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Mid- and Long-Term Comparison Analysis of Two
Approaches for the Treatment of Level III or Higher

Lenke–Silva Adult Degenerative Scoliosis:
Radical or Limited Surgery?

Zhibo Song, MD, Zhaoquan Zhang, MD, Xiaochen Yang, MD, Zhi Zhao, MD, Tao Li, MD, Ni Bi, MD,
Yingsong Wang, MD

Orthopedics Department, The Second Affiliated Hospital of Kunming Medical University, Kunming, China

Objective: As the population in general is living longer, less invasive adult degenerative scoliosis (ADS) surgery that
balances risks and benefits requires long-term clinical outcomes to determine its strengths and weaknesses. We
design a retrospective study to compare the postoperative mid- and long-term outcomes in terms of efficacy, surgical
complications, and reoperation rate of patients with ADS treated with two different surgical approaches (long-segment
complete reconstruction or short-segment limited intervention).

Methods: In this retrospective study, 78 patients with ADS (Lenke–Silva levels III or higher), who accepted surgical
treatment at our hospital between June 2012 and June 2019 were included. These patients were assigned to the
long-segment radical group (complete decompression with deformity correction involves ≥3 segments) and the short-
segment limited group (symptomatic segment decompression involves <3 segments). In addition, general information
such as age, gender, fixed segment number, efficacy, radiographic parameters, and reoperation rate of patients in the
two groups were compared and analyzed.

Results: There were no significant differences between the two groups with regard to gender, follow-up time, long-term
surgical complications and reoperation rate (P > 0.05). The mean age of patients in the long-segment strategy group
was 57.1 � 7.9 years, with a mean number of fixed segments of 7.9 � 2.4. The mean age of patients in the short-
segment strategy group was 60.8 � 8.4 years, with a mean number of fixed segments of 1.4 � 0.5. At the final
follow-up visit, the long-segment radical group showed better results than the short-segment limited group with regard
to coronal Cobb angle, lumbar lordosis angle and sagittal balance (P < 0.05). The long-segment strategy group had a
higher implant-related complication rate (P = 0.010); the adjacent segment-related complication in the two groups
showed no significant difference (P = 0.068).

Conclusion: Considering the risk, rehabilitation pathway and costs of long-segment radical surgery, short-segment lim-
ited intervention is a better strategy for patients who cannot tolerate the long-segment surgery, improving symptoms
and maintaining efficacy in the mid- and long-term, and not increasing the reoperation rate.
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fixation
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Introduction

Adult degenerative scoliosis (ADS) refers to the coronal
spine deformity (Cobb’s angle > 10�) caused by the

asymmetric degeneration of the vertebra, intervertebral disc,
or facet joint after skeletal maturity. The occurrence and
development of most ADS cases are related to spinal degen-
eration factors.1 The incidence of ADS was increasing with
age1,2 and was reported to be 32%–68% among patients over
65 years old.

The number of ADS patients is expected to increase sig-
nificantly over the coming decades with the accelerated trend of
people living longer. In addition, it is of concern that spinal
deformity surgeries in older patients are complex, involving sur-
gical complications and long operative times. A comparative
study including 1,245,282 surgical ASD patients showed that if
surgery involves ≥7 segments, its Surgical Invasiveness and
Morbidity Score (SIMS) ranked fourth versus other major oper-
ations, after coronary artery bypass grafting, abdominal aortic
aneurysm repair and cystectomy.3 As a result, increasing efforts
are devoted to reducing complications and improving the qual-
ity of life for ADS patients instead of implementing radical spi-
nal correction surgery. According to the analysis of the largest
multicenter prospective datasets on quality metrics in adult spi-
nal deformity surgery over the last decade, this change has been
beneficial for patients. The results show that the baseline clinical
characteristics have not changed since 2010, while a consistent
reduction in major and minor postoperative complications and
a greater gain in quality of life were observed. These are associ-
ated with a progressive reduction of surgical aggressivity (num-
ber of fused spine segments, percent pelvic fixation and percent
3-column osteotomies).4 However, it still requires long-term
follow-up to improve reliability. Besides the factors of patient
management and surgical techniques, the choice of surgical
strategy plays a more important role in ADS surgery. Silva and
Lenke recommended a surgical plan with increasing invasive-
ness based on the progression of the spinal deformity,5 while
Berjano et al. tend to focus on symptomatic segments rather
than deformity correction.6 Due to the large individualized dif-
ferences in clinical manifestations of patients with ADS, the
patients’ general condition and expectations for treatment
should be fully considered in the surgery planning.7 It has been
shown that long-segment reconstruction surgery has a good
effect in correcting the spinal deformity and that the global bal-
ance of the spine can be better maintained after surgery. More-
over, the palliative short-segment intervention can improve
patients’ main symptoms with lower costs and risks.8 However,
the reality is that the high perioperative complication incidence
of the long-segment strategy and the high incidence of postop-
erative adjacent segment degeneration of the short-segment
strategy make the two strategies controversial,9–12 especially in
elderly patients. There are always factors related to spinal
degeneration during the preoperative and postoperative course
of patients with ADS, so a considerable part of these controver-
sies relates to the lack of long-term follow-up studies to confirm
efficacy and long-term complications for surgical decision-
making.13

All in all, a less invasive ADS surgery strategy requires
long-term clinical outcomes to determine its strengths and
weaknesses. This study focuses on the outcomes of patients
with Lenke Silva level III or higher (long segment fixation and
fusion recommended) who received two different surgical
strategies with an average follow-up of 4.4 years (2–9 years).
The purposes were: (i) to determine the efficacy, implant-
related complications, adjacent segment problems and
reoperation rate of the two surgical strategies in mid- and
long-term follow-up; and (ii) based upon the reoperation, to
identify whether the limited intervention has worse outcomes
compare to the radical surgery. We hypothesized that the
long-segment radical strategy had a better efficacy, fewer
implant-related complications and adjacent segment
problems.

Materials and Methods

Inclusion and Exclusion Criteria
Inclusion criteria included: (i) age 45 years or older; (ii) all
patients were diagnosed as ADS due to lumbar degeneration,
presented with low back pain and lower limb symptoms; (iii)
imaging parameters met the criteria of Lenke–Silva level III
or higher (in detail, Cobb’s angle >30�, olisthesis >2mm, with
or without lumbar kyphosis, with or without global imbal-
ance); (iv) duration of follow-up >2 years; and (v)long-
segment refers to the fixed and fused segments ≥3; short-
segment refers to the fixed and fused segments <3.

Exclusion criteria included: (i) patients with ADS sec-
ondary to lumbar fracture, tumor, ankylosing spondylitis or
leg length discrepancy; (ii) patients who had received any
surgical treatment at symptomatic segments (drug injection,
minimally invasive decompression or laminectomy); and (iii)
ADS patients with compensatory posture because of radicu-
lar pain or acute back pain (this would lead to spurious
imaging parameters).

General Information
Seventy-eight patients with ADS between June 2012 and June
2019 met the criteria and were admitted to this study. There
were 36 cases in the long-segment group (17 males and
19 females, mean age of 57.1 � 7.9 years) and 42 cases in the
short-segment group (16 males and 26 females, mean age of
60.8 � 8.4 years). The specific clinicopathological data are
shown in Table 1.

Operation Plan
Two spinal surgeons performed the physical examination to
determine the patients’ sensitivity, motor function, reflexes,
and bladder/rectal function. Symptomatic segments and their
range of motion were confirmed by combining the patients’
X-ray and/or electromyogram data. The principle of treat-
ment was to improve symptoms and control the progression
of the deformity, not to correct the deformity. Decompres-
sion and fusion of long segments (n ≥ 3) were performed if
the patient had extensive symptomatic segments and/or

2007
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 9 • SEPTEMBER, 2022
COMPARISON ANALYSIS FOR DEGENERATIVE SCOLIOSIS



multiple segment instability and/or major symptoms caused
by poor coronal and sagittal alignment. If it was determined
that the symptoms originated from one or two segments,
short segment surgery (n < 3) was performed only for symp-
tomatic segments, regardless of the deformity. Moreover,
after a comprehensive assessment by the multidisciplinary
team, a limited intervention should be discussed for those
who cannot tolerate major surgery. For patients with severe
comorbidities, foregoing surgery is the only option.

Evaluation Indices
The general information and perioperative and postoperative
follow-up clinical data were included. In particular, as
described in Lenke–Silva classification, Cobb’s angle<45 �

without severe sagittal imbalance is considered to have little
relationship with low back pain, while Sagittal vertical axis
(SVA) < 5 mm does not meet the diagnostic criteria of sagit-
tal imbalance. We did not think that the statistical differ-
ences in Cobb’s angle and SVA between the two groups
reach the distinguishing criteria.5

Efficacy Evaluation
The preoperative, postoperative, and final follow-up visual
analogue scale (VAS) scores of patients for low back pain
and leg pain (numbness).

Radiographic Evaluation
Coronal Cobb’s Angle

Cobb’s angle is defined as the greatest angle at a curve
of the spine, measured from the upper endplate of a upper
vertebra to the lower endplate of a lower vertebra, using a
standing, full-spine X-ray image in the anteroposterior view.
It is used to assess the severity of scoliosis.

Lumbar Lordosis (LL) angle
It is defined as the angle measured between the upper

endplate of L1 and the upper endplate of S1 using plain X-ray
images of the lateral lumbar spine in the standing position. In
general, the LL angle should greater than 10� and is used to
assess the local sagittal malalignment of the spine.

Coronal Balance (C7PL-CSVL)
In evaluating imaging parameters of coronal imbal-

ance, the horizontal distance between the C7 plumb line
(C7PL) and the center sacral vertical line (CSVL) is often
used to assess the global balance of the spine. A value >3 cm
is defined as coronal imbalance.

Sagittal Balance (SVA)
The Sagittal vertical axis (SVA) is usually determined

using the C7 plumb line method; that is, by measuring the
vertical distance between C7PL and the upper back corner of
the S1 endplate. A value >5 cm is defined as sagittal
imbalance.

TABLE 1 Clinical data of patients accepted two strategies

Items Long-segment (n = 36) Short-segment (n = 42) t/χ2 P

Gender (male/female) 17/19 16/26 0.804 0.416
Age (year) 57.1 � 7.9 60.8 � 8.4 �2.047 0.044※

Number of fixed segments 7.9 � 2.4 1.4 � 0.5 17.239 0.000※

Follow-up duration (year) 4.3 � 1.8 4.5 � 1.6 �0.591 0.556
Cobb’s angle (�)
Preoperative 36.6 � 9.4 30.5 � 7.9 2.505 0.015※

Postoperative 7.6 � 5.1 10.1 � 6.3 �1.936 0.053
Final follow-up 11.1 � 5.4 16.4 � 5.7 �4.221 0.000※

Lumbar lordosis angle (�)
Preoperative 6.5 � 10.5 11.9 � 16.1 �2.138 0.056
Postoperative 24.4 � 8.2 23.8 � 11.5 0.292 0.771
Final follow-up 25.4 � 8.1 17.1 � 7.2 4.778 0.025※

Coronal balance (mm)
Preoperative 27.6 � 11.5 23.7 � 13.9 1.354 0.180
Postoperative 16.8 � 7.9 13.6 � 9.9 1.580 0.112
Final follow-up 16.7 � 8.4 20.8 � 12.3 �1.720 0.090

Sagittal balance (mm)
Preoperative 47.8 � 20.8 32.5 � 12.3 4.019 0.000※

Postoperative 13.6 � 9.9 17.9 � 10.4 �1.887 0.063
Final follow-up 20.9 � 12.8 35.5 � 22.9 �3.380 0.001※

VAS scores of Low back pain
Preoperative 6.0 � 1.4 5.3 � 1.7 1.744 0.082
Postoperative 2.6 � 1.3 2.5 � 1.0 0.597 0.552
Final follow-up 2.7 � 1.0 3.0 � 2.1 �0.932 0.355

VAS scores of leg pain (numbness)
Preoperative 4.4 � 2.0 5.3 � 2.0 �1.947 0.055
Postoperative 2.4 � 1.4 2.6 � 1.9 �0.308 0.759
Final follow-up 1.8 � 1.1 2.2 � 1.8 �1.386 0.184

Note: VAS indicates visual analogue scale; ※ indicates P < 0.05
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Complication Evaluation
Implant-related complications, adjacent segment-related
complications, and global imbalance were evaluated.
Implant-related complications include screw/rod broken,
pseudarthrosis and screw loosening. The adjacent segmental
complications of the long segment included proximal junc-
tional kyphosis (PJK) and proximal junctional failure (PJF);
those of the short segment included radiographic adjacent
segmental degeneration (RASD) and clinical adjacent seg-
mental degeneration (CASD).

Proximal Junctional Kyphosis (PJK)
The proximal junction was defined as the lower

endplate of the upper instrumented vertebra (UIV) to the
upper endplate two vertebrae proximal. PJK was defined by
two criteria: (i) proximal junction sagittal Cobb angle ≥10�;
and (ii) proximal junction sagittal Cobb angle at least 10�

greater than the preoperative measurement.14

Proximal Junctional Failure (PJF)
Based on PJK, PJF has one or more of the following fea-

tures: fracture of the vertebral body of the UIV or UIV + 1,
posterior osseoligamentous disruption, or pullout of instrumen-
tation at the UIV.15

Radiographic Adjacent Segmental Degeneration (RASD)
The diagnostic criteria of RASD: (i) height loss of ante-

rior, middle and posterior intervertebral disc ≥ 1 mm;
(ii) anterior, posterior or lateral spondylolisthesis ≥3 mm;
(iii) vertebral rotation > 1�; (iv) grade two or three (Weiner’s
classification) of intervertebral disc degeneration; and
(v) grade four or five (Pfirrmann’s classification) of inter-
vertebral disc degeneration evaluated by MRI (magnetic res-
onance imaging).16

Clinical Adjacent Segmental Degeneration (CASD)
The diagnostic criteria of CASD were: VAS score of

recurrent low back pain >3 points or recurrent radiating pain
in lower limbs.16

Statistical Methods
The SPSS version 25 (IBM, Armonk, NY, USA) was used for
data entry and statistical analysis. The measurement data
were expressed as mean and standard deviation, the indepen-
dent samples I-test was performed for comparisons between
two groups and the paired samples I-test was used for
within-groups comparisons. Count variables were expressed
by frequency and percentage (%) and Fisher’s exact probabil-
ity method was used for comparison between groups. Log-
Rank test was performed for the analysis of survival differ-
ences. A P-value <0.05 indicated a statistically significant dif-
ference in all analyses.

Results

General Information
The general information and clinical data of patients in the
two groups are shown in Table 1. Due to the greater surgical
trauma and high risk of the long-segment strategy, the
patients who accepted it were mainly younger with fewer
comorbidities than those who accepted the short-segment
strategy. Compared to the short-segment strategy, coronal
Cobb angle, LL angle and sagittal balance can be better
maintained in the long-term with the long-segment approach
(P < 0.05). However, there were no significant differences in
the improvement and maintenance of symptoms between
the two groups. And coronal balance also shows no differ-
ence between groups.

Long-Term Complications
The mean follow-up duration was 4.7 � 1.67 years (2–9 years)
and the comparison of long-term complications between the
two treatment strategies is shown in Table 2. The total compli-
cation rate of the long-segment strategy was 38.9% and that of
the short-segment strategy was 40.5%, showing no significant

TABLE 2 Long-term complications of patients accepted two strategies

Items

Long-segment (n = 36) Short-segment (n = 42)
χ2 P

Case (n) Percentage (%) Case (n) Percentage (%)

Long-term complication 14 38.9 17 40.5 0.020 0.886
Implant-related complication 8 22.2 1 2.4 7.476 0.010*
Broken screw/rod 6 16.7 0 0 7.583 0.008*
Pseudarthrosis 1 3.8 0 0 6.625 0.012*
Screw loosening 2 5.6 1 2.4 1.074 0.553

Adjacent segment-related complication 3 8.3 10 23.8 3.343 0.068
Proximal junctional kyphosis 2 5.6 - -
Proximal junctional failure 1 3.8 - -
RASD - - 10 23.8
CASD - - 4 9.5

Coronal imbalance 1 3.8 6 14.3 3.143 0.116
Sagittal imbalance 3 8.3 8 19.0 1.837 0.175
Global imbalance 0 - 3 7.1 7.159 0.009*

Notice: * indicates p < 0.05. RASD, radiographic adjacent segmental degeneration; CASD, clinical adjacent segmental degeneration.
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difference (P = 0.886). The incidence of implant-related com-
plications in long-segment strategy was significantly higher than
that in short-segment strategy, whereas there was no significant

difference in adjacent-segment-related problems between the
two strategies (P = 0.068). One of the patients who received
the long-segment strategy developed a sagittal imbalance with

A B C D E F G H

Fig. 1 A 72-year-old female patient was diagnosed with ADS. The main symptoms were continuous and severe low back pain (VAS score: 8 points)

and radiating pain in the right lower limb (VAS score: 5 points). A&B, preoperative; C&D, postoperative, long-segment strategy, L5-S1PLIF, the upper

instrumented vertebra: T8, the lower instrumented vertebra: S2; E&F, 2 years after the surgery, the coronal balance was well, but the sagittal

alignment was worse. Proximal junctional kyphosis: 24�, reduction of lumbar lordosis and posterior pelvic tilt; G&H, 3 years after the surgery, the

implant was broken, the developed coronal imbalance and no complaint of obvious low back pain. The patient was demand at follow-up every

6 months

A B C D E F

Fig. 2 A 64-year-old female patient was diagnosed with ADS. The main symptoms were low back pain (VAS score: 6 points) and radiating pain in the

lower limbs (VAS score: 8 points). The symptomatic segment was localized on L4-5. The patient combined server osteoporosis, hypertension, and

diabetes. A&B, preoperative; C&D, short-segment strategy, 2 years after the surgery, the patient had slight low back pain (VAS score: 2 points); E&F,

5 years after the surgery, the coronal Cobb’s angle increased, L3 rotated (degree of II) and the patient was diagnosed with radiographic adjacent

segmental degeneration. There were no clinical symptoms, and the patient was required to receive regular follow-up
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implant failure and proximal junctional kyphosis. Typical cases
are illustrated in Figs 1 and 2.

Reoperation
The comparative analysis for the reoperation rate of the two
surgical strategies started from the immediate post-operative
period until the end of follow-up. In the long-segment group,
44% of the patients were followed up for more than 5 years
(16/36) while the percentage in the short-segment was 48%
(20/42) (P > 0.05). Table 3 shows the reoperation rate in the
different periods. Among the patients who received the long-
segment strategy, two patients were reoperated within 2 years
after surgery due to screw breakage and proximal junctional
fracture, one patient was reoperated due to loosening of the
S1 screw (fixation at the pelvis), and one patient was
reoperated due to sagittal imbalance induced by severe lum-
bar pain (extended fixation at the upper thoracic vertebra).
Three patients in the short-segment strategy group accepted
reoperation for CASD. One patient underwent reoperation
for L3-L4 and L5-S1 due to the upper segment instability
and radiation pain in the lower limb after posterior lumbar
interbody fusion (PLIF) of L4-5, one patient underwent
oblique lumbar interbody fusion (OLIF) revision surgery for

upper segment spinal stenosis and one patient accepted
endoscopic discectomy for upper segment disc herniation.
Another patient who received the short-segment strategy
underwent L1-S1 long-segment revision surgery due to poor
fusion, implant loosening, and sagittal malalignment. There
was no significant difference in the reoperation survival cur-
ves between the two groups (Fig. 3).

Discussion

The present study indicates that not all the long-segment
spinal reconstruction surgeries can achieve ideal efficacy

in long-term follow-up. On the contrary, although short seg-
ment surgery is more likely to cause coronal sagittal imbal-
ance and adjacent segment degeneration, the long-term
effectiveness for patients is not poor and the reoperation rate
is not high. This result prompted us to further analysis and
reflection.

Long-segment Surgical Strategy: Once and for All?
Two aspects must be carefully considered when planning
long-segment surgery.6 The first is to define the symptomatic
segment and its range, that is, the segment that must be
treated to alleviate symptoms and prevent rapid progression

TABLE 3 Reoperation rate of patients accepted two strategies

Follow-up duration

Long-segment (n = 36) Short-segment (n = 42)

χ2 PCase (n) Percentage (%) Case (n) Percentage (%)

0–2 years 2 5.6 0 0 2.395 0.210
2–5 years 1 2.8 3 7.1 0.759 0.620
5–8 years 1 2.8 1 2.4 0.012 1.000
Total 4 11.1 4 9.5 0.053 1.000

Fig. 3 The survival curves of the reoperation

of the two strategies
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of the deformity. Second, to clarify the relationship between
the symptomatic segment, the apical vertebra and the global
balance of the spine, to determine the upper instrumented
vertebra (UIV), the degrees of osteotomy and spinopelvic fix-
ation to restore normal alignment of the spine, improve the
rate of bone fusion and prevent postoperative internal fixa-
tion failure and adjacent segment-related problems. There-
fore, radical reconstruction surgery places the whole spine in
a new state of stress and must be fully evaluated before sur-
gery. It is best to realign the spine to reduce the incidence of
long-term complications.

One study provided a suggestion whether to choose L5,
S1, or pelvis for the lower instrumented vertebra (LIV).17 The
American Academy of Orthopedic Surgeons (AAOS)
described spinopelvic fixation as a technique to reduce the

stress of the lumbosacral spine, to increase the rate of bone
fusion, avoid the formation of pseudarthrosis and reduce the
risk of implant failure. Its purpose is to counteract the signifi-
cantly increased shear force due to dynamic flexion-extension
motion and static cantilever structure in lumbosacral junction
after long-segment fixation. The indications include: (i) long-
segment spinal fixation (from sacrum to L2 or above, or fixed
segments >5); (ii) severe lumbar spondylolisthesis (Meyerding
classification > III); (iii) three-column osteotomy on the lum-
bar spine (Schwab grade III or above); (iv) correction of lum-
bar deformity and pelvic tilt (such as neuromuscular spinal
deformity); and (v) unstable fracture of sacrum.18,19 Although
the standards on the subject are scientific and reasonable, we
will take into account the real needs of patients, the increased
bleeding and longer operation time caused by spinopelvic

A

B

C

D

E

F

G

H J

I

Fig. 4 A 45-year-old female patient was diagnosed with lumbar spondylolisthesis and underwent internal fixation in 1990. A&B, 25 years later, the

patient came to our hospital because of progressive low back pain. C&D, postoperative, the patient underwent fixation and fusion for L5-S1

spondylolisthesis. E&F, 6 months later, the low back pain improved significantly but the compensatory curve showed a rapid progression. G&H,

4 years later, the compensatory curve became a structural curve. I&J, MRI showed significant degeneration from L1-3. The low back pain did not

affect the daily life of patient after the second operation (RASD)
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fixation, and prefer to maintain a small range of lumbar
mobility reducing the trauma and risk of the operation.

Whether it can only be fixed to L5 should rely on the
changes of L5-S1 intervertebral discs caused by the opera-
tion, and whether adjacent segment degeneration will occur
in the lower reserved segment and result in related clinical
symptoms. Polly et al. have conducted a 6-year follow-up of
34 patients with normal L5-S1 disk who accepted the long-
segment fixation and fusion to L5. They found that 61% of
the patients had L5-S1 disc degeneration, while only four
patients needed reoperation.20 In another study, Edwards
et al. pointed out that patients with L5-S1 disc degeneration,
L5 spondylolisthesis, L5-S1 spinal stenosis, too large L5 incli-
nation angle, and surgical history of this segment are more
likely to have clinical symptoms related to the segment in
the early postoperative period, and S1 is more appropriate
for lower instrumented fixation and fusion selection.21 Thus,
the long-segment strategy requires essential preoperative
evaluation and planning, while there is still much contro-
versy on the key issues, as a slight move in one part may
affect the situation. In the absence of a recognized and uni-
fied consensus to guide surgical planning and prognostic
prediction, it often depends on the surgeon’s experience with
spinal degeneration and deformity.

This study showed that the implant-related complica-
tions of long-segment strategy were significantly higher than
those of short-segment and that there were also problems
with the adjacent segment. Furthermore, even if some cases
of implant failure did not develop pseudarthrosis or related
clinical symptoms due to solid bone fusion, there is always a
risk of spinal degeneration. With advancing age, this hidden
danger can lead to new symptoms and spinal cord injury at

any time. At that point, revision surgery with increased
trauma and higher risk will be unavoidable (Fig. 1).

Short-segment Surgical Strategy: Limited Intervention
with Higher Reoperation Rate?
Fixed and fused segment extension increased the risks associ-
ated with surgery, but did not equivalently improve the
patient’s outcome, whereas in our study, the short segment
strategy was found to limit surgery with regular follow-up
and a targeted remedy that balanced the contradiction.
Although the incidence of adjacent segment degeneration in
short-segment surgery was higher than that in long-segment,
it did not increase the reoperation rate and showed no differ-
ence in the symptom assessment of patients in the two
groups. This also suggests that not all the adjacent segment
degenerations diagnosed by X-ray caused clinical symptoms,
and surgical intervention was not required for all the adja-
cent segment degenerations with clinical symptoms. More-
over, the number of adjacent segment degeneration
increased gradually over time. Whether the main reason is
the destruction of tissue structure, increased spinal stress
after surgical intervention, or the unstoppable progression of
natural degeneration, more analyses and research are
needed.22–24 (Figs 4 and 5).

A study conducted by Boden et al. showed that the inci-
dence of lumbar MRI abnormalities in asymptomatic volun-
teers over 60 years old was 57%, suggesting that the
abnormalities in X-ray are common in elderly patients.25

Another prospective study conducted by Elfering et al. indi-
cated that 41% of asymptomatic patients with lumbar disc
herniation diagnosed by MRI had lumbar degenerative pro-
gression after 5 years, while showing a low correlation

A B C

D

E F

Fig. 5 A 55-year-old male underwent L4-5 fusion because of spinal stenosis, 3 years later, the patient came to the clinic because of low back pain

and lower limb radiation pain. A&B, L3-4 instability. C&D, the lumbar disk herniated laterally and posteriorly. E&F, OLIF post-op. (CASD)
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between clinical symptoms and imaging changes.26 In addi-
tion, the degree of lumbar disc herniation, lack of activity and
occupation type were the risk factors for degenerative progres-
sion. Therefore, it is concluded that radiographic changes cau-
sed by natural degeneration of the spine are widely present in
the elderly and have no significant correlation with low back
pain or radiation pain in the lower extremities. This is a com-
mon phenomenon rather than a disease.

Similarly, Ramirez-Villaescusa et al. also paid attention
to this issue by dividing adjacent segment degeneration into
RASD and CASD.16 After an average follow-up of 3.8 years,
they found that 7.2% of the patients had adjacent segment-
related symptoms but no radiographic findings and 37.3% of
the patients had imaging findings but no clinical symptoms.
Another meta-analysis, including 94 studies and 34,716
patients who underwent spinal fusion surgery, showed that
the incidence of RASD ranged from 4.8% to 92.2%, and the
incidence of CASD ranged from 0 to 30.3%. The incidence
of RASD gradually increased over time, with 21.8% in 0.5–
2 years, 33.6% in 2–5 years, and 37.4% in 5–10 years after
surgery. The incidence of CASD will reach a peak in 2–
5 years and then gradually decrease, with 6.5% in 0.5–
2 years, 12.1% in 2–5 years, and 3.2% in 5–10 years after sur-
gery.27 It could result from spinal compensation in the 2–
5 years following surgery and the development of new
degeneration-inducing factors, which accelerated the degen-
eration process. This process tends to stabilize after 5 years
and gradually return to the pathophysiological process domi-
nated by natural degeneration.

Our results are consistent with the above conclusions,
and we found in the mid- and long-term follow-up that the
proportion of reoperation due to CASD is not high.

Limitations
The study has several limitations. First, the allocation of
patients between the two groups was not randomized. Fur-
thermore, although we adjusted the baseline data of imaging
parameters and VAS scores to a comparable range, the age
and comorbidities between the groups still differed (patients

in the short segment group had worse conditions overall). In
addition, we are unable to choose a more comprehensive
functional assessment method, such as the Oswestry Disabil-
ity Index (ODI) or Short Form 36 (SF-36), due to the limited
statistical tests, considering the wide age range and time span
of the study. Nevertheless, this is a non-inferiority result and
does not preclude the limited intervention from being a valid
palliative therapy as the population is becoming longer-lived.

Conclusion
Considering the risks and complications, rehabilitation path-
way and costs of long-segment radical surgery, limited inter-
vention with regular follow-up and targeted intervention is a
more appropriate strategy and may benefit patients when
radical reconstruction surgery cannot achieve ideal efficacy.
The short-segment limited intervention addresses adjacent
segmental disease through regular follow-up and targeted
remediation rather than by preventive intervention at the
time of the initial operation, significantly reducing the risks
for patients and surgeons. Moreover, its long-term efficacy is
non-inferior to that of the long-segment surgery. At present,
the biggest challenge is how to avoid the onset of CASD too
early and too quickly through technical improvement. This
is also a direction worthy of attention and further research
in the future.
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