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Abstract

Review article about the current minimally invasive surgical
options of fusion operations in the treatment of degenerative
diseases of lumbosacral region. The aim of this article is to
provide an overview of different minimally invasive surgical
techniques and determine suitable patients for each type of
surgery. Fusion has been the gold standard in the treatment
of degenerative diseases in the lumbosacral region for almost
100 years. The current trend is minimally invasive surgery.
Practically all so-called open techniques today have a minimal-
ly invasive variant. The goal remains the same, only the method
of achieving it has changed dramatically. There are several
types of fusion operations. Transforaminal lumbar interbody
fusion, Unilateral lumbar interbody fusion, Anterior lumbar
interbody fusion, Anterior approach in lateral position, Lateral
lumbar interbody fusion, Posterior lumbar interbody fusion,
Midline lumbar fusion, Axial lumbar interbody fusion, endo-
scopy. Indications for surgery are degenerative disc disease,
spondylolisthesis, spinal canal stenosis and discogenic instabi-
lity. The advantages of MIS techniques are mini-invasiveness,
lower blood loss, faster recovery and earlier return to work,
while the risk of complications is low and comparable to con-
ventional open methods of surgery (Tab. 1, Fig. 9, Ref. 76). Text
in PDF www.lekarsky.herba.sk.

KEY WORDS: minimally invasive surgery, interbody lumbar
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Abstrakt

Prehladovy ¢lanok o stcasnych minimadlne invazivnych fiz-
nych chirurgickych operdciach pri liecbe degenerativnych
ochoreni lumbosakralnej oblasti. Cielom tohto clanku je uka-
zat rdzne mimimalne invazivne chirurgické techniky a urcit
vhodnych pacientov pre kazdy typ operdcie. Fizia je zlatym
Standardom v liecbe degenerativnych ochoreni v lumbosak-
ralnej oblasti uz takmer 100 rokov. Sticasnym trendom je mi-
nimalne invazivna chirurgia. Prakticky vsetky takzvané otvore-
né techniky dnes majd minimalne invazivny variant. Ciel
zostdva rovnaky, len sposob jeho dosiahnutia sa dramaticky
zmenil. Existuje niekol'ko typov flznych operacii.
Transforamindlna bedrova medzitelova fizia, jednostranna
bedrova medzitelova flizia, predna bedrova medzitelova fizia,
predny pristup v laterdlnej polohe, bo¢na bedrova medzitelo-
vd flzia, zadna bedrova medzitelova fuzia, stredova bedrova
medzitelova fuzia, axidalna bedrova medzitelova fuzia, endo-
skopia. Indikaciami na operaciu si degenerativne ochorenie
platnicky, spondylolistéza, sten6za miechového kandla a dis-
kogénna instabilita. Vyhodou technik MIS je miniinvazivnost,
nizsia strata krvi, rychlejsie zotavenie a skorsi navrat do prace,
pricom riziko komplikacif je nizke a porovnatelné s konvenc-
nymi otvorenymi chirurgickymi metédami (tab. 1, obr. 9 lit.
76). Text v PDF www.lekarsky.herba.sk.

KEUCOVE SLOVA: minimalne invazivna chirurgia, medzitelova
driekova fuzia, endoskopia, degenerativne ochorenie platnic-
ky, steno6za, diskogénna nestabilita.
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Introduction

More than 80% of people experience back pain du-
ring their lifetime (1, 4). This represents a serious socie-
tal problem with significant economic consequences.
Lumbar interbody fusion (LIF) is an effective and popu-
lar surgical procedure for the management of various
spinal pathologies, especially degenerative diseases.
This work focuses on current minimally invasive tech-
niques of instrumented fusion operations and discusses

individual types used in treating degenerative spine di-
seases.

Surgical Techniques
Nowadays, there are various types of surgical fusion
techniques. Some of them are shown in Figure 1.
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Figure 1. Different types of fusion techniques, Posterior lumbar
interbody fusion PLIF, Anterior ALIF, Lateral LLIF, Oblique OLIF,
Transforaminal TLIF (source: Lumbar Interbody Fusion: Techniques,
Pearls and Pitfall (44)).

Minimally invasive transforamina lumbar

interbody fusion

Minimally invasive transforaminal lumbar interbody
fusion (MIS TLIF) is just one of the ways to achieve the
required fusion of a damaged or unstable segment. The
term TLIF was first used in 1982, when Harms and
Rolinger (5, 6) presented the use of bone graft in a ti-
tanium cage, which was inserted transforaminally into
the disc space. In the same year, Magerl mentioned
percutaneous screw insertion (7). The term minimally
invasive surgery (MIS) reflects a procedure that is less
invasive than open technique while achieving the same
goal. The term was first used by Wickham in 1987 for
procedures that cause minimal damage to biological
tissue at the instrument entry site (4). The MIS TLIF
technique was first presented by authors Foley and
Lefkowitz in 2002 (6). Generally, we can define MIS
TLIF technique as a unilateral approach with complete
or partial removal of the facet joint on the pathology
side or approach side, using a special tubular retractor
for minimally invasive technique through the paraspinal
space (Wiltse approach), disc replacement /graft, spa-
cer, cage/ inserted from one side obliquely, this part of
the operation under microscope or with glasses and
percutaneously bilaterally inserted screws (2, 3, 5, 6,
9-11). Figure 2 shows the mentioned plane between
muscles.

Indications for MIS TLIF are patients with low back
pain (LBP) with or without root irritation, where conser-
vative therapy fails. Conditions that lead to clinical pre-
sentation are mainly degenerative disc disease (DDD),
disc herniation and recurrent symptomatic disc hernia-
tion, canal stenosis , segment instability including iatro-
genic discogenic instability (DI) and spondylolisthesis.
We perform this procedure routinely. In the postopera-
tive period (follow-up), we monitor the patients at 6

weeks, 6 months, 1 year, and 2 years after surgery,
using Visual analogue scale VAS separately for back
pain VAS BP and for leg pain VAS LP, Oswestry disabi-
lity index ODI scoring system, Patient satiscaction rate
PSR and complication rate in percentage. We evaluate
fusion on X-ray or CT. An example of a patient opera-
ted on using this technique with X-ray and CT is shown
in Figure 3.

Figure 2. Wiltse approach (source: MIS TLIF Sales Brochure,
Medtronic, Inc. (2010).

Figure 3. Patient operated on using MIS TLIF technique, postopera-
tive X-ray anteroposterior and lateral view and CT axial sections at
the level of pedicles and replacement (source: author’s archive).
We evaluate fusion using Bridwell criteria (Bridwell interbody fusion
system, Table 1), with grades 1 and 2 of the rating scale considered as
fusion.

Table 1. Bridwell’s criteria for interbody fusion.

Signs of fusion, bone remodelling, trabeculae.

Graft intact, not fully remodelled and incorporated, no lucent zones.

Graft intact, lucent zones present on upper and lower edge of graft.

No fusion, collapse/resorption of graft.
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Unilateral lumbar interbody fusion

Unilateral lumbar interbody fusion (UNILIF) is one
of the most modern variants of minimally invasive fu-
sion technique, mainly used in Asia. It was first presen-
ted in 2006. It involves implanted material, replacement
and screws only from one side, unilateral pedicle screws
UPS (3, 14-17. Indications are similar like for MIS TLIF
or MIS PLIF techniques. Follow-up is the same as in MIS
TLIF. We also use this technique. Figure 4 shows state
after unilif surgery.

Figure 4. Status after UNILIF surgery with cage L5/S1 and unilate-
rally inserted screws (source: author’s archive).

-

Anterior lumbar interbody fusion

Anterior lumbar interbody fusion (ALIF), has been a
standard surgical technique since 1983 when it was pre-
sented by O’Brien. Classical transperitoneal approaches
are now history. Minimally invasive ALIF from retroperi-
toneal approach dominates, or alternatively the lapa-
roscopic variant (18-24, 52-58). We also use ALIF tech-
niques and perform the procedure in cooperation with
a vascular surgeon using a minimally invasive retroperi-
toneal approach. Relatively the newest variation af ALIF
is Anterior lumbar interbody fusion in the lateral decu-
bitus position (XALIF). Anterior approaches allow access
to the discs from the front of the spine and do not
require muscle stripping. By placing the patient in the
lateral decubitis position for this approach, the surgeon
is able to decrease the length of surgery and improve
recovery times over traditional supine (lying face up)
positioning, and gravitation helps to surgeon to make
approach to the retroperitoneal space (25, 26) (Fig. 5).

Lateral lumbar interbody fusion

Lateral lumbar interbody fusion , (XLIF, LLIF, DLIF),
is another minimally invasive technique, first introduced
by Pimenta et al. in 2001, gained greater popularity in
2006 by Ozgur et al. (45). The XLIF is a safe and ef-
fective alternative to anterior or posterior approach,
without the need for an access surgeon, where the ap-
proach to the spine is from the lateral side through the
psoas muscle, transpsoatic approach. The corridor for
XLIF is limited superiorly by the 11th or 12th rib and
inferiorly by the iliac crest, so the access is possible at
from L1-2 to L4-5 (45) (Fig. 6).

Figure 5. Status after ALIF stand alone, Synfix implant (source:
author’s archive).

Figure 6. Schematic procedure for XLIF, transpsoas approach +
schematic result of XLIF (source: XLIF Sales Brochure, Nuvasive, Inc.
(2019).

We use this technique routinely with neuromonito-
ring. For some surgeons, monitoring is mandatory to
avoid damage of plexus lumbalis. The technique is not
suitable for the L5/51 segment and low-lying L4/5 seg-
ment and for a higher degree of stenosis of the spinal
canal, because we can only achieve indirect decom-
pression (27, 28, 30,32,33, 59-64 ). Here, oblique lum-
bar interbody fusion (OLIF) can be an alternative. In
OLIF we access the intervertebral disc space between
the psoas muscle and the aorta/inferior vena cava (IVC)
to reduce the risk of injury to muscle and lumbar plexus
(29, 31, 44). OLIF surgery was first described by Mayer
in 1997 and became more popular after a larger series
by Silvestre et al in 2012. OLIF operations allow access
to L1-S1 while remaining anterior to the psoas muscle,
prepsoatic approach. Figure 7 shows patient operated
by XLIF technique.
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Figure 7. Status post XLIF procedure, Modulus implant with plate,
Globalmed company (source: author’s archive).

Midline lumbar interbody fusion
In 2009, Santoni presented another alternative fu-
sion technique using the classic posterior approach, but
with a shorter incision and screws inserted in a so-cal-
led cortical trajectory (CBT) - see Figure 8. The tech-
nique names Midline lumbar fusion (MIDLF), (34-35).

Figure 8. Trajectory of cortical bone screw. a: In sagittal plane, cau-
dal to cranial direction of screw, b: medial to lateral trajection of screw
in axial plane, c: CBT screw through the cortical bone of lamina and
pedicle. CBT. (source: MIDLF Sales Brochure, Medtronic, Inc. (2011).

The difference in entry points and screw trajectory
compared to classic transpedicular screws provides po-
tential benefits in less dissection of adjacent soft tissues,
of course less blood loss, better wound healing, as well
as lower risk of infection. Figure 9 shows a patient from
our clinic, operated on using this technique at L2/3,
and at L5/S1 with MIS PLIF technique after some time.

Figure 9. MIDLF and MIS PLIF (source: author’s archive).

Posterior lumbar interbody fusion
Posterior lumbar interbody fusion (PLIF) and MIS
variant remains the most widely used fusion technique
in the world. In our clinic, we almost use the MIS or
mini PLIF as a minimally invasive variant, which involves
inserting replacements of intervetebral disc through
windows uni or bilaterally, without laminectomy, under
microscope. We dominantly use only one cage from
one side and it is inserted from medial side-similar ap-

proach like in microdisectomy. (36-39, 65-75).

Axial lumbar interbody fusion
Axial lumbar interbody fusion (AXIALIF) is minimally
invasive technique for treating L5/S1 pathology. It is
percutaneous pre-sacral approach for L5/S1 fusion.
(40,41) This technique was first described in 2004. We
do not use this technique.

Endoscopy
There are few studies and articles about the inter-
vertebral disc space replacement by endoscopy through
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endoscopic working channel, so called Endo-lumbar
interbody fusion (endo LIF) (42,43, 46-51). With both
the advancement of minimally invasive technology and
anatomical understanding (i.e,, Kambin’s triangle), the
endoscopic spine surgery has emerged. The most com-
mon and well-described endoscopic LIF is the TLIF.
We currently use endoscopy only for microdiscectomy,
but endoscopic assisted fusion seems to be a future of
fusion surgery.

Discussion and conclusion

Low back pain (LBP) is a worldwide problem, ,civi-
lization disease”. Current statistical data show that 90%
of patients with first occurrence of radiculopathy are
treated conservatively (1). For the remaining 10%, in
whom problems persist, or even accelerate into neuro-
logical deficit, surgical treatment needs to be conside-
red (1). Fusion is still the gold standard in many dege-
nerative diseases of lumbosacral region and it will be
the same in future. But so called open methods with
serious adverse effects led to the development of mini-
mally invasive techniques. It is important for patients,
that in almost all degenerative conditions, where fusion
operation is indicated, we can realize MIS surgery with
excellent results, minimal complications, rapid recovery
and faster integration into normal working life. We
discuss about different surgical options and suitable pa-
tients. In our clinic we perform almost the whole
spectrum of these procedures and the results are very
encouraging and promising and the future will be in
the sign of MIS. For me, UNILIF is very promising
method and maybe endoscopy and robotic spinal neu-
rosurgery will dominate in the future. The most optimis-
tic visions for patients are about stopping disc degene-
ration, or the possibility of its regeneration. This would
mean, that many degenerative conditions would not
need to be operated on at all.

In this review, we have discussed current possibili-
ties of minimally invasive surgical fusion techniques in
treating degenerative diseases in the lumbosacral re-
gion. Minimally invasive techniques in general are asso-
ciated with lower incidence of complications, earlier
recovery, lower analgesic consumption, less blood loss,
lower economic costs (5,6, 11-14, 17-19, 23-26,38,
40-43, 54-62). The enormous expansion of minimally
invasive techniques has mainly occurred in the last 10
years. It should be realized that minimally invasive tech-
niques have clear advantages and justification over clas-
sic open techniques. Currently, there exists a minimally
invasive variant for every open technique, which is less
burdensome for the patient, is associated with lower
morbidity, low risk of complications, and good clinical
and radiological results. Less blood loss, faster recovery,
faster return to work are just some of the advantages.
Disadvantages such as reported longer operation time,
longer learning curve, or higher radiation exposure are
relative and can be eliminated with increasing numbers
of operated patients. Among the mentioned techniques,
we most frequently use MIS PLIF and MIS TLIF. To ob-

jectify the data, we have published a prospective ran-
domized controlled study comparing patients operated
on using MIS TLIF technique and modified open TLIF
via Wiltse approach in Polish Journal of neurology and
neurosurgery. UNILIF appears to us as the most promi-
sing for the future, where the advantages of minimally
invasive techniques will be fully manifested. We have
completed our first patients and we are working on re-
trospective analysis to compare patients operated with
UNILIF and MIS TLIF technique. Results so far are very
encouraging. Whether we have taken the right direction
will be shown in the future and, of course, with more
operated patients.*

*Conflict of interest: None declared.
Ethical approval: Not necessary for the preparation of this article.
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