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Study protocol 

Systematic review and advanced meta-analytic assessment of one-level 
open vs. minimally invasive transforaminal lumbar interbody fusion after 
at least two years follow-up 

 

Introduction 

Background 

Transforaminal lumbar interbody fusion (TLIF), first introduced by Harms and Rolinger in 1982 (Harms 

and Rolinger 1982), is nowadays a common surgical technique to treat patients with a vast variety of 

degenerative lumbar spine diseases, most importantly are degenerative disc disease (DDD), 

spondylolisthesis and disc herniation (Rodriguez-Vela et al. 2013, Kulkarni et al. 2016, Lv et al. 2017). 

The surgery with a dorsal approach provides an option for pain relief by achieving interbody fusion 

(Lowe et al. 2002). While previously published single studies describe satisfactory outcomes in fusion 

rate (FR), pain reduction and improvement of function (Wang et al. 2010, Seng et al. 2013) for the 

open TLIF technique (O-TLIF), the minimally invasive TLIF technique (MI-TLIF) first described in 2003 

(Foley et al. 2003) promises better results in avoidance of soft tissue damage (Kawaguchi et al. 1996, 

Styf and Willen 1998), estimated blood loss (EBL) and length of hospital stay (LOS) (Seng et al. 

2013). In summary, analyses comparing both approaches could not demonstrate the superiority of one 

approach nor define both approaches as being equal.  

Why this evaluation is important 

Until today there are no meta-analyses (MAs) for the comparison of monosegmental O-TLIF vs. MI-

TLIF evaluating FR, pain, Oswestry Disability Index (ODI), Short-Form 36 Physical Component Score 

(SF-36 PCS) and complications as well as operation time (OT), and perioperative parameters such as 

e.g. EBL and LOS with a minimum follow-up of 2 years. Previously performed MAs comparing O-TLIF 

and MI-TLIF (Li et al. 2018, Qin et al. 2019, Miller et al. 2020) include heterogeneous data. 1 MA could 

not demonstrate any advantages or disadvantages for outcomes of one of the approaches (Li et al. 
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2018). Other MAs show advantages of MI-TLIF in function (Qin et al. 2019, Miller et al. 2020). All 

existing MAs have to deal with multiple limitations due to e.g. inconsistent definitions of the kind of 

surgeries and complications, varying follow-up terms and only a moderate quality of the included 

single studies. Additionally, some of the MAs have to deal with methodical limitations such as e.g. not 

exploiting the whole potential of database search. 

In conclusion, the available MAs cannot give an answer to the question whether monosegmental O-

TLIF or MI-TLIF does provide higher efficacy and safety. 

However, the answer to this question is important, because the worldwide number of TLIF surgeries 

treating patients with painful DDD has been increasing over the past two decades (Hoy et al. 2013, 

Goz et al. 2014, Huang et al. 2017, Lee et al. 2018). It is reasonable to frequently update the scientific 

state of these surgical techniques with new study data which are constantly published. An overview 

about which studies were included in already published MAs and studies that may be included in our 

MAs is given in Table 1.  

Description of the interventions 

O-TLIF 

According to Rosenberg et al. (Rosenberg and Mummaneni 2001), a conventional O-TLIF is 

performed in 4 steps: At first a decompression of the neural elements is carried out after the 

laminectomy, facetectomy or both depending on the individual needs of the patient. Afterwards pedicle 

screws are placed, a discectomy and removal of the cartilaginous endplates are performed and the 

distraction of the disc space is carried out. Then, one or two cages are placed within the intervertebral 

space, combined with packing cancellous bone autograft from the removed bone or the iliac crest into 

the cage, depending on its design and the disc space. Finally, the pedicle screws are fixed on rods 

under compression to restore the lumbar lordosis until the spinal segment is fused.  

MI-TLIF 

When MI-TLIF is performed, a tube is placed over a facet joint, while the exact localization is validated 

fluoroscopically. Afterwards a total facetectomy is performed and parts of the ligamentum flavum are 

resected, followed by the neural decompression, visualization of the annulus fibrosus and slight 

distraction of the intervertebral space. Then the discectomy and removal of the cartilaginous endplates 

are carried out by specially designed instruments. Afterwards the cage is inserted with autologous 

bone graft to fill the interbody space. To conclude the surgery, supplemental pedicle screw fixation is 

added and compression is carried out for the restoration of the lumbar lordosis (Foley et al. 2003). 
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Objective 

Our objective is to provide the up-to-date highest evidence of results regarding FR, pain, function and 

complications per case while avoiding limitations of existing MAs as far as possible. Therefore, we will 

only include high-quality single studies to our MAs, with prospectively collected data and a minimum 

follow-up of 24 months. We aim to find the superior surgical technique in FR, pain reduction and 

functional improvement with the lowest number of complications per case to facilitate the decision 

between O-TLIF and MI-TLIF.  

Key questions are thereby as follows: 

Does O-TLIF or MI-TLIF allow for the 

• highest FR, 

• most effective pain reduction, 

• best functional outcome, and 

• lowest number of complications per case? 

Further questions are as follows: 

Does O-TLIF or MI-TLIF provide the best result regarding  

• EBL,  

• OT, and 

• LOS? 

Our working hypothesis for our MAs assumes that the safest surgical technique is related to the 

highest FR and most pain reduction and allows for the most effective functional improvement. Our aim 

is to find out whether one of both surgical approaches do meet these criteria.  

Material and Method 

Criteria for considering studies for this evaluation 

Types of studies 

Randomized controlled trials (RCTs) and all kinds of prospective non-randomized single studies which 

meet our inclusion and exclusion criteria, outcome measures and key questions as well as the PICOT 

criteria will be included.  

Types of participants 

Included will be single studies with the minimum number of 15 participants per intervention and the 

age of operated cases of at least 18 years. A TLIF surgery should be performed as index surgery. Only 
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studies which include at least one examination prior and after surgery with a minimum follow-up of 24 

months will be selected. Participants with the following indications will be in our focus:  

• DDD 

• disc herniation/segment instability 

• spinal stenosis 

• isthmic or degenerative spondylolisthesis. 

Cases that underwent another lumbar spine surgery prior to TLIF will be excluded. 

Types of interventions 

Only single studies which contain a direct comparison of monosegmental O-TLIF and MI-TLIF groups 

and include at least one of our outcome measures will be selected for our analyses.  

Types of endpoints 

It is our aim to carry out MAs for every outcome measure (endpoint) named in the following. We will 

include as many single studies per outcome measure as suited.  

Primary outcome measures 

Fusion rate 

The FR will be calculated out of the number of proven fusions in relation to all cases per intervention, 

evaluated by X-ray or computed tomography (CT). 

Pain 

Pain will be measured by the visual analog scale (VAS) for back pain (B-VAS) and leg pain (L-VAS), 

preoperative and postoperative after at least 24 months. VAS 0-10 and VAS 0-100 will be adjusted. 

Functional outcome 

The functional outcome will be measured by the ODI and as SF-36 PCS. 

Complications per case  

This outcome measure will be measured as mean number of complications per case, classified in 

complications occurring at surgery and postoperative (e.g. regarding instrumentation, wound healing, 

neurological complications). We will calculate the mean number of complications per case on our own 

from the data given by the single studies. 

Secondary outcome measures 

Secondary outcome measures are as follows: 

• EBL measured in ml 
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• OT measured in min 

• LOS measured in days. 

Inclusion criteria 

The inclusion criteria of our MAs are as follows:  

• single studies with compared O-TLIF vs. MI-TLIF cases at levels L1/L2 – L5/S1 

• RCTs and prospective non-randomized controlled trials, cohort studies and clinical trials 

• adult humans (>18 years) 

• cases with the following indications: DDD, disc herniation/segment instability, spinal stenosis 

and isthmic and degenerative spondylolisthesis 

• at least one of the following outcome measures: FR (measured by X-ray or CT), B-VAS, L-

VAS, ODI and SF-36 PCS as functional outcomes, complications presented for the surgery 

and follow-up, EBL, OT, LOS 

• minimum sample size of 15 per intervention group 

• follow-up of at least 24 months 

• full text available in English or German. 

Exclusion criteria 

Studies which use retrospectively collected data will be excluded. Moreover, studies using data from 

phone calls, twin studies, case reports, case control studies, biomechanical studies, cadaveric studies, 

animal studies, only abstracts, comments, editorials, conference presentations, expert opinions and 

studies using data from already published studies will not be part of our MAs. If more than one 

publication of one institution or research group is found, only the study with the largest number of 

cases or the most recent report will be included. Studies only examining one surgical approach of O-

TLIF or MI-TLIF or comparing O-TLIF or MI-TLIF with any other surgery will be excluded. Studies 

evaluating cases affected by spinal deformities, tumors, traumas and infectious diseases are excluded 

as well.  

Search strategy, resources and terms for identification of studies 

Electronic searches 

A comprehensive search for scientific articles examining O-TLIF and MI-TLIF will be carried out by 

screening the following online databases with published single studies and already available MAs: 

PubMed, Embase, Cochrane Library, Google Scholar, Web of Science and Scopus. Initially, our 

search will not be limited by any language filter. 
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The terms which will be searched for in titles and abstracts are as follows: 

• “transforaminal lumbar interbody fusion” 

• “TLIF” 

•  “open” 

• “open spine surgery”  

• “minimally invasive” 

• “MIS” 

• “MISS” 

• “minimally invasive spine surgery”. 

The database search will then be carried out by using the following search matrices for the different 

databases: 

• for PubMed, Cochrane Library, Embase and Google Scholar: 

o ((transforaminal lumbar interbody fusion OR TLIF) AND ((MIS OR minimally invasive 

OR MISS OR minimally invasive spine surgery) AND (open OR open spine surgery)))  

• For Scopus: 

o TITLE-ABS-KEY((transforaminal lumbar interbody fusion OR TLIF) AND ((MIS OR 

minimally invasive OR MISS OR minimally invasive spine surgery) AND (open OR 

open spine surgery))) 

• For Web of Science: 

o TS=((transforaminal lumbar interbody fusion OR TLIF) AND ((MIS OR minimally 

invasive OR MISS OR minimally invasive spine surgery) AND (open OR open spine 

surgery))). 

Search of other resources 

After scanning the online databases, we will conduct a hand search of the references of the found 

studies and relevant MAs.  

Selection of studies 

All publications which were found by electronic or hand search will be listed. Duplicates will be filtered 

out. The selection of studies will be carried out in two steps: 

1. Articles will be first screened by two authors for titles and abstract details. The two authors 

shall agree on a final leveling while discrepancies have to be discussed and resolved by 

consensus. If consensus is not achieved, the senior author will arbitrate. 
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2. Afterwards full texts of suitable publications will be downloaded and screened for eligibility by 

two authors. Discrepancies will be discussed and resolved by consensus. If consensus is not 

achieved by the authors, the senior author will arbitrate. 

Following these two steps, data extraction will be performed and checked by a second author. 

Data extraction, management and analysis 

Online Meta-analyses-DataBase  

According to international standards of systematic reviews and MAs for a systematic record of data 

from scientific publications, an online Meta-analyses-DataBase (MeDaBa - 

https://spinefoundation.info/en/meta-analyses-database) was established to analyze and calculate 

data. Elementary information of the studies is automatically saved within the MeDaBa, e.g. title, 

author(s), date of publication and digital object identifier number, while duplicates are filtered out 

automatically. The study quality is evaluated within the MeDaBa by using short and long checklists. 

The checklists include, amongst others, questions about bias. When the quality of a study is assessed 

with the short checklist and a determined number according to a numeric scoring system is achieved, 

the long checklist can be accessed for further evaluation. Only full text original publications are 

suitable for the checklists. Approved studies will be linked with defined endpoints (outcome measures) 

within the MeDaBa, checked for heterogeneity and pooled for the MAs, finally illustrated as forest and 

funnel plots.  

Dealing with missing data 

If any data of included studies are missing and of interest for our MAs we will contact the 

corresponding authors of the particular publications to retrieve that data. If values will only be available 

in graphs, PlotDigitizer 2.6.9 (Huwaldt 2020) will be used to extract the data. Studies will not be 

included in our analyses if any needed data are not provided by the authors and cannot be retrieved 

through other ways including own calculations from other provided study data.  

Assessment of statistical heterogeneity 

Statistical heterogeneity among the studies will be assessed by I2 statistics ranging from 0 to 100%, 

with a value of 0 indicating absence of heterogeneity, > 0-25% indicating low, > 25-50% moderate, > 

50-75% considerable and > 75-100% high heterogeneity, modified according to Higgins et al. (Higgins 

et al. 2003). The statistical significance level will be p < 0.05. 

Data synthesis 

A random effect model will be used for the MAs. The weighting method will be the Inverse Variance. All 
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calculations for the MAs will be performed in the MeDaBa. 

Sub-meta-analyses 

We will carry out sub-meta-analyses (sub-MAs) only including RCTs out of the pool of prospective 

studies to generate results with the highest scientific evidence possible. 

Assessment of risk of bias  

Found articles will be extensively assessed to avoid search bias. Even after carrying out an in-depth 

research, there is a risk that publications matching the inclusion criteria will not be found and because 

of that will not be included in our MAs. Data from a publication could be published in various scientific 

journals with varying phrasing and order of authors. If any redundancy of used data will be recognized, 

corresponding articles will be excluded. Suitable publications can also be biased by sponsoring of a 

company which might result in influenced outcome data. To evaluate these biases, disclosures and 

conflict of interest information of the authors will be assessed. The over-all conclusion of systematic 

reviews and MAs can be manipulated by publication bias. It is known that usually more positive data 

are published. Besides, there is the possibility that significantly more participants are treated with one 

surgical approach, e.g. because of industrial means and sponsoring. If such issues will be observed, it 

will be considered as well. 

Results 

Data from single studies which are implemented into the MeDaBa and used for our MAs will be 

presented as forest and funnel plots and additionally as tables. Some of the single studies do e.g. not 

differentiate B-VAS and L-VAS and present their data as VAS (B-VAS and L-VAS combined). If this is 

the case or further challenges arise we will point out solutions. In summary, we aim to identify the 

differences between both surgical techniques by only including high quality studies with prospectively 

collected data and a sufficient follow-up term.  

Discussion   

Summary of main results 

With our evaluation we provide the most up-to-date MA results currently available. It is our aim to 

verify the superiority of one surgical technique by analyzing outcome measures as much detailed as 

possible. We select FR, pain, function and complications as primary outcome measures and EBL, 

LOS and OT as secondary outcome measures. To achieve the highest scientific level, we additionally 

conduct sub-MAs only comparing RCT data. Selected secondary outcome measures, as e.g. LOS, 
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address also costs that are not intended to be evaluated specifically in our analyses.  

Agreements and Disagreements with existing meta-analyses 

MAs with follow ups of single studies less than two years and several limitations exist which compare 

efficacy and safety of monosegmental O-TLIF and MI-TLIF cases indicating no difference in FR (Qin et 

al. 2019), pain (Li et al. 2018, Qin et al. 2019, Miller et al. 2020) and partly in function scores (Li et al. 

2018). Furthermore, existing MAs do not show a significant difference regarding complications (Qin et 

al. 2019, Miller et al. 2020). We compare the obtained own MA results with the results of already 

published MAs. Because MI-TLIF surgeons do not need to retract and dissect paravertebral muscles 

as much as in O-TLIF (Sihvonen et al. 1993, Styf and Willen 1998), we expect that MI-TLIF could 

provide advantages in pain and functional outcomes for our MAs.   

Limitations 

The used diagnostics per patient and the definitions of fusion are not uniform among the single 

studies. Furthermore, adjustments in the surgical techniques and different definitions or denotations of 

complications are not to exclude.  

Conclusion and implications for practice and research 

With our evaluation based on MAs of several outcomes we want to provide high-quality results and 

thus, update the current scientific state by presenting data for the clinical decision between O-TLIF 

and MI-TLIF. In conclusion, we aim to highlight differences between both surgeries and to define which 

surgical techniques is the most appropriate. 

Statement of data availability 

Data sets generated or analyzed within the MeDaBa are available from the corresponding author on 

reasonable request.  
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Table 
 
Table 1. Single studies of already published meta-analyses (as potential studies for our meta-analyses) comparing 

monosegmental open and minimally invasive transforaminal lumbar interbody fusion. 

  
 Meta-                                            

analyses 
 

Included  
Single studies   
                

Li et 
al. 

2018 

Qin 
et al.  
2019 

Miller 
et al. 
2020 

potentially eligible for 
our meta-analyses 
(prospective and 

minimum follow-up of 
24 months) 

Main reason  
for exclusion  

from 
our meta-analyses 

Shunwu et al., 2010    X - 
Wang et al, 2010 X X X  Follow-up <24 months 

Adogwa et al, 2011  X   Retrospective study 
Wang HL et al, 2011   X X - 

Lee et al, 2012 X   X - 
Rodriguez-Vela et al., 2013   X X - 

Saetia et al, 2013  X   Retrospective study 
Seng et al., 2013 X    Retrospective study 

Jian Wang et al., 2014 X   X - 
Parker et al., 2014  X  X - 
Singh et al., 2014 X    Retrospective study 
Rečnik et al., 2015   X  Follow-up <24 months 

Zhang W et al., 2015    X - 
Kulkarni et al., 2016 X    Follow-up <24 months 
Serban et al., 2017 X X X  Follow-up <24 months 

Lv et al., 2017   X X - 
Wu et al., 2017  X  X - 

Yang et al., 2017   X X - 
AM Wu et al., 2018    X - 
H Zhao et al., 2019    X - 

 


