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lumbosacral spine compared to modified open TLIF:  
a prospective randomised controlled study

Roman Kalina

Clinic of Neurosurgery, F.D. Roosevelt Teaching Hospital with Polyclinic, Banská Bystrica, Slovakia

ABSTRACT
Introduction. The aim of this study was to determine the clinical and radiological outcomes of minimally invasive transforami-
nal lumbar interbody fusion (MIS TLIF) compared to modified open TLIF via the Wiltse approach for treatment of degenerative 
diseases of the lumbosacral region. The results were evaluated over a post-operative period of 48 months. 

Material and methods. Radiological data and medical records of patients who underwent MIS TLIF and modified open TLIF 
between May 2017 and May 2021 were reviewed. Parameters monitored to evaluate the surgical results were: clinical status, 
operation time, blood loss, radiation dose to patient, day of discharge, analgesic consumption, fusion, and complications rate. 
For functional assessment, the Visual Analogue Scale for back pain (VAS-BP), VAS for leg pain (VAS-LP), Oswestry Disability Index 
(ODI), Patient Satisfaction Rate (PSR), and the complication rate were used. 

Results. This study included 57 patients randomly divided into two groups: 30 operated on using the MIS TLIF technique, and 27 
operated on using the modified open TLIF technique via the Wiltse approach. 48-month follow-up rates were similar for the two 
cohorts. Patients did not differ significantly at baseline in terms of ODI, VAS-BP, or VAS-LP. Perioperatively, MIS TLIF was associated 
with significantly less blood loss (167.3 ± 80.0 vs. 297.9 ± 81.5 ml, p = 1.1E-05), slightly longer procedures (185.7 ± 45.2 vs. 183.1 
± 66.4 minutes, p = 0.76), a lower radiation dose (MIS 16.9 ± 7.1 vs. 22.0 ± 9.7 mGy OPEN p = 0.012), and shorter hospitalisations 
(MIS 5.9 ± 1.8 vs. 7.7 ± 1.6 days OPEN). The most common complication was radiculitis, which accounted for 33% and 37% in the 
MIS and the TLIF groups, respectively. The second most common complication was malposition of the fixation material, which 
accounted for 18.5% in the TLIF group and 20% in the MIS group. The level of fusion achieved was 92.6% in the MIS group versus 
92.3% in the TLIF group. There was lower consumption of analgesics in MIS. Patient Satisfaction Rate (PSR) was 90%.

Conclusions. Clinical and radiological outcomes after MIS TLIF in patients with degenerative disease of the lumbosacral region 
are generally favourable. MIS TLIF was associated with decreased blood loss perioperatively, a lower radiation dose and an 
earlier discharge, but there was no difference between MIS TLIF and modified open TLIF in 48-month outcomes in terms of 
disability, back pain, leg pain, quality of life, or patient satisfaction rate or complication rate. Although the differences taper  
off over time, MIS TLIF has undeniable advantages in the perioperative and early postoperative periods.
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Introduction

Transforaminal lumbar interbody fusion (TLIF) has be-
come a commonly used surgical option for treating various 
kinds of degenerative lumbar spinal pathologies that require 
fusion [1–4]. In recent years, TLIF using minimally invasive 
techniques (known as MIS TLIF, minimally invasive transfo-
raminal lumbar interbody fusion) has gained popularity with 
the emergence of minimally invasive spinal techniques and 
instruments e.g. tubular retractors and percutaneous pedicle 
screw fixation [5–8]. Proponents of MIS TLIF have suggested 
in several stiudies that this approach decreases muscle injury 
and pain, minimises blood loss, allows for rapid postoperative 
recovery, and is associated with improved clinical outcomes 
[9–12]. The risk of complications is low and comparable to 
conventional open methods of surgery [13–18]. There have 
been multiple studies comparing MIS TLIF to traditional 
open TLIF in cohorts of heterogeneous degenerative diagnoses 
[19–22, 38, 39, 45]. However, studies focused on MIS TLIF and 
comparing it to modified open TLIF via the Wiltse approach 
are very limited, and the impact of MIS TLIF on long-term 
patient-reported outcomes is unclear. 

Mini-invasive techniques generally aim to achieve the 
same surgical outcome, i.e. fusion, in a gentler and less in-
vasive manner. 

In addition to all this, the use of peri-operative imaging 
aids has increased exponentially, with the aim of maximising 
the accuracy of the introduction of the fixation material. 
Nowadays, the use of spinal navigation, implantation via 
O-arm, CT navigated systems is slowly becoming standard, 
where the accuracy is supported by a number of studies 
compared to implantation under 2D fluoroscopy [17, 23, 24].  
At the same time, emphasis is being placed on reducing the ra-
diation dose to the patient and the medical staff, which can be 
a limiting factor and has been cited as one of the drawbacks of 
the MIS technique [23–26]. However, 2D fluoroscopy remains 
the most commonly used imaging technique.

Where fusion surgery is indicated, the MIS TLIF technique 
is one of the possible surgical alternatives. 

The primary objective of this study was to show whether 
MIS TLIF is superior to open modified TLIF in terms of the most  
monitored parameters, and show the usefulness of this tech-
nique for surgeons and patients. There is still much debate 
surrounding MIS techniques, but the results of this prospective 
randomised controlled study, comparing MIS TLIF to a mod-
ified open TLIF technique, show that nowadays MIS TLIF can 
fully replace open TLIF, when indicated. 

Terminology
The term TLIF (transforaminal lumbar interbody fu-

sion) was first used in 1982 when Harms and Rolinger pre-
sented the use of a bone graft in a titanium mesh that was 
inserted transforaminally into the disc space [18]. The term 

minimally invasive surgery (MIS) reflects a procedure that is 
less invasive than the open technique, achieving the same goal.  
The term was coined by Wickham in 1987 to refer to proce-
dures that cause minimal damage to biological tissue at the site 
of instrumentation entry [27]. The MIS TLIF technique was 
first presented by Foley and Lefkowitz in 2002 [19].

In general, the MIS TLIF technique can be defined as 
a unilateral approach with complete or partial removal of the 
facet joint on the pathology or access side respectively, using 
a special dilatator for a minimally invasive technique through 
the paraspinal space (the Wiltse approach), various specula, 
tubes, scapular expanders, endoscope, nowadays especially the  
non-dilatable 22 mm diameter tube, disc replacement 
graft/spacer/cage inserted from one side obliquely, this part 
of the operation under a microscope or with glasses and 
percutaneously inserted screws bilaterally through Kirschner 
wires (K-wires), most often under skiascopic control [3, 5, 8, 
29–32]. The resulting condition after such a surgical procedure 
is shown in Figure 1. Figure 2 shows the fundamental differ-
ence between open TLIF and minimally invasive TLIF. Figure 3  
shows the aforementioned plane between the muscles. There 
also exists UNILIF (unilateral lumbar interbody fusion), which 
can be considered as an even more modern and improved form 
of MIS TLIF, when the screws are inserted only from one side 
[10, 33, 34, 49]. MIS TLIF is indicated in patients with low back 
pain (LBP) with or without root irritation, where conservative 
therapy has failed. Conditions leading to the clinic are internal 
disc disruption (IDD), degenerative disc disease (DDD), disc 
herniation due to disc degeneration, recurrent symptomatic 
disc herniation, canal stenosis especially foraminal, lateral, 
central stenosis except Schizas D, and segmental instability, 
also iatrogenic DI (discogenic instability), and isthmic and 
degenerative spondylolisthesis I and II according to the 
Mayerding classification [4–9, 14, 35, 36].

Figure 1. Scars as a result of surgical procedure. Source: author’s 
archive
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Figure 2. Difference between open and minimally invasive approaches. Source: spinecenteratlanta.com/conditions

„Open” TLIF Minimally invasive TLIF

Figure 3. Wiltse approach. Source: How to perform the Wiltse posterolateral spinal approach: technical note. Surgicalneurologyint.com/
surgicalint-articles

Material and methods

Between May 2017 and May 2021, 30 patients were operated 
on using the MIS TLIF technique, and 27 patients were operated on  
using a modified open TLIF via a Wiltse approach. Patients 
were randomly assigned after meeting indications for opera-
tion. Inclusion criteria for the study were patient aged 18 years 
or over with degenerative disability in the lumbosacral region 
indicated for surgery. Exclusion criteria were patients under 18, 
cancer patients, patients with learning disabilities or difficulties, 
patients with scoliosis or severe central Schizas D stenosis. Data 
collected consisted of age, sex, symptoms, fusion levels, operative 
time, assessment of fusion performed, perioperative blood loss, 
perioperative radiation dose, day of discharge, consumption of 
analgesics, complications, and clinical and radiological postoper-
ative outcomes. Preoperative radiological evaluation consisted in 
all patients of standing anteroposterior and lateral radiographs, 
dynamic lateral radiographs, magnetic resonance imaging 
(MRI), and computer tomography (CT) of the lumbar spine. 

We assumed that in the MIS group there would be a longer 
operating time, higher radiation dose, less blood loss, faster 
discharge, and less consumption of analgesics [4–8, 10–14, 
22, 24–27, 40–43]. The reasoning behind this was: longer 

operating time because the technique is new, through a narrow 
corridor, and without known anatomical landmarks; higher 
radiation dose because of the need for more frequent X-ray 
inspection when working with K-wires and minimally invasive 
towers; less blood loss for reasons that are clear and due to 
the minimally invasive nature of the technique itself; faster 
discharge because decreased muscle damage allows earlier 
mobilisation and rehabilitation; and related to that point, in 
using the MIS technique, we assume less postoperative pain 
and consequently lower consumption of analgesics. 

In the postoperative (follow-up) period, patients were 
checked six weeks, six months, one year and two years after 
surgery. The Visual Analogue Scale (VAS) was evaluated sep-
arately for back pain (VAS BP) and for leg pain (VAS LP). The 
Oswestry Disability Index (ODI) was assessed to determine 
a patient’s functional disability in connection with spinal pain. 
The last two parameters evaluated were a Patient Satisfaction 
Rate (PSR) and a complications rate expressed in percentage: 
for the PSR we used a 5-point scale, where 1 = poor, 2 = un-
satisfied, 3 = satisfied, 4 = very satisfied and 5 = outstanding, 
with grades 3, 4 and 5 considered as denoting satisfaction. We 
evaluated the clinical examination with any neurological defi-
cit. We used CT to assess screw position, using a scale wherein 
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Table 3. Operated segments

Segment, n (%) TLIF MIS TLIF

L1/2 1 (3.2) 1 (2.9)

L2/3 2 (6.4) 1 (2.9)

L3/4 3 (9.7) 3 (8.6)

L4/5 15 (48.4) 23 (65.7)

L5/S1 10 (32.3) 7 (20.0)

Grade 0 is the correct position, Grade 1 is overlying the pedi-
cle border ˂ 2 mm, Grade 2 ˂ 4 mm, and Grade 3 ˃ 4 mm.  
Alternatively, fluoroscopic radiographs were performed six 
weeks, six months, one year and two years after surgery, the 
same intervals as in the follow-up period monitoring.

In addition to the above, we also assessed the position 
of the fixation material, cage position, and the spinal geom-
etry and fusion on X-ray or CT [10, 12–15, 22, 26, 32, 50]. 
Overgrowth/fusion was assessed using the Bridwell criteria 
(Bridwell interbody fusion system, Table 1), wherein grades 
1 and 2 of the scale were considered as denoting fusion. 

In order to statistically evaluate the results of the work, the fol-
lowing methodologies were used for smaller datasets: Student’s T 
test (comparing two sets, two-sided distribution); and two-sample 
with unequal variances, at a significance level α = 0.05).

Results 

Patients were divided randomly into either the Open or the 
MIS group. Regarding the indications for surgery, specifically 
in our TLIF set, we had four patients with ventrolisthesis, 
these were degenerative or isthmic spondylolisthesis Grades 
I and II, 14 patients with disc chondrosis with foraminos-
tenosis, and nine patients with lateral disc herniation and 
recurrent lateral disc herniation. Clinically, all patients had 
low back pain and 24/27 patients (88%) also had radicular 
syndrome. Motor deficit was present in the TLIF group in 
10 patients (37%) preoperatively: seven with moderate fibular  
weakness, two with femoral weakness, and one with tibial we- 
akness. Modified open TLIF was carried out via the Wiltse 
approach, using a straight bullet-shaped cage from one side. 
A banana-shaped cage was used only three times. Screws were 
inserted under fluoroscopy. In the MIS TLIF group, there were 
14 patients with degenerative or isthmic ventrolisthesis Gr I, 
II, nine with chondrosis, and seven with lateral disc herniation 
(Suppl. Graph 1). Clinically, all had low back pain, 25/30 had 
radiculopathy (83%), of whom 11 (40%) had motor deficits 
preoperatively, including seven with moderate or mild fibular 
weakness, two with femoral weakness and two with tibial 
weakness. We have made MIS TLIF with tubular retractor and 
percutaneous screws. All cages were straight, bullet shaped, 
and inserted under microscopic guidance from one side.  

Table 2. Characteristics of dataset

Group Open TLIF MIS TLIF

Total number, n 27 30

Gender, n (%)

Male 12 (44.4) 14 (46.7)

Female 15 (55.6) 16 (53.3)

Age (years), mean 56.6 57.5

Segment, n (%)

L1/2 1 (3.2) 1 (2.9)

L2/3 2 (6.4) 1 (2.9)

L3/4 3 (9.7) 3 (8.6)

L4/5 15 (48.4) 23 (65.7)

L5/S1 10 (32.3) 7 (20.0)

Number of segments, n

  1 23 26

≥ 2 4 4

Total segment number, n 31 35

ODI preoperatively, % 60.0 62.7

VAS, n

VAS leg pain 7.4 7.5

VAS back pain 7.8 7.7

Table 1. Bridwell’s criteria for interbody fusion [54]

Bridwell interbody fusion system

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

The characteristics are set out in Table 2. Supplemental Graph 2  
and Table 3 illustrate the frequency of each segment operated on.

The analysed population was predominantly female, with 
a mean age of 57.5 and 56.6 years in the MIS and open TLIF 
groups, respectively. Preoperatively, there were no significant 
differences in the parameters studied. Mean operating time was 
(MIS 185.7 ± 45.2 vs. 183.1 ± 66.4 minutes OPEN, p = 0.76), from 
skin incision to final wound closure (Tab. 4, Suppl. Graph 3).  
Mean blood loss was (MIS 167.3 ± 80.0 vs. 297.9 ± 81.5 mL 
OPEN p = 1.1E-05), a predictable result due to the very nature 
of the MIS approach, this being one of its most advantageous 
features (Tab. 5, Suppl. Graph 4). The significant difference was 
in radiation dose, but paradoxically with the patient receiving 
a lower dose in the minimally invasive procedure, (mean radi-
ation dose MIS 16.9 ± 7.1 vs. 22.0 ± 9.7 mGy OPEN, p = 0.012) 
(Tab. 6, Suppl. Graph 5). This is a very encouraging result that 
did not correlate with our hypothesis, where we assumed more 
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Table 4. Statistical comparison between times required for procedures 

Property Open TLIF MIS TLIF

Time (min), median 151 177.5

Time (min), mean ± SD 183.1 ± 66.4 185.7 ± 45.2

Observations, n 27 30

P-value 0.76

Table 5. Statistical comparison between blood loss in different procedures

Property Open TLIF MIS TLIF

Blood loss (mL), median 286 142

Blood loss (mL), mean ± SD 297.9 ± 81.5 167.3 ± 80.0

Observations, n 27 30

P-value 1.1E-05

Table 6. Statistical comparison of radiation dose administered 

Property Open TLIF MIS TLIF

Dose (mGy), median 18.7 13.5

Dose (mGy), mean ± SD 22.0 ± 9.7 16.9 ± 7.1

Observations, n 27 30

P-value 0.012

Table 7. Postoperative monitoring ODI

ODI Open TLIF MIS TLIF

Time period, %

Preoperative 60.0 62.7

1 month 54.2 45.3

6 months 38.6 34.2

1 year 30.4 29.1

2 years 26.0 26.2

Table 8. Postoperative monitoring VAS

VAS Leg pain TLIF Back pain TLIF Leg pain MIS TLIF Back pain MIS TLIF

Time period, n

Preoperative 7.4 7.8 7.5 7.7

1 month 6.2 5.7 5.0 4.8

6 months 5.1 4.8 4.4 4.4

1 year 4.3 4.1 4.0 3.7

2 years 3.8 3.6 3.6 3.5

frequent X-ray inspection when working with K-wires and 
minimally invasive towers. Under fluoroscopic control, it is 
necessary to monitor the position of the K-wires more often 
and to be careful not to immerse the K-wire when implanting 
the screw, which also leads to more frequent fluoroscopy [10, 
14, 27, 35]. We routinely used the MIS technique and checked 
the position of the K-wire only once, and after penetrating 
the screw beyond the pedicle boundary into the vertebra, we 
extracted the K-wire. This led to less fluoroscopic control.

Clinical improvement ocurred in 25/27 TLIF patients 
(92.6%), and paresis improved or corrected in 12/14 patients 
(85%). In the MIS group, improvement occurred in 28/30 pa-
tients (93.3%), and paresis improved or corrected in 10/11 pa-
tients (90.1%). Properly indicated surgery had a positive effect 
on the preoperative neurological deficit. Patients where there 
was no improvement in the paretic component had a long 
duration of debilitation of more than six months.

Regarding complications, in our set there were a total of 
10 radiculitis in the MIS group, accounting for 33%, and 10 in 
the TLIF group as well, accounting for 37%. The second most 
common complication in our study was malposition of the fixa-
tion material, which accounted for five patients (18.51%) in the 
TLIF group and six (20%) in the MIS group. Screw revision was 
required four times in the open TLIF group and five times in the 
MIS group. In all cases this was grade 3 screw malposition. No 
dural sac damage was observed in any of the cases. In two patients 
in the TLIF group, superficial infection was noted, with no need 
for reoperation. There was no complication in terms of epidural 
haematoma, which is related to the use of the Redon drain that 
we inserted on the insertion side of the disc replacement. 

We have completed 2-year follow-up in 27 patients from the 
MIS group and 26 from the TLIF group. The fusion rate achieved 
was 92.6% in the MIS and 92.3% in the TLIF group. Mean post-
operative day of discharge was MIS 5.9 ± 1.8 vs. 7.7 ± 1.6 days 
OPEN. In the MIS group, faster mobilisation and initiation of re-
habilitation were possible and at the same time there was less pain, 
which resulted in faster discharge and less analgesic consumption 
during hospitalisation. The immediate effect of surgery had a rapid 
onset in the MIS group, while in the longer term the differences 
blurred. Surgery had a definite effect when well indicated. The 
postoperative follow-up at two years was practically identical, and 
the Patient Satisfaction Rate (PSR) with the procedure at 2-year 
follow-up was 90%. See postoperative ODI ann VAS for back and 
leg pain in Tables 7–8 and Supplemental Graphs 6–7. 

Discussion

In this paper, one technique is discussed in detail and 
presented in our own dataset, where there is also a comparison 
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between the MIS TLIF technique and the modified open TLIF 
technique. There are many variations of this technique, and 
even in the literature there is no clear definition of it. Currently, 
the MIS TLIF technique is defined as an operation where the 
most basic factor is the use of a tubular non-expandable dilator, 
the second factor is the paramedian incision, and the medial 
incision does not fulfill the MIS TLIF criteria [27, 48, 51, 52]. 
The next criterion is the use of a microscope or surgical loupes 
as an image magnification technique (in future perhaps an 
endoscope), and the last criterion meeting the definition is 
percutaneous insertion of screws and rods. 

As for the hypotheses, the undisputed advantage with 
MIS techniques is lower blood loss, which follows from the 
definition of the technique itself and was confirmed in our 
set. The non-invasive nature of the procedure should also, 
in theory, lead to the lower consumption of analgesics and 
swifter discharge. The unexpected result was the statistically 
significant lower radiation dose for the MIS group. Although 
we started using minimally invasive techniques only in 2017, 
we today use them routinely in other surgical procedures 
such as spinal tumours and infections. Consequently, we 
have acquired certain skills and habits, which results in less 
X-ray control in this procedure. There is only one check of 
the position of K-wires, and extraction of K-wires when the 
screw is just under the dorsal border of pedicle, which leads 
to less frequent fluoroscopy control. At the same time, this 
challenges the narrative of higher radiation dose in minimally 
invasive procedures. The growing number of operations using 
this technique is crucial, but also the surgeon’s experience [32]. 
Both of these things can reduce the radiation dose for patients 
and medical staff and also the time of operation, although the 
times in our study waere almost identical. 

Complications of MIS techniques are a topic for a separate 
discussion. For MIS TLIF, a review of the literature reports 
a risk of complications of 0–33.3% [28, 29, 44, 47]. Wang et al. 
wrote that a distinction should be made between complications 
that are not directly related to the surgical technique and the 
operation and complications that are directly related to the 
procedure; furthermore, complications should be divided 
into permanent and transient complications [27]. One recent 
review of the literature addressing complications associated 
with MIS TLIF procedures reported 89 described complica-
tions, with radiculitis (2.8–57.1%) the most common symptom 
[28, 29]. Fortunately, this is mostly a transient complication 
that subsides and does not require special treatment. It results 
from the technique and approach itself, and is a consequence 
of newly arising sensations and pain in the innervation zone 
of the spinal root, post-operatively. If radiculitis is caused by 
the approach or by manipulation of the spinal root, it will re-
solve within 30 days. Here it is necessary to differentiate root 
symptomatology from other causes and to exclude a compli-
cation such as a haematoma or root compression by another 
pathology that would require an active surgical approach.

Radiculitis occurs naturally also with the open tech-
nique, which results from the very nature of the technique 
and approach. The second most common complication is 
malposition of screws (0.3–12.7%) [28, 29, 44, 47], which was 
confirmed in our study, although there was a higher percentage 
of malposition. We suggest that the fact that we performed 
all operations under fluoroscopic control and/or the larger 
number of more obese patients with poorer visualisation of 
the necessary osseous structures, contributed to this. However, 
this assertion cannot be confirmed, as the BMI value was not 
obtained from the dataset and is only an author‘s hypothesis 
based on his personal experience during the surgeries. In 
patients who are not yet included in the study, this has been 
addressed and the BMI of the patients is noted down, as this 
can serve as an important indicator for evaluating this particu-
lar hypothesis [37]. Another explanation as to why there was 
such a high percentage of malposition could be the delayed 
start with MIS techniques in our department. This technique 
was new to us, and took some time getting used to, which 
could easily have resulted in increased malposition. Nowadays, 
in patients not included in the present study, there is more 
than 96% accuracy of screw positioning. The third most fre-
quent complication is reported to be incidental dura damage 
(0.3–8.6%) [28, 29], which has not yet been observed in our 
study. These complications also occur in the open technique 
but, for example, epidural haematoma, postoperative seroma 
in the wound, reported earlier in open techniques, were not 
observed in our study. In two cases in the TLIF group, super-
ficial infection occurred, without the need for reoperation. 
There are also unique complications associated with the MIS 
technique that do not occur elsewhere. These include frac-
ture of the Kirschner guide wires, which, although rare, has 
a reported incidence of 1.2% [28, 29, 44]. There is a potential 
risk of wire migration and associated problems [28, 29]. This 
complication is likely to be underestimated, with many not 
even considering it as a complication. In our series, we had 
a Kirschner wire fracture in one patient; this was a fracture on 
both sides, with the broken pieces remaining in the vertebra, 
with no migration. Wang et al. published a clinical study from 
a single facility, centred around complications in 204 patients 
who underwent MIS TLIF [29]. The overall incidence periop-
eratively was 36.76% (75/204 patients). Of all complications, 
seven (9.33%) were classified as permanent and 68 (90.67%) 
as transient. A complication that resolved within 30 days of 
surgery was considered transient. The complications in our 
series did not differ significantly from the literature-reported 
data, except for a higher percentage of malposition of the fix-
ation material. Any postoperative radiculitis in our series was 
transient, with resolution within 30 days. Root irritation due 
to malposition of fixation material in our series was present in 
all cases for patients, who also had irritation or radiculopathy 
preoperatively. Thus, we did not record it as new, but rather as 
persistent. In no case with malposition was there a worsening 
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of the motor deficit. We indicated reoperation on the basis of 
postoperative CT scan.

Of course, MIS techniques have their disadvantages. 
However, the advantages appear to outweigh the negatives, 
and many of the disadvantages cited can be considered relative. 
In the literature, longer operating times are often reported 
[8, 9, 13, 14, 24, 33, 37, 40]. The MIS TLIF technique is rela-
tively new, requiring practice, coupled with the fact that the 
operator is working in a narrow working corridor, where the 
orientation is not so clear. However, this is not a completely 
unfamiliar situation. Microscopic approaches for other diag-
noses are commonplace, as is the use of specula or tubes in the 
treatment of other conditions, which significantly reduces the 
time of surgery with the MIS technique. Of course, the time 
will also be reduced as the number of procedures increases. In 
our series, the mean operative time was (MIS 185.7 ± 45.2 vs. 
183.1 ± 66.4 minutes OPEN, p = 0.76) which is practically 
identical. 

Another disadvantage cited is the longer exposure time 
and the greater radiation dose on the patient and the attend-
ing medical staff [3–6, 9, 14, 15 ,17, 35]. In contrast, in our 
cohort we had a statistically significantly lower radiation dose 
to the patient with the MIS technique (MIS 16.9 ± 7.1 vs. 
22.0 ± 9.7 mGy OPEN p = 0.012). In addition to the above, 
the other explanation for this is by less fluoroscopic control 
of the screw trajectory, as we have Kirschner wires in place. 
We emphasise not to plunge the Kirschner wires, hence we 
extracted them before the screw suddenly crossed into the 
vertebral body. Another relative disadvantage is a relatively 
long learning curve and the difficulty of navigating the pro-
cedure through a narrow corridor, which can be eliminated 
by gradually expanding the indications and implementing 
the MIS technique [41, 46, 53]. In mentioning the disadvan-
tages, we must not forget the possibility of a specific type of 
complications, but from the overall picture, it is clear that this 
technique currently has an irreplaceable place in the treatment 
of degenerative spinal diseases. 

For the last three years, we have been going even further 
and using the UNILIF technique, where the screws are only 
on one side, from which we also insert a disc replacement 
[10, 33, 34, 49].

Limitations of study

The dataset in this study is relatively moderate (n ≤ 60) 
with randomised assignment into one of two groups. Although 
the definition of MIS is provided within the context of this 
study, there may be variations in how the surgical procedure 
itself is performed. There might also be limitations associated 
with a 48-month follow-up period, and longer monitoring 
might be required. Lastly, some important parameters (such 
as BMI or cage type) were not taken into account, which 

could have made some of the observed results easier to 
explain. 

Despite that, the discussion describes the observed out-
comes in a clean and conscise manner, with the author pro-
viding some of his insights to assist with drawing conclusions, 
where there is insufficient data to support it. 

Conclusion

In a 48-month post-operative comparison, of the 57 pa-
tients who underwent MIS (30) and open modified TLIF (27) 
for degerative diseases, no significant differences in terms of 
disability, back pain, leg pain, quality of life, patient satis-
faction rate, or complication rate have been observed. Both 
procedures were associated with mean improvements in each 
of the measured parameters compared to baseline. 

Therefore, there is no compelling evidence supporting the 
use of one technique over the other, regarding the eventual 
long term result. However, the results indicate that there are 
significant differences during the procedure itself, namely 
lower blood loss and lower radiation dose administered to the 
patient. The data shows that the MIS technique, when suitable, 
has demonstrable advantages over the modified open TLIF, 
during the surgery itself. However, it is very important to 
consider the experience of the surgeon, who should perform 
the new technique more than once to fully familiarise himself 
with the new aspects of the technique. This can initially re-
sult in an increased rate of complications or higher radiation 
dosing due to the increased need for fluoroscopic control. 
Minimally invasive techniques generally have an acceptable 
risk of complications, comparable to open techniques [28, 29, 
38, 45]. The most common complication is radiculitis, but 
fortunately this is transient in most cases (indeed transient 
for all patients in this dataset). 

This study demonstrates that many of the perceived 
disadvantages of the MIS techniques (longer operating time, 
higher radiation dose) can be mitigated, or even completely 
eliminated, once the surgeon has acquired sufficient experience 
with the method.

Not every patient is suitable for surgery with the MIS 
technique, but strictly indicated target patients clearly benefit 
from it. In future, we will see the gradual replacement of open 
methods of surgery with minimally invasive ones. Nowadays, 
practically every open technique has its minimally invasive 
equivalent. 
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