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Background and Aim: Degenerative lumbar scoliosis is a spinal deformity resulting from advanced disc 
degeneration and facet arthropathy. Given the inconclusive available literature and lack of high-quality 
data supporting the role of minimally invasive surgical management of degenerative lumbar scoliosis, this 
review intends to highlight and compare the various viable minimally invasive surgical methods for adult 
degenerative deformity correction.

Methods and Materials/Patients: Online databases search including Medline, PubMed and Ovid was 
preformed using the keywords: adult, degenerative, lumbar scoliosis, etiology, clinical issues, diagnostic 
imaging, spinopelvic alignment, non-operative and surgical treatment options, minimally invasive, interbody 
fusion, and percutaneous pedicle screw fixation. Eighty-three studies, published after 2000, on degenerative 
lumbar scoliosis epidemiology, classification and management were identified and reviewed.

Results: Minimally invasive surgical techniques available for interbody fusion include posterior lumbar 
interbody fusion, transformational lumbar interbody fusion, oblique lumbar interbody fusion, anterior 
lumbar interbody fusion, and extreme lateral interbody fusion. Each surgical option warrants technical 
considerations, indication, complications awareness, and functional and radiological outcomes assessment. 
Sound patients’ selection is key for improved outcomes, and therefore the following factors should be well 
examined prior to surgical intervention: the patient’s medical condition and underlying morbidities, the 
extent of the involved disc spaces, imaging characteristics, and surgeon skills. 

Conclusion: The superiority of one surgical technique over the others, was not proven due to lack of strong 
and supportive data. However, a comprehensive review of indications, benefits, and disadvantages of the 
minimally invasive surgical procedures is presented. There is an interest in minimally invasive surgery of 
the spine owing to lower complication rates and morbidity, with limited soft tissue disturbance, decreased 
blood loss, improved cosmesis, shorter hospital stay, earlier return to work, and therefore decreased general 
health care costs. 
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Introduction
Degenerative lumbar scoliosis (DLS) 

is an adult spinal deformity secondary to 
accelerated deterioration of the spinal column 
with advanced disc degeneration and facet 
arthropathy [1]. This leads to widespread 
spondylosis which may ultimately leads to 
spinal segmental instability (lateral listhesis, 
spondylolisthesis, or vertebral rotation) 
[1,2]. Degenerative scoliosis (de novo) is 
different from its idiopathic counterpart 
with regards to etiology, manifestations, 
and management [3]. DLS is associated 
with substantial pain   due to neurological 
compression or altered normal spino-pelvic 
alignment or most often combination of 
both [4-7].

The management of degenerative 
scoliosis always remained  a major challenge 
for spine surgeons. Surgical management is 
reserved for patients who do not respond to 
conservative treatment. Surgical treatment 
for spinal deformity are always complex and 
often associated with many complications 
(about 80%) particularly in the elderly [8-
12].

There has been growing interest in the 
usage of minimally invasive surgery (MIS) 
methods for the  management of the adult 
degenerative scoliosis secondary to less 
morbidity and morbidity including minimal 
blood loss, less surgical trauma and strain 
to muscles and paraspinal constructions, 
reduced analgesic consumption and 
decreased hospital stay when compared 
to open spine surgery [13-16]. A. 
Reported MIS approaches for treatment of 
degenerative scoliosis stated in the literature 
include decompression alone, lateral MIS 
thoracolumbar instrumentation, minimally 
invasive posterior, transforaminal and 
anterior fusion methods [17-21]. Given 
the lack of strong evidence favoring one 
MIS approach over others, this study was 
performed to analyze the role of different MIS 
methods for adult degenerative deformity 
with respect to clinical consequences, and 
fluctuations in radiographic dimensions 
including spinopelvic angles, lumbar 
lordosis, and complications. 

Methods and Materials/Patients
We searched Medline, PubMed and 

Ovid using the following keywords: adult, 

degenerative, lumbar scoliosis, etiology, 
clinical issues, diagnostic imaging, 
spinopelvic alignment, nonoperative and 
surgical treatment options, minimally 
invasive, interbody fusion and percutaneous 
pedicle screw fixation. Our criteria involved 
articles from journals with detailed 
description on epidemiology, diagnosis, 
management, surgical options and clinical 
outcomes of degenerative lumbar scoliosis 
in adult patients (age>45 years). Exclusion 
criteria were: 1) articles available in any 
language other than English, 2) articles 
published before 2000. Of all articles, 183 
articles published from 1978 to 2016 were 
studied (Figure 1).

 Results

Etiology of Deformity
Degenerative scoliosis is most often 

seen in  adults above the age of sixty and the 
reported prevalence is about 12% [22,23]. 
The disc degeneration leads to decreased 
disc space height, and subsequently created 
more pressure on the facets and their 
degeneration [22], finally leads towards 
spinal alignment disorders.

In contrast to adolescent idiopathic 
scoliosis, the degenerative scoliosis curve 
commonly happens in the lumbar spinal 
with curves of lesser magnitude [23].

Clinical Issues
Clinical presentation of adult 

spinal deformity ranged from minimal 
symptoms such as mild back pain without 
radiculopathy to severe back pain with 
radiculopathy, neurogenic claudication and 
walking intolerance along with  disabling 
pain [24,25].

It has been shown that the sagittal 
malalignment is the most common factor 
responsible for pain and disability in this 
population [26,27].

Imaging
Standing full-length 36-inch 

anteroposterior (AP) and lateral x-rays of 
the entire spine, iliac crests, and hip joints 
are necessary for diagnosis, classification 
and surgical planning. Lateral dynamic 
lumbar x-rays are helpful to identify local 
instability or listhesis. Bending imaging
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may aid in evaluating the flexibility of the 
scoliotic curve [28]. The Cobb method 
is used to measure the magnitude of the 
coronal deformity [28,29]. CT scan is useful 
for bony abnormalities and spinal canal and 
pedicular dimensions especially before 
surgery [30,31]. MRI needs to be taken to 
envision any occurrence of canal stenosis, 
facet hypertrophy, pedicular abnormality, 
foraminal stenosis, and degenerative disc 
disease [32-35]. CT-myelography may 
be used in the setting of pacemakers and 
rotational deformities for better delineation 
of bony structures [32]. In patients with 
possible osteoporosis, a dual- energy x-ray 
absorptiometry (DEXA) scan may be 
helpful in pre-operative optimization and 
surgical planning. [29,30].

Spinopelvic Alignment
Adult scoliotic patients were found to 

have lower  average lumbar lordosis and 
grade of thoracic kyphosis than their normal 
counterparts [33]. A review of literature has 
revealed numerous relationships between 
pelvic and spinal variables [33,34]. Pelvic 
incidence (PI), lumbar lordosis (LL), 
thoracic kyphosis, sacral slope (SS) and 
pelvic tilt (PT) are the essential parameters 
require to measure the magnitude of 
deformity.  [33,34]. Failure to  restoration 
of sagittal balance can lead to poor surgical 
outcomes. Particular consideration must be 
given to patients who display high PI as they 

 
will need larger rise in lumbar lordosis to 
restore sagittal balance [34,36]. The sagittal 
variables seem to be more vital in surgical 
attentions than the coronal deformity. [36].

Osteoporosis
Osteoporosis is diagnosed when 

T-scores of less than -2.5 in DEXA scan 
[37,38]. Osteoporotic patients require 
different strategic plan when it comes to the 
instrumentation such as several locations 
of fixation, augmentation with cement, 
and lesser degrees of deformity correction 
[38,39].

Treatment
Numerous factors, such as medical 

comorbidities, social, and ecological 
issues have been shown to be important 
determinants in the treatment choices. 
Hence, detailed multi-disciplinary therapy 
is critically vital in determining a suitable 
treatment strategy [40,41].

Non-operative Treatment
Patients with minimal or no symptoms 

just need a routine and intermittent follow-
up to monitor curve progression [40,41]. 
Non-surgical interventions, such as 
pharmacologic intervention, physical and 
aquatic therapy, chiropractic manipulation 
and yoga among others are acceptable 
treatment choices but have unverified long-
term effectiveness in adults with scoliosis
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[41-44].
The use of a spine orthosis may offer 

short-term pain relief, nonetheless long-
term usage results in muscle weakness, and 
has no influence on curve progress [40]. 
Epidural and facet injections, selective 
nerve root blocks, and trigger point 
injections have a limited role in treatment 
and diagnosis. The preservation of an active 
level of physical activity and lifestyle in 
adult deformity patients is vital [42,45].

Surgical Treatment
Patients with radiculopathy or stubborn 

back pain in spite of undergoing sufficient 
non-operative treatments and with 
neurological disorders may be surgical 
candidates. The surgical choice depends 
on medical co-morbidities, age, and prior 
operation history, social, and mental aspects 
and life expectancy [40]. Since recovery 
from deformity surgery is often prolonged 
and may necessitate inpatient rehabilitation 
in addition to repeated appointments with 
healthcare providers, making patients' 
family aware of this issue is obligatory 
before undertaking such surgery and 
throughout the recovery period. Recognition 
and treatment of osteoporosis is essential 
and may require delaying the surgery 6-18 
month while pharmacological intervention 
is taking place [40,41]. Most common 
indications for surgery are devastating pain 
unresponsive to non-operative approaches 
and severely disturbing the quality of life, 
neurological disorders, and infrequently 
cosmetic appearance [40,44,45]. The 
goal of surgery is the decompression of 
neural elements by restoration and the 
maintenance of sagittal and coronal balance 
[42,46]. Decompression only is seldom an 
option and large fusion in addition to the 
decompression is the most likely choice in 
the vast majority of scoliotic deformities 
[46].

Decompression Only
Decompression can be done in slight 

degenerative curves without instability 
with a well-defined radiculopathy with no 
back pain; however, it can probably lead 
to additional postsurgical spinal instability 
[7,22]. The results of some studies on 
clinical consequences in patients with 

degenerative scoliosis showed the efficiency 
of minimally invasive decompression 
specially in isolated lateral listhesis [42-45].

Posterior Methods
The posterior approaches in handling 

adult lumbar deformity have been used since 
long time ago. These include traditional 
laminectomy, posterolateral instrumented 
fusion and preferably augmented with 
interbody fusion via posterior lumbar 
interbody fusion (PLIF) or transforaminal 
lumbar interbody fusion (TLIF) [46,47]. 
There are some early encouraging results 
with techniques using less invasive posterior 
decompression and percutaneous fusion 
processes for the lumbar degenerative 
deformities [47,48].

Anterior Method Alone
Anterior lumbar discectomy and fusion 

with instrumentation have been shown to 
have outstanding deformity improvement 
and great patient satisfaction in well 
selected patients. Anterior only surgery, 
however, did not receive wide acceptance 
due to major potential complications, 
limited options for fixation, limited 
decompression and difficulty maintaining 
deformity correction [49,50]. Claimed 
benefits of anterior only surgery include 
powerful curve correction, reliable 
fusion, fewer fused discs in the lumbar 
spine and  preservation of the posterior 
lumbar musculature [51,52]. Despite the 
advantages of an anterior approach, there 
are some probable complications related 
to this technique, which include ileus, 
vascular injury, and iliac artery thrombosis, 
pseudarthrosis, nerve damages, subsidence, 
loss of correction or graft dislocation, ureter 
injury, abdominal hernia, and retrograde 
ejaculation in male [52,53].

Combined Anterior-Posterior Fusion
A combined anterior and posterior 

approach is essential for severe deformities 
in both coronal and sagittal planes [23,54]. 
In spite of increased surgery time and 
potential complication and morbidity rate 
[23,55], studies proved higher fusion rates, 
greater degree of deformity correction, and 
superior general outcomes [23,29,56,57]. 
Studies showed that combined anterior 
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lumbar interbody fusion (ALIF) and  
instrumented posterolateral fusion for adult 
DLS improve sagittal and coronal plane 
arrangement more efficiently compared to 
posterior only group [58-61].

Minimally Invasive Decompression and 
Fixation Methods in the Management of 
Degenerative Deformity Conditions 

Minimally invasive decompression 
and fixation methods have shown 
improved results compared with non-
surgical approaches, but these methods are 
challenging for the surgeon and demanding 
for the patient. Surgical challenges are 
mainly reestablishment of global spinal 
alignment, adequate decompression and 
successful fusion with less complications 
[62-65].

Although the definitive comparative 
results about superiority of MIS methods 
over open techniques have not become clear 
so far, most literature reports agree with 
this theory that complication rates, surgery 
time and blood loss in MIS methods were 
found to be lower, and ambulation after 
surgery and return to work happens earlier 
than those in open procedures [65-68]. The 
advance of novel procedures leads to reduce 
surgery time and attain faster recovery 
through decreasing surgery complications 
[68,69]. Lumbar interbody fusion (LIF) 
is a recognized management for handling 
a variety of spinal complaints including 
degenerative diseases, infections, neoplasia 
and trauma [65]. LIF includes placement 
of an implant (cage or graft) inside the 
intervertebral space once discectomy and 
endplate preparation have been done. 
Different techniques have been described 
such as: PLIF, TLIF or minimally invasive 
TLIF (MI-TLIF), oblique lumbar interbody 
fusion/anterior to psoas (OLIF/ATP), ALIF, 
and lateral lumbar interbody fusion (direct 
lateral interbody fusion or DLIF, LLIF or 
XLIF etc…). There is no strong indication 
for one method being superior to others 
[66,67].

PLIF
In the PLIF procedure, surgical entry 

to the disc space is achieved from a 
posterior pathway. The patient is firstly 
placed in a prone position on a Jackson 

table. Moreover, an open midline method 
through bilateral muscle strip dissection 
or MIS paramedian Wiltsy approach can 
be done to reach the posterior part of the 
vertebra [70-72]. After wide laminotomy, 
the dura is retracted to expose the disc 
space. Contraindications for posterior 
fusion operation include arachnoiditis, 
widespread epidural scarring, and infection. 
There are numerous advantages related 
to PLIF surgical procedure. Initially, the 
PLIF method is a conventional lumbar 
approach in which most spinal surgeons are 
well-skilled and experienced. A posterior 
access allows outstanding visualization 
of the nerve roots deprived of affecting 
blood supply to the graft [72,73]. PLIF 
allows reliable neurological decompression, 
satisfactory interbody fusion and disc height 
restoration [74]. Potential disadvantages 
[74,75], however, may be substantial 
paraspinal damage linked to long-term 
muscle retraction, battered root syndrome, 
and limited ability to achieve adequate 
lordosis consistently [73-75].

TLIF
TLIF is a posterior approach for fusion 

with the patient in prone position designed 
for treatment of degenerative lumbar disease 
after unsuccessful conventional medical 
care [73,74]. This approach is similar to 
PLIF except that the disc is entered from 
a more lateral angulation with unilateral 
laminectomy, full facetectomy, and partial 
pars excision allowing easy access to the 
disc space through the Cambian triangle, 
a safe zone between the exiting nerve 
root, traversing nerve root, and the dura. 
TLIF can be done through an open midline 
incision or MIS technique via small 
paramedian incision [73,74]. Indications 
and contraindications are similar to those 
in PLIF. The benefits of the TLIF over the 
PLIF is the ability to perform the interbody 
fusion with less retraction and manipulation 
of the neural elements and ability to place 
larger cage. The TLIF approach maintains 
important midline ligaments [73,76-78]. 

Similar to PLIF, the TLIF can be
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associated with substantial paraspinal 
damage with prolonged muscle retraction 
particularly when done via open midline 
incision in addition to the limited ability to 
restore sagittal plane [77-79].

ALIF
The anterior retroperitoneal approach 

offers very generous access to the whole 
ventral part of the disc space, permitting 
complete discectomy and inserting straight 
implant. Patient is placed in supine or lateral 
position. The incision can be midline, 
paramedian or Pfannenstiel (L5/S1) incision 
with a retroperitoneal passage and vascular 
mobilization and dissection. The ALIF 
method is appropriate for levels L3/4, L4/
L5 and L5/S1 [80,81]. An ALIF technique 
may be proper for degenerative diseases, 
and improvement of failed back syndrome 
[80,81]. Contraindications of ALIF 
include substantial previous abdominal 
surgery with adhesions or adverse vascular 
anatomy, serious peripheral vascular illness, 
solitary kidney on exposure side, spinal 
infection and high-grade spondylolisthesis 
without posterior fusion [81,83]. Isthmic 
spondylolisthesis at L5/S1 is a relative 
contraindication [80-83], and should be 
supplemented with posterior fixation. The 
ALIF approach is related to numerous 
important advantages. Initially, this method 
permits straight midline vision of the disc 
space and wide lateral exposure of the 
vertebral bodies, which allows effective 
disc space clearance with quick endplate 
preparation. Also, the anterior entry permits 
expansion of the implant dimensions and 
surface area, that simplifies aggressive 
correction of lordosis and foraminal height 
restoration. This can lead to great fusion 
rates through ample disc space preparation 
[82-84]. This also permits preservation of 
posterior spinal muscles and psoas muscles, 
which could decrease pain and disability 
after surgery. Disadvantages of the ALIF 
method comprise possible complications 
such as retrograde ejaculation, visceral and 
vascular damage [83-85]. Figure 2 shows 
surgery process of DLS patient in Boston 
medical center.

XLIF
The LLIF, DLIF or XLIF procedure 

defined by Ozgur et al. in 2006 necessitates 
entering the disc space through a lateral 
retroperitoneal, transpsoas passage [86]. 
Placed in lateral position, the patient 
underwent direct lateral incision followed by 
splitting the psoas muscle while performing 
neuromonitoring and docking on the 
intervertebral disc. LLIF is appropriate for 
discs from L1/L2 to L4/5. This method is 
not appropriate for the L5/S1 level, owing 
to the position of the iliac crest that blocks 
lateral entry.

Advantages of such approach are the 
MIS muscle splitting method that allows 
accessing multiple discs and placement of 
large interbody cage with varying degree of 
lumbar lordosis [86-89].

Disadvantages include possible dangers 
of bowel or vascular injuries and injuries 
to the lumbar plexus. As the lumbar plexus 
is located more anteriorly in the psoas 
as we go distally, such injuries increase 
with lower levels such as L4/5 level [88]. 
The main disadvantages of this technique 
is the inability to access L5-S1 that is 
often affected and need to be included 
in the surgical fix. This often leads to 
improper choice of the extent of fusion and 
subsequently unacceptable rate of adjacent 
level disease. In addition, the psoas muscle 
will make adequate anterior release risky 
and therefore, the surgeon often damages 
the endplate without being able to perform 
adequate and lasting sagittal balance [86-
88]. The XLIF approach cannot be suitable 
for central canal stenosis, lateral recess 
stenosis, and high-grade spondylolisthesis 
[87]. The lateral method is also not fit 
in patients with previous retroperitoneal 
operation or with retroperitoneal abscess, 
as well as patients with adverse vascular 
anatomy.

Vascular injury, if it happens, may 
be hard to manage, and this is an another 
hazard of the lateral trans-psoas approach 
[88,89].

Anterior to the Psoas: ATP/OLIF
The ATP/OLIF method involves an 

MIS entry to the disc space through flank 
incision and retroperitoneal approach to the 
spine. This utilizes and develops the space 
between the psoas and the anterior vessels 
and bowels.
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With the patient in lateral decubitus 
position, this technique allows access to 
the spine from T12-S1 through one single 
small incision without the need to dissect 
through the Psoas muscle and risking 
the lumbar plexus [90,91]. A lateral and 
paramedian cutting is performed [82]. 
Neuromonitoring is not essential as the 
corridor anterior to the psoas muscle is 
utilized for entry. Indications for ATP/OLIF 
include all degenerative conditions and is 
very effective for achieving reliably and 
consistently sagittal and coronal deformity 
balance.

Unlike the direct lateral procedures 
(DLIF, XLIF, LLIF, etc….), the ATP/OLIF 
yields to full anterior release, and disc 
opening allowing the surgeon to perform 
direct as well as indirect decompression. 
The L5-S1 is easily accessible when needed 
giving the surgeon a great opportunity to 
gain substantial lordosis, solid L5-S1 fusion, 
strong anterior column support reducing the 
loads and stresses on the posterior fixations 
[82,90,91].

Potential complications can include 
vascular, bowel injuries, and sympathetic 
plexus, but such risk is much reduced by the 
ability of the surgeon of direct visualization 
of these structures [91,92].

Which MIS Approach is Better?
There is a large body of literature 

discussing radiological and clinical 
outcomes following specific interbody 
surgery; however, there is little definitive 
data comparing existing methods.

Surgeons who have been practiced in one 
particular interbody procedure will have a 
propensity to advocate that method. The 
literature consistently supports the idea of 
interbody methods for sagittal and coronal 
plane deformities [93,94].

New studies showed that interbody 
fusion procedures (LIF, ALIF and TLIF) 
create significantly higher segmental 
lordosis alteration compared to posterior 
spinal fusion [94-96]. ALIF was shown to 
have better restoration of lumbar lordosis 
versus TLIF. Segmental correction with 
ALIF achieved local disc angle by 8.3° and 
lumbar lordosis by 6.2°, while TLIF reduced 
the local disc angle by 0.1° and lumbar 
lordosis by 2.1°. Likewise, Kim et al. stated 

that the variation of disc height, segmental 
lordosis, and lumbar lordosis before and 
after operation in ALIF were higher than 
those in TLIF [97].

Clinical results in ALIF were comparable 
to those in TLIF [96,97]. But, Kim et al. 
stated that the Oswestry disability index 
(ODI) score in TLIF is higher than that 
in ALIF at L4-5, but not L5-S1, and they 
advise that mini-TLIF is desirable at the 
L4-5 level, while mini-ALIF may be better 
at the L5-S1 level for the treatment of 
isthmic spondylolisthesis [97].

Others propose that anterior methods 
are better than posterior ones in terms of 
disc height restoration, lumbar lordosis and 
deformity improvement, and that clinical 
outcomes and fusion rates were similar 
to those in posterior procedures. But this 
information is based on different studies 
with numerous indications and comparison 
is hard to make [98].

Ming-Kai et al. in 2015 reported their 
results based on 110 operated patients data 
between November 2002 and November 
2011, and showed that combined ALIF and 
instrumented posterolateral fusion for adult 
DLS improved sagittal and coronal plane 
alignment more effectively than posterior 
group while both groups improved clinical 
scores effectively [60].

After rearrangement of the available data 
in the writings, Ralph J. Mobbs et al. have 
suggested the following recommendations 
based on the level of pathology and 
indication [20].

L5/S1
I. ALIF is selected method for discogenic low 
back pain (LBP) and lordosis restoration;
II. PLIF and TLIF are advisable approaches 
particularly with central canal stenosis or 
recurrent disc herniation;
III. PLIF is selected method for isthmic 
spondylolisthesis owing to the high risk of 
L5 nerve injury;
IV. ATP/OLIF early data are promising and 
excellent for L5/S1.

L4/5
I. PLIF and TLIF are good choices for 
degenerative spondylolisthesis;
II. ALIF/ATP/OLIF/XLIF all are advisable 
choices for lordosis and deformity
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correction, but XLIF has a bigger risk of 
lumbar plexus/psoas damage.

L2/3 and L3/4
I. All methods excluding supine ALIF are 
suitable;
II. Supine ALIF is not suggested due to 
high risk; it needs skillful vascular surgical 
assistance;
III. For deformity correction, antero-lateral 
methods including LLIF/ATP/OLIF are 
favored.

T12/L1 and L1/2
I. ALIF is not appropriate, but ATP/OLIF is 
a suitable method;
II. PLIF/TLIF are hard if cord or conus 
inhibits dural retraction for insertion of 
implant/s;
III. XLIF is a proper choice especially for 
deformity correction.

Multilevel
I. Multilevel frequently requires deformity 
correction if done for degenerative 
pathologies;
II. Combination of anterior/lateral and 
posterior methods offers powerful deformity 
correction;
III. Multilevel ALIF/LLIF/OLIF offer 
the most powerful sagittal and coronal 
correction; however, they require additional 
posterior fixation. 

Percutaneous Pedicle Screw Fixation
Pedicle screw instrumentation is a great 

supplement to interbody lumbar fusion and 
provide powerful deformity correction.

The safety of conventional open methods 
for pedicle screw insertion has been well 
recognized; but owing to high level of 
surgical complications that average 35%, 
various MIS methods will continue to rise 
[99,100]. The primary change has a sharp 
learning curve; but there are numerous 
basic concepts which can help the surgeon 
in safe application of the Jamshidi needle 
into a thoracic or lumbar pedicle [101].

Traditional open spine surgery has 
numerous reported complications including 
postoperative muscle pain, blood loss, and 
surgical wound infection. The paraspinal 
muscle dissection implicated in open spine 
surgery can lead to muscular denervation, 
augmented intramuscular pressure, 

ischemia, and necrosis giving rise to muscle 
atrophy and scarring, and sustained pain and 
disability [102,103]. There is no available 
study of high-quality demonstration 
showing MIS is better than open surgery; 
but there is a tendency towards MIS 
options having lower complication rates 
and morbidity, with negligible soft tissue 
disturbance, decreased blood loss and 
danger of transfusion, better cosmetics, less 
hospital stays, earlier return to work, and 
therefore diminished general health care 
prices [101,102,104].

Notwithstanding this, many raised 
concerns that MIS is related to imperfect 
results for adult deformity mainly due to 
significantly reduced visualization with 
MIS [105] in addition to the increased 
radiation exposure [105,106].

Limitations
The limits of the present review include 

the absence of straight comparison between 
the different MIS methods. This information 
is established on different studies with 
multiple pathologies and different surgeons 
and health-care centers. In addition, most 
studies lacked important radiological 
methods and reportings. Thus conclusions 
should be carefully chosen.

While TLIF, PLIF and ALIF are 
frequently used procedures for LIF, the 
anterior to the Psoas (ATP/OLIF) showed 
significantly superior results based on the 
data that will be published in the near future 
by the authors of this report. The ATP will 
prove to be an excellent choice for one level 
disease and degenerative scoliosis 

Conclusion
Degenerative adult deformity is a 

complex issue that affects the quality of 
life of very large percentage of aging 
population and whose surgical treatment 
is very helpful despite high percentage of 
perioperative complications. We believe the 
MIS options are ideal as long as they are 
able to achieve the goal of the surgery but 
not limited to adequate spinal alignment and 
faster surgery time and less complications. 
Of the MIS options that are available now, 
the anterior to the psoas, based on the 
authors' experience, seems to be the most 
reliable and consistent technique to be used.
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