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Prospective Comparative Study of Clinical and Radiological
Outcome of Open Versus Minimal Invasive Transforaminal
Lumbar Interbody Fusion in Degenerative Lumbar Spine Disease
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Abstract
Objectives: Clinical outcome of degenerative lumbar spine disease treated by minimal invasive and open TLIF assessed by visual
analog score and Oswestry Disability Index and to compare radiological outcome by Bridwell interbody fusion grading, Cobb’s
angle and to compare intraoperative blood loss, length of hospital stay, and duration of surgery between the two groups.
Materials and Methods: A prospective comparative study of 50 patients with degenerative lumbar spine disease with Grade I
spinal canal stenosis, spondylolisthesis Grades II and III were treated with minimal invasive TLIF and open TLIF at the
Department of Spine Surgery, Sanjay Gandhi Institute of Trauma and Orthopaedic, Bengaluru, from June 2019 to June 2020.
Clinical assessment was done with VAS and ODI score system and radiological assessment was done with Cobb’s angle, Bridwell
interbody fusion grading system. Patients were divided into two groups according to the surgical method used. In Group A, 25
patients underwent minimal invasive TLIF. In Group B, 25 patients underwent open TLIF. Clinical and radiological parameters
were evaluated before surgery, after surgery, 3 months, 6 months, and 1 year after surgery.
Results: Our study had predominant female population. Predominant age group was 45–55 years, who had degenerative lumbar
spine disease. The most common degenerative disease was spondylolisthesis. Majority of the patients had L4–L5 level
involvement. VAS at the end of 12 months was 1.6 and 2.5 for M–TLIF and O–TLIF, respectively. ODI scores at the end of 12
months where 13.8 and 19.2, respectively, for M–TLIF and O–TLIF. Average hospital stay was 5.4 and eight, respectively, for
minimally invasive transforaminal lumbar interbody fusion (M-TLIF) and open TLIF (O-TLIF). M-TLIF had less blood loss then
O-TLIF. There was no statistical difference in the Bridwell fusion grading between the two groups.
Conclusion: M-TLIF provides patients a safe option for lumbar fusion, and the technique is comparable to open TLIF with similar
operating time, equivalent clinical and radiological outcomes, and comparable complication rates. In addition, M-TLIF patients do
have significant advantages over open TLIF patients in terms of perioperative outcomes, such as less blood loss and pain, earlier
ambulation, and discharge from hospital.
Keywords: Degenerative lumbar spine disease; Open transforaminal lumbar interbody fusion; Minimally invasive transforaminal
lumbar interbody fusion; Spondylolisthesis; Spinal canal stenosis.
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Introduction
Various lumbar fusion procedures are
available to treat different pathological
spinal disorders which include spinal
canal stenosis, lumbar spinal
deformities, and instabilities. Major goal
is to achieve good fusion, stable
arthrodesis of spinal segments with
maintained good disc height, and
vertebral alignment, thus reliving the
pressure on exiting neural structures
[1].

Various fusion procedures are currently
followed such as posterolateral vertebral
body fusion, PLIF, TLIF, OLIF, and
ALIF [2]. Harms et al. first used TLIF in
the 1980s and published article showing
added advantage of TLIF over PLIF
[1,13]. TLIF has unilateral exposure,
decreased neural retraction, decreased
potential neurological injury, better
maintenance of lumbar lordosis, use of
single cage, and better fusion
(circumferential) than PLIF, where two
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bullet cages have to be used [4].
TLIF has been a proven and safe
technique in achieving lumbar fusion
[2,13]. Unfortunately, it is also been
associated with significant morbidities
due to extensive muscle stripping and
retraction during procedure leading to
prolonged ischemia affecting both shortand long-term outcome [1,13].
W i t h a d v a n c e s i n i m age - g u i d e d
navigation surgery, minimally invasive
TLIF (M-TLIF) was developed [4]. MTLIF got popular ized due to its
minimized tissue trauma, less potential
blood loss, shorter hospitalization,
reduced clinical symptoms, and early
mobilization [3,13]. However, it has
been shown that M-TLIF requires more
radiological exposure, more operating
time, and higher neurological
complication with steep learning curve
[5,13]. If the surgeon masters the skills
and gains adequate experience in MTLIF, the operative time becomes almost
equal to that in the open transforaminal
lumbar interbody fusion (O-TLIF)
group [13].
Hence, this study is conducted to know

Figure 1: Cobb’s Angle measurement Schematic diagram

Figure 2: Cobb’s Angle measurement on PACS

the clinical and radiological outcome of
open versus minimal invasive TLIF in
degenerative lumbar spine disease.
Materials and Methods
Patients with Grade III spinal canal
stenosis, that is, spinal canal diameter less
than 9 mm, spondylolisthesis Grades II
and III, admitted to Sanjay Gandhi
Institute of Trauma and Orthopaedic,
Bengaluru, were considered for the study.
Only single-level TLIF cases were
included. Inclusion criteria were
included in the study: (1) Spinal canal
diameter less than 9 mm. (2)
Spondylolisthesis Grades II and III. (3)
Spinal canal stenosis w ith severe
neurological claudication. (4) Age less
than 70 years. (5) Patient willing for open
or minimal invasive TLIF surgery and
giv ing informed written consent.
Exclusion criteria were excluded from
the study: (1) Traumatic or pathological
vertebral fracture. (2) Multiple level
involvement. (3) Grade IV
spondylolisthesis/spondyloptosis. (4)
Severe medical comorbidities. (5) Age
more than 70 years. The study was done

from June 2019 to June 2020.
Open TLIF and minimal invasive TLIF
were performed in 25 and 25 patients,
respectively. Allocation to groups was
done by surgeon preference. Results were
evaluated clinically by VAS and Oswestry
Disability Index (ODI) score and
radiologically using Bridwell fusion
grading and Cobb’s angle. Cobb’s angle
was measured in SYNAPSE PACS
software. The patient was followed up for
3 months, 6 months, and 1 year. Along
with this operative time, estimated blood
loss, length of hospital stay, and
complications were also assessed.
Minimal invasive – TLIF technique
The patient was positioned prone to a
spinal surgery radiolucent table under
general anesthesia. The entire operation
was carried out in two steps:
Decompression, discectomy, and cage
insertion for interbody fusion, surgical
access obtained using a tubular retraction
system. Percutaneous placement of
pedicle screw. The side of the approach
was usually based on the location of the
pre-operative radicular symptoms.

Figure 4: Intraoperative photograph of disc preparation for MFigure 3: Intraoperative photograph of percutaneous pedicle
TLIF
screw fixation for M-TLIF

Figure 5: Image Intensifier photograph of pedical screw
placement

Figure 6: Intraoperative photograph of microscopic
disccetomy showing
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Under fluoroscopic guidance, guide wire
was advanced, centered over facet joint.
Sequential dilators were inserted over
guide wire. A 22 mm tubular retractor of
appropriate length was used as the
working channel. Under microscopic
v i s u a l i z a t i o n , f a c e t e c t o m y,
decompression, discectomy, and endplate preparation were done through
tube. Contralateral decompression was
done by wanding technique through the
same unilateral incision. Sufficient
autologous bone graft obtained from
removed facet was packed in the anterior
third of the disc space. A cage of
appropriate size was inserted. Screws and
rods were placed percutaneously on both
sides and compression applied across the
cage.
Open – TLIF
After a posterior midline incision, fascia
and paraspinal muscles were retracted
with the help of self-retaining retractors,
for far lateral exposure beyond facet joint.
The pedicle screws were inserted using
the freehand technique. A unilateral
facetectomy at the level of fusion was
done. A standard decompression was
carried out in the respective cases
requiring decompression. A thorough
discectomy and end-plate preparation
was per for med , fol lowed by the
placement of interbody cage with
autograft.
The patient will be followed
postoperatively for functional and
radiological assessment at 3 months, 6

pain reduction assessed by VAS during
immediate post-operative, 6 months, and
12 months in M-TLIF group compared
to O-TLIF group. On statistical analysis,
there was statistically significant
morbidity reduction assessed by ODI
score during immediate 3 months, 6
months, and 12 months in M-TLIF
group compared to O-TLIF group. There
was no statistically significant difference
between the two groups for Cobb’s angle.
Average blood loss was 216 ml in M-TLIF
group and 496.67 ml in O-TLIF group.
Average hospital stay was 5.4 days in MTLIF group compared to 8 days in OTLIF group. Average duration of surgery
was 178 min in M-TLIF group and
169.33 min in O-TLIF group. On
statistical analysis, it was found that MTLIF group had reduced blood loss and
length of hospital stay compared to OTLIF group, which was statistically
significant. Duration of surgery was more
in M-TLIF group compared to O-TLIF
group which was statistically significant.

months, and 12 months.
Titanium cages were used for both the
groups.
Results
Our study had predominant female
population. Mean age in M-TLIF was
47.87 years and in O-TLIF was 53.40
years. Predominant age group was 45–55
years, who had degenerative lumbar
spine disease. The most common
degenerative disease was
spondylolisthesis. Majority of the
patients had L4–L5 level involvement.
Total number of patients involved in the
study was 50, 25 O-TLIF and 25 M-TLIF.
In these 50 patients, 29 were female (15
M-TLIF, 14 O-TLIF) and 21 males (10
M-TLIF, 11 O-TLIF). Average VAS and
ODI scores at the end of 12 months
follow-up were 1.6 and 13.8, respectively,
for O-TLIF. Average VAS and ODI scores
at the end of 12 month were 2.5 and 19.2,
respectively, for M-TLIF. On statistical
analysis, there was statistically significant
Table 1: Sex Distribution
Type of surgery

Male

Female

Total

M-TLIF

10

15

25

O-TLIF

11

14

25

Total

21

29

50

Sex Distribution

Table 2: Age Distribution
Type of surgery
Minimally invasive transforaminal
lumbar interbody fusion

Open transforaminal lumbar interbody
fusion

Mean

n

Minimum

Maximum

47.87

25

32

66

9.039

53.4

25

38

66

8.416

O TLIF Age Distribution

M TLIF Age Distribution

Figure 7: Intraoperative photograph of open TLIF
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Table 3: Visual analog score
Type of
surgery

n

M-TLIF
O-TLIF
M-TLIF
Post-operative
O-TLIF
M-TLIF
3 months
O-TLIF
M-TLIF
6 months
O-TLIF
M-TLIF
12 months
O-TLIF

25
25
25
25
25
25
25
25
25
25

VAS
Pre-operative

Minimum Maximum Mean
6
6
4
5
3
3
2
3
1
2

9
9
5
6
4
4
3
4
3
3

7.6
7.47
4.6
5.27
3.4
3.73
2.4
3.13
1.6
2.53

Median

SD

8
8
5
5
3
4
2
3
2
3

0.828
0.834
0.507
0.458
0.507
0.458
0.507
0.352
0.632
0.516

Kruskal–
Wallis test
P-value
0.584
0.002
0.07
0.001
0.001

VAS Score

Table 4: Oswestry Disability Index
Type of
surgery

n

Pre-operative M-TLIF
O-TLIF
Post-operative M-TLIF
O-TLIF
3 months
M-TLIF
O-TLIF
6 months
M-TLIF
O-TLIF
12 months M-TLIF

25
25
25
25
25
25
25
25
25

80
80
64
64
37
55
17
31
11

O-TLIF

25

17

s

Minimum Maximum

Mean

Median

88
88
71
73
42
62
24
42
15

83.6
83.07
66.47
67.87
39.6
58.13
21
37.07
13.8

84
84
66
68
40
57
20
37
15

22

19.2

Kruskal–
Wallis test
P-value
2.141
0.618
2.815
2.031
0.149
2.669
1.805
0.001
2.264
1.813
0.001
3.305
1.474
0.001
SD

2.484

ODI Score

Table 5:

Cobb’s angle

Cobb’s angle
Pre-operative

Type of
surgery
M-TLIF
O-TLIF

Post-operative

M-TLIF
O-TLIF

3 months

M-TLIF
O-TLIF

6 months

M-TLIF

12 months

M-TLIF

O-TLIF
O-TLIF

Kruskal–
n

Minimum

Maximum

Mean

SD

25
25
25
25
25
25
25
25
25
25

34
30
38
40
40
40
40
40
40
40

54
64
50
50
50
50
50
50
50
52

43
46.27
43.07
45.27
44.33
44.93
44.93
45.8
45.33
44.93

8.027
9.498
3.882
3.918
3.638
3.693
3.348
3.489
3.716
3.693

Wallis test
P-value

0.145
0.145
0.704
0.516
0.784

At the end of 12 months follow-up, 93.3
% of open and 93.3% of M-TLIF patient
achieved Grade I fusion.
Discussion
Interbody fusion is a common procedure
used to treat various spinal pathologies.
Harms et al. first used TLIF in the 1980s,
and the procedure has added advantage
over PLIF as it allows for unilateral
exposure, sufficient disc space exposure
with resection of single facet joint,
decrease neural retraction, and potential
neurologic injury. TLIF procedure is a
unilateral approach, prevents dissection
of contralateral str uctures. TLIF
procedure also preserves the integrity of
posterior column through minimizing
lamina, facet, and pars resection, which
are frequently disrupted during PLIF.
Over the past three decades, TLIF has
been a proven and safe technique in
achieving lumbar fusion.
The main criticism of conventional OTLIF remains the extensive exposure of
the vertebral column required and the
associated dener vation of the
paravertebral musculature not only at the
unstable segment but also at the level of
neighboring musculoskeletal motor
units. A high proportion of patients who
undergo this conventional procedure
complained long-term low backache.
The use of self-retaining retractors is also
presumed to be associated with pain,
which is theoretically assumed to
correlate with high intramuscular
penetration pressure generated by the
direct extension of retractors. In 1968,
Wiltse developed a new paraspinal
sacrospinous muscle splitting approach
to deal with lumbar instability with
subsequent mod i f icat ion of thi s
procedure combined with TLIF and the
tunnel technique [5]. In 1977, the first
use of the percutaneous pedicle screw
placement technique was described by
Foleys et al. first described this novel
technique using specialized tubular
retractors and under radiological
guidance through a muscle splitting
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Table 6: Length of hospital stay, Blood loss, and Duration of surgery

Type of

surgery

N

Mean

Maximum

Minimum

SD

Kruskal–
Wallis test

P-value

Duration of surgery

Blood loss

Days of hospital stay

M-TLIF

25

178

160

200

10.657

O-TLIF

25

169.33

160

180

7.037

M-TLIF

25

216

150

300

48.226

O-TLIF

25

496.67

350

660

107.68

M-TLIF

25

5.4

4

6

0.737

O-TLIF

25

8

6

9

1

Duration of Surgery

0.019

0.001

0.001

Days of Hospital Stay

Blood Loss

Table 7: Bridwell fusion grading
Type of
surgery
3 months

6 months

12 months

I

%

II

%

III

%

Total

M-TLIF

4

26.7

11

73.3

25

O-TLIF

2

13.3

13

86.7

25

M-TLIF

4

26.7

11

73.3

25

OLTLIF

3

20

12

80

25

M-TLIF

14

93.3

1

6.7

25

O-TLIF

14

93.3

1

6.7

25

approach [3]. Because of the limited
incision length and localized splitting of
paraspinal muscles, it is reasonable to
assume that the novel technique could be
ex pected to reduce blood loss,
minimizing soft-tissue damage, reducing
recovery time, reduced postoperative
pain, and decreased length of hospital
stay. Relative to O-TLIF M-TLIF is
associated with less hospital stay, less
disability, and less blood loss at the
expense of a longer fluoroscopy time.
In our study, the aim was to compare the
clinical and radiological outcome of O-

TLIF with M-TLIF in degenerative
lumbar spine disease. Totally, 50 cases
were included in this study, conducted
between June 2019 and June 2020,
mainly conducted on spinal canal
stenosis and spondylolisthesis of Grade
II/III. Only one level degenerated
segmented was chosen. The study was
assessed clinically with VAS for back pain
and ODI scores for disability. Patients in
the M-TLIF group had lesser low back
pain. Average VAS and ODI scores at the
end of 12 months follow-up were 1.6 and
13.8, respectively, for O-TLIF. Average

VAS and ODI scores at the end of 12
months were 2.5 and 19.2, respectively,
for M-TLIF. Average hospital stay of OTLIF was 8 and M-TLIF was 5.4. Average
operative time was 168 min and M-TLIF
was 178 min. On doing statistical
analysis, it has been found that M-TLIF
patients had less blood loss, low back
ache, better recovery in time, and were
early to get back to their routine daily
work.
Study was also assessed radiologically
with Cobb’s angle and fusion grading by
Bridwell fusion index. Average Cobb’s
angle at the end of 12 months follow-up
of O-TLIF was 44.93 and M-TLIF was
45.33.
On statistical analysis, in terms of bony
fusion at the end of 6 months and 1 year,
the M-TLIF group was able to achieve
comparable high fusion rate as the open
group with no statistical difference
between the two groups. At the end of 6
months, 80% open and 73% of the MTLIF patient achieved Grade II fusion.
At the end of 12 months follow-up, 93.3
% of open and 93.3 % of M-TLIF patient
achieved Grade I fusion. One patient in
M-TLIF group had nerve root injury and
one dural injury.
Compared to O-TLIF, M-TLIF is
technically challenging as the surgery
involves a much smaller, operative field
and requires more radiological exposure
to fluoroscopy. Early study indicated long
operative time and more fluoroscopy
exposure, has steep learning curve of MTLIF. This happens with all newly
introduced surgery. Recent literature
suggests that (Miller et al.) even
operative time and fluoroscopy exposure
are reduced when compared to 5 years
back, but when compared to O-TLIF, it is
more. M-TLIF requires additional
specialized instrumentation to achieve
minimal tissue disruption and additional
cost for the instruments. The benefits of
M-TLIF are superior perioperative
outcomes, that is, early ambulation, less
analgesic requirement and shorter
hospital stay, and less blood loss.
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O-TLIF patients generally take 3 times as
long to start walking and their stay twice
as long in the hospital.
Limitation of study was lesser sample
size, only 1 year follow-up was done and
only one degenerated segment was
selected.

www.jkoaonline.com
Conclusion
M-TLIF provides patients a safe option
for lumbar fusion, and the technique is
comparable to O-TLIF with similar
operating time, equivalent clinical and
radiological outcomes, and comparable
complication rates. In addition, M-TLIF

patients do have significant advantages
over O-TLIF patients in terms of
perioperative outcomes, such as less
blood loss and pain, earlier ambulation,
and discharge from hospital.
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