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Abstract

Purpose Surgery of adult scoliosis was based upon
coronal plane radiographical analysis using Cobb angle
measurements, but recently it has been demonstrated that
sagittal spinopelvic alignment plays a critical role in
determining the final outcome. The aim of this paper is to
compare the clinical and radiological results of 81 patients
affected by adult scoliosis, treated with short or long
fusions, and followed for 2-5 year follow-up.

81 patients affected by degener-
ative lumbar scoliosis managed by posterior-only surgery
were retrospectively evaluated. Fifty-seven patients
underwent to a short fusion procedure, while 24 had a long
fusion. Clinical and radiographic coronal and sagittal spi-
nopelvic parameters were compared between the two
groups.

Results  Coronal Cobb angle was 24° preoperatively and
passed to 12° in the short fusion group, while changed from
45° to 10° in the long fusion group. Lumbar lordosis was
45° preoperatively and 60° at final follow-up in the short
fusion group passed from 24° to 55° in the long fusion
group. Sacral slope passed from 25° to 45° in the short
fusion group, while from 10° to 40° in the long fusion
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group. Pelvic tilt passed from 24° to 13° in the short fusion
group, and from 28° to 23° in the long fusion group.
Conclusion Surgical treatment of degenerative lumbar
scoliosis improved balance and alignment of the spine, and
also the coronal plane in terms of Cobb angle. These results
were associated to a consistent clinical improvement and
an acceptable rate of complications.
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Introduction

Adult scoliosis is a complex spinal disorder affecting a
significant number of elderly adults, resulting from a com-
bination of osteoporosis and degenerative disc disease with
asymmetric degeneration and subsequent rotatory subluxa-
tion of multiple lumbar functional spinal units [1-6].
Peculiar pathoanatomic features distinguish and char-
acterize degenerative lumbar scoliosis patients: it is the
result of a progressive, coupled, asymmetrical degeneration
of the intervertebral discs and facet joint complexes [2, 7].
In addition, both an asymmetrical collapse of the vertebral
bodies and lateral slippage may occur, which further
increases the degree of coronal plane deformity [8]. This
phenomenon is most commonly observed as a focal
deformity, involving only 1 or 2 motion segments, and
occurs in the midportion of the lumbar spine [9] with a
convex curve that opens the corresponding contralateral
neural foramen [10] determining radiculopathy; however,
many patients develop multisegmental involvement with
long curves associated to sagittal and coronal decompen-
sation, presence of thoracolumbar spondylosis, hyper-
trophic  spondylarthrosis, laminar hypertrophy, and
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marginal osteophytes most prominent at the scoliotic apex
[9].

Several surgical strategies have been performed to
address the deformity in adult scoliosis. Operative treat-
ment is aimed to the treatment of these typical pathoana-
tomic features, and characteristically comprehends neural
and lumbar nerve roots decompression, and fusion to the
instable motion segments, to reestablish both regional and
global spinal balance in the frontal and sagittal planes, and
to prevent progression of deformity or decompensation of
adjacent motion segments [11, 12]. A recent meta-analysis
of the surgical treatments for degenerative lumbar scoliosis
written by Wang et al. demonstrated that surgery is
effective regardless of its high rate of complications and
repeat procedures [13]. This is due to the fact that patients
with adult degenerative scoliosis are typically quite elderly,
and usually have comorbidities, exposing them to a higher
risk of complications, above all in the case of extensive
procedures. Today, there are no clear guidelines regarding
which surgical procedure yields the best results in which
patients [14, 15].

The introduction of posterior pedicle screw instrumen-
tation systems allows for proper restoration of lordosis, and
may be an option in older patients with small curve
deformities [16]. However, to address the pathology of the
anterior column still remains of paramount importance
since it allows for stability of the construct and correction
of the deformity of the coronal and sagittal planes [1].

The clinical presentation in patients with adult degen-
erative scoliosis includes simple radiculopathy and unilat-
eral leg pain to severe mechanical low back pain with loss
of sagittal and coronal balance. The main treatments are:
decompression, short fusion limited to 1-3 segments, or
long fusion in those who require a full correction of the
deformity.

Aim of this study is to compare the clinical and radio-
logical results of patients operated on of short vs. long
fusions in a cohort of patients affected by adult scoliosis
who underwent posterior surgery at our institution, and
followed for 2-5 year follow-up.

Materials and methods

The study is a retrospective analysis of collected data of
93 patients affected by adult scoliosis who underwent
surgery at our institution between 2006 and 2012. Inclu-
sion criteria were: (1) presence of adult scoliosis, defined
by a coronal Cobb angle above 10° [1]; (2) posterior-only
procedure for adult scoliosis correction; (3) minimum
2-year follow-up; (4) no history of previous spinal sur-
gery; (5) availability of radiographic examinations.
Twelve patients not corresponding to inclusion criteria
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were excluded by the study due to: (1) unwillingness to
complete study questionnaires (2 patients); (2) non-ad-
herence to clinical and radiographic follow-up protocols
(4 patients); (3) six because had undergone previous
surgery: 4 patients had 1 previous operation for lumbar
disc herniation, and the remaining two patients had been
treated for relapsed lumbar disc herniation and had pre-
vious reoperations comprehending hemilaminectomy
without instrumentation.

A total of 81 patients were then included in the study
(Fig. 1). The study population consisted of 62 females
(76.5 %) and 19 males (23.5 %), and was aged on average
61 years (range 44-73).

Fifty-seven patients underwent to a short fusion proce-
dure, while 24 had a long fusion. Short fusion was defined
as fusion within the deformity, not exceeding the end
vertebra and limited to 1-3 segments. Conversely, if fused
segments were equal or greater than four, the surgical
procedure was defined as long fusion.

Patients were evaluated clinically by the Roland—
Morris Disability Questionnaire (RMDQ) in the vali-
dated translated version of local language [17]. Routine
radiological studies in the preoperative setting consisted
of plain radiographs of the standing spine, antero-pos-
terior and lateral views, flexion/extension views, and
side bending views. Postoperatively, patients were fol-
lowed by radiographs that were postoperatively and at
3, 6 months, 1 year after surgery, and at the final fol-
low-up. Radiographic assessment included measure-
ments of the coronal plane deformity according to Cobb
method (using the maximally angled end-vertebrae of
the coronal curve), and the evaluation of spinopelvic
parameters such as: pelvic tilt (PT), lumbar lordosis
(LL), pelvic incidence (PI), and sacral slope (SS).
Patients were further divided according to spinal
alignment according to Lafage et al., and classified as
properly aligned when PT <20° and SVA <50 mm, or
improperly aligned otherwise [18].

Computed tomographic scan or magnetic resonance
imaging were also done, as routinely performed in the
preoperative evaluation of all the patients, to assess the
degree and main cause of spinal stenosis and the cause of
radiculopathy, if present.

In all patients, surgery consisted of posterior-only
instrumented correction of the degenerative scoliosis by the
means of posterior screw-bar construct, and when required
by selective placement of a unilateral cage on the side of
the concavity. Intervertebral cage positioning was per-
formed in the segments which met one or more of the
following criteria: (1) asymmetric disc degeneration or
lumbar disc herniation, (2) presence of vertebral translation
in any orientation (>3 mm), (3) segmental instability and
(4) evident degeneration at the concave side of the curve.
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Fig. 1 Diagram showing the
process of patients selection
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Accessory surgical procedures consisted in decompres-
sion by hemi/laminectomy, foraminotomy and facetectomy
at multiple levels according to the unique pathoanatomic
characteristics of each patient’s disease. Instrumentation
was performed according to curve type and levels of upper
and lower end-vertebrae.

Complications were defined as any event for which the
patient required specific treatment. Intraoperative and
postoperative complications were recorded: the complica-
tions were categorized as early (<3 months after surgery)
or late postoperative complications [19].

Accordingly to our internal protocols, postoperatively
patients were bed ridden for the first 24-48 h after surgery,
according to hemoglobin levels and general health status.
After surgery, patients wear a soft LSO brace and are
physical therapist trained and allowed to ambulate. Dis-
charge typically occurred after 5 days.

The RMDQ scores and angles of scoliosis, pelvic tilt,
lumbar lordosis, pelvic incidence, and sacral slope were
compared preoperatively and at final follow-up. Data
before and after surgery were processed with paired-sample
t test. A p < 0.05 was considered significant.

Results
Patients’ population characteristics

Preoperatively, all 81 patients complained of severe back
pain with or without neurologic symptoms, such as
radiculopathy and claudication, and did not respond to
conservative treatment for at least 6 months. Before sur-
gery, the symptoms and neurologic examinations were
recorded: 66 out of 81 patients (81.5 %) had an associated
radiculopathy, while claudication spinalis was a common
finding since it was reported by 51 out of 81 patients
(63 %).

2> Long Fusion (24)

Short fusion procedure was performed in patients
affected by radiculopathy, with a small Cobb angle, minor
rotatory subluxation and in elderly patients who had severe
comorbidities. Patients with high Cobb angle, sagittal
imbalance and instability mostly underwent long fusion
instrumentation.

The average number of level fused in the short fusion
group was 2 (range 1-3 segments), while in the long fusion
group it was 6 (range 4-9 segments). In the short fusion
group, the upper-instrumented vertebra was L1 in 11
patients, L2 in 21 patients, L3 in 17 patients, L4 in 8
patients. In the long fusion group the upper-instrumented
vertebra was T9 in 3 patients, T10 in 11 patients, T11 in 4
patients, T12 in 4 patients, L1 in 2 patients. The lower
instrumented vertebra was L3 in 13 patients, L4 in 21
patients, L5 in 19 patients, and the sacrum in 28 patients.
56 out of 81 patients had insertion of a PEEK interbody
fusion cage filled with local bone harvested from
laminectomy at single or multiple levels.

According to the RMDQ, the average score in the pre-
operative period was 15 points (range 12-19) in the short
fusion group and 16 points (range 13-21) in the long fusion
group. At 6 months postoperatively, the score significantly
improved in both groups averaging 7 points (range 6—10 in
the short fusion group, and range 6-11 in the long fusion)
(»p < 0.01). One year after surgery, patients presented an
average score of 4 (range 3-5) in the short fusion group and
5 points (range 4-6) in the long fusion group. Data from the
last follow-up (average 4 years, range 2-5 years postop-
eratively) showed an average score of 4 (range 2-5) in both
groups.

Radiological evaluation
Routine preoperative radiological evaluation showed 49

out 81 patients (60.5 %) with a stable lumbar scoliosis,
while 32 patients (39.5 %) had an unstable curve [20].
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Nineteen patients with improper alignment and 5 with
proper alignment were treated by long fusion, while 34 out
of 57 patients of the short fusion group had a degenerative
lumbar scoliosis with proper alignment (p < 0.0001).
Spinal stenosis was observed in 68 out of 81 patients,
mainly sustained by hypertrophy of facet joints, flavum
ligament hypertrophy and disc prolapse.

Pre- and postoperative assessment of radiographic
parameters showed marked correction of the Cobb angle on
the coronal plane that passed from an average of 24° pre-
operatively (range 15-32) in the short fusion group to 12°
postoperatively (range 0°-18°), and from 45° preopera-
tively (range 19-54) to 10° postoperatively (range 3°-17°)
in the long fusion group (Table 1). Twenty-eight out of 42
patients passed from improperly aligned to properly
aligned after surgery (p < 0.001). The lumbar lordosis
angle passed from 45° (range 32°-54°) before surgery to
60° postoperatively® (range 44°-66°) in the short fusion
group, while from 24° (range —5° to 35°) before surgery to
55° (range 35°-60°) after surgery in the long fusion group
(Table 1). Sacral slope passed from 25° (range 18°-40°)
preoperatively to 45° (range 34°-55°) postoperatively in
the short fusion group, while in the long fusion group
changed from 10° (range 5°-25°) to 40° (range 30°-54°).
Pelvic tilt passed from 24° (range 10°-27°) preoperatively
to 13° (range 8°-25°) postoperatively in the short fusion
group, while in the long fusion group changed from 28°
(range 25°-36°) to 23° (range 18°-27°). These values did
not modify significantly at the final follow-up.

Complications

There were 15 patients showing intraoperative or postop-
erative complications. Five patients had intraoperative
tears of the dura requiring suture and fibrin glue applica-
tion. Postoperatively, the patients were bedridden for one
week and then let ambulate with a soft lumbar brace. No
patients required additional treatment such as lumbar
drains or re-surgery. One patient presented with transient
foot-drop and sciatica: the patient underwent revision sur-
gery and repositioning of a screw. Complete neurological
recovery was observed in 6 months. Seven patients

Table 1 SPPs in short vs. long fusion patients

developed early soft tissue infection managed by surgical
debridement leaving the implants in place, and prolonged
intravenous antibiotics for 12 weeks, as agreed with our
infective disease consultant. Screw loosening was observed
in two patients who required revision surgery.

Four late complications were observed on patients who
presented after 2 (3 patients) to 3 year (1 patient),
respectively, from surgery with broken bars for non-union:
the patients underwent revision surgery, bar removal and
application of local bone graft and autologous platelet-rich
fibrin with eventual healing.

Discussion

The surgical goals with adult scoliosis surgery are decom-
pression of stenosis, restoring spinal balance, and improving
clinical deformity, pain and disability. Achievement of these
goals can be difficult. Also, adult deformity surgery is
accompanied by high rates of major complications [20, 21].

Surgery of ASD was based upon coronal plane radio-
graphical analysis using Cobb angle measurements. Recent
research has shown that sagittal spinopelvic alignment
among patients with ASD plays a critical role in pain and
disability and is a primary determinant of health-related
quality of life (HRQOL) measures [22].

Sagittal imbalance is an independent predictor of out-
comes in adult degenerative spine and deformity and it has
been confirmed in studies on different clinical settings.
Restoration of sagittal balance correlates with better post-
operative outcomes. Sagittal imbalance is a more signifi-
cant cause of pain than coronal imbalance and restoring it
has a more positive influence on patient’s outcomes than
coronal restoration [23].

This shift in emphasis on the sagittal plane gained substan-
tial interest following several reports that correlated the sagittal
alignment with the quality of life in patients with ASD.

In our study, patients who were subjected to short
fusions were more likely to be properly aligned and to be
affected by radiculopathy compared to patients operated on
by long fusions, who were more likely to be improperly
aligned and to suffer from symptoms of spinal deformity.

LL SS PT Cobb

Pre Post )4 Pre Post p Pre Post p Pre Post p
Short fusion (n = 57) 45° 60° 0.05 25° 45° 0.01 24° 13° 0.001 24° 12° 0.01
Long fusion (n = 24) 24° 55° 0.001 10° 40° 0.001 28° 23° 0.06 45° 10° 0.001
P 0.02 0.1 - <0.0001 0.01 - 0.01 0.001 - 0.01 0.8 -

Bold values are statistically significant
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Surgery in those patients has been able to improve the
clinical and radiological parameters closer to physiology.

In the study by Cho et al. [24], who performed both long
and short posterior fusions and instrumentations for
degenerative lumbar scoliosis, long segment fusions pro-
vided better correction of the scoliotic curvature and coro-
nal imbalance than did the short fusions; conversely, they
observed a lesser effect on sagittal alignment and lumbar
lordosis with long fixations. They also supported the use of
cage insertion to improve the lumbar lordosis, even though
they found it ineffective at restoring sagittal imbalance.

There is growing evidence that a posterior-only
approach to surgical correction of degenerative lumbar
scoliosis may be as effective as combined anterior/poste-
rior surgery for most cases [25, 26].

As witnessed by Wang et al. [27], while commenting on
the manuscript by Tsai et al. [28], the main drawbacks of
multi-level posterior-only adult scoliosis correction by the use
of interbody cages are the limited deformity correction at any
single level, and consequently the need to treat multiple levels
to achieve the required correction. On the opposite, the main
advantages are the chance to better correct lordosis by the
concomitant use of the posterior instrumentation [29], and the
relative ease of the technique as witnessed by the diffusion of
posterior-only technique in these patients. This might not be
true for more complex cases that cannot be treated by this
technique and would require sagittal osteotomies to achieve a
more effective correction of the deformity and sagittal bal-
ance [30]: however, spinal osteotomies are the ultimate
chance for deformity correction, and are fortunately unnec-
essary in most patients. In this study, we treated the pathology
of the anterior column by the use of a peek cage inserted
asymmetrically in the disc space on the concave side of the
scoliosis curve in 56 out of 81 patients [31]. Heary reported
the use of this technique on female patients affected by
lumbar scoliotic deformities and complaining of axial low
back pain and intractable unilateral radicular pain. Radicu-
lopathy was considered as the main reason to implant the cage
on the affected site, and encouraging results were reported.

The strengths of the present study include the use of
validated clinical and radiological measures, the relatively
large patient population and the middle term follow-up. The
report of a prolonged follow-up is not a minor issue. In the
study by Bridwell et al. [32], the authors studied a cohort of
113 patients affected by adult spinal deformity and treated
surgically. They observed how in most studies the ultimate
follow-up was 2 years. However, differently from common
sense, they showed how the increase of follow-up to at least
the 3- to 5-year point was associated to an increased
observation of late complications, while clinical and radi-
ological results usually remain constant. In our study, the
increase of follow-up allowed for the observation of one
non-union that occurred after 3 years (the other three

occurred at 2 years from surgery). Conversely, the main
limitation of this study remains the retrospective design,
which is our major objective for further studies.

The surgical procedure investigated in this study, meaning
the posterior-only approach with eventual cage insertion on
the concave side of the curve, has been associated with an
acceptable rate of intra- and postoperative complications. As
demonstrated by Smith et al. [33], patients aged 46 or older
are usually associated to a greater severity of deformity and
are more prone to complications compared with patients in
the younger age group. This was the age of our study group,
and when possible we strongly suggest a less invasive sur-
gery consisting of a posterior-only approach, to reduce the
potential exposure to general complications. Revision sur-
gery in this patient population is also a major issue. In the
manuscript by Pichelmann et al. [34], on a cohort of 643
patients followed up to 22 years, the rate of re-intervention
approximated the 9 %. Authors reported that the most
common reasons for revision surgery were pseudarthrosis,
curve progression and infection. The revision surgeries were
more frequent in the first 2 years (26 out of 58 patients), but
were still performed after 10 years from surgery. In our study
population, re-interventions were performed in 14 out of 81
patients; in particular, one patient was re-operated 3 days
after first surgery for a foot-drop due to screw malposition-
ing, seven had surgical revision for an early infection, two
had a repositioned screw, and four had a late revision at 2
and 3 years, respectively, from surgery because of non-union.
However, the study by Pichelmann [34] only reports out-
come of long fixations of at least 5 fused levels, and this
difference may justify the increased rate of complications in
this cohort. Similar findings are in fact reported by Cho et al.
[24], that compared patients operated with long and short
instrumentations. They observed how long fusion patients
had more of a tendency to increase the early complication
rate than did short fusion group. Moreover, in the long fusion
group, four patients received reoperation for distal adjacent
segment disease in two patients, non-union in one patient,
and loosening of screws in one patient. In the short fusion
group, three patients had a reoperation for proximal adjacent
segment disease.

In conclusion, surgery was associated to an improved
balance and alignment of the spine, together with an
improvement at either the coronal plane in terms of Cobb
angle. These results were associated to a consistent clinical
improvement and an acceptable rate of complications.
Moreover, we observed that patients who were operated on
by short or long fixations showed different characteristics.
We acknowledge that our results represent a level of evi-
dence of 3; however, on the base of this positive report, a
long-term follow-up prospective comparative study has
been designed to validate these outcomes and improving
the level of evidence.
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