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A number of minimally invasive spine surgeries (MISSs) have been developed to address the drawbacks of open spine surgery. Their 
advantages include small skin incisions, reduction in tissue damage, quick recovery, and short hospital stay. However, the clinical 
outcomes are comparable to open surgery. There was a cap on the number of indications that could be set for all spinal illnesses. The 
indications for MISSs have been expanding owing to mechanical and technological advances in medical equipment. Thus, this review 
presents the various MISSs developed to date, surgical indications, surgical techniques, and their advantages and disadvantages.
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Introduction

In the field of spine surgery, minimally invasive spine sur-
gery (MISS) has advanced significantly in recent years [1-
4]. It has clinical and radiological outcomes comparable to 
open spine surgery, can reduce approach-related harm (a 
drawback of open surgery), and preserves normal anato-
my. Thus, postoperative recovery and return to regular life 
is quick [5,6]. The benefits of MISS include less bleeding 
during the procedure, quicker recovery period, and fewer 
postoperative complications [7].

The development of MISS may have begun with lumbar 
discectomy under a microscope [8,9], which led to nu-
merous microscope-assisted surgical methods for decom-
pression and fusion [1,10]. One of them is a combination 

of the use of an endoscope and a microscope that allows 
continuous saline irrigation and a larger surgical field of 
view, unlike the purely microscopic approach [11]. MISSs 
is further developed using technological advancements to 
involve navigation, robotics, and augmented reality (AR) 
[2-4]. In addition to neural decompression, surgeries for 
spine tumors, spine trauma, and fusion become possible, 
thus broadening the range of surgical indications. Im-
plants used in spine surgery have been improved owing 
to advances in materials engineering, which makes access 
to challenging spinal pathologies easier by performing 
MISSs. In this review, we aimed to present the latest MISS 
trends and the indications, surgical approaches, strengths, 
and weaknesses of various MISSs.
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Minimally Invasive Spine Surgery  
Techniques

1. Lumbar posterior decompression

Decompression or discectomy using the posterior route is 
necessary when conservative measures fail to relieve lum-
bar spinal stenosis, lumbar disk herniation, burst fracture, 
or spine metastasis [12-15]. Surgery can be performed 
using the traditional open surgical approach, although 
minimally invasive procedures have been increasingly 
gaining popularity [2]. The use of either an endoscope or a 
microscope is based on the discretion of the operator (Fig. 
1). Despite the variations among different approaches, 
scars or fibrosis can be avoided postoperatively by avoid-
ing damage to healthy tissues; the epidural blood supply 
can be maintained by safeguarding the epidural vessels 
via a minimally invasive approach compared with open 
surgery. Several studies have demonstrated the excellent 
clinical outcomes in surgeries employing a transforaminal 
approach or an interlaminar approach using a microscope 
and an endoscope. MISS is a viable option for treating 
lumbar disk herniation, lumbar spinal stenosis, and infec-
tious spondylitis. In case of a massive herniated disk, it 
may be that severe fibrotic adhesion occurs from the pre-
vious surgery, or the bony structure deviates significantly 
from normal structure due to severe arthritic alterations; 
it may be challenging to perform MISSs. Therefore, to 
achieve an accurate patient evaluation, surgical indica-
tions for MISS should be considered before the surgery 
[16].

Endoscopic lumbar surgery can be performed using 

a single port or two ports, while microscopic lumbar 
surgery through a midline or paraspinal approach. The 
choice of surgical approach depends on the patient’s con-
dition and the surgeon’s decision. The lumbar posterior 
approach involves two primary methods using an en-
doscope: the interlaminar approach used to treat spinal 
stenosis on both contralateral and ipsilateral sides and the 
transforaminal approach used to treat foraminal stenosis. 
Surgical difficulty can also be reduced by selecting an ap-
propriate method based on the location and direction of 
disk herniation [17]. Therefore, surgical strategy should 
be appropriately established through precise assessment of 
the patient’s condition before the surgery [18,19].

Compared with open lumbar surgery, the minimally 
invasive lumbar posterior decompression surgery has the 
following disadvantages: steep learning curve, limited 
field of view, and narrow surgical field. Therefore, it is 
necessary to be completely familiar with the orientation of 
bony anatomy visually and to be able to feel the anatomi-
cal structures through tactile perception [20]. While it 
is not easy to perform MISSs well right from the begin-
ning, the learning curve of surgeons practicing this may 
be improved, and with a larger field of view, good clinical 
results can be obtained through sufficient decompression 
and control of bleeding and normal tissue. With proper 
training, the advantages of MISS can be maximized while 
minimizing its disadvantages.

2. Lumbar interbody fusion

If the patient’s condition cannot be resolved with a rela-
tively straightforward lumbar posterior decompression 

Fig. 1. (A, B) Surgical field for minimally invasive spinal surgery using a microscope.
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surgery, lumbar fusion surgery may be necessary. For 
example, decompression and fusion are required in case 
of segmental instability, a significant bone spur, severe 
arthritic alterations in the facet joints, or both spinal and 
foraminal stenosis. Sufficient decompression and fusion 
are possible with conventional posterolateral fusion (PLF) 
and posterior lumbar interbody fusion (PLIF). However, 
PLF has a risk of postoperative complications due to tis-
sue injury and failure to remove the disk material; in PLIF, 
a reasonably large cage cannot be inserted. We present a 
minimally invasive lumbar interbody fusion technique 
that can compensate for this deficiency.

The transforaminal lumbar interbody fusion (TLIF) 
approach can directly decompress the neural foramen 
by removing the facet joint through direct approach to 
unilateral facet joint. In addition, access to the disk space 
is possible through this route, allowing discectomy and 
interbody cage insertion. Since the angle of insertion of 
the interbody cage is relatively gentle compared to the 
coronal orientation of human body, this technique allows 
insertion of a larger cage. TLIF can be performed through 
a minimally invasive approach using a microscope with a 
tubular retractor or an endoscope. Compared with PLIF, 
minimally invasive TLIF can minimize damage to struc-
tures that contribute to posterior stability such as interspi-
nous ligaments, contralateral facet joints, and paraverte-
bral muscles [21].

3.   Posterior approach: transforaminal lumbar interbody 
fusion

In the microscopic TLIF (MI-TLIF) approach, the first 
step is to check the spinal level for surgery by fluoros-
copy, as well as the coronal position of the pedicle for the 
intended approach site. The, a skin incision of approxi-
mately 1 cm is made on the lateral side of the pedicle and 
secured by gradually expanding the surgical field using 
a tubular retractor. In the endoscopic TLIF (E-TLIF) ap-
proach, the spinal level for surgery is confirmed by fluo-
roscopy and 1-cm incisions are made at disk levels cranial 
and caudal to the level intended for fusion. These serve 
as a viewing portal and a working portal. After bringing 
the camera and shaver tip together, tactile sense is used to 
recognize the approximate bony anatomy, and paraverte-
bral muscle debridement is performed to an appropriate 
extent. When the target facet and lamina are exposed, 
the desired range of surgical field is secured through an 

appropriate approach for both MI-TLIF and E-TLIF. Fac-
etectomy, ligamentum flavectomy, discectomy, and body 
endplate preparation are sequentially performed, similar 
to the sequence followed for open TLIF. Subsequently, 
a cage of appropriate size and a percutaneous bilateral 
pedicle screw are inserted.

Several studies have compared the surgical and clinical 
outcomes of traditional open TLIF, MI-TLIF, and E-TLIF. 
MI-TLIF and E-TLIF have reported similar fusion rates 
compared to open TLIF. Very few surgery-related compli-
cations include greater operation time, higher blood loss, 
delayed return to daily life, and longer hospital stay [22]. 
However, MI-TLIF has a high rate of rehospitalization and 
reoperation. Considering the steep learning curve for MI-
TLIF, the advantage of this technique is not significant. 
Therefore, long-term studies are required to corroborate 
these findings.

4.   Anterior approach: lateral lumbar interbody fusion 
and anterior lumbar interbody fusion

In 2001, an approach to the thoraco-lumbar interbody 
space through the retroperitoneal space was developed, 
and lateral lumbar interbody fusion (LLIF) was modi-
fied [23,24]. Approaches from the anterior psoas muscle 
and direct lumbar interbody fusion (DLIF) using the 
trans-psoas approach are some of the examples of these 
oblique lumbar interbody fusion advances [25]. Through 
the aforementioned methods, the anterior part of the 
vertebral column can be accessed laterally from the lower 
thoracic level to the lumbar level. However, in case of the 
L5–S1 level, the anterior part of the column is hidden by 
the iliac crest, which makes this lateral approach difficult 
due to proximity to various important structures such as 
the abdomino-pelvic vessels and lumbar plexus [26]. In 
such cases, the anterior lumbar interbody fusion should 
be considered: the retroperitoneal space is approached 
from the anterior aspect, and the interbody space is ac-
cessed through the interbody space where the iliac ves-
sels are bifurcated. Through LLIF, a cage larger than that 
used in PLIF and TLIF can be used, several levels of disk 
space can be accessed with relatively small incisions. Not 
only is this approach effective for obtaining a corrective 
angle during surgery for adult spinal deformity, it is also 
applicable for patients who need correction due to lateral 
listhesis or those who need reoperation due to an adjacent 
spinal disorder [27,28]. However, LLIF may not be ap-
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propriate for patients who require direct neural decom-
pression or large correction (severe stenosis of the central 
canal, severe foraminal stenosis, or severe spondylolis-
thesis). Therefore, the causative level should be accurately 
identified by careful analysis of the patient’s history before 
surgery and correlating it with radiographs and magnetic 
resonance imaging findings. Moreover, it is important to 
evaluate whether the iliac crest interferes with the surgical 
approach, whether there are anatomic variations in the 
abdomino-pelvic vessels, whether the position of these 
vessels interferes with access to the disk space, whether 
there is an anterior or lateral bony spur or bone bridge, 
and whether there is a previous retroperitoneal area. Sur-
gical history should be checked carefully before the proce-
dure to confirm the suitability of LLIF.

According to several studies, fusion rate following LLIF 
is 90%. The fusion rate between LLIF and MI-TLIF is not 
significantly different, but the complication rate is slightly 
higher in LLIF than in MI-TLIF, and clinical outcomes 
such as Visual Analog Scale pain score and Oswestry Dis-
ability Index score were reported to be low [24,27]. LLIF 
has the following complications: insufficient decompres-
sion due to the nature of the technique and neurologic 
deficits after surgery due to the presence of the lumbar 
plexus in the surgical field [23,27]. Insufficient decom-
pression can be prevented by clearly establishing a surgi-
cal indication to determine if appropriate decompression 
can be achieved with the indirect method. Intraoperative 
neuromonitoring can prevent postoperative neurologic 
deficits.

Minimally Invasive Spine Surgery  
Technology

1. Endoscopy

MISS aims to minimize damage to normal tissues [29]. 
Compared with conventional open surgery, a small in-
cision is initially made using a microscope, a narrow 
surgical field is secured using a tubular retractor or a 
Taylor retractor, and decompression or fusion surgery is 
performed using specialized instruments to obtain the de-
sired result. In addition to the classic posterior approach, 
approaches involving a different direction such as LLIF 
and DLIF have been developed. The use of endoscope has 
been introduced in spine surgery, which is considered the 
most innovative development in the field. Due to many 

pioneering efforts to treat various spine diseases using 
an endoscope, the current endoscope-based technique 
has become a universal surgical method in spine surgery 
[15,30-32].

By endoscopy using a high-magnification camera, nor-
mal and pathologic structures can be clearly distinguished 
through an enlarged field of view [33-35]. In addition, 
unlike a microscope, various viewing angles such as 0°, 
30°, and 70° can be applied. Thus, structures that cannot 
be visualized with conventional approaches can be clearly 
observed [36-38]. For example, if the camera is positioned 
toward the disk space and in the lateral recess, foraminal, 
and far lateral, the degree of endplate preparation can be 
checked in real time (Fig. 2).

Despite the steep learning curve for endoscopy, sur-
geons can overcome this with the development of system-
atic education methods [3,35]. With advances in technol-
ogy and consequent expansion in the indications for this 
technique, the clinical and surgical outcomes are expected 
to improve.

Fig. 2. (A, B) Surgical field for minimally invasive spinal surgery using an endo-
scope.
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2. Navigation

Damage to important structures such as nerves and blood 
vessels can result in serious consequences for patients. A 
navigation system that uses real-time images is a techno-
logical advancement that improves surgical accuracy and 
stability [39,40]. Using the O-arm system, a high-quality 
computed tomography (CT) scan can be performed after 
the patient under general anesthesia was placed in the 
operative position (Medtronic Sofamor Danek, Memphis, 
TN, USA) (Fig. 3). Surgeons can perform intraoperative 
three-dimensional (3D) spine anatomical mapping in real 

time by integrating it with a real-time anatomical tracking 
tool [41]. Spine surgeons initially use navigation systems 
for percutaneous pedicle screw fixation [42]. In many 
MISSs, intraoperative fluoroscopy is performed to achieve 
percutaneous pedicle screw fixation. However, despite 
its excellent accuracy, both the surgeons and patients are 
exposed to radiation. By contrast, CT-based navigation 
systems can significantly improve precision for pedicle 
screw fixation and may lower the risk of radiation expo-
sure to surgeons and patients by more than 90%. Due to 
the excellent reliability and safety of navigation systems, 
percutaneous pedicle screw fixation is frequently used in 
MISSs, particularly in MI-TLIF and MI-LLIF. The reli-
ability of current CT-based navigation systems has been 
confirmed by several studies, and these may be used with 
the majority of MISSs to reduce surgery-associated com-
plications including reoperation rates [43]. However, the 
use of navigation systems is expensive, which should be 
addressed with increasing utilization rates of these sys-
tems.

3. Robotics

Robotic spinal systems are increasingly used in spine sur-
gery owing to their ability to execute precise, dependable, 
and efficient procedures [44,45]. Robotic technologies 
provide a greater precision in pedicle screw fixation and 
less soft tissue abrasion than other modalities when used 
with navigation systems [46,47], for example, the fixation 
of pedicle screws [48]. Although there is a lack of clini-
cal data addressing the use of robotics in spine surgery, 
some studies have observed that the precision of pedicle 
screw fixation achieved by robotic systems is better than 
that achieved through free-hand (FH) approach or C-
arm fluoroscopy-guided pedicle screw fixation [42,44,46]. 
Robotic spine surgery can help avoid physical and mental 
exhaustion of the surgeons, which could lead to better 
surgical, radiologic, and clinical outcomes [49]. Neverthe-
less, robotic systems are rarely used, since they are expen-
sive [50]. However, the use of robotics in spine surgery 
may increase when the associated costs are reduced.

4. Augmented reality-assisted spine surgery

Compared with traditional FH surgical approaches, AR-
assisted spine surgery has been demonstrated to increase 
the accuracy of pedicle screw placement and thus gaining 

Fig. 3. (A, B) The O-arm system (Medtronic Sofamor Danek, Memphis, TN, 
USA). The O-arm is used to recreate the intended surgical anatomy during the 
surgery according to the patient’s posture.
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popularity [51,52]. Despite the established benefits of AR-
assisted spine surgery, its deployment in spine surgery has 
lagged behind similar cranial applications, partly because 
the setup for spine surgeries is more time-consuming and 
intricate [53]. To validate anatomical and surgical land-
marks using a virtual 3D reconstruction, surgeons using 
traditional navigation must gaze away from the operat-
ing field toward a dedicated navigation screen (Fig. 4) 
[54,55]. Studies on AR navigation are still in their early 
stages. Some have produced the first published work on 
an AR application that was later used in clinical studies 
[52,56,57]. This method uses a monitor to display an AR-
enhanced video stream in the operating room as well as 
in other subsequent preclinical and clinical investigations. 
Recent studies focused on placing AR systems directly in 
the surgeon’s field of view using head-mounted displays 
rather than monitors. For spine surgery, AR results in 
significant improvements compared with FH surgery and 
conventional navigation techniques. The surgical field 
is improved using radiological guidance to maintain the 
surgeon’s focus. Between AR and FH or traditional navi-
gation approaches, AR systems have superior workflow 
and accuracy and result in lower radiation exposure for 
the surgeons and patients.

Conclusions

The primary objectives of MISS are to reduce muscle 
and ligament injury during surgery and preserve normal 
architecture, which enable a higher postoperative recov-
ery rate and a better quality of life. These objectives have 
become attainable due to considerable technological and 

technical breakthroughs over the last few decades. Cur-
rently, safe pedicle screw fixation can be achieved with 
navigation and robotic systems. Endoscopic methods 
have sufficiently increased the visualization of the surgical 
field to enable precise procedures. A variety of minimally 
invasive decompression and fusion surgeries can now be 
performed due to the development of transforaminal and 
retroperitoneal anterior and lateral approaches, from a 
straightforward herniated disk to complex spinal diseases 
such as spinal deformity, burst fractures, and spinal tu-
mors. Technological advancements and development of 
novel surgical techniques should be continuous given the 
transition from classical open surgery to MISS, in order to 
provide patients with the choice of a minimally invasive 
approach. Future research and development should con-
centrate on enhancing workflow optimization and virtual 
information presentation options for AR system instal-
lation and on determining the effects of AR systems on 
clinical outcomes and complications.
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