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Global Sagittal Alignment and Clinical Outcomes
after 1-3 Short-Segment Lumbar Fusion in
Degenerative Spinal Diseases

Yung-Hun Youn, Kyu-Jung Cho, Yeop Na, Jeong-Seok Kim

Department of Orthopaedic Surgery, Inha University Hospital, Incheon, Korea

Study Design: Level Il retrospective study.

Purpose: We investigated the impact of short-segment lumbar fusion on the restoration of global sagittal alignment and the correla-
tions between spino-pelvic parameters and clinical outcomes.

Overview of Literature: Sagittal imbalance leads to energy consumption and pain in maintaining a standing position. For adult
spinal deformity, it is critical to create optimal lumbar lordosis (LL) in order to achieve restoration of sagittal imbalance. However, sur-
geons do not pay attention to correcting LL in short-segment lumbar fusion.

Methods: A total of 69 patients with transforaminal lumbar interbody fusion (TLIF) for degenerative spinal disease were evaluated
with a minimum 2-year follow-up. All patients underwent TLIF with hyper-lordotic angle cages to achieve higher LL. Radiological
spino-pelvic parameters including sagittal vertical axis (SVA) and clinical outcomes using the Oswestry Disability Index (ODI) and Nu-
meric Rating Scale (NRS) were evaluated.

Results: The average LL was 35.8°+9.9° before surgery, 42.3°+9.3° 1 year after surgery, and 40.3°+10.2° 2 years after surgery (p<0.01).
The average SVA was 43.1+6.2 mm before surgery, 21.2+4.9 mm 1 year after surgery, and 34.0+4.7 mm 2 years after surgery (p<0.01).
The average LL and SVA improved in two- or three-segment fusion, but not in one-segment fusion. The correlation between ALL and
ASVA was significant in all segment fusions. The correlation between ALL and ASVA was more significant at the L4-5 and L5-S1 seg-
ments than at L3—4. ODI was significantly correlated with SVA (p<0.05). NRS showed no correlation with the radiological parameters.
Conclusions: Two- or three-segment lumbar fusion using hyper-lordotic angle cages improved LL and SVA. A significant correlation
between the correction of LL and SVA was found. Higher correction of LL using hyper-lordotic angle cages is thus recommended in
short-segment lumbar fusion, since postoperative improvements of SVA significantly affect clinical outcomes.

Keywords: Lumbar lordosis; Sagittal vertical axis; Sagittal balance; Spino-pelvic parameter; Clinical outcome; Hyper-lordotic cage

Introduction In patients with spinal deformity, achieving sagittal bal-

ance is essential to obtain good clinical outcomes. For the

Balanced spinal alignment allows an individual to achieve optimal correction of sagittal alignment, restoring a sagit-
a standing posture with minimal musculoskeletal energy. tal vertical axis (SVA) <5 cm is suggested [1-3]. Spino-pel-
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vic parameters such as SVA and pelvic tilt (PT) are known
to be related to clinical outcomes after spinal fusion sur-
gery. SVA is a good indicator of health-related quality of
life (HRQOL). PT is related to compensation for the loss
of lumbar lordosis (LL) and correlated with postoperative
residual pain and disability [4].

Insufficient correction of LL might cause iatrogenic
flat-back deformity after short-segment as well as long-
segment fusions [5,6]. Even when LL is insufficiently
corrected in short-segment lumbar fusion, compensatory
hyperextension at the unfused segments and pelvic ret-
roversion can prevent global sagittal imbalance just after
surgery. However, subsequent disk degeneration at the
unfused segment or adjacent segment disease can eventu-
ally cause global sagittal imbalance [7].

There is still controversy over whether short-segment
lumbar fusion may affect global sagittal alignment. Cho
et al. [8] demonstrated that global sagittal alignment im-
proved through short-segment fusion in patients with spi-
nal stenosis and spondylolisthesis. In addition, Alqroom
[9] reported similar findings, namely, that short-segment
fusion surgery improved spino-pelvic parameters. In con-
trast, another study reported that short lumbosacral fixa-
tion did not significantly restore sagittal balance or change
sagittal spino-pelvic alignment [10]. Further spinal steno-
sis, the restoration of SVA turned out to differ in a manner
dependent on the number of fused segments and the level
of the fusion segment [8,9].

Against this background, the purposes of the current
study were (1) to evaluate whether short-segment fusion
for degenerative spinal diseases improved global spinal
alignment and (2) to determine the change of radiological
spino-pelvic parameters according to the fusion level and
number of fused segments. Which radiological parameter
among SVA and PT was more closely related to the im-
provement of clinical outcomes was also investigated.

Materials and Methods

1. Patient selection

From January 2012 to January 2017, 290 patients who
underwent posterior instrumentation with additional
transforaminal lumbar interbody fusion (TLIF) for de-
generative spinal disease in a single hospital were evalu-
ated retrospectively with a minimum 2-year follow-up.
Among these patients, 69 consecutive patients with one-

to three-segment lumbar fusion were included in this
study. Only patients with TLIF performed at all segments
were included. For example, patients who underwent
posterior fusion at two segments and TLIF at one segment
were not included. Patients who missed follow-ups, had
insufficient radiological and clinical data, or experienced
postoperative complications such as adjacent segment dis-
ease, junctional problem, cage subsidence, pseudarthrosis,
or implant failure were excluded. All patients underwent
the same surgical procedures, decompression and a com-
bination of TLIF and posterolateral inter-transverse fu-
sion. The Institutional Review Board (IRB) approved this
study (INHAUH 2019-06-023). This study was approved
by the IRB for the exemption of consent for the patient.
Informed consent was not obtained from the patients be-
cause of a retrospective study.

2. Radiological and clinical assessment

The radiological protocol consisted of standing anterior—
posterior and lateral radiographs of the whole spine for the
spinal imbalance in all patients. The follow-up protocol
included radiologic estimation before operation at the
1-year follow-up and the following measurements at the
2-year follow-up: (1) LL (the angle between tangent lines
to the superior endplate of L1 and superior endplate of S1);
(2) SVA (the distance between the C7 plumb line and the
postero-superior corner of the sacrum); (3) pelvic inci-
dence (PL the angle between the perpendicular line of the
sacral endplate and the line joining the middle of the sacral
endplate and the hip center); (4) PT (angle between a verti-
cal line and the line from the middle of the sacral endplate
to the hip center); (5) sacral slope (SS; the angle between
the sacral endplate and a horizontal line); and (6) PI-LL.
The Oswestry Disability Index (ODI) and Numeric Rating
Scale (NRS) were also checked to evaluate the correlations
with the spino-pelvic parameters SVA, PT, and PI-LL.

3. Surgical technique

A senior spine surgeon performed posterior decompres-
sion and pedicle screw instrumented lumbar fusion in all
patients. To achieve greater correction of LL, a 15°-angled
hyper-lordotic cage was inserted. Furthermore, after
pedicle screws and rods were in place, pedicle screws were
compressed along bended rods.
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4. Statistical analysis

All of the patients’ characteristics were compared through
chi-square test and Student #-test. The variation of spino-
pelvic parameters was calculated using a paired #-test and
one-way analysis of variance. The correlation between
ALL (postoperative LL—preoperative LL) and ASVA (pre-
operative SVA—postoperative SVA) was analyzed using
Pearson’s correlation analysis. Further statistical analyses
were performed to evaluate the correlations between the
clinical outcome and the spino-pelvic parameters through
Mann-Whitney U-test and Pearson’s correlation analysis.
All statistical results are presented as meantstandard de-
viation, and statistical significance is indicated as a p-value
<0.05. SPSS Statistics for Windows ver. 10.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical analysis.

Results

1. Patients’ demographics

A total of 69 patients who underwent TLIF with hyper-
lordotic cages and pedicle screw instrumentation were
included in this study. Their demographic characteristics
are summarized in Table 1. The diagnosis was degenera-
tive spinal stenosis in 40 patients, degenerative spondy-
lolisthesis in 20 patients, spondylolytic spondylolisthesis
in eight patients, and adult degenerative lumbar scoliosis
in one patient. The mean age was 64.5+9.1 years (range,
22-85 years), with the patients consisting of 41 males
and 28 females. The average number of fused segments
was 1.79+0.86 (range, 1 to 3 segments), including one-
segment fusion in 30 patients, two-segment fusion in 23
patients, and three-segment fusion in 16 patients. The
lumbar fusion was mostly performed at the L3-4, L4-5,

Table 2. Correction of LL after 1-3-segment fusions

and L5-S81 levels, including at L3-4 in 35 patients, L4-5 in
56 patients, L5-S1 in 27 patients, and L2-3 in six patients.

2. Radiological outcomes

1)LL
The average LL was 35.8°+9.9° before surgery, 42.3°+9.3°

Table 1. Patients’ demographics (n=69)

Characteristic Value

Age (yr) 64.5+9.1 (22-85)
Sex
Male 4
Female 28
Follow-up periods (yr) 2.8£1.5(2-5)
No. of fused segment (levels)
1-Segment 30
L34 3
L45 18
L5S1 9
2-Segment 23
1234 1
1345 15
L4581 7
3-Segment 16
12345 5
134581 "
Preoperative diagnosis (%)
Spinal stenosis 40
Degenerative spondylolithesis 20
Spondylolytic spondylolithesis 8
Adult degenerative lumbar scoliosis 1

Values are presented as meansstandard deviation (range) or number of pa-
tients.

Preoperative
Mean+SD
Average 35.849.9 42.349.3
1-Segment (n=30) 411117 45,0471
2-Segments (n=23) 35.6+10.9 42.1£10.7
3-Segments (n=16) 26.4+8.7 37.5¢7.9

Mean+SD
<0.01* 40.3£10.2 <0.01*
0.26 44.2+8.7 0.09
<0.01* 40.6+10.1 <0.01*
<0.01* 324+84 0.02*

Values are presented as mean+SD, unless otherwise stated.
LL, lumbar lordosis; PO, postoperative; SD, standard deviation.
*p<0.05; statistical significance.
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Table 3. Restoration of SVA after 1-3-segment fusions

SVA (mm) Preoperative

Mean+SD
Average 43.1+6.2 212449
1-Segment (n=30) 33.5+4.9 15.6+5.8
2-Segments (n=23) 375+6.8 13.5+4.0
3-Segments (n=16) 69.2+4.2 42.8+6.4
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[ CETERN)
<0.01* 34.0+4.7 <0.01*
0.15 22.9+3.3 0.14
0.04* 26.4+4.4 0.18
0.02* 65.6+5.6 0.03*

Values are presented as mean+SD, unless otherwise stated.
SVA, sagittal vertical axis: PO, postoperative; SD, standard deviation.
*p<0.05; statistical significance.

1 year after surgery (p<0.01), and 40.3°£10.2° 2 years af-
ter surgery (p<0.01). Although the correction of LL after
one-segment fusion was not statistically significant, the
improvement of LL after two-segment and three-segment
fusions was statistically significant (Table 2).

Fusion surgery was performed at L3-4 in 35 patients,
L4-5 in 56 patients, and L5-S1 in 27 patients. The aver-
age LL in the L3-4 fusion group was 16.5°+7.9° before
surgery, 23.6°+6.8° 1 year after surgery (p=0.04), and
23.0°£9.2° 2 years after surgery (p=0.05). The average LL
in the L4-5 fusion group was 22.9°+14.0° before surgery,
32.1°+10.1° 1 year after surgery (p<0.01), and 31.4°+10.0°
2 years after surgery (p<0.01). The average LL in the L5-
S1 fusion group was 18.2°+11.8° before surgery, 28.7°+9.5°
1 year after surgery (p<0.01), and 29.1°+9.8° 2 years after
surgery (p<0.01).

2) SVA
The average SVA changed from 43.1+6.2 mm before sur-
gery to 21.2+4.9 mm 1 year after surgery (p<0.01) and
34.0+4.7 mm 2 years after surgery (p<0.01). The change of
SVA after one-segment fusion was not statistically signifi-
cant (p>0.05). On the other hand, SVA improved signifi-
cantly after two-segment and three-segment fusion. With
two-segment fusion, it was 37.5+6.8 mm before surgery,
13.5+4.0 mm 1 year after surgery (p=0.04), and 26.4+4.4
mm 2 years after surgery (p=0.18). With three-segment
fusion, it was restored from 69.2+4.2 mm before surgery
to 42.8+6.4 mm 1 year after surgery (p=0.02) and 65.6+5.6
mm 2 years after surgery (p=0.03). During the follow-up
period, it was observed that the restoration of SVA had
gradually decreased over time after surgery (Table 3).

The average SVA in the L3-4 fusion group was 25.6+9.6
mm before surgery, 10.0£8.8 mm 1 year after surgery

Table 4. Correlations between ALL and ASVA according to the number of fused
segments

Variable Category ALL(°) ASVA (mm) p-value CC

219+58  0.01* 0402
112469  0.01* 0.383
17978 0.05* 0446
106+6.6  0.02* 0.405
PO 1yr—preop 6.5:¢9.1 24.0:57  0.02* 0492
PO2yr—preop 5.0+94 11.1+69 0.01* 0424
PO 1yr—preop 11.1469 264+72  0.01* 0562
PO2yr—preop 6.0+108 125:57  0.04* 0392

Values are presented as meansstandard deviation, unless otherwise stated.

LL, lumbar lordosis; SVA, sagittal vertical axis; ALL, postoperative LL—preopera-
tive LL; ASVA, preoperative SVA—postoperative SVA; CC, correlation coefficient;
PO, postoperative; Preop, preoperative.

*p<0.05; statistical significance.

Average PO 1yr—preop  6.5:6.2
PO 2 yr—preop  4.5¢5.8
PO1yr—preop  3.9:6.4

PO 2 yr—preop  3.17.1

1-Segment (n=30)

2-Segment (n=23)

3-Segment (n=16)

(p=0.04), and 14.8+3. 9 mm 2 years after surgery (p=0.05).
The average SVA in the L4-5 fusion group was 30.1£9.6
mm before surgery, 9.4£8.2 mm 1 year after surgery
(p<0.01), and 11.24+7.9 mm 2 years after surgery (p=0.04).
The average SVA in the L5-S1 fusion group was 67.5+7.9
mm before surgery, 39.0+9.8 mm 1 year after surgery
(p<0.01), and 43.2+6.5 mm 2 years after surgery (p<0.01).

3) Correlations between ALL and ASVA

The corrections of LL and SVA were 5.3°+6.0° and 24.3+6.8
mm 1 year after surgery and 4.4°+5.8° and 17.1+5.9 mm
2 years after surgery, respectively. Pearson’s correlation
analysis was conducted to confirm the linearity of the cor-
relation between ALL (postoperative LL—preoperative LL)
and ASVA (preoperative SVA—postoperative SVA). There
was a significant correlation between these variables both
1 year (p=0.01, correlation coefficient=0.397) and 2 years
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Table 5. Correlations between ALL and ASVA according to the L34, L4-5, and
[5-S1-segment fusion

Variable Category ALL(°)  ASVA (mm) p-value CC
13-4 PO 1 yr—preop 7.128.6 15.6+6.4 0.04*  0.062
PO 2 yr—preop 6.549.9 10.8+8.9 0.05* 0.043
L4-5 PO 1 yr—preop 9.249.3 20774  <0.01* 0123
PO 2 yr—preop 851107  18.946.9 <0.01* 0.104
L[5-S1 PO 1yr—preop  10.5:105  28.5:8.2 <0.01*  0.194
PO 2yr—preop  10.9£10.8  24.3+79 <0.01* 0172

Values are presented as meanzstandard deviation, unless otherwise stated.

LL, lumbar lordosis; SVA, sagittal vertical axis; ALL, postoperative LL—
preoperative LL; ASVA, preoperative SVA—postoperative SVA; CC, correlation
coefficient; PO, postoperative; Preop, preoperative.

*p<0.05; statistical significance.

after surgery (p=0.01, correlation coefficient=0.353). The
correlation between ALL and ASVA was more significant
in two-segment and three-segment fusion than in one-
segment fusion. The greater the number of fused lumbar
segments, the more significant the correlation between
ALL and ASVA (Table 4).

The analysis of the correlation between ALL and ASVA
was conducted according to the L3-4, L4-5, or L5-S1 fu-
sion groups, including L4-5 in 40 patients, L34 in 28 pa-
tients, and L5-S1 in 20 patients. The correlations between
ALL and ASVA in the L4-5 and L5-S1 fusion groups were
more significant than in the L3-4 fusion group, meaning
that the correction of lordosis at L4-5 and L5-S1 more
markedly affected the restoration of SVA than that at L3-4
(Table 5).

4) Other spino-pelvic parameters

The average PI was 47.8°+10.6° before surgery, 47.1°+9.3°
1 year after surgery (p=0.50), and 48.0°+9.8° 2 years after
surgery (p=0.75). PI-LL was successfully corrected close
to 10° after surgery. The average PI-LL was 14.5°+13.8°
before surgery, 10.3°£11.2° 1 year after surgery (p<0.01),
and 10.5°+8.2° 2 years after surgery (p=0.03).

The average PT did not change after the surgery; it
was 17.5°£8.5° before surgery, 17.71°+8.6° 1 year after
surgery (p=0.93), and 17.9°£8.4° 2 years after surgery
(p=0.69). With one-segment fusion, PT was 16.9°£9.4°
before surgery, 17.2°£10.5° 1 year after surgery (p=0.62),
and 17.7°£7.2° 2 years after surgery (p=0.82). With
two-segment fusion, it was 17.6°£8.1° before surgery,
17.8°£7.6° 1 year after surgery (p=0.26), and 17.3°£9.4° 2
years after surgery (p=0.49). With three-segment fusion, it

Table 6. Correlation between spinopelvic parameters and clinical outcomes

Score R p-value
0Dl vs. SVA 0.43 <0.05*
NRS vs. SVA 0.39 0.28
0Dl vs. PT 0.42 0.58
NRS vs. PT 0.35 0.69
0Dl vs. PI-LL 0.23 0.35
NRS vs. PI-LL 0.19 0.41

0DI, Oswestry Disability Index; SVA, sagittal vertical axis; NRS, Numeric Rating
Scale; PT, pelvic tilt; PI, pelvic incidence; LL, lumbar lordosis.
*p<0.05; statistical significance.

was changed from 19.4°+8.6° before surgery to 20.2°+7.0°
1 year after surgery (p=0.50) and 20.9°+7.9° 2 years after
surgery (p=0.59).

3. Clinical outcomes

1) ODI and NRS

Most patients displayed improvements in terms of the
ODI and NRS after surgery. The average ODI in the pa-
tients who had received one- to three-segment fusion
was 53.318.9 before surgery, 35.6+8.5 1 year after surgery
(p<0.01), and 30.2+7.6 2 years after surgery (p<0.01).
The average NRS on the back was 7.0£5.8 before sur-
gery, 5.5£5.9 1 year after surgery (p<0.01), and 4.6+6.1 2
years after surgery (p<0.01). The average NRS on the legs
was 6.9+7.8 before surgery, 4.1£7.6 1 year after surgery
(p<0.01), and 3.6£5.8 2 years after surgery (p<0.01).

2) Correlations between clinical outcomes and spino-
pelvic parameters

The correlations between clinical outcomes (ODI and
NRS) and radiological spino-pelvic parameters (SVA,
PT, and PI-LL) were analyzed using Pearson’s correlation
test, showing that ODI was significantly correlated with
SVA (R=0.43, p<0.05). NRS was not correlated with SVA
(R=0.39, p>0.05). On the other hand, LL, PT, and PI-LL
did not affect clinical outcomes (Table 6).

Discussion

Achieving optimal LL in spinal fusion surgery improves
spino-pelvic alignment, resulting in good clinical out-
comes [11-13]. Insufficient correction of LL and PI-LL
mismatch may cause adjacent segment degeneration and
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subsequent sagittal imbalance [14-16]. Sagittal decompen-
sation is particularly likely to develop in patients with pre-
operative severe sagittal imbalance or higher PI. Greater
correction of LL is needed in these patients [17]. Certain
radiological parameters provide the surgeon with a guide
for restoring spino-pelvic balance [18]. PI-LL=10° sets
the stage for the achievement of successful harmonious
spino-pelvic realignment [19,20], even though the sagittal
spino-pelvic alignment varies with age. Lafage et al. [21]
demonstrated that operative realignment targets should
be PI-LL=16.7° for patients aged over 75 years.

Long-segment fusion is clearly more efficient for restor-
ing SVA than short-segment fusion in adult spinal de-
formity. Lumbar fusion for degenerative spinal disease is
much more likely to improve spino-pelvic parameters and
sagittal alignment when it is performed on long segments
than on short segments. In short-segment fusion surgery
for degenerative lumbar spine with minimal sagittal im-
balance, the correction of LL has not been emphasized.
However, there is a growing awareness that the restoration
of sagittal alignment is important even in short-segment
fusion.

Controversy still remains over whether short-segment
lumbar fusion affects the restoration of global sagittal
alignment. Consensus has been reached that segmental
lordosis is restored with short-segment lumbar fusion.
However, the findings regarding the restoration of global
sagittal alignment have differed depending on the report.
For example, Korovessis et al. [10] found that short (one
or two segments) lumbosacral fixation did not signifi-
cantly change the sagittal spino-pelvic balance in adult
patients with a preoperatively balanced spine. SVA de-
creased postoperatively but returned to the baseline value
at the final observation. Alqroom [9] divided 56 patients
who underwent lumbar fusion surgery into two groups: a
one-level group and a two-level group. Patients in the one-
level group showed only small alterations in spino-pelvic
parameters, while those in the two-level group achieved
SVA. This study showed that the number of fused level
with hyper-lordotic cage was associated with the overall
correction of sagittal imbalance. The correlation between
ALL and ASVA was more significant in two- to three-
segment fusion than in one-segment fusion.

Spinal stenosis and resultant sagittal imbalance are
difficult to differentiate from the sagittal imbalance due
to adult spinal deformity. In radiographs, it has been re-
ported that the PT/PI ratio can differ between the two dif-
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ferent sagittal balances [22]. Pelvic retroversion can be ob-
served in both spinal stenosis and adult spinal deformity,
but the ratio is expected not to be the same. A significant
improvement in the SVA may occur in spinal stenosis
patients merely due to decompression surgery as the com-
pensatory crouch disappears. PT represents a compensa-
tory mechanism by pelvic retroversion for the sagittal
imbalance. In our study, average PT was not changed after
surgery, being 17.5°+8.5° before surgery, 17.7°+8.6° 1 year
after surgery (p=0.93), and 17.9°+8.4° 2 years after surgery
(p=0.69), indicating that the improvement of SVA was not
related to pelvic compensation. Therefore, it can be con-
cluded that the hyper-lordotic TLIF cage contributed to
the improvement in the SVA.

The improvement of SVA and LL decreased at the 2-year
follow-up compared with that at 1 year. The deterioration
of radiological parameters might be associated with two
factors. The first factor is loss of correction (LOC) in the
disk space between the vertebral body and the cages. To
obtain more LL restoration, the screws were tightened on
the rod with posterior compression between two screw
heads. This procedure creates a space between the endplate
and the cages, which eventually narrows with weight-
bearing. The second factor is subsequent disc degeneration
at the unfused segments. Considering this LOC during
follow-up periods, it is advantageous to restore as much of
LL as possible.

Although improving sagittal alignment is important
in short-segment fusion, this is difficult to accomplish
through the TLIF procedure. With respect to achieving
optimal LL, insertion of hyper-lordotic angle cages is
more advantageous. Cages with a 15° hyper-lordotic angle
resulted in greater correction of LL than cages with a 4°
or 8° lordotic angle [6]. To achieve greater correction of
LL, the rods should be bent close to the normal lumbar
lordotic angle to be corrected. If it is anticipated that the
TLIF procedure will be insufficient to restore LL, anterior
lumbar interbody fusion, especially at the L5-S1 segment,
is an option.

In this study, LL and SVA improved more when fusion
was performed at the L4-5 and L5-S1 segments than at
the L3-4 segment. These findings contrast with those of
Cho et al. [8]. Their study showed that the restoration of
sagittal imbalance predominantly occurred when fusion
was performed at the L3-L5 segment. No such restora-
tion was observed after fusion was performed with PLIF
at the L5-S1 or L4-S1 segment. One could thus infer that
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Cho et al. [8] used a cage with a 4° lordotic angle, which
led to less correction of LL at the L5-S1 segment. Since LL
at the L4-5 and L5-S1 segments accounts for 70% of LL,
the correction of LL at the lower spine has a greater effect
on spino-pelvic alignment than correction at upper lum-
bar segments [2,5]. Therefore, LL should be much better
corrected at the L4-5 or L5-S1 segment. A cage with a 4°
lordotic angle is not recommended for fusion at a lower
lumbar segment. Correction of LL at the caudal segment
is more effective at achieving SVA because of a leverage
effect. Depending on the shape and orientation of the
lumbosacral junction, the correction of LL when perform-
ing fusion at the L4-5 or L5-S1 segment is more likely to
improve SVA [8].

Radiological spino-pelvic parameters related to clini-
cal outcomes after spinal fusion surgery can include SVA,
PT, and PI-LL. Increased SVA is correlated with residual
pain and poor HRQOL. High PT reflects pelvic retrover-
sion to compensate for sagittal imbalance, conferring a
higher likelihood of increased postoperative pain. There-
fore, decreasing the PT following short lumbar fusion for
degenerative spinal diseases is required to achieve good
VAS and ODI scores [7,23]. In the current study, ODI was
significantly correlated with SVA, but NRS was not. LL,
PT, and PI-LL turned out not to be correlated with the
improvement of ODI and NRS.

Another finding in this study was that the lumbar cur-
vature changed from straight to a harmonious lordotic
curve even with short-segment fusion surgery. Adequate
correction of LL after spinal fusion is described as a lor-
dotic lumbar curvature. A harmonious lordotic lumbar
curve appears to be more advantageous for maintaining
sagittal balance and reducing stress at the adjacent seg-
ments. After one- to three-segment fusion, not only did
sagittal alignment improve, but the lumbar spine was also
restored from the straight curvature to a normal lordotic
curve (Fig. 1).

This study has several limitations. First, this was a retro-
spective study involving the selection of a different lumbar
fusion level. Second, there may have been differences in
the patients with respect to the compensatory mechanism
due to variation in degeneration and flexibility. Finally,
division of the small number of patients unevenly into
groups may have resulted in inaccurate comparisons and
statistical error. Therefore, there is a need for prospective
comparative studies with a longer follow-up period.

Fig. 1. A 65-year-old woman underwent transforaminal lumbar interbody fu-
sion at L4-S1 using hyper-lordotic angle cages. Lumbar lordosis was 16.7° be-
fore surgery (A), 36.5° 1 year after surgery (B), and 30.9° 2 years after surgery
(C). Sagittal vertical axis was restored from 75.9 mm before surgery, 3.2 mm 1
year after surgery, and 2.5 mm 2 years after surgery. The lumbar curvature was
restored from a straight curvature to a normal lordotic curve after surgery.

Conclusions

This study evaluated the change of sagittal alignment and
clinical outcomes in patients with degenerative spinal
disease after short-segment lumbar fusion. Short-segment
lumbar fusion using hyper-lordotic cages improved LL
and SVA in two- and three-segment fusion, but not in
one-segment fusion. The correlations between the cor-
rections of LL and SVA were significant in all segment
fusions, especially at the L4-5 and L5-S1 segments. Post-
operative improvement of SVA was well correlated with
good clinical outcomes, suggesting the benefit of achiev-
ing greater correction of LL even in short-segment fusion.
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