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Clinical and Radiological Outcomes of Modified
Mini-Open and Open Transforaminal Lumbar
Interbody Fusion: A Comparative Study
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Study Design: Retrospective cohort study.

Purpose: To compare the clinical and radiological outcomes of modified mini-open transforaminal lumbar interbody fusion (modMQOT-
LIF) and open TLIF (OTLIF).

Overview of Literature: Minimally invasive transforaminal lumbar interbody fusion (MTLIF) is associated with less blood loss, short-
er hospital stay, and less pain. However, it has concerns like increased radiation exposure, steep learning curve, and instrumentation
cost. We modified the MTLIF technique by direct freehand insertion of pedicle screws using stab incisions without tubular retractors.
Methods: The study included 24 patients in the modMOTLIF group and 27 patients in the OTLIF group. The average follow-up period
was 25.6 months. Clinical outcomes were measured using Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) scores. Se-
rial X-rays were acquired at 1, 3, 6, 12, and 24 months to assess the union and presence of instability. We also compared blood loss
and length of hospital stay in both groups.

Results: All patients showed progressive improvement in VAS and ODI scores. No differences were observed in the preoperative and
postoperative ODI and VAS leg scores between the groups. The immediate postoperative VAS back score was significantly higher in
the OTLIF group than in the modMOTLIF group; however, no difference was observed at 1 and 2 years. Radiological analysis showed
nonunion in one and two patients in the OTLIF and modMOTLIF groups, respectively. The average blood loss was 63 mL in the mod-
MOTLIF group and 254 mL in the OTLIF group. The mean hospital stay was 3 days for the modMOTLIF group and 5 days for the OTLIF
group.

Conclusions: modMOTLIF was associated with reduced blood loss and shorter hospital stay compared with OTLIF. No significant dif-
ferences were observed in the clinical and radiological outcomes between the groups after 2 years despite reduced back pain in the
immediate postoperative period in patients who underwent modMOTLIF.
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Introduction measures. Lumbar interbody techniques have been as-

sociated with increased disc space height, which increases

For degenerative lumbar disorders, several surgical tech- the foraminal height, provides adequate decompression of
niques have been described after failure of conservative the neural elements, and restores spinal alignment [1,2].
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Transforaminal lumbar interbody fusion (TLIF) was first
described by Harms and Rolinger [3] in 1982, and it has
been used widely with good results ever since. However,
studies have shown that open TLIF (OTLIF) is associ-
ated with extensive soft tissue dissection for attaining a
proper lateral to medial trajectory for the pedicle screws,
increased blood loss, damage to the paraspinal muscu-
lature resulting in increased postoperative pain, and im-
paired spinal function [4-7]. Mummaneni and Rodts [8]
described the technique of mini-open TLIF (MOTLIF)
using expandable tubular retractors. Several other authors
have described minimally invasive or percutaneous TLIF
(pTLIF) [9-15], where they used guide wires and can-
nulated screws. Both MOTLIF and pTLIF are associated
with minimal tissue dissection, less blood loss, shorter
hospital stay, reduced postoperative pain, and early mo-
bilization and rehabilitation [10-12]. The concerns with
these techniques are increased radiation exposure, steep
learning curve, and instrumentation cost [16]. Few au-
thors have reported higher union rates with MOTLIF
procedures [17,18]. Clinical outcomes have been found
to be similar between MOTLIF and OTLIF [19,20]. We
modified mini-open TLIF (modMOTLIF) using a single
midline incision and special retractors for direct freehand
insertion of pedicle screws. The aim of this study was to
analyze the clinical and radiological outcomes of MOTLIF
and modMOTLIE

Materials and Methods

We included 24 patients (average age, 54.63 years) who
underwent modMOTLIF and 27 patients (average age,

53.63 years) who underwent OTLIF at Sri Ramachandra
Medical University, Chennai between January and July
2014. And the study was performed after obtaining in-
stitutional review board approval. Of the 24 patients in
the modMOTLIF group, 20 had degenerative listhesis
with lumbar canal stenosis and four had lytic listhesis. In
the OTLIF group, 21 patients had degenerative listhesis
with stenosis and six had lytic listhesis. Patients with dys-
plastic listhesis and high-grade listhesis (>grade 2) were
not included in the study. All patients had a single-level
TLIE L4-L5 TLIF was performed in 14 patients, L3-L4
TLIF in one patient, and L5-S1 TLIF in nine patients in
the modMOTLIF group. In the OTLIF group, 15 patients
underwent L4-L5 TLIF, one underwent L3-L4 TLIE and
11 underwent L5-S1 TLIE The average follow-up period
was 25.6 months. Clinical outcomes were measured using
the Visual Analog Scale (VAS) and Oswestry Disability
Index (ODI) scores. Radiological outcomes were analyzed
using serial X-rays at 1, 3, 6, 12, and 24 months. Dynamic
X-rays were taken at the end of 1 year to assess the union
and presence of instability. We also compared the blood
loss and length of hospital stay in both groups.

The collected data were analyzed using IBM SPSS
statistics software ver. 23.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics (frequency and percent-
age analyses) were used for categorical variables, and
the meantstandard deviation analysis was used for
continuous variables. To determine significant differ-
ences between the bivariate samples in the independent
groups, the unpaired sample t-test was used for normal
data andthe Mann-Whitney U-test for skewed data. The
repeated measures analysis of variance was used with

Fig. 1. (A-C) Preoperative X-ray and magnetic resonance imaging image of a patient with Iytic listhesis.
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the Bonferroni test with adjustments for multiple com-
parisons to control type I errors for normal data; for the
skewed data, the Friedman test followed by the Wilcoxon
signed rank test was used. To determine the significance
of differences in categorical data, the chi-square test was
used. For all tests, p<0.05 was considered significant.
Patients under general anesthesia were positioned
prone over bolsters. A midline skin incision was made
from pedicle to pedicle under C-arm guidance. Next, a
subdermal dissection was made laterally on both sides
by developing a plane between the superficial fascia and
the thoracolumbar fascia, which allowed easy retraction.
Subdermal dissection stab incisions were made directly
over the pedicle under fluoroscopy guidance. The intra-
muscular plane was established, and special retractors
(modified Taylors retractor) were then hooked around the
transverse process for direct visualization of the facet joint

and the base of the transverse process (Figs. 1, 2). Con-
ventional steps were then followed for freehand insertion
of polyaxial pedicle screws into the pedicle without the re-
quirement of a C-arm. Once all the screws were inserted,
a C-arm was used to confirm the position of the screws.
On the side of TLIF, screws were inserted into the
pedicles as described earlier. The intramuscular plane was
established and the facet joint was exposed. The facet joint
was knocked off completely under direct vision, and the
traversing root and disc space were identified. An incision
was made in the disc, which was completely removed, and
the end plates were curetted and prepared. Bone grafts
were packed anteriorly, followed by a cage packed with
grafts. The positions of the screws and cage were con-
tirmed under fluoroscopy, and the wound was closed in

layers without a drain.

Fig. 2. (A, B) Intraoperative picture of the patient in Fig. 1 showing the special retractor.
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Fig. 3. Bar diagram comparing blood loss (A) and hospital stay (B) of both groups. modMOTLIF, modified mini-open
transforaminal interbody fusion; OTLIF, open transforaminal interbody fusion.
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Table 1. Comparison of variables between modMOTLIF and OTLIF

Mean Standard deviation  Standard error mean p-value
Age (yr) 0.605
modMOTLIF 24 54.63 7.972 1.627
OTLIF 27 53.63 5.617 1.081
Blood loss (mL) 0.0005"
modMOTLIF 24 63 21.565 4.402
OTLIF 27 254 70.937 13.652
Hospital stay (day) 0.0005°
modMOTLIF 24 3 0.676 0.138
OTLIF 27 5 1.013 0.195

modMOTLIF, modified mini-open transforaminal interbody fusion; OTLIF, open transforaminal interbody fusion.

"p<0.05.
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Fig. 4. Bar diagram and chart comparing 0Dl scores between the
groups (preop, postop 1 year, and postop 2 years). modMOTLIF, modi-
fied mini-open transforaminal interbody fusion; OTLIF, open transfo-
raminal interbody fusion; ODI, Oswestry Disability Index; Preop, preop-
erative; Postop, postoperative.

Results

The mean age of the patients was 54.63 years in the mod-
MOTLIF group and 53.63 years in the OTLIF group. The
average blood loss was 63 mL in the modMOTLIF group
and 254 mL in the OTLIF group; the average hospital stay
was 3 days in the modMOTLIF group and 5 days in the
OTLIF group (Fig. 3, Table 1). Blood loss and hospital
stay were significantly lesser in the modMOTLIF group
than in the OTLIF group (Table 1). All 51 patients showed
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Fig. 5. Bar diagram and chart comparing the VAS back scores between
the groups (preop, immediate postop, postop 1 year, and postop 2
years). modMQTLIF, modified mini-open transforaminal interbody fu-
sion; OTLIF, open transforaminal interbody fusion; VAS, Visual Analog
Scale; Preop, preoperative; Postop, postoperative.

@

significant improvements in the VAS and ODI scores. A
significant improvement was observed in the VAS back,
VAS leg, and ODI scores in both groups (p<0.05) (Figs.
4-6). No differences were observed in the preoperative
and postoperative ODI scores and VAS leg scores between
the groups (Figs. 4-6). The immediate postoperative
VAS back score was higher in the OTLIF group than in
the modMOTLIF group (Fig. 5). However, the VAS back
scores at the end of 1 and 2 years were not significantly
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Fig. 6. Bar diagram and chart comparing the VAS leg scores between
the groups (preop, immediate postop, postop 1 year, and postop 2
years). modMOTLIF, modified mini-open transforaminal interbody fu-
sion; OTLIF, open transforaminal interbody fusion; VAS, Visual Analog
Scale; Preop, preoperative; Postop, postoperative.

different between the two groups (Fig. 5). Radiological
analysis showed nonunion in three (5.9%) out of the 51
patients (two, modMOTLIF group; one, OTLIF group).
None of the patients were symptomatic.

Discussion

Degenerative disc disease is one of the most common
disorders affecting the lumbar spine. Surgery is the treat-
ment of choice when conservative treatment fails. Various
surgical techniques have been described in the literature.
The goal of these surgical techniques is to decompress
the neural elements and to achieve fusion between the
segments involved. The interbody fusion procedures
have several advantages, such as increasing the disc and
foramen height, thereby decompressing the nerve roots;
achieving 360° fusion by placing cage and bone grafts
anteriorly; and regaining sagittal balance by restoring
lumbar lordosis [1,2]. TLIF was first described by Harms
and Rolinger [3], and since then, it is being used widely
with good outcomes. However, the procedure involves
extensive paraspinal muscle dissection, which results in
muscle denervation, increases postoperative pain, and
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delays rehabilitation [4,5]. It has also been shown that the
OTLIF procedure is associated with increased blood loss
and increased hospital stay [6,7]. To overcome these dis-
advantages, minimally invasive techniques such as MOT-
LIF or pTLIF have been described by various authors with
comparable results [8,9-15]. Although the procedures
involved have several advantages, there are concerns, such
as increased radiation exposure, steep learning curves,
and instrumentation cost that have yet to be addressed.

Our technique is a modification of the minimally inva-
sive TLIF procedures, wherein we use a single midline in-
cision from the midpoint of the pedicle to the midpoint of
the pedicle below; this gives a cosmetically better scar than
that from multiple stab incisions. This incision is followed
by subdermal dissection and direct incision over the facet
joint between the pedicles. The plane is intramuscular
rather than intermuscular as used in the MOTLIF and
PTLIF procedures. The attachment of the multifidus mus-
cle is from the spinous process to the superior facet of the
vertebra two levels below, whereas the longissimus lum-
borum is attached to the medial aspect of the transverse
process [21]. Because of this arrangement of the muscle
fibers, placing a retractor by developing an intermuscular
plane leads to the lateral aspect of the facet joint, which
requires a more medial angulation for screw placement.
After the intramuscular dissection, we place the expand-
able retractor so that the facet joint is completely exposed.
The pedicle screws can be directly inserted freehand with
minimal use of fluoroscopy, less angulation, and without
the need for guide wires and tubular retractors. Moreover,
complete facetectomy is facilitated, and the nerve roots
can be thoroughly decompressed under direct vision.

We use an expandable retractor on the side of TLIF and
special retractors hung by weights around the transverse
process on the contralateral side for placement of screws.
The intramuscular approach and the placement of retrac-
tors around the transverse process allows direct visual-
ization of the facet joint and the base of the transverse
process; therefore, there is no difference between the open
technique and our technique. The steep learning curve has
been noted as a disadvantage of the MOTLIF and pTLIF
procedures by a few authors. Our technique is relatively
easy and simple, and surgeons who perform OTLIF will
not have any difficulty with this method.

Radiation exposure, which is a major concern for these
procedures, is also taken care of by this method. Fluo-
roscopy in our study was used to check and confirm the
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levels, to mark the pedicles, and finally for ascertaining
the position of the screws and cage. Because there are no
blind steps involved in this procedure, the fluoroscopy
time is significantly reduced.

Rodriguez-Vela et al. [22] showed no significant dif-
ferences in ODI and VAS back and leg scores in both
groups. In our study, there was a significant improvement
based on the ODI score in the clinical outcomes in both
groups. The two groups had a significant improvement
in the postoperative ODI scores at 1 year and 2 years; no
differences were observed between the two groups. There
were no differences in the preoperative VAS for back pain
and leg pain in both groups. The VAS score for back pain
in the immediate postoperative period was significantly
lesser in the modMOTLIF group than in the OTLIF
group. This result could be because of the extensive tissue
dissection and muscle injury that occurs during the open
procedure, which is significantly less in our technique.
However, at 1 and 2 years postoperatively, no differences
were observed in the VAS back scores. The postoperative
VAS leg pain scores were similar between the groups.

Conclusions

The modMOTLIF procedure is associated with reduced
blood loss and shorter hospital stay compared with the
OTLIF procedure. No differences were observed in the
clinical and radiological outcomes between the groups af-
ter 1 year despite improved short-term clinical outcomes
in patients who underwent modMOTLIE
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