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Effects of Restoration of Sagittal Alignment on
Adjacent Segment Degeneration in Instrumented
Lumbar Fusions

Sang-Il Kim, MD,a Hyung-Ki Min, MD,a Kee-Yong Ha, MD,b Hyung-Youl Park, MD,c Chang-Hee Cho, MD,a

Ryu-Kyoung Cho, MD,a and Young-Hoon Kim, MD, PhDa

Study Design. Retrospective case-control study.
Objective. To investigate the effects of postoperative sagittal

alignment on radiographic adjacent segment degeneration (ASD)

after lumbar fusion surgery.
Summary of Background Data. ASD is one of inherent

problems with fusion surgery. Many confounding factors are

related to the development of ASD. Recently, sagittal alignment

has been emphasized for its significance on ASD.
Methods. Seventy-three patients who underwent four-level

lumbar fusion surgery (L2–S1) were divided into two groups

according to postoperative sagittal alignment (pelvic incidence–

lumbar lordosis [PI–LL] � or <98): 44 patients (matched group,

including 10 patients who underwent pedicle subtraction osteot-

omy [PSO] at L4) and 29 patients (mismatched group). The

general demographics, radiographic parameters, and clinical

outcomes were recorded. Preoperative disc degeneration at L1–

2 was evaluated by Pfirrmann grade and Kellgren-Lawrence (K-

L) grade. Disc degeneration at L1–2 was evaluated by the K-L

grade on 2-year postoperative X-rays.
Results. The incidence of radiographic ASD (11 [25%] vs. 16

patients [55%], P¼0.02) and Oswestry Disability Index (ODI)

scores (36.9� 19.9 vs. 49.4�20.7, P¼ 0.015) at postoperative

2 years were significantly higher in the mismatched group. There

were no significant differences in other demographic and

radiographic parameters between the two groups. On subgroup

analysis between 10 PSO patients and the mismatched group,

the mismatched group showed a higher incidence of radio-

graphic ASD (16 [55%] vs. 1 patient [10%], P¼ 0.041) and

worse ODI scores (49.7� 20.5 vs. 39.0� 20.7, P¼0.040).

Preoperative Pfirrmann grade at L1–2 (odds ratio [OR]¼4.191,

95% confidence interval [CI]: 1.754–10.013, P¼0.001) and

postoperative PI–LL mismatch (OR¼ 4.890, 95% CI: 1.550–

15.427, P¼0.007) showed significant relationships with the

development of radiographic ASD at postoperative 2 years.
Conclusion. The restoration of optimal sagittal alignment, even

with PSO, may provide a protective effect on the development

of radiographic ASD, although the preoperative disc degenera-

tion grade was a risk factor for radiographic ASD.
Key words: adjacent segment degeneration, intervertebral disc,
lumbar, sagittal alignment, spinal fusion.
Level of Evidence: 3
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S
pinal fusion surgery is the treatment of choice for
various degenerative spinal disorders refractory to
conservative treatment and presents favorable clinical

outcomes.1 However, increased stress on the non-fused
adjacent segments after spinal fusion can cause adjacent
segment degeneration (ASD). ASD is one of the common
complications seen in long-term follow-up after spinal
fusion.2 ASD is a radiographic diagnosis, which is defined
as significant radiographic changes in the adjacent segment
regardless of the presence of related symptoms. This condi-
tion is called as radiographic ASD. Adjacent segment disease
refers to ASD requiring revision surgery due to symptoms
such as pain or neurologic compromise. This one is also called
as symptomatic ASD. The relationship between spinal fusion
and ASD has been reported in previous literature. However,
the exact incidence or the pathomechanism of ASD remains
unclear because many confounding factors exist. Some stud-
ies showed that the incidence of ASD following spinal
fusion was higher compared with motion-preserving
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surgeries, but there is insufficient evidence todrawadefinitive
conclusion.3,4

Many risk factors for ASD have already been reported in
previous studies and include patient, disease, radiographic,
and surgical factors.2,5,6 Recently, global sagittal spinal
alignment, including spinopelvic association, has been
emphasized in various spinal pathologies. Moreover, some
studies showed the relationship between sagittal balance
and ASD.7,8 A pelvic incidence–lumbar lordosis (PI–LL)
mismatch, as an indicator of sagittal malalignment, has been
also demonstrated as a risk factor for ASD.9–12 However,
previous studies had some inherent limitations, such as
inconsistent fusion levels and non-matched design, so con-
clusive information is lacking. Therefore, this study was
designed to investigate the effect of surgical restoration of
sagittal alignment on the development of ASD after limited
lumbar fusion by controlling the fusion level.

MATERIALS AND METHODS

Subjects
This was a retrospective case-control study. A flow diagram
outlining the subject enrollment is provided in Figure 1.
Four hundred twenty-eight patients who underwent at least
four-level lumbar fusion surgery were reviewed in a single
institute from January 2005 to October 2016. The clinical

and radiographic information were analyzed after approval
by our Institutional Review Board (IRB approval No.
KC18RESI0802). Eighty-eight patients who underwent ped-
icle subtraction osteotomy (PSO) were also included. The
inclusion criteria were age more than 40 years with degen-
erative lumbar disease, upper instrumented level (UIV) at
L2, lower instrumented level (LIV) at the sacrum, and a
minimum2-year follow-up. Therefore, the adjacent segment
was consistently L1–2 in all patients. Specific disease enti-
ties, such as tumors, infections, or ankylosing spondylitis,
were excluded. Patients with preoperative advanced disc
degeneration (Kellgren-Lawrence grade �3) at the adjacent
segment (L1–2) and a lack of data within the study period
were also excluded. In all patients, posterior segmental
fixation using pedicle screws and posterolateral fusion
(PLF) was performed. Interbody fusion was selectively per-
formed after individual assessment. Finally, 73 patients were
included in the analysis. Based on the postoperative mea-
surement of PI–LL, the patients were divided into two
groups, the matched group (PI–LL<98) and the mis-
matched group (PI–LL�98). Forty-four patients, including
10 patients who underwent PSO, were allocated into the
matched group and 29 patients were allocated into the
mismatched group. Patient demographic data, such as
age, sex, body mass index (BMI), and bone mineral density
(BMD) were recorded.

Assessed for eligibility
(n=428)

PSO
(n=88)

Non-PSO
(n=340)

• UIV: L2, LIV: S1
• No revision surgery during 

study period
• K-L grade grade ≤ 2 at L1-2

PSO
(n=17)

Non-PSO
(n=131)

PSO
(n=10)

Non-PSO
(n=63)

Excluded 
• Infection, tumor, AS (n=4)
• Loss to F/U (n=3)

Excluded 
• Infection, tumor, AS (n=37)
• Loss to F/U (n=31)

PI-LL matched 
including 10 PSO

(n=44)

PI-LL mismatched 
(n=29)

Figure 1. A flow diagram for inclusion and exclusion of the patients.
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Clinical and Radiographic Parameters
The clinical assessments were conducted using a numerical
rating scale (NRS) and the Oswestry Disability Index (ODI)
preoperatively, and 3 months, and 2 years postoperatively.
The global spinal alignment was evaluated by coronal Cobb
angle, sagittal vertical axis (SVA), T1-pelvic angle (TPA),
and other spinopelvic parameters, including LL, PI, thoracic
kyphosis (TK), and pelvic tilt (PT). To assess the degree of
disc degeneration at L1–2, preoperative magnetic resonance
imaging (MRI) and preoperative/postoperative X-rays were
investigated. On preoperative MRI, the Pfirrmann grading
system was used to evaluate disc status.13 On lateral lumbar
spine X-rays, the Kellgren-Lawrence (K-L) grading system
was adopted as follows: grade 0, normal disc with no
osteophytes; grade 1, slight anterior wear and osteophyte
formation; grade 2, definite anterior wear and mild disc
space narrowing with osteophyte formation; grade 3, mod-
erate disc space narrowing with osteophytes and endplate
sclerosis; and grade 4, large osteophytes, marked disc space
narrowing, and endplate sclerosis. MRI is the most impor-
tant modality to evaluate the disc status. Pfirrmann et al13

demonstrated that their grading system using MRI is a reli-
able assessment tool for disc degeneration. However, the
postoperative disc status was assessed on plain radiographs
because MRI had rarely been performed postoperatively.
Radiographic measurement was conducted using preopera-
tive images and 3-month and 2-year postoperative follow-up
images. Proximal junctional kyphosis (PJK) at the 2-year
follow-up was also investigated. We adopted the definition
of PJK by Glattes et al.14 We defined ASD by the following
two criteria: (1) K-L grade 3 or 4 at the adjacent segment and
(2) deterioration of at least one K-L grade during follow-up
compared with the preoperative grade.

Statistical Analysis
The between-group comparison of the baseline data was
conducted using the Student t test for continuous parameters

and Fisher exact test for categorical parameters. Logistic
regression analysis was conducted to investigate the risk
factors for ASD. The following factors were included as
confounding factors: age, BMI, BMD, preoperative Pfirr-
mann or K-L grade at L1–2, and spinopelvic parameters.
Factors with a P-value of <0.2 in univariate analysis were
included in the multivariate analysis. All statistical analyses
were conducted using SPSS 21.0 (SPSS Inc., Chicago, IL).

RESULTS

Baseline Data
There were no significant differences between the two
groups in the general demographic and surgical data, includ-
ing age, sex, BMI, operation time, estimated blood loss, and
hospital stay (Table 1). The BMD of the mismatched
group was significantly lower than that of the matched
group (–3.0�0.9 vs. –2.3�1.1, P¼0.006). The preoper-
ative Pfirrmann grade for disc degeneration at L1–2 was
noted as grade 1, 2, and 3 in 29.5%, 54.5%, and 15.9% of
the matched group and 41.4%, 37.9%, and 20.7% of the
mismatched group, respectively. The preoperative K-L
grade at L1–2 was noted as grade 1 and 2 in 65.9% and
34.1% of the matched group and 51.7% and 48.3% of the
mismatched group, respectively. However, there was no
significant difference in the preoperative degree of disc
degeneration between the two groups (Table 1).

Follow-Up Data
To control the confounding effect of time, the clinical and
radiographic data at postoperative 2-years were analyzed.
For clinical outcomes, there was a significant difference in
the ODI scores at this time point between the two groups
(37.4�20.1 in the matched group vs. 49.7�20.9 in the
mismatched group, P¼0.015). However, there were no
significant differences in NRS and ODI at preoperative
and postoperative 3-months (Table 2). Some sagittal

TABLE 1. Baseline Demographics Between the Matched and Mismatched Groups

Matched Group (n¼44) Mismatched Group (n¼29) P

Age, year 67.5�6.7 69.0� 6.2 0.325

Sex (female) 34 (77.3%) 27 (93.1%) 0.076

BMI, kg/m2 24.8�2.7 25.6� 3.3 0.299

BMD (T-score) –2.3�1.1 –3.0� 0.9 0.006

Operation time, minute 306.8�72.3 297.9� 58.9 0.583

EBL, cm3 1591.6�909.0 1645.2� 948.2 0.809

Hospital stay, day 20.1�10.7 18.5� 9.2 0.495

Preoperative Pfirmann grade (L1–2 IVD)
1 13 (29.5%) 12 (41.4%) 0.606

2 24 (54.5%) 11 (37.9%)

3 7 (15.9%) 6 (20.7%)

Preoperative K-L grade (L1–2 IVD)
1 29 (65.9%) 15 (51.7%) 0.229

2 15 (34.1%) 14 (48.3%)

BMD indicates bone mineral density; BMI, body mass index; EBL, estimated blood loss; IVD, intervertebral disc; K-L grade, Kellgren-Lawrence grade.

DEFORMITY Sagittal Alignment and Adjacent Segment Degeneration � Kim et al

E1590 www.spinejournal.com December 2020



 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

parameters, such as PI, PT and PI–LL, SVA, and TPA, were
significantly higher in the mismatched group preoperatively
and at the postoperative 3-month and 2-year follow-ups.
However, there was no significant difference in the coronal
Cobb angle. These findings showed that the mismatched
group had poorer sagittal balance and higher PI preopera-
tively. At the postoperative 2-year follow-up, the K-L grades
of L1–2 were 1, 2, 3, and 4 in 13.6%, 61.4%, 18.2%, and
6.8% of the matched group and 6.9%, 41.4%, 31%, and
20.7% in the mismatched group, respectively. A signifi-
cantly higher percentage of grade 3 and 4 degeneration
was noted in the mismatched group than in the matched
group. Moreover, ASD was significantly more common in
the mismatched group (15 patients, 53.3%) than in the
matched group (11 patients, 25%). However, there was
no significant difference in the PJK incidence (matched
group, 15.9%; mismatched group, 17.2%) (Table 3). No
cases needed revision surgery due to ASD or PJK in either
group during the study period.

To overcome the effect of different preoperative PIs
between the two groups, the data of 10 PSO patients were
compared with those of the mismatched group. There was
no significant difference in the baseline data between the
PSO patients and the mismatched group, including clinical
parameters and preoperative degree of L1–2 degeneration,
except for operation time (Table 4). However, the incidence
of ASD was significantly higher in the mismatched group
than in the PSO patients. Even though there was no statisti-
cal significance, PJK was noted more commonly in PSO
patients (40%) compared with the mismatched group
(17.2%) (Table 5).

Risk Factors Analysis for ASD
Age, PI–LL mismatch, preoperative Pfirrmann grade, preop-
erative K-L grade, and postoperative SVA were statistically
significant risk factors by univariate analysis (P<0.05).
Multivariate analysis of the factors with P<0.2 revealed
that the preoperative Pfirrmann grade (odds ratio
[OR]¼4.2, 95% confidence interval [CI]: 1.75–10.01,

P¼0.001) and PI–LL mismatch (OR¼4.9, 95% CI:
1.55–15.42, P¼0.007) were significant risk factors.

DISCUSSION
ASD remains one of the long-term complications after spinal
fusion surgery, which is considered inevitable. Fusion of
mobile segments can increase stress on the adjacent levels
subsequent to early degeneration.15 In a systemic review, the
incidence of radiographic ASD after lumbar fusion surgery
was 26.6% (95% CI: 21.3%–31.9%) and that of symptom-
atic ASDwas 8.5% (95%CI: 6.4%–10.7%).16 A number of
risk factors for ASD had been reported, including old age,
higher body mass index, lower bone mineral density, the
number of fused segments, the surgical technique, advanced
degeneration of the preoperative paraspinal muscle, adjacent
segment disc and facet, and sagittal alignment.2,6,17–20

Among these risk factors, modifiable factors, such as the
number of fused segments, surgical technique, and sagittal
alignment, should be considered during preoperative plan-
ning to prevent ASD.

Postoperative sagittal alignment is considered critical for
favorable surgical outcomes. To obtain optimal sagittal
alignment, sufficient lumbar lordosis (LL) is usually
required in most adult spinal deformity patients. PI, an
anatomical radiographic parameter showing pelvic shape,
can help to estimate the optimal LL to obtain spinopelvic
alignment.21 Based on a study by Schwab et al,21 optimal LL
is usually targeted to get the difference between PI and LL
less than 9. Surgical correction of LL was reported to affect
TK reciprocally in a harmonious global spine.22 In a similar
context, Lafage et al23 demonstrated that lumbar PSO with
short fusion could lead to an unfavorable reciprocal change
in TK, leading to clinical failure. Therefore, we assumed that
altered sagittal alignment after limited lumbar fusion could
be correlated with the occurrence of juxta-proximal adja-
cent segment degeneration.

Previous studies have already shown that several sagittal
parameters could be a predictor of ASD after lumbar fusion
surgery.7–12 However, these studies had an inherent critical

TABLE 2. Clinical Outcomes Between the Matched and Mismatched Groups

Matched Group (n¼44) Mismatched Group (n¼29) P

Preoperative
Back NRS 7.5�2.2 7.0�2.2 0.355

Leg NRS 7.6�2.5 7.1�2.9 0.472

ODI 54.8�16.1 57.9�19.1 0.477

Postoperative
Back NRS 4.8�2.7 3.9�2.9 0.217

Leg NRS 4.6�3.4 4.3�3.2 0.795

ODI 45.0�21.5 44.5�22.0 0.925

Postoperative 24 months
Back NRS 4.4�3.2 5.4�3.8 0.247

Leg NRS 4.5�3.2 5.3�3.1 0.281

ODI 37.4�20.1 49.7�20.9 0.015

NRS indicates numerical rating scale; ODI, Oswestry disability index.
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limitation that their subjects had inconsistent fusion levels.
In contrast, the most important strength of this study was
that the authors controlled the fusion level as L2–S1.
Therefore, the adjacent segment was identical, at L1–2 in
all patients. In this study, the PI–LL matched group showed
a significantly lower incidence of ASD compared with the
mismatched group at 2-year follow-up (25% vs. 53.3%,
P¼0.020). In logistic regression analysis, PI–LL mismatch,
as well as the preoperative Pfirrmann grade at L1–2, was
identified as a risk factor with an OR of 4.890 (95% CI:
1.550–15.427, P¼0.007). PI–LL mismatch was reported
to be strongly associated with the development of adjacent
segment disease or degeneration in previous studies.9,11,12,24

Rothenfluh et al12 showed that patients with PI–LL mis-
match (>108) had a 10-fold higher risk for ASD. PI–LL
mismatch can cause compensatory mechanisms, including
pelvic retroversion, and eventually lead to global sagittal

malalignment. In our cohort, the mismatched group showed
predictable sagittal profiles postoperatively (Table 3). In the
late 20th century, Jean Dubousset introduced the ‘‘cone of
economy,’’ whichmeans that ideal spinal alignment allows a
standing posture with minimal muscular energy expendi-
ture. Deviation from the boundary of the cone requires
greater muscular energy and leads to unfavorable ergonomic
outcomes.21 Senteler et al25 demonstrated that PI–LL mis-
match (>158) induced higher shear stress at the level adja-
cent to the fused segments in their musculoskeletal
simulation study. The authors suggested that the matched
group might have less stress on the adjacent disc after the
restoration of sagittal balance, leading to less ASD develop-
ment in this study.

However, the two groups had different preoperative PIs.
A study by Nakashima et al26 reported that higher PI was a
risk factor for adjacent segment disease. Accordingly,

TABLE 3. Radiographic Outcomes Between the Matched and Mismatched Groups

Matched Group (n¼44) Mismatched Group (n¼29) P

Preoperative
CA 10.6�5.5 12.0�6.0 0.320

PI 45.2�8.8 54.6�11.4 <0.001

PT 20.8�10.1 29.9�8.7 <0.001

SS 24.4�9.0 24.7�9.1 0.868

LL 29.0�17.1 23.2�16.9 0.161

PI–LL 17.8�17.2 31.8�14.2 0.001

TPA 19.6�10.7 29.5�7.7 <0.001

SVA 51.0�46.7 73.7�38.8 0.034

Postoperative
CA 5.7�3.1 7.5�4.5 0.060

PI 45.7�8.3 55.2�11.4 <0.001

PT 16.8�6.6 26.9�7.1 <0.001

SS 29.0�8.9 28.3�9.0 0.746

LL 41.0�9.5 30.4�11.3 <0.001

PI–LL 6.0�5.0 24.9�7.1 <0.001

TPA 14.9�6.1 24.7�5.8 <0.001

SVA 27.1�28.0 49.0�25.7 0.001

Postoperative 24 months
CA 6.9�4.9 8.0�4.5 0.375

PI 47.2�10.0 55.5�12.2 0.002

PT 21.4�9.2 30.6�7.7 <0.001

SS 25.7�8.2 24.9�9.6 0.689

LL 31.2�12.7 18.9�14.3 <0.001

PI–LL 16.2�13.1 36.6�12.0 <0.001

TPA 19.7�9.2 31.0�7.4 <0.001

SVA 47.9�34.9 79.1�48.0 0.002

K-L grade
1 6 (13.6%) 2 (6.9%) 0.019

2 27 (61.4%) 12 (41.4%)

3 8 (18.2%) 9 (31.0%)

4 3 (6.8%) 6 (20.7%)

ASD 11 (25.0%) 15 (53.3%) 0.020

PJK 7 (15.9%) 5 (17.2%) 0.881

ASD indicates adjacent segment degeneration; CA, coronal Cobb angle; K-L grade, Kellgren-Lawrence grade; LL, lumbar lordosis; PI, pelvic incidence; PJK,
proximal junctional kyphosis; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TPA, T1-pelvic angle.
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TABLE 4. Baseline Demographics Between PSO and the Mismatched Groups

PSO Group (n¼10) Mismatched Group (n¼29) P

Age, year 65.8�5.3 69.0�6.2 0.155

Sex (female) 10 (100.0%) 27 (93.1%) 0.764

BMI, kg/m2 24.5�2.2 25.6�3.3 0.372

BMD (T-score) –2.6�1.3 –3.0�0.9 0.250

Operation time, minute 354.0�71.8 297.9�58.9 0.019

EBL, cm3 1955.0�1058.9 1645.2�948.2 0.392

Hospital stay, day 23.6�11.6 18.5�9.2 0.163

Preoperative Pfirmann grade (L1–2 IVD)

1 5 (50.0%) 12 (41.4%) 0.558

2 4 (40.0%) 11 (37.9%)

3 1 (10.0%) 6 (20.7%)

Preoperative K-L grade (L1–2 IVD)

1 9 (90.0%) 15 (51.7%) 0.074

2 1 (10.0%) 14 (48.3%)

BMD indicates bone mineral density (lowest T-score); BMI, body mass index; EBL, estimated blood loss; IVD, intervertebral disc; K-L grade, Kellgren-Lawrence
grade; PSO, pedicle subtraction osteotomy.

TABLE 5. Radiographic Outcomes Between PSO and the Mismatched Groups

PSO (n¼10) Mismatched Group (n¼29) P

Preoperative
CA 8.1�6.3 12.0�6.0 0.167

PI 48.9�12.8 54.6�11.4 0.517

PT 30.7�10.2 29.9�8.7 0.966

SS 18.2�12.4 24.7�9.1 0.364

LL 6.1�15.8 23.2�16.9 0.004

PI–LL 42.7�14.6 31.8�14.2 0.159

TPA 32.5�10.8 29.5�7.7 0.552

SVA 90.7�73.5 73.7�38.8 0.861

Postoperative
CA 4.3�3.3 7.5�4.5 0.070

PI 50.8�11.8 55.2�11.4 0.521

PT 19.3�8.1 26.9�7.1 0.008

SS 30.5�13.9 28.3�9.0 0.780

LL 42.3�14.7 30.4�11.3 0.007

PI–LL 6.6�3.6 24.9�7.1 <0.001

TPA 15.7�8.6 24.7�5.8 0.001

SVA 19.0�46.2 49.0�25.7 0.203

Postoperative 24 months
CA 4.3�3.8 8.0�4.5 0.083

PI 52.0�13.6 55.5�12.2 0.643

PT 24.0�11.1 30.6�7.7 0.099

SS 27.9�13.0 24.9�9.6 0.871

LL 27.4�20.8 18.9�14.3 0.566

PI–LL 24.6�18.6 36.6�12.0 0.210

TPA 23.7�12.0 31.0�7.4 0.054

SVA 57.7�41.8 79.1�48.0 0.326

K-L grade
1 2 (20.0%) 2 (6.9%) 0.041

2 7 (70.0%) 12 (41.4%)

3 0 (0.0%) 9 (31.0%)

4 1 (10.0%) 6 (20.7%)

ASD 1 (10.0%) 15 (53.3%) 0.041

PJK 4 (40.0%) 5 (17.2%) 0.301

ASD indicates adjacent segment degeneration; CA, coronal Cobb angle; K-L grade, Kellgren-Lawrence grade; LL, lumbar lordosis; PI, pelvic incidence; PJK,
proximal junctional kyphosis; PSO, pedicle subtraction osteotomy; PT, pelvic tilt; SS, sacral slope; SVA, sagittal vertical axis; TPA, T1-pelvic angle.
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subgroup analysis of the PSO group versus the mismatched
group was performed to exclude the effect caused by differ-
ences in PI. These two groups showed no difference in PI
(Table 5). Although the number of PSO patients was too
small to yield conclusive results, obtaining appropriate LL,
even by performing PSO, seems important to reducing the
risk of ASD (10% vs. 53.3%, P¼0.041).

Another risk factor in our study was the preoperative
Pfirrmann grade of the adjacent disc. In their biomechanical
study, Kim et al27 reported that the intrinsic degeneration of
the adjacent disc seemed not to increase annulus fibrosus
stress at the adjacent segment after fusion.However, several
studies showed that pre-existing adjacent segment degen-
eration was a risk factor for adjacent segment degeneration
and disease.2,5 Therefore, the fusion extent should be
decided after a precise preoperative evaluation of the
patient’s status.

Interestingly, sagittal parameters such as LL and SVA at
the postoperative 2 years decreased in all groups, even more
in the PSO patients (Tables 3 and 5). There were two causes
of late recurrent sagittal malalignment in our study. First
major one was junctional kyphosis at the adjacent L1–2
segment. Compared with ASD, the incidence of PJK was
similar between matched and mismatched groups (15.9%
vs. 17.2%), and even higher in PSO group than mismatched
group (40% vs. 17.2%). Recurrent sagittal malalignment at
the postoperative 2 years may be attributed to the develop-
ment of compensatory PJK after surgical correction. Recent
meta-analysis showed that change in sagittal parameters
including LL and SVA were revealed as risk factors for
PJK.28,29 The other one was the late collapse of interverte-
bral discs within fusion. Authors identified that the heights
of intervertebral discs decreased and disc collapse at which
interbody fusion was not performed occurred in a kyphotic
form. These changes were thought to lead to the decrease in
overall LL.

Several limitations exist in this study. First, this was a
retrospective study with a relatively small number of
patients. Second, the postoperative 2-year was short for
the follow-up. Third, the surgical methods were inconsis-
tent. PLF was performed in every patient, but interbody
fusion was selectively performed. Interbody fusion is known
as a possible risk factor for ASD compared with PLF only.
Fourth, this study did not involve postoperative MRI which
could provide a standardized assessment of disc status.
Finally, clinical outcomes related to ASD were not investi-
gated in out study. Although it is still unclear about the
correlation between radiographic ASD and clinical out-
comes, no revision surgery was performed in our series
during the study period. However, a recent systemic review
reported that approximately 30% of radiographic ASD
progressed to symptomatic ASD.2 Therefore, careful fol-
low-up is needed in patients with radiographic ASD.

In conclusion, PI–LL mismatch and preoperative adja-
cent disc degeneration were risk factors for the development
of ASD in patients who underwent L2–S1 fusion. When
planning lumbar fusion surgery, obtaining sufficient LL

according to PI and proper decision on the fusion extent
are crucial to prevent ASD.

Key Points

Consecutive patients who underwent spinal fusion
surgery from L2 to S1 in a single institute were
investigated to compare the incidence of ASD at
L1–2 according to postoperative sagittal alignment.

Preoperat ive Pfirrmann disc grade and
postoperative PI–LL mismatch were risk factors
for ASD development.

The restoration of optimal sagittal alignment may
provide a protective effect on the development
of ASD.
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