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Abstract

Introduction The surgical treatment of adult scoliosis still
presents many points of discussion. Decision-making on
the type of treatment is mandatory to evaluate all the
possible alternatives to surgery.

Materials and methods From January 2000 to December
2008, 49 cases of adult degenerative scoliosis and kypho-
scoliosis were surgically treated. Thirty-six patients were
monitored for a mean of 8 years (5-10). There were 10
males and 26 females, with a mean age of 66 years
(55-80). Arthrodesis was carried out using pedicle screws
at all levels extending to the sacrum in 30 cases and to the
ileum in 4. Laminectomy was performed in 20 cases,
radicular liberation in 15, PLIF in 10.

Results After an average term of 8 years (5-10) we
record 8 (23 %) excellent cases, 10 (29 %) good, 12
(34 %) satisfactory, 5 (14 %) bad. The VAS in the pre-
operative period had a value of 7 (5-9) passed in the post-
operative period of 3 (0-6). 13 reoperations were per-
formed (36 %).

Keywords Adult scoliosis - Degenerative scoliosis -
Surgical treatment - Spine surgery

Introduction

Adult scoliosis is a spinal deformity that emerges after

skeletal maturity with an angular value >10° [1]. Scoliotic
deformity in adulthood can be divided into three main
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types [1]. The first is represented by the onset of a spinal
curve after 50 years of age due to disc degeneration phe-
nomena and is defined as adult degenerative scoliosis; the
second is characterized by an evolution of scoliosis present
in adolescence (adult idiopathic scoliosis); the third con-
sists of scoliosis that is secondary to metabolic, arthritic
and post-traumatic disorders. It is not always possible to
establish a correct differential diagnosis between the two
diseases. The patient’s medical history can be indicative
but the presence of mild adolescent scoliosis that was
unrecognized and untreated cannot always be determined
and only the possibility of evaluating a prior radiographic
examination taken at a young age and which proves the
absence of spinal deviation, can allow us to formulate a
clear diagnosis.

Epidemiology and clinical features

The incidence of scoliosis in adulthood varies in the liter-
ature between 1.4 and 29.4 % [2-5]. For many years in the
literature available, the possibility that one could develop
spinal deformities in adulthood or old age took backstage.
In 1969, Vanderpool et al. [6] predicted that osteoporosis
and osteomalacia could produce vertebral instability to a
degree that may induce the onset of a spinal deformity,
which in most cases is manifested primarily at the lumbar
level. This possibility was confirmed in subsequent studies
[3, 71, which concluded that scoliosis could appear de novo
[8] in adults with degenerative etiology and in most cases
was responsible for worsening low back pain. The presence
of vertebra L5, below the bisiliac line, and asymmetric
discopathy below L3 were considered by Seo et al. [9] to
be predictors of worsening scoliosis while gender, age,
osteoporosis, management of scoliosis, the presence of
spondylolisthesis, the presence of lateral osteophytes and
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the index of the vertebral body were not related to its
development. It should be considered that a curvature of
the spine [3, 10] is only present in 7.5 % of the population
suffering with low back pain and that the incidence of low
back pain in adults with lumbar scoliosis appears in line
with the general population [2, 10, 11] although, in the
presence of scoliosis, it appears with greater intensity and
persistence even after appropriate therapy [2, 10]. The
genesis of lower back pain in adult patients with scoliosis is
multifactorial. The causes may include: muscle deficiency,
facet osteoarthritis, disc degeneration, imbalance of the
trunk in the frontal or sagittal plane (kyphosis or Flat back),
vertebral slip that may be lateral, posterior (retrolisthesis)
or anterior (spondylolisthesis). Lower back pain is often
associated with radiating pain in the lower limbs with or
without neurological deficits or secondary neurogenic
claudication compressing or stretching of the nerve roots or
stenosis of the lumbar spinal canal.

The possibility that the extent of radiographic alterations
could be related to the severity of the lower back pain has
been studied by Schwab et al. [12]. These authors con-
cluded that the presence of a lateral subluxation, thoraco-
lumbar kyphosis and the obliquity of the vertebral units
were directly correlated with the intensity of pain. While
the angular value of the scoliotic curve and the number of
vertebrae affected by the curve showed no significant
correlations with the pain.

Treatment

The treatment of adult scoliosis is a continuous challenge
even for expert spinal surgeons and in the choice of
treatment all the possible alternatives to surgical inter-
vention should be carefully evaluated [13]. According to
Bridwell [14], deformity is the main concern of young
adults while in older patients the problems of disability and
pain are most noted by patients. In patients over 50 years
of age, there are numerous issues to address. We are often
faced with generally associated diseases that may affect the
choice of treatment and affect the results; these are often
deformities that are not serious but rigid with ankylosis of
joints, anterior lateral osteophytosis of the vertebral units,
lateral subluxation, anterior vertebral listhesis and stenosis
of the spinal canal. The surgical option for these patients
should be taken when there is evidence of clear progression
of the deformity with imbalance of the sagittal profile, in
the presence of persistent and debilitating pain, which is
untreatable with physical medical therapy or external
supports, in the presence of radiation to the lower limbs
with or without neurological deficits and neurogenic clau-
dication. From the data in the literature, it can be deduced
that surgical treatment is burdened with a high percentage
of general and mechanical complications [15-18].

@ Springer

Therefore, a decision for surgical treatment must be taken
after careful consideration of all possible precautionary,
therapeutic treatment options and a valuation of all the
general and local conditions that may cause an increased
risk of complications [13]. In adult patients, the goals of
surgery are: to reach a satisfactory correction of the
deformity, mainly on the sagittal plane; a solid fusion that
allows the reduction of the incidence of mechanical failures
and reoperations; the reduction of pain that allows an
improvement in quality of life; the decompression of the
neural structures foreseeing the onset of neurological def-
icits and the prevention of all general diseases secondary to
inactivity and being bedridden [10]. Posterior surgical
access using pedicle screws permits, in most cases, the
stable correction of the deformity, also by using posterior
osteotomy (Fig. 1) and the mobilization of the curves. The
possibility of combining sublaminar fixing with Universal
Clamps permits further stability, in particular in osteopo-
rotic patients in whom the possibility of mobilization
appears high. The extension of arthrodesis to the sacrum is
a field of open discussion. While on one hand the fusion of
the sacrum promotes greater stability and the possibility of
better corrections, it is also burdened with a high propor-
tion of mechanical complications and reoperations. Where
possible, to reduce the incidence of the above, one should
limit the upward extension of arthrodesis [19] and perform
L5-S1 arthrodesis with an anterior accessory phase or the
use, via posterolateral access, of an anterior support
through the same access [20]. This results in prolonged
surgical time, more bleeding, more risk of lesions to the
nervous structures, increased incidence of infection and
related complications.

Materials and methods

From January 2000 to December 2008, 49 cases of adult
degenerative scoliosis and kyphoscoliosis were surgically
treated. Thirty-six patients were monitored for a mean of
8 years (5-10) (5 died of natural causes and 8 were lost in
follow-up). There were 10 males and 26 females, with a
mean age of 66 years (55-80). Ten patients were over
70 years of age (28 %). In all there was scoliosis with an
average angular value of 27° (10°-50°), lumbar lordosis
with an average angular value of 20° (0°-32°); in 12
patients there was associated thoracolumbar kyphosis with
an average angular value of 22° (15-40). In 18 (50 %)
cases there was trunk misalignment; in ten with global
coronal imbalance C7PL-CSVL > 8 cm (5-20), and in
eight sagittal imbalance with C7PL cm 46 (+4/4-15). In
15 cases there was degenerative spondylolisthesis at L4-L5
and in 2 at L3-L4. In all cases there was lower back pain
resistant to medical therapies and to physiotherapy. All
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Fig. 1 a, b 65-Year-old patient with an adult degenerative left
scoliosis and kyphosis. ¢ Severe back pain with sagittal imbalance. d,
e Treatment was with instrumented posterior kyphoscoliosis

cases had worn an orthopaedic brace in the pre-operative
period with improvement of pain in the spine. In 15 there
was an associated radiating pain in the lower limbs (sci-
atica in 10 and cruralgia in 5), while in 20 there was
neurogenic claudication and in 20 a peripheral mono or
periradicular neurological deficit. In all cases arthrodesis
was carried out using pedicle screws at all levels extending
to the sacrum in 30 cases and the ileum in 4. There was
associated central decompressive laminectomy in 20 cases
with stenosis of the lumbar spine and radicular liberation in
15 cases of sciatica; in the 10 cases in which there was

correction and fusion T10-S1. At 5 years follow-up showed solid
fusion. f Clinical result with good sagittal profile

degenerative spondylolisthesis, which appeared unstable in
the dynamic X-ray projections, intersomatic arthrodesis
was performed via posterolateral (PLIF) access with
bilateral cage. A minimum of five to a maximum of ten
vertebrae were instrumented and an average of 16 screws
were implanted (10-20) per patient. In the post-operative,
period patients were admitted to intensive care for a day,
they would start the static period on day 3—4 and the next
day were walking assisted by an orthopaedic brace which
was worn for about 2-3 months. Patients were discharged
after 8-10 days. For the prevention of deep vein
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thrombosis all patients wore elasticated stockings com-
bined with anticoagulant therapy (heparin, low molecular
weight). Currently anticoagulant therapy is given only to
patients who have risk factors (varicose veins, obesity,
diabetes) or with a history of venous diseases. In no case it
was necessary to place a vena cava filter.

Results

The clinical results were evaluated according to White
et al. [21], and using the visual analogue scale VAS. The
degree of pain, use of pain medication, the ability to walk
and any functional impairment were evaluated. After an
average term of 8 years (5-10), we record 8 (23 %)
excellent cases, 10 (29 %) good, 12 (34 %) satisfactory, 5
(14 %) bad. The VAS in the pre-operative period had a
value of 7(5-9) passed in the post-operative period of
2(0-5). Scoliosis was corrected to a mean value of 12° (0°—
27°). The lumbar lordosis had an average value of 32°
(15°-45°). The coronal balance was corrected in all cases
with the C7/PL-CVLS = 1 cm (0-3) with the recovery of a
good sagittal profile C7PL 0 (—2/+3). The duration of
surgery was on average 240 min, from a minimum of 150
to a maximum of 300 min in cases in which an interso-
matic arthrodesis was performed. Blood loss was 340 ml
(200-700). Among other complications there were three
cases of wound healing pain with revision surgery, three
cases of dural lesions complicated in one case by CSF
fistula that required reoperation resulting in complete
recovery and two cases of screw misplacement that
required review of the implant and removal of the screw.
Mobilization of sacral screws occurred in five (16.5 %)
cases; three of which required lengthening the ileum. In
two cases of persistent pain in the absence of mobilization
of the instrument, it was removed, resulting in improved
pain symptoms in only one case. In two cases of synthesis
material rupturing, with pseudoarthrosis, a posterior re-
examination and an anterior arthrodesis phase was carried
out, with evidence in one case, 2 years after surgery, of a
further failure of the instrumentation. In three cases,
proximal junctional syndrome was noted, which required
lengthening the instrumentation in two cases. In total 13
reoperations were performed (36 %).

Conclusions

In suggesting surgical treatment, all the possible alter-
natives to conservative treatment must be carefully
evaluated, understanding that the risk of complications or
reoperation is much higher compared to the same surgery
in adolescent patients. The objectives that it aims to
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achieve are: improvement in quality of life through the
reduction of pain; decompression of the neural structures;
the correction of anterior and lateral slip, although com-
plete resolution of pain is difficult to achieve in that it
involves patients whose spinal arthritic degeneration in
the zones adjacent to the instrumentation plays a decisive
role in the persistence of pain. Posterior surgical treat-
ment with pedicle synthesis, combined with osteotomy
and mobilization of the joints allows satisfactory correc-
tions to be obtained in the case of extension of arthrod-
esis to the sacrum, intersomatic arthrodesis L5-S1 or
lengthening the ileum can reduce the incidence of
mechanical complications but requires an additional
phase with prolongation of surgical episodes, bleeding
and the possibility of the symptomatology transferring to
the hips [22]. Kim, Bridwell, Lenke et al. [20] reported
the results of a study of 144 cases of arthrodesis extended
to the sacrum in patients with adult scoliosis and showed,
after an average of 27 months, pseudoarthrosis in 31 %
of the 16 cases treated with posterior arthrodesis alone
and in 23 % of the 128 cases treated with anterior and
posterior dual access. While Cho, Suk et al. [23] reported
that there were no differences in the incidence of com-
plications between patients submitted to syntheses
extended to the sacrum and those extended to L5. Our
current approach is to avoid, in most cases, the synthesis
of the sacrum that appears, in our experience, more
burdened by mechanical complications (16.5 %), reserv-
ing the option to extend arthrodesis to the sacrum in case
of arthrodesis extended to LS. Surgical treatment of adult
scoliosis is a challenge even for experienced spinal sur-
geons, the increase in life expectancy will lead to an
increase in spinal pathologies with evermore pressing
requests on the part of patients for an improvement in
quality of life and only a decision for correct surgical
treatment and an appropriate surgical technique can
reduce the incidence of complications.
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