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Abstract Minimally invasive spine surgery (MISS), includ-
ing percutaneous pedicle-screw fixation (PPSF), mini-open
transforaminal lumbar interbody fusion (m-open TLIF), ver-
tebroplasty, and stentoplasty, allows the preservation of neu-
rological function and the restoration of spine stability, while
reducing associated risks and complications. This study
aimed to analyze the safety and efficacy of MISS in elderly
patients suffering from degenerative or traumatic thoraco-
lumbar diseases. Forty-five patients (28 females), with a
mean age of 73 years (range 65-89), suffering from osteopo-
rotic vertebral fractures (24), degenerative spondylolisthesis
(15), and lumbar canal stenosis with instability and/or de
novo scoliosis (6) were included.

Twenty-one patients underwent PPSF and m-open
TLIF. The remaining patients received PPSF without inter-
body fusion, and in six of these fenestrated screws were used
for vertebral body cement augmentation.

Functional evaluation was obtained with a visual analog
scale (VAS) and the Oswestry Disability Index (ODI) pre-
and postoperatively. Preoperative imaging included X-rays,
computed tomography (CT), and magnetic resonance imag-
ing (MRI). Patients were followed-up with X-rays, and a CT
scan was also obtained at the last follow-up. Follow-up
ranged from 6 to 59 months (mean 28 months). Follow-up
CT scan documented intersomatic fusion in only 14 % of
patients treated with m-open TLIF. Despite the high inci-
dence of non-union, mean VAS and ODI scores showed a
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significant improvement, with a reduction of mean VAS from
9 to 4 and a reduction of mean ODI from 76.33 to 38.15 %.
Only three patients developed postoperative complications.
No patients showed neurological deficits.

Minimally invasive spine surgery for degenerative and
traumatic spinal diseases is a safe and effective treatment
also in elderly patients.

Introduction

Spinal canal stenosis, degenerative spondylolisthesis, and
vertebral body fractures represent major causes of morbidity
in patients aged >65 years, needing rapid and effective treat-
ment to achieve preservation of neurological function and
restoration of spinal stability [1].

A growing body of studies suggests that in the adult pop-
ulation minimally invasive spine surgery (MISS) is a safe
and feasible treatment option for degenerative and traumatic
thoracolumbar spine diseases, avoiding or reducing postsur-
gical complications and improving early postoperative clin-
ical outcome [2—4]. Recently, MISS has also been proposed
for deformity surgery, with the intended goal of reducing
the morbidity linked to open surgery [5—7]. When open sur-
gery is chosen, the patient’s age is an important factor to
consider. Elderly age, i.e., > 65 years, is not always a con-
traindication for open surgery, but it can be an added risk
factor; indeed, older patients are more prone to suffer from
several medical comorbidities, including osteoporosis. And
these conditions might consistently increase the risks asso-
ciated with open surgery. In such a scenario, MISS might be
a safe and effective alternative treatment modality [8—11].
Recent technical innovations, such as fenestrated pedicle
screws [12] and expandable screws [13], have further
expanded the feasibility of MISS fixations also in the elderly
population.
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This study analyses the prospectively collected clinical,
functional, and radiological data of elderly patients treated
with MISS for degenerative and traumatic thoracolumbar
pathologies.

Patients and Methods

Forty-five patients (17 males, 28 females), with a mean age
of 73 years (range 65-89), suffering from degenerative spon-
dylolisthesis (15), lumbar canal stenosis with instability and/
or de novo scoliosis (6), and traumatic osteoporotic vertebral
fractures (24) were prospectively enrolled. Forty patients
were treated at the Department of Neurological Surgery,
Policlinico “G. Rodolico” University Hospital, Catania,
Ttaly, and 5 patients were treated at the Department of Spine
Surgery, Al-Razi Hospital, Kuwait.

Preoperatively, clinical and functional outcomes were
measured with a visual analog scale (VAS) and the Oswestry
Disability Index (ODI). The same outcome measures were
then used at 1, 3, 6, and 12 months after the index procedure
and yearly thereafter. Imaging included X-rays, with flexion/
extension views, magnetic resonance imaging (MRI), and
computed tomography (CT).

Because of the patients’ age, thorough and accurate clini-
cal evaluation (cardiovascular and respiratory functions,
blood tests, nutritional status) was performed before surgery
to rule out comorbidities. Osteoporosis was not routinely
investigated before surgery, as we assumed it to be wide-
spread among elderly people. When a likely osteoporotic
condition was suggested during surgery by a reduced device
grip, we opted for cement augmented or expandable screws.

In 21 patients a MISS pedicle-screw fixation with mini-
open transforaminal lumbar interbody fusion (m-open TLIF)
was performed (14 single-level, 5 two-level, and 2 three-
level cases). Of the remaining 24 patients treated with MISS,
18 underwent percutaneous pedicle-screw fixation (PPSF)
with or without vertebral body cement augmentation
(Confidence Spinal Cement; DePuy Spine,) and 6 underwent
vertebroplasty or kyphoplasty.

The Viper percutaneous pedicle-screw fixation system
with fenestrated screws (DePuy Spine Raynham, US) or the
Illico percutaneous fixation system (Alphatec Spine
Carlsbad, US, US) with expandable screws (Osseoscrew;
Alphatec Spine Carlsbad, US) was used.

We performed m-open TLIF on the most symptomatic
side, where the most severe spinal canal stenosis or neural
structure compressionwas present. Either carbon fiber cages
or polyether ether ketone (PEEK) cages were used. In
patients with m-open TLIF a microsurgical unilateral face-
tectomy and hemilaminectomy was performed; the base of
the spinous process was trimmed off, and the contralateral

ligamentum flavum removed. Such maneuvers, together with
a contralateral surgical table inclination [14], allowed us to
recalibrate and enlarge the spinal canal and decompress the
neural structures (Figs. 1 and 2).

Results

Follow-up ranged from 6 to 59 months, with a mean of 28
months.

VAS and ODI scores showed significant postoperative
improvements; in particular, the mean VAS score decreased
from 9 to 4 and the mean ODI score decreased from 76.33 to
38.15 %.

Three of the 45 patients (6.7 %) developed the following
postoperative complications: spondylodiscitis (1), screw dis-
location (1) (Fig. 3), and cage dislocation (1). No patients
showed postoperative neurological deficits or any age-related
or device-related complications.

Solid intersomatic fusion was observed in 3 of the 21
(14 %) patients who had undergone m-open TLIF. Evaluation
of intersomatic fusion was performed using multiplanar
reconstructed CT scans at follow-up visits.

Discussion

Surgery in the elderly population is still a debatable issue.
Boundaries between overtreatment and standard of care are
often undefined and unclear; therefore, surgeons and anesthe-
siologists should evaluate surgical indications, as well as pre-
dict the complications, to balance the risks and benefits for
patients [15]. Decision-making in the surgical management
of elderly patients also has to consider the role of frailty and
disability, aiming to obtain the best results with minimal risks
for the delicate general homeostasis of the aging population.

Minimally invasive techniques applied to spinal surgery
have gained appeal over the past decade, as they have dem-
onstrated good clinical outcomes and low complication rates
along with the well-known advantages of low invasiveness
[4, 16, 17]. Currently, various spinal diseases (degenerative,
neoplastic, or traumatic) may be approached using MISS
techniques, with reduced blood loss, limited muscular dis-
section, better control of postoperative pain, and decreased
hospitalization time [18]. To state the philosophy of MISS:
elderly patients should be considered ideal candidates for
spine surgery using less invasive techniques. Advances in
MISS devices and techniques have led to an overall increase
of surgical procedures in elderly patients, as demonstrated
by the growing number of recently published reports on this
topic [19-21].
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Fig. 1 Illustrative case. Minimally invasive surgical treatment of mul-
tilevel lumbar canal stenosis with L4-L5 instability is shown. A 77-year-
old woman suffering from left sciatica and neurogenic claudication
underwent spine magnetic resonance imaging (MRI), documenting
lumbar canal stenosis (a) with severe bilateral foraminal stenosis at
L3-L4 (b) and L4-L5 (c) levels. Anteroposterior (d), lateral (e), and

In 2008, Lee et al. analyzed the clinical and radiological
outcomes of 27 patients, aged over 65 years old, who under-
went single-level m-open TLIF as surgical treatment for
degenerative spondylolisthesis [19]. They documented a
high fusion rate (77.8 %), good spinal realignment (improved
segmental lordosis in all patients), and a low complication
rate. However, a possible inclusion bias in their series could
be related to the patients’ American Society of
Anesthesiologists (ASA) grading, with a score ranging
between 1 and 2 in all enrolled patients.

In 2011, Drazin et al. reviewed clinical data from the lit-
erature on complications and outcomes after spinal defor-
mity surgery in patients over60 years old [7]. Interestingly,
they supported the application of minimally invasive tech-
niques in order to reduce the complication rate, encouraging
future studies in this direction. A further review published in
2014 [22] highlighted the scant number of adequate clinical
studies on this topic, pointing out the importance of CT scans
for the thorough evaluation of fusion rates. Indeed, most of
the published studies, including the previously cited one by

flexion/extension (f, g) X-rays showed L4-L5 instability with slight
L3-L4 and L4-L5 spondylolisthesis. The patient underwent L2-L5 fixa-
tion with percutaneous screws and left-sided mini-open transforaminal
lumbar interbody fusion (TLIF) at L4-L5 (h). Cannulated screws at L4
and L5 allowed cement augmentation (i). Postoperative X-rays docu-
mented correct device positioning (j, k)

Lee et al. [19], did not use CT scans in radiological
follow-up.

A recent review of the existing literature on MISS in
elderly patients [20] revealed a good clinical outcome with
an acceptable complication rate, albeit that all the published
studies reviewed had low-quality evidence, based on retro-
spective series. The authors concluded that symptomatic
elderly patients may benefit from MISS techniques and they
should not be excluded from surgery.

We have reported our experience with minimally inva-
sive techniques in the surgical treatment of different spinal
pathologies in a consecutive cohort of patients aged over
65 years old. Differently from Lee’s series, we included
patients regardless of their ASA score or surgical tech-
niques, aiming to observe the impact of MISS in improv-
ing clinical outcome and allowing a rapid recovery. Early
patient mobilization and short hospitalization have been
considered primary goals, and surgical indications have
been advised accordingly. We included in this series
20 patients suffering from traumatic and osteoporotic
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Fig.2 Surgical treatment of Th12 burst fracture (a—c) in an 80-year-
old man without neurological deficits is shown. Expandable screws (d,

Fig.3 Th12-L3 fixation performed in a 72-year-old woman for surgi-
cal treatment of L2 burst fracture, previously treated elsewhere with
percutaneous cement injection (a, b). X-rays performed 3 weeks after

vertebral fractures. In this subgroup, minimally invasive
techniques (PPSF with or without cement augmentation or
expandable screws, or simple vertebro/kyphoplasty)
ensured rapid recovery from symptoms, with unequivocal
clinical advantages, as documented by a reduction of the
VAS score from 9.3 to 3.2 (considering only patients with

e) were inserted, using a percutaneous technique (f), in order to prevent
screw loosening

the procedure documented the pull-out of L3 screws (c¢). Replacement
and augmentation of the L3 screws was performed, together with cau-
dal extension of instrumentation (d)

vertebral fractures). In this subgroup, we observed only
one case of screw displacement, requiring revision sur-
gery. Moreover, we combined PPSF and cement augmen-
tation of the fractured vertebral body in 5 of these 20
patients, following the positive clinical experience with
such a technique reported by Gu et al. [21]. Short-segment
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percutaneous fixation has been proposed as a viable alter-
native to open posterolateral fusion in patients with thora-
columbar burst fractures [23, 24]; in our series, short
fixation with expandable or fenestrated screws for cement
augmentation and short screws in the pedicles of fractured
vertebrae were used in 8 of 24 patients, whereas 10 patients
underwent percutaneous fixation with screws placed two
levels above and two levels below the fractured vertebra.

The surgery-related complication rate was definitely low
in our cohort. The application of our previously reported sur-
gical technique [4] for m-open TLIF increased the safety of
the procedure, reducing the risks of dural and/or neural
lesions. Interestingly, the incidence of inhadvertent dural
lesions during MISS in an elderly population was reported as
5% in the review by Shamji et al. [20], whereas in our expe-
rience it was 0 %.

Despite the clinical parameters in our series showing a
good or excellent outcome, our fusion rate, assessed by
CT scan, in the subgroup of patients treated with m-open
TLIF was low (14 %). Nonunion after MISS has been sug-
gested as a possible weakness of such a procedure, par-
ticularly in patients with low-quality bone [8, 19].
However, in our series, pseudoarthrosis was never associ-
ated with poor clinical outcome and no device-related
complications, such as dislocations, were observed. We
think that this low fusion rate may also be due to the tech-
nique used to assess fusion. Indeed, X-rays may overesti-
mate the fusion rate in patients with interbody devices,
whereas CT scans offer a more accurate evaluation of
intersomatic fusion.

On analyzing our results, we felt that complications could
be reduced and predicted with a thorough presurgical evalu-
ation, including assessment of osteoporosis and comprehen-
sive medical management. Although we did not perform
routine evaluation of osteoporosis and relied on intraopera-
tive data only, we acknowledge that in elderly patients a pre-
operative osteoporosis assessment is advisable.

Finally, the patient’s age was not a contraindication for
instrumented MISS in our series, but tailored clinical evalu-
ation and appropriate choice of a suitable device guided our
indication, to achieve the best clinical results. Pseudoarthrosis
did not correlate with poor clinical or functional outcome.
When patients are carefully selected, MISS may be the best
surgical strategy to obtain pain relief and improvement of
myeloradicular signs and symptoms, as well as spinal
stability.

Clinical trials with long-term follow-up should be
designed to demonstrate the real impact of MISS in the man-
agement of degenerative or traumatic spinal diseases in
elderly patients.
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