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Introduction

For many surgical spine
procedures, the method of
choice is shifting from traditional
open surgery to minimally-
invasive (MI) surgical techniques.
Histological studies have
demonstrated that open surgical
techniques are associated with
increased scar tissue formation,
significant muscle stripping, and
muscle retraction [1,2,3], which
delay recovery and possibly less
favorable long-term outcomes.
In contrast, minimally invasive
spine surgery is performed via
muscle-dilating tubes (Figure 1).

Objective

Patients and Methods

Three hundred and eighteen MITLIF
procedures were performed using a
para-median, muscle-sparring
approach on 304 consecutive
patients in this study, which
spanned a seven year period of
time from December of 2003 to
December of 2010. All participants
were recruited from an outpatient
neurosurgical spine clinic, and all
318 MITLIF
procedures

The mean final follow-up time was 47 months (range, 2-8
years). Mean estimated intra-operative blood loss and
hospital stay was 128.4 mL and 4.4 days, respectively. Mean
operative time for one-level fusions was 185.4 minutes. No
cases had to be converted over to an open TLIF.

Discussion

Substantial Clinical Benefit Improvement-Thresholds
• Glassman et al. outlined VAS, ODI, and SF-PC improvement

thresholds for substantial clinical benefit from 357 patients
post lumbar spine arthrodesis [11]. Improvement results
(change, percent-change, or final raw score) from quality-
of-life outcomes that meet one or more of the Glassman
thresholds represent substantial clinical benefit.

• In the present study, all three outcome parameters at all
three long-term time intervals met one or more of
Glassman’s criteria thresholds (Table VI).

Conclusion
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 Assess short-term and long-term quality-of-life
improvements from a large cohort of patients undergoing
minimally invasive transforaminal lumbar interbody fusion.

Table IV Pre-Op* 12-Months* 24-Months* 47-Months*

Visual Analog Scale 7.0 ± 2.4 4.2 ± 3.0 4.5 ± 3.0 3.5 ± 2.8

Oswestry Disability 
Index

43.1 ± 15.7 29.7 ± 18.8 30.2 ± 20.4 28.2 ± 21.7

SF-36 Physical 
Component Score

30.6 ± 7.8 38.3 ± 11.3 38.1 ± 11.7 39.6 ± 11.7

SF-36 Mental 
Component Score

43.8 ± 11.0 48.3 ± 13.0 49.7 ± 12.9 49.7 ± 11.2

P Value <0.001 <0.001 <0.001

*Values are given as the mean ± the standard deviation.

Table VI

12-Months*

PRESENT STUDY

24-Months* 47-Months*

Glassman 

Improvement 

Thresholds [11]

VAS
Δ 2.8 points,

40.0%

Δ 2.5 points,

35.7%

Δ 3.5 points,

50.0%

Δ ≥2.5 points or

≥41.4%

ODI
Raw Score: 29.7,

31.1%

Raw Score: 30.2,

29.9%

Raw Score: 28.2,

33.1%

Raw Score ≤31.3 

or ≥36.8%

SF-PCS
Δ 7.7 points,

25.2%

Δ 7.5 points,

24.5%

Δ 9.0 points,

29.4%

Δ ≥6.2 points or 

≥19.4%

SF-MCS
Δ 4.5,

10.3%

Δ 5.9,

13.5%

Δ 5.9 points,

13.5%
N/A

P Value <0.001 <0.001 <0.001 <0.001

Table I Patient 

Demographics

Patients 304

Females 184 (60.5%)

Males 120 (39.5%)

Mean Age 62.4

Age range 19-93

Mean BMI 29.5 kg/m² 

BMI range 16.0-47.0 kg/m²

Smokers 87 (28.6%) Table II Levels Fused

L1-L2 n= 4 (1%)

L2-L3 n= 15 (1%)

L3-L4 n= 33 (11%)

L4-L5 n= 152 (50%)

L5-S1 n= 88 (29%)

2-Level n= 10 (3%)

3-Level n= 2 (1%)

Table III

Quality-of-Life Outcomes Assessment Tools

Back Pain Visual Analog Scale (VAS)

Back Functional-Disability Oswestry Disability Index (ODI)

Health Status Short-Form 36 (SF-36) Health Survey

were performed by the senior
investigator (MPC). Patient
demographics are summarized in table
I. Diagnosis was established from clinical
findings and radiographic evaluations
including X-ray films, computed
tomography (CT), and magnetic
resonance imaging (MRI). Prior lumbar
surgery was performed in 70 patients.

Outcome Measures
Primary outcomes were based included low-back pain, back-
related functional-disability, and health status. These
subjective outcome measures were assessed using validated
questionnaires (Table III). Patients were asked to complete
these validated questionnaires pre-operatively and at 2 weeks,
3 months, 6 months, 12 months, and 24 months post-
operatively at office follow-up visits. Patients were
prospectively followed for 2-8 years and assessed via
telephone. Pre-operative scores, follow-up scores, and change
scores (calculated as the difference between respective mean
follow-up and baseline scores) were used for analysis.

Secondary outcomes included intra-operative blood loss,
operative time, length of hospital stay, and complications. This
information was obtained retrospectively from chart review.

Statistical Analysis
A paired T-test was used to compare VAS, ODI, and SF-36
outcome scores at each time interval. P-values of <0.05 were
considered statistically significant. Statistical analyses were
performed with use of Microsoft Excel software (version 2010;
Microsoft Corporation; Redmond, Washington).

Source of Funding
There was no external source of funding for this study.

Results

Lower VAS scores (0-10) indicate less back pain. *P-values <0.001 for all follow-
up comparisons.

Lower ODI scores (0-100) indicate less low-back disability. *P-value <0.001 for 
all follow-up comparisons.

Higher SF-36 scores (0-100) indicate better health status.  Physical (health) 
component scores (PCS) are indicated in blue.  Mental (health) component 
scores (MCS) are indicated in red.  *P-value <0.001 for all follow-up 
comparisons.

Figure 4.  SF-36 Scores (Health Status) Versus Time

Figure 2.  VAS Scores (Back Pain) Versus Time

Figure 3.  ODI Scores (Back Functional-Disability) Versus Time

Long-Term Results Summary
At 47-months final follow-up, back pain (VAS) improved by
50.0%, back functional-disability (ODI) improved by 33.1%,
physical heath (SF-PCS) improved by 29.4%, and mental health
(SF-MCS) improved by 13.5% from pre-operative baseline.

Complications
Surgical complications included pedicle screw malposition in
one case, interbody graft malposition in one case, foraminal
stenosis in one case, urinary retention in 17 cases, superficial
wound infection in 11 cases, and deep vein thrombosis in one
case. Overall re-operation rate was 3.9% (n=12).

OPEN verses Minimally Invasive Surgery (MIS)
Table V Lee et al [8]

OPEN
Peng et al [9]

OPEN
Schizas et al [10]

OPEN
Present Study

MIS

Patients 72 29 18 304

Blood Loss 447.4 mL 681 mL 961 mL 128.4 mL

Hospital Stay 6.8 days 6.7 days 8.2 days 4.4 days

Operative Time
(minutes)

181.8 N/A N/A 185.4

*Results from the present study that met respective criteria for 
Glassman’s improvement thresholds are bolded.

Back musculature is thereby preserved and iatrogenic soft-
tissue injury is reduced [3,4]. As such, reasons for transition
to MI techniques include decreased postoperative pain,
decreased intra-operative blood loss, shorter post-operative
hospital stay, and a faster return to normal activity [5,6]. The
MI transforaminal lumbar interbody fusion (MITLIF) procedure
can generally be applied in all situations where an open TLIF is
indicated. But the use of minimally invasive fusion techniques
in lieu of open fusion techniques remains an enigmatic
crucible of debate as long-term, prospective outcomes from
large cohorts of patient undergoing MI spinal fusion for
debilitating back pain has not been well studied.

Figure 1. Minimally Invasive Spine
Technique: Surgery is performed
through muscle-dilating tubes.


