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Background: There remains a great deal of controversy regarding the selection of long-segment fixation and short-segment
fixation, especially for degenerative scoliosis (DS) patients with Cobb angle 20°~40°. The purpose of this study
was to investigate the effects of different fixation levels in DS patients with Cobb angle 20°~40°.

Material/Methods: We enrolled 96 DS patients, divided into a long-segment fixation group (>3 segments) and a short-segment
fixation group (<3 segments). The visual analogue scale (VAS) and Oswestry disability index (ODI) were used
to evaluate the clinical outcomes. The spinal-pelvic parameters and complications were also collected and
analyzed.

Results: The short-segment fixation group had the advantages of less blood loss, shorter operation time and shorter flu-
oroscopy time (P<0.05). The 2 groups achieved similar effects in leg pain (VAS) and ODI after operation (P>0.05);
however, there was a better relief of low back pain in the long-segment fixation group (P<0.05). The changes
of Cobb angle, sagittal vertical axis (SVA), lumbar lordosis (LL), pelvic tilt (PT) and sacral slope (SS) in the long-
segment fixation group were more obvious than that in the short-segment fixation group at the final follow-
up (P<0.05). The prevalence of complications in the long-segment fixation group was significantly higher than
in the short-segment fixation group (P<0.01).

Conclusions: Short-segment fixation has less surgical trauma and fewer complications, whereas long-segment fixation has
more advantages in improving spine-pelvis parameters and relieving low back pain.
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Background

Degenerative scoliosis (DS) refers to primary spinal deformity
with coronal Cobb angle above 10°, which may be caused by
asymmetric degeneration of intervertebral discs and articular
processes [1]. Several studies suggested that the average Cobb
angle is 22.3°~32.5° and 4 segments are always involved [2-4].
Patients need surgery when their quality of life is seriously af-
fected, and the common surgical methods include decompres-
sion alone, decompression with short-segment (limited) fixa-
tion, and long-segment fixation with full curve correction [5].
However, there is a serious controversy regarding the selec-
tion of long-segment fixation and short-segment fixation [6,7].

Bao et al. recommended short-segment fixation in patients with
Cobb angle <20° because their vertebral rotation and lateral slip
are small with no sagittal imbalance [8]. A positive correlation has
been found between Cobb angle and sagittal imbalance in some
studies [2,3,9]. Patients are often disturbed by severe sagittal im-
balance when their Cobb angle >40° [10,11]. Accordingly, some
researchers recommended long-segment fixation when Cobb an-
gle >40° to correct 3-dimensional malformations of the spine,
especially in patients with severe sagittal imbalance [5,12,13].

Thus, the main controversial point for the selection of long-
and short-segment fixation is the DS patients with Cobb an-
gle 20°~40°, because the degeneration of their spine is mild-
to-moderate [1,6,14]. In addition, it includes a large proportion
of clinical patients [11,15]. However, the effects of the 2 surgi-
cal methods in DS patients with Cobb angle 20°~40° has not
been previously explored.

Therefore, the aim of this study was to explore and compare
the effects of long-segment fixation and short-segment fixa-
tion on clinical outcomes and spinal-pelvic parameters in DS
patients with Cobb angle 20°~40°, and try to provide a theo-
retical basis for the clinical treatment of DS.

Material and Methods

Study design

This study was a retrospective review of surgical, radiographic,
and clinical parameters for the treatment of DS. All surgeons
involved had significant experience within their respective pa-
tient cohorts, and all parameters were measured by 2 senior
physicians. Patients were stratified into 2 groups: the long-
segment fixation group (the fixation segments »3) and the
short-segment fixation group (the fixation segments <3) [13].

Inclusion criteria: (1) coronal Cobb angle 20°~40°; (2) leg pain
and numbness due to neurogenic claudication; (3) complete
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radiographic and clinical parameters. Exclusion criteria: (1) spi-
nal deformity caused by infection, tumor or fracture; (2) his-
tory of spine surgery; (3) lower-limb deformity affecting bal-
ance; (4) patients younger than 40 years old. Follow-up was
a minimum of 24 months for each included subject.

A total of 138 cases met the inclusion criteria in our hospital
between January 2013 and September 2017; 37 patients were
excluded based on exclusion criteria, and 8 patients were ex-
cluded based on lack of 24-month follow-up and/or lack of
clinical data. Finally, a total of 51 patients were enrolled in the
short-segment fixation group (average fixation segments were
2.12+0.82) and 45 were enrolled in the long-segment fixation
group (average fixation segments were 5.31+1.34) (Figure 1).
Of the 96 patients, 34 patients were male and 62 were female.
The average age of the patients was 69.5+7.6 years at the
time of surgery. The average follow-up period was 28.6+17.4
months. The distribution of end vertebrae was: 6 cases of T9,
7 cases of T10, 9 cases of T11, 11 cases of T12, 17 cases of
L1, 25 cases of L2, and 21 cases of L3 for the upper vertebrae,
while there were 21 cases of L3, 45 cases of L4, and 30 cases
of L5 for the lower vertebrae.

Surgical procedure and postoperative management

All patients underwent general anesthesia with routine tra-
cheal intubation in prone position and posterior median in-
cision. The surgical process consisted of 3 steps: decompres-
sion, fixation with pedicle screw, and fusion. Decompression
was performed for nerve roots and dural sac when there were
sciatica and neurological claudication with evidence of com-
pression at the imaging examination such as magnetic reso-
nance image (MRI) or discography. Fusion was performed with
a cage for unstable segments after decompression, segments
with obvious lateral slip, and L5/S1 segments fixed to the sa-
crum. The hollow part of the cage was filled with autogenous
bone fragments, and allogeneic bone was employed if neces-
sary. The fixation was determined by the severity of imbalance
in the sagittal plane and coronal plane of the spine before op-
eration. Cefuroxime sodium was routinely administered dur-
ing the first 3 days after operation. Back muscle function ex-
ercises started gradually from the second day, and patients
could get out of bed using brace protection from the third
day after operation.

Institutional Review Board: The First Affiliated Hospital of
Chongging Medical University. [2019, July 15%, Ethics of
Scientific Research (2019-177)].
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Preliminary enrollment

Figure 1. Diagram showing the process of
patient selection.
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Outcome measurements
Clinical outcomes assessment

Health-related quality of life measures (ODI and VAS) were ob-
tained from each patient. ODI is a measure of functional dis-
ability, with scores ranging from 0 to 100, while VAS is a mea-
sure of low back and leg pain, with scores based on a scale of
0 to 10. The higher the scores, the more obvious the functional
disability. Data on other clinical characteristics were also col-
lected: operation time, blood loss, fluoroscopic time, hospital
stay, and complications of surgery.

Spino-pelvic parameters assessment

The spino-pelvic parameters were digitized and stored by PACS
(Picture Archiving and Communication Systems; Shenzhen
Annet Information System, China). The following radiograph-
ical parameters were measured through PACS: coronal Cobb
angle (Cobb angle), sagittal vertical axis (SVA), thoracolumbar
kyphosis (TK), thoracolumbar kyphosis (TLK), lumbar lordosis
(LL), pelvic incidence (PI), pelvic title (PT) and sacral slope (SS).
All parameters were measured by 2 senior physicians, and the
evaluation procedure was finished by 1 tester acting as the in-
dependent observer in a blinded manner (Figure 2).
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Statistical analysis

The data were analyzed using SPSS 21.0 (SPSS, Inc, Chicago, IL).
Clinical outcomes and spine-pelvis parameters are reported as
meantstandard deviations (SD). The paired-sample ¢ test was
used for intra-group comparison, and the independent-sam-
ples t test was used for inter-group comparison. Count data
of complications are presented as numbers or ratios, and the
chi-square test was used for comparisons. Statistical signifi-
cance was indicated at P<0.05.

Results

Intraoperative data

The short-segment fixation group had relatively little surgical
injury whose operation time, blood loss, and intraoperative
fluoroscopy times were lower than in the long-segment fixa-
tion group (P<0.05), but the days of hospitalization between
the 2 groups had no significantly difference (P>0.05) (Table 1).
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Figure 2. Schematic diagram of the spino-pelvic parameters
measurements. TK — thoracic kyphosis;
TLK — thoracolumbar kyphosis; SVA — sagittal vertical
axis; LL — lumbar lordosis; SS — sacral slope; PT — pelvic
tilt; Pl — pelvic incidence; C7PL — C7 plumb line.

Clinical outcomes

The health-related quality of life (VAS and ODI) of the 2 groups
was significantly improved after operation (P<0.05), and further
improved at the final follow-up compared with 3-6 months af-
ter operation (P<0.05). The improvement in ODI and leg pain
(VAS) between the 2 groups was not significantly different at
the final follow-up (t=1.937, p=0.060; t=1.159, p=0.249), but
a better lower-back pain relief was observed in the long-seg-
ment fixation group compared with the short-segment fixa-
tion group (t=4.771, p=0.000) (Table 2).

Spino-pelvic parameters
Compared with the preoperative values, the Cobb angle, SVA,

and PT decreased significantly, TK, SS and LL increased signifi-
cantly in the long-segment fixation group at 3-6 months after
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operation and at final follow-up (P<0.05). Similarly, the Cobb
angle, SVA, and PT decreased and only SS increased in the
short-segment fixation group (P<0.05). The changes in Cobb
angle, SVA, LL, PT, and SS in the long-segment fixation group
were greater than that in the short-segment fixation group at
the final follow-up (P<0.05). Spine-pelvis parameters of the 2
groups remained stable at the final follow-up, but the SVA of
the short-segment fixation group was slightly higher than that
at 3-6 months (P<0.05) (Table 3).

Complications

The incidence of complications in the long-segment fixa-
tion group (15 of 45=33.33%) was significantly higher than
that in the short-segment fixation group (10 of 51=19.61%)
(P<0.001), and no perioperative deaths occurred in either
group (Table 4). Six of 96 (6.25%) patients had pseudarthro-
ses, and all patients with implant failure had pseudarthroses.
Seven of 96 (7.29%) patients had a proximal problem. One pa-
tient (1.04%) had distal junctional kyphosis. A total of 6 pa-
tients developed cerebrospinal fluid leakage after operation,
and, unfortunately, 1 patient developed secondary wound in-
fection with Staphylococcus aureus.

Ten of 96 (10.41%) patients had subsequent revision surgery
performed at an average 3.5 years after operation. There were
5 revisions performed in the long-segment fixation group
(11.11%). Four of 45 (8.89%) patients had pseudarthroses, and
2 of them had nail rod fracture with obvious displacement re-
quiring revision surgery. The other 1 had distal junctional ky-
phosis with the lowest instrumented vertebra (LIV) at L5. Two
patients had proximal junctional problems — 1 fracture at the
uppermost instrumented vertebra (UIV) and 1 proximal junc-
tional kyphosis associated with spinal stenosis. The short-seg-
ment fixation group also had 5 revisions (9.80%). Two of 51
(3.92%) patients had pseudarthroses and the other 3 patients
had proximal junctional problems - 1 sagittal imbalance, 1 sag-
ittal imbalance with spinal stenosis, and 1 proximal junction-
al kyphosis (PJK) with spinal stenosis. The prevalence of revi-
sion surgery was not significantly different between groups
(5 of 45 in the long-segment group and 5 of 51 in the short-
segment group) (x2=0.044; P=0.834). A typical case is shown
in Figures 3, 4.

Discussion

DS patients often have intractable low back and leg pain, and
most of them are middle-aged and elderly [12,15]. The Cobb
angle of most patients is less than 40°, and the curve pro-
gresses by about 3° per year [3,16]. Our research showed that
the average Cobb angle was 29.41°, with a mild-to-moderate
sagittal imbalance. At present, there is no definitive surgical
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Table 1. Clinical information about the patients.

Operation time

Number (n)

CLINICAL RESEARCH

(min)
Long-group 45 238+44
Short-group 51 159432
i t=10.140
Statistic = P=0.000

Blood loss Fluoroscopy time Hospital stay
(ml) (times) (d)
352+68 8.42+3.55 9.56+3.43
231453 6.16+3.02 8.42+2.77
t=9.781 t=3.801 t=1.801
P=0.000 P=0.003 P=0.075

Long-group: long segment fixation group; Short-group: short segment fixation group.

Table 2. Comparison of the health-related quality of life.

Low leg pain(VAS)

after-op  follow-up

t=1.731
p=0.086

t=0.841

P=0.054 p=0.523 p=0.403

Low back pain(VAS)

after-op  follow-up after-op  follow-up

t=0.837
p=0.405

t=1.899
p=0.061

t=3.017
p=0.003

t=2.169
p=0.033

t=1.694
p=0.093

* Compared with pre-op value, P<0.05; #* compared with the value at 3-6 M after operation, P<0.05. Pre-op — preoperative;

3-6 M after-op — 3-6 months after operation.

Table 3. Comparison of spinal-pelvic parameters.

Long-group

24.72+7.63% 31.31+6.21*

32.45+5.86*

Short-group

26.56+7.21*%

29.61+6.02* 30.11+5.52*@

Intra-group: * Compared with pre-op value, P<0.05; # compared with the value at 3-6 M after operation, P<0.05; Out-group:
@ Compared with Long-group at the same time point, P<0.05. Cobb’s — coronal Cobb’s angle; SVA — sagittal vertical axis; TK — thoracic
kyphosis; TLK — thoracolumbar kyphosis; LL — lumbar lordosis; PI — pelvic incidence; PT — pelvic tilt; SS — sacral slope.

strategy for DS patients with Cobb angle 20°~40° because
the circumstances surrounding each patient are highly com-
plex [3,5,12,13]. Therefore, it is necessary to compare the out-
comes of long- and short-segment fixation on DS.

In our research, satisfactory clinical outcomes were obtained
in both groups after surgery. The ODI improved from 68.3 to

This work is licensed under Creative Common Attribution-
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34.7 and leg pain (VAS score) improved by 4.25 points (the im-
provement rate was 68%), but there was no significant differ-
ence between the 2 groups, which was similar to the results
of a meta-analysis reported by Lee [16]. However, Sun et al.
showed that the improvement rate of ODI in the long-seg-
ment fixation group (83.1%) was significantly higher than in
the short-segment fixation group (60.8%), and they believed
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Table 4. Comparison of complications.

Parametes Long-group Short-group
System diseases 3 1

 Cerebrospinal fluid leakage s 2
infecion 1 o
 Proximal junctional problems 2 5
pseudoarthrosis s 2
 Distal junctional kyphosis 1 0
Revisonsurgey 5 5
 Prevalence of complications 15/45 1051
 Prevalence of revision sj45 551

Suffering from a serious systemic disease that requires re-
admission in 1 month after operation, such as heart failure,
pneumonia and urinary tract infection. Proximal junctional
problem such as global sagittal imbalance, proximal junctional
kyphosis (PJK), and fracture at the uppermost instrumented
vertebra (UIV)

long-segment fixation was more beneficial to reconstruction
of the 3-dimensional deformity and better dispersed the stress
of the nail rod [17]. The reasons for the same improvement in
quality of life in both groups are still unclear, and the mild-to-
moderate sagittal imbalance may be one of the reasons [18].
Compared with coronal imbalance, sagittal imbalance had a
greater impact on the quality of life of patients; and when SVA
was >6 cm, the ODI was significantly higher [19,20]. However,
the average preoperative SVA was 54.18 mm in patients with
Cobb angle 20°~40°, and then decreased to 27.27 mm at the
final follow-up. The quality of life was not significantly af-
fected for patients with mild-to-moderate sagittal imbalance.

Additionally, the compensation for stenosis also should be con-
sidered. A forward-bending posture was observed in patients
with DS, which is an effective way to relieve neural compres-
sion by increasing the volume of the central vertebral canal
and the intervertebral foramina [21]. Clinically, patients with
a forward-bending posture may resemble a patient with sag-
ittal imbalance. On one hand, we found that the imbalance of
some patients was significantly reduced by the release of mus-
cle spasm after anesthesia, thus we reduced the fixation of
1 to 2 segments during the operation. However, the patient’s
quality of life was not as bad as we expected at the final fol-
low-up. On other hand, for some patients who received treat-
ment of lumbosacral deformity by short-segment fixation, the
upper segment bending was obviously corrected by self-repair,
and they also achieved good clinical outcomes with stable
spine-pelvis parameters at the final follow-up [22]. Therefore,
the sagittal imbalance needs to be carefully evaluated before
surgery, and selection of mild-to-moderate sagittal imbalance
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patients with short-segment fixation can achieve no worse
clinical outcomes than long-segment fixation.

Low back pain (axial pain) is often the main symptom at on-
set and the chief complaint at the first visit to the clinic for
DS. Recent studies have shown that paraspinal muscle spasm
caused by sagittal and coronal imbalance is the main mech-
anism of low back pain [23]. Unfortunately, dramatic pain re-
lief is not established in some patients, and 15-30% contin-
ue to experience chronic pain in the months and years after
surgery [24]. In our research, better low back pain relief was
observed in the long-segment fixation group compared with
the short-segment fixation group, which may be related to the
improvement of spinal-pelvic parameters [25]. The improve-
ment of SVA, PT, PI-LL, SS and LL in the long-segment fixation
group was greater than that in the short-segment fixation
group after operation. Some studies have shown that long-
segment fixation is more conducive to return of the gravity
center line to the economic cone, and it relieves low back pain
by reducing muscle work needed to maintain balance [26,27].
Although long-segment fixation has more advantages in re-
lieving low back pain, low leg pain is the key factor in health-
related quality of life [1]; residual mild low back pain is ac-
ceptable for many patients after surgery [26]. Thus, the key
point of the operation is to decompress the nerve roots and
dural sac, as performed for sciatica and neurological claudica-
tion [16]. We prefer to use short-segment fixation, especially
in elderly patients with DS, because it reduces surgical trau-
ma and allows more activity.

The operation of DS is often accompanied by a high risk of
complications due to older age, osteoporosis, and other organ
diseases [28]. The prevalence of revision is an important index
to test the complications. Pichelmann et al. reported the prev-
alence of revision was 9% for adult scoliosis through a 22-year
follow-up study of 643 patients [29]. Yongjung et al. found the
revision prevalence was 24.6% after degenerative lumbar sco-
liosis (DLS) instrumented fusion from the distal thoracic/upper
lumbar spine (T9-L2) to L5 or S1[30]. In our research, the revi-
sion prevalence was 10.41%, and was performed at an average
3.5 years after the first surgery. Pseudarthrosis and proximal
junctional problems were the major causes of revision. A grow-
ing number of studies show that pseudarthrosis is related to
the mismatch of spinal-pelvic parameters, fusion to thoraco-
lumbar junction, and sagittal imbalance [31]. Fortunately, ante-
rior or transforaminal lumbar interbody fusion (TLIF) of L5/S1,
fixation into the ilium, and attention to the matching of PI-LL
can reduce the incidence of pseudarthrosis [5,32].

The proximal junctional area of the patient is prone to stress
concentration on the intervertebral disc, leading to PJK dur-
ing postoperative follow-up, and the overall incidence of PJK
was reported to be 12~43% [33]. In our research, there were
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Figure 3. Long-segment fixation. A 65-year-old male patient. (A, B) X-ray films of the whole spine in standard standing position
before operation: Cobb angle: 36.35°, SVA: 63.35 mm, TK: 19.63°, TLK: 9.35°, LL: 19.28°, PI: 43.03°, PT: 20.37°, SS: 23.99°;
(€, D) The X-ray film of left and right bending position before operation; (E) Sagittal MRI before operation; (F, G) Four months
after operation, X-ray films of the whole spine in standard standing position: Cobb angle: 17.41°, SVA: 19.34 mm, TK: 17.53°,
TLK: 6.79°, LL: 36.28°, PI: 41.42°, PT: 14.66°, SS: 26.02°%; (H) At the eighth month after operation, patients with vertebral
compression fractures, and percutaneous vertebroplasty (PVP) was performed.

4 patients with PJK, and 3 of them underwent revision sur-
gery. As we know, the incidence of PJK differs between the
proximal thoracic vertebrae and the distal thoracic vertebrae.
Shufflebarger et al. found the incidence of PJK was the lowest
when UIV chose T9-T10, and recommended T9 or T10 as the
UIV [34]. The risk factors for PJK have been shown in a grow-
ing body of research, including age > 55 years old, obesity,
low bone mass, paraspinal muscle fat infiltration (weakening
of posterior tension band), excessive LL and SVA correction,
and PI-LL mismatch [35]. In our experience, the reconstruction
of the LL is the key, and it should be based on the patient’s

Pl in order to avoid overcorrection (control PI-LL within 20°).
Moreover, it is important to pay attention to the ratio between
the upper and lower lumbar vertebrae, and to control the ra-
tio at around 1: 2 when bending the bar.

The purpose of DS surgery is to improve the quality of life, not
to correct deformities. Accordingly, considering the outcomes
and complications, our treatment policy for DS patients with
Cobb angle 20~40° is: “neural decompression is the key; de-
formity correction is the auxiliary; using the long-segment fixa-
tion as little as possible”. It represents a smaller operation and

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923656-7




CLINICAL RESEARCH

LiY.etal:
The impact of different fixation levels in DS with Cobb 20°~40°
© Med Sci Monit, 2020; 26: €923656

Figure 4. Short-segment fixation. A 63-year-old female patient. (A, B) X-ray films of the whole spine in standard standing position
before operation: Cobb’s: 30.13°, SVA: 10.06mm, TK: 12.36°, LL: 28.57°, Pl: 44.45°, PT: 21.43°, SS: 24.14°; (C, D) The X-ray
film of left and right bending position before operation; (E) Preoperative transaxial plane of MRI showed spinal stenosis;
(F) Preoperative transaxial plane of CT scans showed hyperosteogeny at the edge of vertebral body; (G) Sagittal MRI shows
disc herniation with dural sac compression; (H, ) One year after operation, X-ray films of the whole spine in standard
standing position: Cobb’s: 10.41°, SVA: 34.34mm, TK: 24.53°, TLK: 13.79°, LL: 28.28°, PI: 45.42°, PT: 17.68°, SS: 27.43°.

theoretically less likelihood of complications if fewer segments
are being fused. In general, short-segment fixation is considered
for patients with small Cobb angle, low risk of deformity progres-
sion, and no severe sagittal imbalance. However, long-segment
fixation can be used cautiously when the following situations
occur: 1) patients with repeated treatment of unrelieved low
back and leg pain, and low back pain (VAS) >3 points; 2) severe
sagittal imbalance, SVA 9.5 cm [36]; 3) loss of lumbar physio-
logical kyphosis or lumbar kyphosis; 4) atrophy of back muscles,
or with obvious fat infiltration [37]; and 5) no serious underly-
ing disease and can able to withstand major orthopedic surgery.

There are several limitations of our study. First, the preopera-
tive spine-pelvic parameters of the 2 groups were not propen-
sity-matched. It is unrealistic to match each parameter exact-
ly because DS is a complex disease with a variety of clinical
manifestations and spine-pelvic parameters. The purpose of
our study was to observe the effects of different fixation lev-
els in patients with Cobb angle 20°~40°. Therefore, even if
the spine-pelvic parameters were not propensity-matched,
it does not contradict the purpose of our study. Second, we
evaluated only the spine-pelvic parameters and clinical out-
comes for the DS patients without analyzing the correlations.
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The correlations and other potential factors such as postopera-
tive functional exercise, life style, bone mineral density, and at-
rophy of back muscles should be assessed in further research.
Third, our sample size was limited in this single-center study
and the follow-up time was relatively short, which causes un-
avoidable selection bias. Thus, large-scale and long-term fol-
low-up studies are urgently needed.

Conclusions

DS patients with Cobb angle 20°~40° can achieve satisfacto-
ry clinical outcomes and improve the spine-pelvic parameters
by choosing appropriate fixation levels. Short-segment fixa-
tion has less surgical trauma and fewer complications, where-
as long-segment fixation has more advantages in improving
spine-pelvis parameters and relieving low back pain.
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