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Purpose: To investigate whether the minimally invasive spinal fusion can provide the better outcome than conventional fusion 
surgery in the treatment of degenerative lumbar spinal diseases.
Patients and Methods: One hundred and thirteen patients who had undergone single-level fusion surgery for degenerative lumbar 
spinal diseases were examined with a minimum of one-year follow-up. There were 56 men and 57 women with a median age of 70s 
ranging 47–88. The following three-types of fusion surgery were performed; minimally invasive transforaminal interbody fusion after 
microscopic decompression through a unilateral approach with percutaneous pedicle screwing (MTLIF), transforaminal interbody 
fusion after microscopic decompression through a unilateral approach (TLIF), and posterior lumbar interbody fusion with poster-
olateral fusion after open decompression through a bilateral approach (PLIF). The purpose for limiting on single level degenerative 
spinal disease was that it would be easy to compare the surgical outcomes among the three groups.
Results: There were no statistically significant differences among three groups in terms of VAS scores, RDQ scores, and all of the 
domains in the JOABPEQ scores at the baseline. The JOABPEQ score for pain-related disorders at 6 months after surgery was 
statistically significantly higher in MTLIF group than the other two groups (P = 0.023). There were no statistically significant 
differences in the scores of the other outcome measures among three groups in whole follow-up period.
Conclusion: The current study demonstrated that the JOABPEQ score for pain-related disorders at 6 months postoperatively was 
significantly better in MTLIF group than in the other groups. Since lumbar degenerative diseases mostly consisted in elderly patients, 
less invasive surgeries are desirable. MTLIF resulted in a better health-related QOL at 6 months after surgery, and its outcomes at the 
final follow-up were non-numerical inferiority. The results strongly indicate that MTLIF is desirable surgery especially for elderly 
patients with degenerative spinal diseases.
Keywords: minimally invasive spinal fusion surgery, transforaminal lumbar interbody fusion, posterior lumbar interbody fusion, 
posterolateral fusion, health-related QOL, surgical outcome, percutaneous pedicle screwing, CT-based navigation system

Introduction
Posterior lumbar interbody fusion (PLIF) was developed to provide three-column stabilization through a posterior 
approach.1 It can also provide indirect decompression of the neural tissue by increasing disc height.1 Furthermore, 
PLIF combined with posterolateral fusion (PLF) was reported to achieve a greater reduction in spondylolisthesis, lower 
complication rate, and more excellent results than PLF alone.2 TLIF was developed to be an alternative to PLIF, which 
implements a unilateral approach to the disc space through resection of a facet joint and minimized retraction of the 
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neural tissue.3 Minimally invasive TLIF using percutaneous posterior fixation has been reported to reduce iatrogenic 
injury to soft tissue due to retraction of the paraspinal muscles through the conventional spinal approach.4–7

There are representative reports of comparative studies between minimally invasive transforaminal interbody fusion and open 
transforaminal interbody fusion/posterior interbody fusion.8–22 The long-term outcomes are almost the same among them. 
However, the effectiveness of minimally invasive spinal fusion (MISF) surgery has not been adequately clarified for the 
treatment of degenerative lumbar spinal diseases, especially under the same perioperative conditions and the same postoperative 
treatments including the rehabilitation program for each group. The purpose of this study was to investigate whether MISF can 
yield better outcomes than conventional fusion surgery in the treatment of degenerative lumbar spinal diseases. Available clinical 
data are insufficient for comparing minimally invasive transforaminal interbody fusion. To date, a paucity of literature exists 
directly investigating adequately the effectiveness of MISF surgery for the treatment of degenerative lumbar spinal diseases. 
Therefore, we developed a working hypothesis that fills out the research gap and clarifies whether MISF can provide a better 
clinical outcome than conventional fusion surgery in the treatment of degenerative lumbar spinal diseases.

Materials and Methods
Ethics Statements
We conducted this study in compliance with the principles of the Declaration of Helsinki. This study protocol has been 
reviewed and approved by Fukushima Medical University Certified Review Board (Approval number: 2019-131). 
Informed consent was obtained in the form of opt-out on the website.

Study Design, Population, and Setting
This cohort study was performed at a single center and included patients who had undergone single-level fusion surgery for 
degenerative lumbar spinal diseases. The purpose for limiting on single level degenerative spinal disease was that it would be 
easy to compare the surgical outcomes among following three groups. Patients with a history of spinal surgery, severe kidney 
dysfunction (estimated glomerular filtration rate <30 mL/min/1.73 m2), liver cirrhosis, and systemic diseases were excluded.

The following three types of fusion surgeries that have different invasiveness from each other were compared for the 
treatment of unstable degenerative spondylolisthesis and foraminal stenosis: minimally invasive transforaminal interbody 
fusion after microscopic bilateral decompression through a unilateral approach (MTLIF) (Figure 1), transforaminal 
interbody fusion after microscopic bilateral decompression through a unilateral approach (TLIF) (Figure 1), and posterior 
lumbar interbody fusion combined with posterolateral fusion after open decompression through a bilateral approach 
(PLIF). MTLIF was performed using percutaneous pedicle screwing with the guidance of a X-ray computed tomography 
(CT)-based navigation system following insertion of local bone and a cage filled with local bone into an intervertebral 

Figure 1 An X-ray computed tomography image after microscopic bilateral decompression through a unilateral approach.
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space after microscopic bilateral decompression through a unilateral approach in the MTLIF group (Figure 2A–C). In the 
TLIF group, pedicle screws were inserted through the open method for the approach side and the subcutaneous 
transfascial method for the opposite side under X-ray fluoroscopic control following insertion of local bone and 
a cage filled with local bone into an intervertebral space after microscopic bilateral decompression through a unilateral 
approach (Figure 3). PLIF was performed by posterior lumbar interbody fusion combined with posterolateral fusion after 
open decompression through a bilateral approach in the PLIF group. The screws were inserted using a freehand method 
following insertion of local bone and a cage filled with local bone into an intervertebral space in the PLIF group.

Unstable degenerative spondylolisthesis was defined to be ≥5 mm of anterior slip of the cranial vertebra on the lateral 
radiograph in the neutral position or an increase of 5 mm of anterior slip on the lateral radiograph in the flexion position compared 
to that in the neutral position, and an increase of ≥10 degrees of posteriorly intervertebral angulation on the lateral radiograph in 
the flexion position compared to that in the neutral position. Two board-certified spine surgeons approved by the Japanese Society 
for Spine and Related Research conducted all operations. One junior surgeon performed MTLIF and TLIF for the patients on 
their first visit to the outpatient on every Monday when the junior surgeon took charge. TLIF was performed from 2010 to 2014, 
and MTLIF was performed after the CT-based navigation system was introduced in 2014. The other senior surgeon performed 
PLIF for the patients on their first visit to the outpatient on every Tuesday when the senior surgeon took charge. PLIF was 
performed from 2010 to 2014. The patients were followed up for a minimum of 1 year.

Outcome Measures
Outcome measures were as follows: surgical time, amount of bleeding during surgery, visual analogue scale (VAS) 
for low back pain, lower limb pain, and lower limb numbness; Roland-Morris Disability Questionnaire (RDQ);23 

Figure 2 Minimally invasive transforaminal interbody fusion after microscopic decompression through a unilateral approach is performed using percutaneous pedicle 
screwing with the guidance of a X-ray computed tomography (CT)-based navigation system in the MTLIF group. (A) shows image scanning for target lumbar vertebrae by 
CT. (B and C) show percutaneous pedicle screwing with the guidance of a CT-based navigation system.

Figure 3 Pedicle screws were inserted through the open method for the approach side and the subcutaneous transfascial method for the opposite side under X-ray 
fluoroscopic control in the TLIF group.
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Japanese Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ);24–26 and graft bone union rate. 
The status of graft bone union was evaluated using X-ray CT. An independent radiologist without knowledge about 
the patients evaluated graft bone union. Graft bone union was evaluated by the continuity of the bone trabeculae 
between upper and lower vertebral body through a graft bone (Figure 4A and B). Outcome measures were evaluated 
at 3 months, 6 months, and 1 year postoperatively. After 1 year postoperatively, outcomes were measured once 
every year.

Statistical Analyses
Baseline characteristics are described using appropriate summary statistics. The Kolmogorov–Smirnov test was used for the 
evaluation of normality in baseline characteristics. The one-way ANOVA would be used for the data of the baseline characteristics 
which had normal distribution. The Kruskal–Wallis test would be used for the data of the baseline characteristics which had non- 
normal distribution. The Kruskal Wallis test was also used to analyze the outcome data. Statistical analyses were performed using 
SPSS for Windows, version 17.0 (IBM Japan Ltd., Tokyo, Japan). A two-sided p-value <0.05 was considered statistically 
significant.

Results
Patients’ Characteristics
One hundred and thirteen patients were examined with a mean follow-up period of 28 months. There were 56 men and 57 
women with a median age of 70s (range, 47–88 years). The main pathologies were unstable degenerative spondylolisth-
esis in 84 patients and foraminal stenosis in 29. The MTLIF group had 45 patients with a follow-up rate of 98%, TLIF 
group had 27 patients with a follow-up rate of 93%, and PLIF group had 41 patients with a follow-up rate of 85% 
(Table 1). The Kruskal Wallis test was used for all of the data in patients’ characteristics because of their non-normal 
distributions. There were no statistically significant differences among the three groups in terms of age, sex, disease, 
body mass index, smoking history, surgical site, follow-up period, VAS scores, RDQ scores and all of the domains of the 
JOABPEQ scores at baseline (Table 2).

Figure 4 The status of graft bone union was evaluated using X-ray computed tomography. An independent radiologist without knowledge about the patients evaluated graft 
bone union. Graft bone union was evaluated by the continuity of the bone trabeculae between upper and lower vertebral body through a graft bone. (A) shows the presence 
of union. (B) shows the absence of union.
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Main Analyses
The surgical time of the TLIF group was significantly longer than those of the other two groups (P < 0.0001, TLIF group 237±37 
min., MTLIF group 202±29 min., PLIF group 209±35 min.; mean±SD) The amount of bleeding during surgery of the TLIF 
group was also higher than those of the other two groups (P = 0.009, TLIF group 576±213 mL., MTLIF group 433±210 mL., 
PLIF group 488±199 mL.; mean±SD). There were no significant differences in surgical time and amount of bleeding between 
MTLIF and PLIF groups.

There were no statistically significant differences in all the scores of outcome measures among the three groups at the 
final follow-up (Table 3). The JOABPEQ score for pain-related disorders at 6 months postoperatively was statistically 

Table 1 Patients’ Registry

Group No. of Registrants No. of Dropouts No. of Patients  
with Missing Data

No. of Patients Analyzed Follow-Up Rate (%)

MTLIF 57 1 11 45 98

TLIF 36 2 7 27 93

PLIF 59 7 11 41 85

Abbreviations: MTLIF, minimally invasive transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; TLIF, 
transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; PLIF, posterior lumbar interbody fusion combined 
with posterolateral fusion after open decompression through a bilateral approach; No., number.

Table 2 Baseline Characteristics of the Three Groups

MTLIF Group (N=45) TLIF Group (N=27) PLIF Group (N=41) P

Age 68.5 (9.165) 72.3 (9.803) 69.2 (9.056) 0.746

Sex 2 [1–2] 2 [1–2] 1 [1–2] 0.164

Disease 1 [1–2] 1 [1–2] 1 [1–1] 0.273

BMI 24.3 (4.432) 25.2 (4.112) 24.1 (3.678) 0.703

Smoking status 2 [1–2] 0 [0–0] 0 [0–0] 0.735

Surgical site 4 [4–4] 4 [4–4.75] 4 [4–4] 0.772

Follow-up period (months) 24 [14.5–36] 24 [12.75–36] 35 [19–36] 0.727

VAS score for low back pain 5 [2–7.25] 5.45 [5–8.15] 5 [3–7] 0.188

VAS score for lower limb pain 6.5 [4.75–9] 7 [4.85–8.95] 7 [5–8] 0.949

VAS score for lower limb numbness 6 [3.75–9] 7.5 [5.1–9.9] 7 [5–8] 0.132

RDQ score, age corrected value 37 [33.125–45.175] 40.1 [33.95–47.9] 40.3 [32.1–48.8] 0.638

JOABPEQ score for pain related disorder 43 [14–71] 43 [17.75–71] 29 [14–71] 0.272

JOABPEQ score for lumbar spine dysfunction 58 [33–77] 50 [35.25–81] 75 [42–92] 0.106

JOABPEQ score for gait disturbance 36 [21–51.75] 36 [15.75–50] 36 [21–57] 0.779

JOABPEQ score for social life dysfunction 46 [29.25–51] 46 [24–53.25] 46 [32–57] 0.766

JOABPEQ scire for psychological disorders 48 [33.125–45.175] 53 [36–63] 49 [41–63] 0.490

Notes: Data are presented as mean (standard deviation), median [inter-quartile range]. Annotation: Sex: male 1, female 2; Disease: degenerative spondylo-
listhesis 1, foraminal stenosis 2, Smoking: non-smoker 0, smoker 1; Surgical site: A consecutive number was applied from L1/2 to L5/S (1–5). 
Abbreviations: MTLIF, minimally invasive transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; TLIF, 
transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; PLIF, posterior lumbar interbody fusion combined 
with posterolateral fusion after open decompression through a bilateral approach; BMI, body mass index; VAS, visual analog scale; RDQ, Roland-Morris 
Disability Questionnaire; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.
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significantly higher in the MTLIF group than in the other two groups (P = 0.023, Table 4). There were no statistically 
significant differences in the scores of the other outcome measures among the three groups during the entire follow-up 
period. There were also no statistically significant differences in the graft bone union rate among the three groups (Table 5).

Table 3 Outcomes at the Final Follow-Up

MTLIF Group (N=45) TLIF Group (N=27) PLIF Group (N=41) P

VAS score for low back pain 2 [1–4] 3 [0–5] 2 [1–5] 0.953

VAS score for lower limb pain 2 [0–4.25] 1.7 [0–5] 1 [0–4] 0.633

VAS score for lower limb numbness 1 [0–4.25] 5 [0–5] 1 [0–5] 0.852

RDQ score, age corrected value 46.9 [40.9–53.3] 49.7 [45.1–56.1] 49.6 [43.7–56.9] 0.335

JOABPEC score for pain related disorder 100 [71–100] 71 [43–100] 71 [43–100] 0.095

JOABPEC score for lumbar spine dysfunction 79 [58–100] 83 [67–83] 75 [58–100] 0.945

JOABPEC score for gait disturbance 71 [43–93] 64 [36–86] 71 [43–100] 0.111

JOABPEC score for social life dysfunction 65 [51–78] 65 [51–86] 65 [51–78] 0.623

JOABPEC score for psychological disorders 54 [48.75–69] 60 [48–72] 60 [49–72] 0.622

Note: Data are presented as median [inter-quartile range]. 
Abbreviations: MTLIF, minimally invasive transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; TLIF, transforaminal 
interbody fusion after microscopic bilateral decompression through a unilateral approach; PLIF, posterior lumbar interbody fusion combined with posterolateral fusion after 
open decompression through a bilateral approach; VAS, visual analog scale; RDQ, Roland-Morris Disability Questionnaire; JOABPEQ, Japanese Orthopaedic Association 
Back Pain Evaluation Questionnaire.

Table 4 Outcomes at 6 Months Postoperatively

MTLIF Group (N=45) TLIF Group (N=27) PLIF Group (N=41) P

VAS score for low back pain 2 [1–4] 2 [0–5] 2 [1–4] 0.775

VAS score for lower limb pain 1 [0–3.5] 3 [0–5] 1 [0–3] 0.305

VAS score for lower limb numbness 1 [0–3] 3 [0.5–5] 2 [0–5] 0.165

RDQ score, age corrected value 50.1 [43–55.85] 48.3 [43.6–56.1] 49.8 [42–56.45] 0.963

JOABPEC score for pain related disorder 80 [50–100] 57 [43–100] 43 [43–100] 0.023*

JOABPEC score for lumbar spine dysfunction 58 [42–83] 75 [58–92] 75 [50–91.5] 0.319

JOABPEC score for gait disturbance 64 [43–93] 71 [36–86] 64 [43–96] 0.913

JOABPEC score for social life dysfunction 51 [43–69] 59 [51–73] 57 [51–78] 0.256

JOABPEC score for psychological disorders 54 [48–66] 57 [50–70] 59 [47.5–67.5] 0.559

Note: Data are presented as median [inter-quartile range]. 
Abbreviations: MTLIF, minimally invasive transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; TLIF, transforaminal 
interbody fusion after microscopic bilateral decompression through a unilateral approach; PLIF, posterior lumbar interbody fusion combined with posterolateral fusion after 
open decompression through a bilateral approach; VAS, visual analog scale; RDQ, Roland-Morris Disability Questionnaire; JOABPEQ, Japanese Orthopaedic Association 
Back Pain Evaluation Questionnaire.

Table 5 Union Rate of Intervertebral Graft Bone

MTLIF Group TLIF Group PLIF Group P

Union rate (%) 91 92 94 0.106

Abbreviations: MTLIF, minimally invasive transforaminal interbody fusion after microscopic bilateral decompression through a unilateral 
approach; TLIF, transforaminal interbody fusion after microscopic bilateral decompression through a unilateral approach; PLIF, posterior lumbar 
interbody fusion combined with posterolateral fusion after open decompression through a bilateral approach.
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Discussion
The current study demonstrated that the JOABPEQ score for pain-related disorders at 6 months postoperatively was 
significantly better in MTLIF group than in the other groups. Since lumbar degenerative diseases mostly consisted in 
elderly patients, less invasive surgeries are desirable. MTLIF resulted in a better health-related QOL (HR-QOL) at 6 
months postoperatively, and its outcomes at the final follow-up were non-numerical inferiority.

There are many comparative investigations between minimally invasive transforaminal interbody fusion and open 
transforaminal interbody fusion/posterior interbody fusion.8–22 The results of long-term outcomes are almost the 
same among them. Especially, a representative study of a meta-analysis showed equivalent long-term outcomes 
between open and minimally invasive transforaminal interbody fusion surgeries.20 However, the current study 
demonstrated that MTLIF resulted in a better HR-QOL at 6 months after surgery. Minimally invasive TLIF using 
percutaneous posterior fixation has been described to reduce iatrogenic injury to the soft tissue caused by retraction 
of the paraspinal muscles through the conventional spinal approach.4–7 Accordingly, patients who underwent MTLIF 
are thought to have early improvement of the disorders due to pain because of its less invasiveness to the paraspinal 
muscles. For this reason, MTLIF is desirable surgery especially for elderly patients with degenerative spinal 
diseases.

In perioperative outcomes, the surgical time of the TLIF group was significantly longer than those of the other 
two groups and the amount of bleeding during surgery of the TLIF group was also higher than those of the other 
two groups. There were no significant differences in surgical time and the amount of bleeding between MTLIF and 
PLIF groups. The reason for these results was due to the operator’s factor. The junior surgeon who performed the 
TLIF was not familiar with the TLIF procedure when he started the TLIF. Thus, we think that the operator’s 
learning curve for the TLIF induced these results.

The current study has several strengths. Firstly, it is clinically meaningful that the three surgical treatments were 
simultaneously performed by only two surgeons at a single center, and the surgical indication was completely same 
between the surgeons. Secondly, the results were acquired under the same perioperative conditions and the same 
postoperative treatments including the rehabilitation program for each group at a single center.

Despite these strengths, the current study has some limitations. Firstly, the patients were not randomly 
categorized into the three groups. One junior surgeon performed MTLIF and TLIF for the patients on their first 
visit to the outpatient on every Monday when the junior surgeon took charge. TLIF was performed from 2010 to 
2014, and MTLIF was performed after 2014, when the CT-based navigation system was introduced. The other 
senior surgeon performed PLIF for the patients on their first visit to the outpatient on every Tuesday when the 
senior surgeon took charge. PLIF was performed from 2010 to 2014. Thus, patients were not randomized, but they 
were not intentionally categorized into the three groups. Hence, the demographic and clinical data at baseline 
were not significantly different among the three groups. Secondary, long-term outcomes of >5 years were not 
determined. Nevertheless, it is clinically meaningful that the current study revealed the superiority of MTLIF in 
terms of short-term outcomes.

Conclusion
The current study demonstrated that the JOABPEQ score for pain-related disorders at 6 months postoperatively was 
significantly better in MTLIF group than in the other groups. Since lumbar degenerative diseases mostly consisted in 
elderly patients, less invasive surgeries are desirable. MTLIF resulted in a better HR-QOL at 6 months postoperatively, 
and its outcomes at the final follow-up were non-numerical inferiority. The results strongly indicate that MTLIF is 
desirable surgery especially for elderly patients with degenerative spinal diseases.
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