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Objective: To compare the clinical and radiographic outcomes between minimally invasive and open transforaminal lumbar
interbody fusion (TLIF) for treatment of lumbar spondylolisthesis

Material and Method: A retrospective clinical study of 24 consecutive cases of lumbar spondylolisthesis treated by minimally
invasive TLIF (n = 12) or open TLIF (n = 12) was done at Ramathibodi Hospital between June 2008 and December 2009.
The following parameters were compared between the two groups, clinical and radiographic outcomes, blood loss, operative
time, length of hospital stay, and complications.

Results: The average duration of follow-up was 28 months (range, 24 months to 38 months). There was significantly
less intra-operative blood loss in minimally invasive TLIF group comparing to open TLIF group (317 cc vs. 645.83 cc:
p-value = 0.04). No significant difference was observed in clinical outcomes (VAS or ODI at 2 years), radiographic outcome
(91.67% fusion rate in both groups), operative time (340 minutes vs. 324 minutes: p-value = 0.96) length of hospital stay
(8.42 days vs. 8.33 days: p-value = 0.09) and major complication (8.33% in both groups) between the two groups.
Conclusion: Minimally invasive TLIF has similar clinical outcomes and fusion rate compared to open TLIF with additional
benefit of less intra-operative blood loss. However, the operative field of this technique is limited so thorough knowledge of

anatomy in this region is required.
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Options of spinal fusion for lumbar
spondylolisthesis include posterolateral fusion
(PLF), posterior lumbar interbody fusion (PLIF),
transforaminal lumbar interbody fusion (TLIF)!-,
anterior lumbar interbody fusion (ALIF) and direct
lateral lumbar interbody fusion (DLIF).

TLIF technique requires less mobilization of
the thecal sac and traversing nerve root and less risk
of retraction injury to the nerve roots comparing to
PLIF®D.

Minimally invasive transforaminal lumbar
interbody fusion (MIS TLIF) has recently been
introduced with the aims of smaller wounds, less tissue
trauma, less postoperative pain and decreased length
of hospital stay®').
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The purpose of the present study was to
compare the clinical and radiographic outcomes
between minimally invasive and open TLIF.

Material and Method

After approval from the Ethical Committee,
charts of the patients who underwent TLIF between
June 2008 and December 2009 were reviewed
retrospectively. The indication of surgery in all patients
was grade 1 or 2 spondylolisthesis presenting with
mechanical low back pain, radiculopathy, and/or
neurogenic claudication.

All patients underwent pre-operative
evaluation with static (anteroposterior and lateral) and
dynamic (flexion-extension) plain lumbo-sacral (L-S)
spine radiography and magnetic resonance imaging
(MRI). All patients had failed conservative management
(minimum 6 months) before surgery.

The clinical outcomes in terms of Visual
Analogue Scores (VAS) for back pain and leg pain and
Oswestry Disability Index (ODI) were evaluated before
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surgery and at 3 months, 6 months, 1 year, and 2 years
after surgery. The radiographic outcome was assessed
by fusion rate at 2 years after surgery using plain film
and computerized tomography (CT) of the L-S spine.
Definitions of spinal fusion are 1) presence of bone
bridging between endplates, 2) absence of spinal
motion at fusion segment in dynamic film, 3) absence
of pedicle screws and rods breakdown, and 4) absence
of radiographic loosening of screws. All data was
collected prospectively and this is a retrospective
review of that data.

The patient demographic data and other
parameters including blood loss, operative time, length
of hospital stay, and complications were retrospectively
reviewed from the patients’ charts as well. Major
complications are defined as complications that
require re-operation or cause permanent neurological
deficits.

Statistical analysis was performed with the
use of SPSS version 10.0 and Stata version 11.0
(StataCorp Inc., College Station, TX, US). Student’s
t-test and/or Mann-Whitney U-test, Chi-square test or
Fisher’s exact test depending on data distribution
were used to assess levels of statistical significance.
Significance was defined as p-value <0.05.

Technique for open TLIF

The TLIF procedure is performed on the more
symptomatic side. If both legs are symptomatic, the
approach is from the side of more severe pathology. A
midline skin incision is used. Laminotomy, unilateral
total facetectomy and contralateral medial facetectomy
is performed. This is followed by discectomy and
placement of local autogenous bone graft and interbody
cage. Bilateral pedicle screw-rod constructs are
inserted. Position of the constructs and interbody
cage is checked with intra-operative fluoroscopy. The
wound is irrigated and closed.

Technique for MIS TLIF

Bilateral paramedian incisions are made
approximately 3 to 4 cm lateral to the midline,
extending between the rostral and caudal pedicle at the
disc level of interest, which is approximately 3 cm
long. Tubular sequential dilators and expandable
pipeline retractor are sequentially placed down to the
facet joint. A total facetectomy is then performed.
Discectomy and disc space preparation is performed.
The autograft is then placed into the interbody space
followed by an interbody cage. All percutaneous
pedicle screws-rods are placed. Fluoroscopy is used to
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ensure satisfactory position of the cage, screws and
rods (Fig. 1, 2). Fig. 3 shows postoperative wounds
following MIS TLIF.

Results

From June 2008 to December 2009, 12 patients
underwent MIS TLIF and 12 patients underwent
open TLIF at Ramathibodi Hospital. The mean
follow-up period was 28.1 months with a range of
24 to 38 months.

Fig.1  Intraoperative radiograph: A-P view.

Fig. 2

Intraoperative radiograph: lateral view.
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Fig. 3

Small paramedian skin incisions resulting from
MIS TLIF.

The mean age and body mass index (BMI)
were not significantly different between the MIS TLIF
and open TLIF groups. The mean age of MIS TLIF
and open TLIF group were 63.1 years (54-73 years)
and 67.4 years (50-77 years) respectively. The mean
body mass index of the MIS TLIF and open TLIF group
were 25.14 (17.58-30.70) and 26.39 (22.15-28.89)
respectively.

Table 1. Patients’ demographic data

The MIS TLIF group comprised of one male
and 11 females while the open group consisted
of six males and six females. All patients were
diagnosed as unstable grade 1 spondylolisthesis.
Patients’ demographic data is listed in Table 1.

Blood loss was significantly less in the MIS
TLIF group compared to the open TLIF group (p-value
= 0.04). In MIS TLIF group, average blood loss
was 317 cc (range 150-800 cc). In open TLIF group,
average blood loss was 645.83 cc (range 200-1,400 cc).

The operative time and length of hospitalization
were not significantly different between the MIS TLIF
and open TLIF groups. Average operative time was
340 minutes (240-510 minutes) in the MIS TLIF group
and 324 minutes (240-600 minutes) in the open TLIF
group (p-value = 0.96). Length of hospitalization was
8.42 days (5-15 days) in the MIS TLIF group and 8.33
days (5-29 days) in the open TLIF group (p-value =
0.09). Perioperative parameters are summarized in
Table 2.

The pain score (VAS scores) and disability
(ODI scores) were significantly improved at 2-years
postoperative follow-up in both MIS TLIF group and
open TLIF group. However, there was no significant

Variables MIS TLIF Open TLIF p-value
Number of patients 12 12
Sex 0.02°
Male 1 6
Female 11 6
Mean age (years) 63.10+6.84 (54-73) 67.40£10.35 (50-77) 0.132
Mean BMI (kg/m?) 25.14£3.69 (17.58-30.70) 26.39+2.58 (22.15-28.89) 0.342
Level of spondylolisthesis 0.30°
L3-4 1
L4-5 11 7
L5-S1 3
L4-5 and L5-S1 0 1
Data were presented as mean+SD (range) and number.
2 Unpaired t-test
® Fisher’s exact test
Table 2. Perioperative parameters
Variables MIS TLIF Open TLIF p-value
Blood loss (cc) 317.00£195.79 (150-800) 645.83+451.99 (200-1,400) 0.04¢
Operative time (minutes) 340.00+81.49 (240-510) 324.00+£107.45 (240-600) 0.96*
Length of hospitalization (days) 8.4243.34 (5-15) 8.3316.72 (5-29) 0.09*
Data were presented as mean+SD (range).
2 Unpaired t-test
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Table 3. VAS and ODI

MIS TLIF Open TLIF p-value
VAS
Preoperative 8.75+1.60 (5-10) 7.92+1.62 (5-10) 0.22¢
Postoperative 2.08+1.41 (0-4) 1.75+£1.87 (0-4) 0.74°
Difference 6.67£1.76 (5-10) 6.17+2.47 (3-10) 0.54*
p-value <0.001* <0.001*
ODI
Preoperative 61.80+12.89 (38-82) 58.33+15.96 (46-68) 0.412
Postoperative 12.25+10.52 (4-30) 15.33+£17.64 (0-35) 0.522
Difference 49.55+11.24 (30-64) 43.00£16.63 (2-56) 0.142
p-value <0.001° <0.001°
Data were presented as mean+SD (range)
2 Unpaired t-test
® Paired t-test
Table 4. Fusion rate based on Bridwell classification
MIS TLIF Open TLIF p-value
Fusion rate (Bridwell grade I-1I) 11/12 (91.67%) 11/12 (91.67%) 0.99

difference between these two groups. VAS and ODI
scores are summarized in Table 3.

Based on Bridwell interbody fusion grading
system, there was no difference in fusion rate between
the MIS TLIF and open TLIF group (Table 4).

In term of complications, there were two cases
of contralateral radiculopathy, one subcutaneous
collection, and one screw malposition in the MIS TLIF
group. In the open TLIF group, there were one
contralateral radiculopathy, one neurological deficit,
and one cage migration. One patient in the MIS TLIF
group required re-operation due to screw malposition.
One patient in open TLIF required re-operation due to
cage migration. Major complication rate is 8.33% in
both groups.

Discussion

Lumbear spinal fusion is a common procedure
for spine surgeons. There are many options for this
procedure including PLF, PLIF, TLIF, ALIF, and
DLIF. The TLIF procedure was pioneered by
Harms™. The advantage of TLIF over PLIF is to
provide a more lateral approach to the disc space, thus
reducing the thecal sac and nerve root retraction®”.
MIS TLIF was created to reduce tissue trauma. This
technique uses intraoperative fluoroscopy to guide
the percutaneous screw insertion.

In the present study, both MIS TLIF and open
TLIF group showed significant improvement in
the clinical outcomes at two-years compared to
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before the operation. When comparing between the
two groups, there was no clinical outcome difference
in terms of VAS and ODI score. These satisfactory
outcomes of MIS TLIF have been also reported by
other investigators!?.

Based on Bridwell grading system!®, the
fusion rate was not different between MIS TLIF and
open TLIF group (91.67% in both groups). The high
fusion rate of MIS TLIF was also reported by
Schwender et al'”. They reported 100% fusion rate
based on plain radiographs. However, some studies
showed decrease fusion rate in MIS TLIF group!®.
The authors explained that the limitation of exposure
in this technique might cause inadequate end plate
preparation and decreased fusion rate.

In present study, intraoperative blood loss
was significantly less in the MIS TLIF group compared
to the open group (317 versus 645.83 cc: p-value =0.04).
This result has also been reported in other MIS TLIF
series!72), The patients who undergo MIS TLIF
are likely to need less blood transfusion, so risks of
blood transfusion might be decreased.

Operative time and length of hospitalization
were not significantly different between MIS TLIF
and the open TLIF group. The operative time of
both techniques were relatively longer than other
reports because all operations were performed under
microscopic view and each pedicle screw was placed
under continuous fluoroscopic guidance. The length
of hospitalization was longer than other studies®?
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because the cost of hospital stay in Thailand is not
expensive, so most patients want to stay in the hospital
until the sutures have been removed.

The complications such as contralateral
radiculopathy, subcutaneous collection, screw
malposition, neurological deficit, and cage migration
occurred in the present study. However, there was no
difference in major complication rate between MIS
TLIF and the open TLIF group (8.33% in both
groups). Schwender et al!'? explained that compression
of the screw-rod construct at the end of the case, in
conjunction with pre-existing (although asymptomatic)
contralateral lateral recess stenosis, is likely to lead
to the occurrence of contralateral radiculopathy. This
could be minimized by avoiding overcompression of
the screw-rod construct. Screw malposition could be
minimized by attention to anatomic detail and use
of intraoperative electromyography during screw
insertion.

The limitations of the present study are
relatively small population group and steep learning
curve of this new MIS TLIF technique. The
understanding of three-dimensional anatomy at the
surgical area is critical for a successful operation.

Conclusion

Minimally invasive TLIF has similar clinical
outcomes and fusion rate compared to open TLIF with
additional benefit of less intra-operative blood loss.
However, the operative field of this technique is limited
so thorough knowledge of anatomy in this region is
required.
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