lacking in this patient population.

Materials and Methods: Postoperative radiographs of 162 pa-
tients from the Scoli-Risk-1 database, who underwent complex
ASD surgery with fusion to the sacrum, were evaluated by 3
independent spine surgeons at 6-week, 6-month, and 2-year
follow-up. The fusion rate of the lumbar spine segments at a
2-year follow-up was determined by using previously published
radiographic grading criteria. We also assessed the prevalence of
instrumentation failures.

Results: The interrater reliabilities for grading the fusion status were
overall fair at each level evaluated (Fleiss κ, 0.337–0.439). Overall,
70.3% (114/162) demonstrated the solid fusion of the entire lumbar
spine at a 2-year follow-up. The fusion rates of each segment were L1/
L2: 87.0%, L2/L3: 82.0%, L3/L4: 83.9%, L4/L5: 89.5%, and L5/S1:
89.5%. Pedicle screw loosening was the most frequent implant failure

throughout the observation period (9.2%, 11.6%, and 11.0% at 6-wk,
6-mo, and 2-y follow-up, respectively). No rod breakage was observed
at 6 weeks, increasing to 9.8% at 2-year follow-up. The prevalence of
postoperative proximal junctional kyphosis was 5.5% at 6 weeks,
showing no difference at 2 years postoperative.

Conclusions: In this series of complex ASD surgeries often re-
quiring 3-column osteotomies, 70.3% showed solid fusion of the
entire lumbar spine, including the lumbosacral junction. The
lumbosacral segments showed a relatively high fusion rate at a
2-year follow-up likely due to the frequent use of anterior column
support and graft. The prevalence of rod breakage increased
as follow-up proceeded to 9.8%, which was most commonly
observed at the lumbosacral junction.

Level of Evidence: Level IV.
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W ith the population aging, adult spinal deformity (ASD)
has become a common condition with its prevalence

being up to 32%–35%.1–3 The innovation of modern spinal
instrumentation with pedicle screws (PSs) as well as complex
osteotomies allows surgeons to achieve successful correction
in patients with severe sagittal/coronal malalignment. Despite
the high complication rate, these complex procedures with a
suitable preoperative assessment of pain generators and re-
quirements for optimal sagittal balance can justify surgery for
patients in whom conservative treatments are ineffective.4

One of the ultimate goals to obtain a successful clinical
outcome in ASD surgery is achieving fusion for maintaining
optimal long-term alignment. Loss of fixation with pseu-
darthrosis has been shown to result in instrumentation failure
and poor clinical outcomes.5–9 In particular, achieving solid
fusion in the lumbar spine and the lumbosacral junction is
critical since pseudarthrosis in the thoracic spine is relatively
rare. However, prospective data using large patient pop-
ulations are lacking regarding the fusion rate of the lumbar
spine/lumbosacral junction in complex ASD surgery.
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The Scoli-Risk-1 Study was an international multi-
center prospective cohort study designed and conducted to
collect data on neurological complications associated with
surgical correction of complex ASD.10 In addition to strict
neurological status assessment, all patients had upright long
cassette radiographs obtained preoperatively and at each
time point of clinical evaluation postoperatively to the
2-year follow-up. There have been very few studies de-
scribing results in regards to radiographic fusion rate after
spinal realignment in patients with severe spinal deformity
(curves of > 80 or sagittal imbalance of > 10 cm). Fur-
thermore, the majority of the reports were single-center

TABLE 1. Radiographic Fusion Status Criteria
Anterior fusion grade
A Fused with remodeling and trabeculae
B Graft intact, not fully remodeled and incorporated,

no lucency
C Graft intact but with define lucency
D Definitely not fused with resorption or collapse of graft

Posterior fusion grade
A Solid trabeculated transverse process and facet fusions
B Thick fusion mass on 1 side, difficult to visualize on

another side
C Suspected lucency or deficit in the fusion mass
D Definite resorption of graft with fatigue of instrumentation

FIGURE 1. Case example demonstrating solid fusion in the entire lumbar spine: anterior fusion grade A at L2–S1and posterior
fusion grade A at L1–S1. A, Posterior-anterior radiograph. B, Lateral radiograph.
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retrospective in nature, and the study population were very
heterogenic in terms of the type of deformity, construct
length (whether or not including L5/S1), use of radio-
graphic criteria for fusion status, etc.5,6,11–15

The purpose of the present analysis was to inves-
tigate the fusion rate of the lumbar spine and lumbosacral
junction at 2 years postoperatively, after complex ASD
surgery, using prospectively collected radiographic data
with standardized fusion criteria and, furthermore, to re-
port the prevalence of radiographic instrumentation fail-
ure during the postoperative 2-year follow-up period.

MATERIALS AND METHODS

Patient Population
The database from the previously reported Scoli-

RISK-1 Study was utilized for the current analysis.10 The
key inclusion criteria were patients between 18 and
80 years of age with a diagnosis of complex ASD with an
apex of the major deformity between C7 and L2 inclusive.
To focus on high-risk events, we enrolled patients based
on the procedure performed. For this study, the procedure
was defined as complex ASD surgery when 1 or more of
the following criteria were met: corrective surgeries for
curvatures with a major Cobb angle of 80 or more in
the coronal and/or sagittal plane; corrective osteotomies
for congenital spinal deformity; revision of a previous
spinal deformity surgery requiring corrective osteotomies;
3-column osteotomy (ie, pedicle subtraction osteotomy,
vertebral column resection); reconstruction for myelop-
athy due to spinal deformity; or deformity reconstruction
with concomitant spinal cord decompression for ossifica-
tion of the ligamentum flavum or ossification of the pos-
terior longitudinal ligament. Exclusion criteria were
patients with a history of substance dependency, psycho-
social disturbance, active malignancy, active bacterial in-
fection, the recent history of significant spinal trauma/
malignancy, complete long-term paraplegia, pregnancy,

FIGURE 2. Grading scale for radiographic screw loosening.

TABLE 2. Patients’ Demographics

Variables
N= 162
[n (%)]

Age [mean±SD (range)] (y) 61.5± 10.3
(20–80)

Sex
Male 43 (26.5)
Female 119 (73.5)

BMI (kg/m2) 27.2± 6.8
Race
White or Caucasian 130 (80.2)
Black or African American 0 (0.0)
Native American 1 (0.6)
Oceanian 0 (0.0)
East Asian 28 (17.3)
Other 3 (1.9)

Smoking
No 148 (91.4)
Yes 14 (8.6)

Previous spine surgeries
No 51 (31.5)
Yes 111 (68.5)
No. previous surgeries (mean±SD) 2.8 ± 2.1

Diagnosis
Primary or revision surgery for scoliosis, kyphosis or

kyphoscoliosis with major Cobb ≥ 80 degrees in the
coronal or sagittal plane

32 (19.8)

Congenital spinal deformity undergoing corrective
spinal osteotomy

6 (3.7)

Revision of prior fusion for Spinal deformity
undergoing corrective spinal osteotomy

90 (55.6)

Patient with preoperative myelopathy due to their
spinal deformity

9 (5.6)

Patient with ossification of the ligamentum flavum or
posterior longitudinal ligament and a deformity that
requires concomitant treatment

2 (1.2)

Patient undergoing a 3-column spinal osteotomy
(ie, pedicle subtraction osteotomy, vertebral column
resection) from an all posterior approach

136 (84.0)

BMI indicates body mass index.

TABLE 3. Surgical Information
Variables N= 162 [n (%)]

Operative time (mean±SD) (min) 466.1± 171.6
Estimated blood loss (mean±SD) (mL) 2870.2± 2207.9
Approach
Anterior 0 (0.0)
Posterior 121 (74.7)
Both 41 (25.3)

Stages of surgery
1 125 (77.2)
2 36 (22.2)
3 0 (0.0)
4 1 (0.6)

BMP used at any surgery stage
No BMP 106 (65.4)
BMP 56 (34.6)

UIV at 2-year follow-up
C2–T1 19 (11.7)
T2–T10 119 (73.4)
T11–L2 24 (14.8)

BMP indicates bone morphogenic protein; UIV, upper instrumented vertebra.
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prisoners, and institutionalized individuals. Following the
approval from the institutional review boards at all par-
ticipating sites and obtaining informed consent before
enrollment, 44 surgeons from 15 sites (9 in North Amer-
ica, 3 in Europe, and 3 in Asia) enrolled 272 consecutive
patients from September 2011 to October 2012. The study
is registered with ClinicalTrials.gov (NCT01305343). The
operating surgeon decided on the surgical approach, in-
strumentation, corrective maneuvers, and use of bone
grafts or substitutes. A standard full-spine radiograph in
both the coronal and sagittal plane was obtained presur-
gery, at 6 weeks, 6 months, and 24 months postsurgery,
depending on each participating institutional protocol.

Outcome Measures
Among the 272 enrolled patients, only patients who

underwent a spinopelvic fusion with any type of sacro-
pelvic instrumentation were investigated for this analysis.
The full-spine radiographs at 6-week, 6-month, and 2-year
follow-up, were evaluated by 3 independent spine surgeons
who were not involved in the surgery. The primary out-
come measure was the radiographic fusion status in the
entire lumbar spine and the lumbosacral junction at a
2-year follow-up. The fusion rate of each lumbar spine
segment at a 2-year follow-up was determined by using
previously published radiographic fusion grading criteria
(Table 1).16 We defined “fusion at each segment” if the
individual’s radiographs showed grades A or B for either
the anterior or posterior fusion grade at each lumbar
segment (L1/L2, L2/L3, L3/L4, L4/L5, and L5/S1). “Solid
fusion in the entire lumbar spine” was defined if we
observed fusion at all the lumbar segments (L1–S1)

(Fig. 1). As the secondary outcome, we also assessed the
prevalence of implant failures at each follow-up period.
We developed new criteria for grading screw loosening as
grades 0–3 (Fig. 2); grade 0: no radiolucency around the
screw, grade 1: positive radiolucency within screw thread,
grade 2: positive radiolucency around screw thread, grade
3: complete dislodgement/backout. The prevalence of rod
breakage was also noted. When there was disagreement
over the assessment of screw loosening/rod breakage, the
final value was determined based on 2 concordant reads.

Standard demographics (age, sex, body mass index,
race, diagnosis, and smoking status), surgical data [oper-
ative time, estimated blood loss, use of recombinant hu-
man bone morphogenic protein (rhBMP-2), and upper
instrumented vertebra], were also recorded before surgery,
at 6 weeks, 6 months, and 2 years postoperatively. Sco-
liosis Research Society outcome scores were also obtained
preoperatively and at 2 years postoperatively.

Statistical Analysis
Data are presented as mean±SD, unless specified

otherwise. On the basis of the histogram, the continuous
variables were confirmed to be a normal distribution.
For the fusion rate analysis, the interobserver reliability
between the 3 observers was calculated according to Fleiss
κ value and classified as poor (0–0.39), moderate
(0.4–0.74), or excellent (0.75–1). χ2 test was used for
continuous variables. JMP, version 13 (SAS Institute,
Cary, NC), and the software package R, version 3.3.0 (R
Core Team) were used for the statistical analyses. The
statistical significance was set at P-value <0.05.

RESULTS
Of the 272 patients enrolled in the Scoli-Risk-1 data-

base, 2 patients were excluded after enrollment, as they did
not satisfy the inclusion criteria. Sixty-three patients did not
have radiographic data available at the 2-year follow-up,

TABLE 4. Fusion Rate in Lumbar Spine at 2-Year Follow-up
Reliability of Fusion
Rate

L1/
L2

L2/
L3

L3/
L4

L4/
L5

L5/
S1

Entire
Lumbar

Fusion rate (%) 87.0 82.0 83.9 89.5 89.5 70.3
Interrater reliability
(Fleiss κ)

0.439 0.422 0.427 0.337 0.426 0.438

TABLE 5. Presence of Anterior Support
n/N (%)

Anterior Support L1/L2 L2/L3 L3/L4 L4/5 L5/S1

Anterior support 22/161
(13.6)

34/161
(21.1)

36/162
(22.2)

56/162
(34.5)

73/162
(45.0)

TABLE 6. Radiographic Incidence of Instrumentation Failure
through 2-Year follow-up
Postoperative Fusion
Rate at Follow-up

Screw
Loosening

Rod
Breakage PJK P

6 wk 9.2% (1.8%)* 0.0% 5.5% < 0.001
6mo 11.7% (1.2%)* 4.3% 8.0% 0.049
24mo 11.1% (2.4%)* 9.8% 4.9% 0.112
P 0.755 < 0.001 0.474 —
Interrater reliability
(Fleiss κ)

0.802 0.995 0.958 —

*Grade 3 (complete dislodgment).
PJK indicates proximal junctional kyphosis.

FIGURE 3. Scoliosis Research Society 22r Score at baseline and
2-year follow-up.
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41 patients were not fused to the sacrum/pelvis, and 4 pa-
tients did not undergo radiographic evaluation by the 3
observers. Consequently, 162 patients were investigated for
this radiographic analysis. All of the 162 patients had x-ray
images from the 6-week, 6-month, and 2-year follow-ups
available. Table 2 demonstrates the patients’ baseline
demographics. The mean age was 61.5± 10.3 years (range:
20–80 y) and women being predominant (73.5%). Body
mass index was 27.2±6.8 kg/m2; 8.6% of the patients were
smokers and 68.5% had undergone previous spine surgeries
with an average of 2.8±2.1 prior surgeries. Importantly,
84.0% had undergone 3-column osteotomies. The surgical
details are shown in Table 3. rhBMP-2 was used in 36.5%
of the patients. There were 86 patients who had cross
connectors (52.7%), depending on the surgeon’s preference.
Figure 3 shows the Scoliosis Research Society 22r Score at
baseline and 2-year follow-up. All the subscores as well as
the total score significantly improved at the 2-year
follow-up: function, 2.56±0.86 versus 3.22±0.99; pain,
2.40±1.02 versus 3.26±1.07; mental health, 3.32±0.91
versus 3.65±0.88; self-image, 2.16±0.67 versus 3.42±0.97;
satisfaction, 3.20±1.17 versus 4.04±0.95; and total,
2.64±0.67 versus 3.44±0.79.

Fusion Rate at 2-Year Follow-up
Table 4 shows the overall fusion rate at a 2-year follow-

up. The interrater reliabilities for grading the fusion status
were overall fair at each level evaluated: Fleiss coefficient,
0.439 for L1/L2; 0.422 for L2/L3; 0.427 for L3/L4; 0.337 for
L4/L5; 0.426 for L5/S1. The fusion (grade A and/or B in
anterior and/or posterior grade) rate of each segment were,
L1/L2, 87.0%; L2/L3, 82.0%; L3/L4, 83.9%; L4/L5, 89.5%;
and L5/S1, 89.5%. Consequently, 70.3% (114/162) of the
patients demonstrated a solid fusion of the entire lumbar
spine. Anterior column support (interbody bone graft/cage)
was used in 13.5% for L1/L2, 20.9% for L2/L3, 22.2% for L3/
L4, 34.5% for L4/L5, and 45.0% for L5/S1 (Table 5).

Prevalence of Instrumentation Failure
Table 6 shows the prevalence of PS loosening, rod

breakage, and proximal junctional kyphosis (PJK) at each
postoperative period. The interrater reliability was overall
excellent and highest in the evaluation of rod breakage (Fleiss
κ: 0.995). PS loosening was most frequent throughout the
observation period: 9.2%, 11.0%, and 11.6% at 6 weeks,
6 months, and 2 years, respectively, with 1.8%, 1.2%, and 2.4%
of them being grade 3 (complete dislodgement), respectively.
No rod breakage was observed at 6 weeks, which increased
9.8% at the 2-year follow-up. There were 18 cases with PS
loosening (>grade 2) at 2-year follow-up; the locations were
T3 (n=1/18, 5.5%), T9 (n=1/18, 5.5%), T11 (n=2/18, 11.0%),
T12 (n=1/18, 5.5%), L5 (n=1/18, 5.5%), and sacrum (n=12/
18, 66.6%). There were 16 cases with rod breakage at 2-year
follow-up; the locations were L1/L2 (n=1/16, 6.2%), L2/L3
(n=1/16, 6.2%), L3/L4 (n=1/16, 6.2%), L4/L5 (n=5/16,
31.2%), and L5/S1 (n=8/16, 50.0%). In the patients having rod
breakage, only 43.7% (7/16) demonstrated solid fusion. The
prevalence of postoperative PJKwas 5.5% at 6 weeks, showing
no difference at 2 years postoperatively.

DISCUSSION
This subanalysis of the Scoli-Risk-1 Study assessed the

radiographic fusion rate of the lumbar spine and lumbo-
sacral junction in patients undergoing complex ASD surgery
at a 2-year follow-up. In addition, the radiographic preva-
lence of instrumentation failure, especially screw loosening
and rod breakage, was investigated during the 2-year fol-
low-up period. To the best of our knowledge, this is the
largest prospective study focusing on lumbar/lumbosacral
fusion rates in patients with such severe deformities from an
international multicenter database.

The outcomes of operative correction for ASD have
improved significantly over the past decade. However, failure
rates are still as high as 25% according to recent reports,
despite of the use of modern spinal instrumentation including
segmental PS constructs.5,6,8,9 In the revision rate analysis that
we believe is the largest study on the ASD surgery, Pichelman
et al17 showed that the most common reason for the revision
was pseudarthrosis (3.7%) at an average 4.7-year follow-up.
Although pseudarthrosis does not necessarily require revision
by itself, it can lead to pain and progressive deformity with
instrumentation failure. Our results showed a pseudarthrosis
rate of 29.7% (70.3% fusion rate) in the lumbar spine. Several
reports utilizing modern spinal instrumentation in ASD sur-
gery have documented pseudarthrosis rate varying between
5% and 27% (Table 7).5,9,11,17,19–24 Even though the severity
of the deformity in these studies may not be comparable with
that in the current study cohort. Kim et al5 found that, in 144
patients undergoing fusion from the thoracic spine to the
sacrum, the overall prevalence of pseudarthrosis was 24% at
3.9 years postoperatively. In a recent prospective multicenter
study, Smith et al18 showed a pseudarthrosis rate of 5.2% at a
minimum 2-year follow-up. Of note, there are always some
important points making it difficult to compare fusion
rates between different study populations: inconsistency
with respect to the construct length (whether or not
including the sacrum), graft material (particularly use of
rhBMP-2), modality to evaluate fusion status, and presence of
anterior support if posterior instrumentation is performed,
among others.

In the United States, the use of rhBMP-2 has been
approved by the Food Drug Administration since 2002 for
anterior lumbar fusion.25 Currently, off-label use for posterior
spinal fusion in ASD surgery is not an uncommon indication
for rhBMP-2.26,27 Schmit et al11 reported that the 2-year fu-
sion rate for ASD surgery with the use of low-dose rhBMP-2
was 73.8%. From an international perspective, there are
many countries wherein rhBMP-2 is not commercially
available or even not approved by their governments. Our
patient population from an international Scoli-Risk-1 data-
base showed an rhBMP-2 use rate at 34.6%. Given this rel-
atively low rate of rhBMP-2 use, the lumbar fusion rate of
70.2% in the present analysis can be considered a reasonable
result.

Although the most reliable radiographic modality to
evaluate fusion status is computed tomography (CT) scan,
most of the prior studies have been based on the analysis
of plain radiographs since it is not feasible and cost-ef-
fective to obtain a CT scan for every patient during a
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follow-up assessment. Nevertheless, x-ray based evalua-
tion for fusion status may be relatively subjective, and
therefore, a standardized criterion should be used for de-
fining fusion. In addition, it would be ideal if multiple
experienced observers reviewed the cases and then the
interrater agreement is assessed. In the present analysis, we
used previously published radiographic criteria for fusion
status and, furthermore, obtained interrater reliability
among 3 spine surgeons. The evaluation for radiogr-
aphic fusion status was, not surprisingly, subjective
(κ= 0.337–0.439). In contrast, the evaluation for in-
strumentation failure was quite objective. Interestingly
enough, the interrater reliability for screw loosening was
slightly lower than that of rod breakage and PJK, even
though we used a stratified loosening criterion (κ= 0.802
vs. 0.995). These findings indicate that suspicious pseu-
darthrosis and/or screw loosening in plain radiograph of-
ten need an additional CT scan evaluation to obtain a
diagnostic agreement.

In terms of fusion rate in each lumbar segment, the
lumbosacral junction (L5/S1) is the segment in which
pseudarthrosis can most commonly occur.5,15 Contrary to
this, our results showed a relatively high fusion rate in L5/
S1 (89.5%) in contrast to that in the mid-lumbar region
(L2/L3: 82.0% and L3/L4: 83.9%). This is possibly due in
part to the relatively frequent use of anterior column
support and graft (45.0%). In addition, since this Scoli-
Risk-1 database focused on severe deformity requiring
3-column osteotomies (84.0% of the current population),
the mid-lumbar spine is often the segment in which pedicle
subtraction osteotomy was performed, and therefore, it is
not surprising to have a lower fusion rate in L2/L3 and L3/
L4 in the present analysis. Meanwhile, instrumentation
failure (PS loosening and rod breakage) was most com-
monly observed at the lumbosacral junction at a 2-year
follow-up (Fig. 4). This indicates, in patients with such
long constructs, biomechanical stress can concentrate
most in the lumbosacral junction, therefore, rigid
fixation and augmentation such as multiple rods along
with increased use of anterior column support/fusion may
be warranted in these mid-lumbar and lower lumbar
segments.

This study has some limitations worth mentioning.
We provided gross data with respect to the fusion status of
the lumbar spine and did not include the risk factor anal-
ysis. Also, 2 years postoperatively is not an adequate fol-
low-up period to determine if the complete bony union has
occurred in all ASD surgeries, especially including fusion to
the sacrum. In addition, the patient population was still
heterogenous as the diagnostic criteria and treatment-re-
lated inclusion criteria we used were not uniform. Last, we
used data from 1 of the 3 reviewers as the gold standard.
Therefore, a multivariate analysis with long follow-up data
is warranted and a minimum 5-year follow-up evaluation is
ongoing. in the radiographic fusion rate analysis when
discrepancy occurred, even though the interrater reliabilities
were fully assessed. Ideally, an agreement should have been
reached among the 3 reviewers after discussing on every
single patient’s radiograph.TA
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In conclusion, this Scoli-RISK-1 subanalysis revealed
that in the series of complex ASD surgeries fused to the
lumbosacral junction, often requiring 3-column osteoto-
mies, 70.3% showed solid fusion of the entire lumbar spine,
which is considered to be a reasonable percentage, given the
nonroutine use of rhBMP-2. However, the radiographic
evaluation for fusion status is still relatively subjective. The
lumbosacral segments (L4/L5 and L5/S1) showed relatively
high fusion rates at 2-year follow-up likely due to the fre-
quent use of anterior column support and graft. The in-
cidence of rod breakage increased as follow-up proceeded,
which was most commonly observed at the lumbosacral
junction and indicates the need for longer term follow-up.
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