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Abstract

Objective

Adjacent segment pathology (ASP) is a common complication presenting in patients with

axial pain and dysfunction, requiring treatment or follow-up surgery. However, whether mini-

mally invasive surgery (MIS), including MIS transforaminal / posterior lumbar interbody

fusion (MIS-TLIF/PLIF) decreases the incidence rate of ASP remains unknown. The aim of

this meta-analysis was to compare the incidence rate of ASP in patients undergoing MIS

versus open procedures.

Methods

This systematic review was undertaken by following the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses Statement. We searched electronic databases, includ-

ing PubMed, EMBASE, SinoMed, and the Cochrane Library, without language restrictions,

to identify clinical trials comparing MIS to open procedures. The results retrieved were last

updated on June 15, 2016.

Results

Overall, 9 trials comprising 770 patients were included in the study; the quality of the studies

included 4 moderate and 5 low-quality studies. The pooled data analysis demonstrated low

heterogeneity between the trials and a significantly lower ASP incidence rate in patients

who underwent MIS procedure, compared with those who underwent open procedure (p =

0.0001). Single-level lumbar interbody fusion was performed in 6 trials of 408 patients and

we found a lower ASP incidence rate in MIS group, compared with those who underwent

open surgery (p = 0.002). Moreover, the pooled data analysis showed a significant reduction

in the incidence rate of adjacent segment disease (ASDis) (p = 0.0003) and adjacent seg-

ment degeneration (ASDeg) (p = 0.0002) for both procedures, favoring MIS procedure. Sub-

group analyses showed no difference in follow-up durations between the procedures (p =

0.93).
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Conclusion

Therefore, we conclude that MIS-TLIF/PLIF can reduce the incidence rate of ASDis and

ASDeg, compared with open surgery. Although the subgroup analysis did not indicate a dif-

ference in follow-up duration between the two procedures, larger-scale, well-designed clini-

cal trials with extensive follow-up are needed to confirm and update the findings of this

analysis.

Introduction

The prevalence of adjacent segment pathology (ASP) requiring additional treatment after spi-

nal fusion surgery has recently become more concerning [1–3]. Adjacent segment degenera-

tion (ASDeg) is represented by radiographic changes in the spine adjacent to the site of spinal

fusion surgery, whereas adjacent segment disease (ASDis) is symptomatic deterioration of the

adjacent motion segment [4, 5]. The incidence rate of ASDeg 5 years after spinal fusion surgery

ranges from 36% to 84% [6], whereas the prevalence of ASDis ranges from 5.2% to 16.5% at 5

years, and 10.6% to 36.1% at 10 years [7, 8]. Pathologically, it is foreseeable that ASDeg devel-

ops into ASDis, which leads to axial pain and dysfunction, and eventually results in revision

surgery [9]. Several studies have suggested that spinal fusion could accelerate degenerative

changes in unfused adjacent segments by increasing adjacent segment motion and placing

extra biomechanical stress on intervertebral discs [10, 11]. However, some reports still ascribe

this observation to the patients’ propensity for disc degeneration and predisposing risks factors

[12–15]. Therefore, based on these data, the etiology of ASDeg and ASDis is most likely multi-

factorial and remains poorly understood [16, 17].

Although the pathophysiology of these conditions remains uncertain, they have shown to

perform a significant impact on modern society, not only physically through increased

patient morbidity, but also financially due to loss of productivity and increased healthcare

costs [18, 19]. While different, minimally invasive surgery (MIS) should be nearly or exactly

as effective as the conventional open technique [20]. The advantage of MIS includes the sig-

nificant limitation of surgical disruption of soft tissue, such as destruction of paraspinal

muscles and ligamentous structures, which may compromise lumbar stability and lead to

ASP [21–23]. Minimally invasive transforaminal/ posterior lumbar interbody fusion

(MIS-TLIF/PLIF), which has less adjacent tissue destruction and lower morbidity than

open surgeries, has been shown to have good long-term clinical outcomes in spinal surgery

[24–26].

Hence, whether MIS can decrease the incidence rate of ASDeg and ASDis in patients with

degenerative disc disease or spondylolisthesis is unknown. To our knowledge, no meta-analy-

sis has been published on this topic to date. Thus, it is timely to critically review the trials in

this field and compare the incidence rate of ASDeg and ASDis among patients in MIS and

open procedures.

Methods

We strictly followed the Cochrane Handbook for Systematic Reviews of Interventions protocol

[27]. The study was designed and reported according to the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses Statement [28].

MIS-TLIF reduces incidence rate of ASDis and ASDeg in spine surgery comparing to TLIF
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Search strategy

We searched PubMed, EMBASE, SinoMed, and the Cochrane Library databases on June 15,

2016, without restricting the region, publication type, or language. The Mesh terms and Text

words were all searched. The related articles function was also used to broaden the search, and

the computer search was supplemented with manual searches of the reference lists of all

retrieved studies and review articles. The following search strategy was used: (((((ASD) OR

ASDis) OR ASDeg) OR ASP) OR adjacent segment disease) OR adjacent segment degenera-

tion) and (((minimally invasive) OR MIS) OR pertacuneous). The detailed search strategy

were uploaded in supply materials and flow diagram are shown in Fig 1.

Eligibility criteria

Two reviewers independently extracted relevant information from each eligible study. Infor-

mation about the characteristics of the study participants, details of the interventions used,

comparisons, and relevant outcomes were recorded. Clinical studies with a randomized

Fig 1. Flow diagram sketches the literatures identified, screened, included and excluded in meta-analysis.

doi:10.1371/journal.pone.0171546.g001
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controlled trial (RCT) or non-randomized controlled trial (non-RCTs) design in any phase

were included. Exclusion criteria included comparative single-arm or no-control trials, case

series, case reports, review articles, editorials, letters, surveys, economic studies, and unrelated

publications. The outcomes were cross-checked independently, and any inconsistencies in the

results were discussed. The exhaustive search is detailed in Table 1.

Methodological evaluation and quality assessment

The methodological quality of each study included in the meta-analysis was evaluated using the

Cochrane Handbook for Systematic Reviews of Interventions (version 5.2.0). RCTs were evalu-

ated using the Cochrane Collaboration tool to assess the risk for bias, and non-RCTs were

assessed using the modified Newcastle-Ottawa scale [29], which consists of 3 factors: patient

selection, comparability of the study groups, and assessment of outcomes. A score of 0–9

(recorded as stars) was allocated to each study. Studies with 6 or more stars were considered

high quality. The quality of the evidence was assessed according to the guidelines of the Grad-

ing of Recommendations, Assessment, Development, and Evaluation working group [30].

Data analysis and statistical methods

All meta-analyses were performed using Review Manager 5.2.0 (Cochrane Collaboration, UK);

publication bias was checked using Stata 11.0. (Stata Corporation, College Station, TX) via the

Beg and Egger test [27]. The weighted mean difference and risk ratio (RR) were used to com-

pare continuous and dichotomous variables, respectively. All results were reported with 95%

confidence intervals (Cl). Statistical heterogeneity between studies was assessed using the chi-

square test. Values of I2>50% or P<0.10 indicated heterogeneity between different trials. To

demonstrate more robust results, a random-effects model was applied to data analyses.

Results

The PubMed, EMBASE, SinoMed, and Cochrane Library databases search (Fig 1) yielded 9

studies, including 770 cases, that met the criteria for inclusion [21, 22, 31–37]. Examination of

the references cited in these studies and review articles did not yield any further studies.

Table 1. The main characteristics of the nine included studies.

Study Country Study design Participants Matching * Intervention Outcomes Follow-up duration

Number Age (yrs) M O M O

Yee et al 2014 [21] USA Non-RCT 68 M/O: (48±13)/(56±16) 1,2,3,4,5,6,7 52 16 4 3 �0.5 yrs

Radcliff et al 2014 [22] USA Non-RCT 53 Total mean age: (46±9) 1,2,3,4,5,7 23 30 7 9 3.8 yrs

Yu et al 2015 [31] China Non-RCT 92 M/O: (51±6)/(53±9) 1,2,3,6 47 45 13 20 5.3 yrs

Tsutsumimoto et al 2013 [32] Japan Non-RCT 41 Total mean age: 61 1,2,3,4,5 22 19 3 9 5.7 yrs

Seng et al 2013 [33] Singapore Non-RCT 80 M/O: (57±2)/(57±2) 1,2,3,4,5,6,7 40 40 4 4 5 yrs

Parker et al 2014 [34] USA Non-RCT 161 NA 1,2,3,6,7 86 75 8 17 5yrs

Ishii et al 2014 [35] Japan Non-RCT 78 Total mean age: 62 1,2,3,4,5,6,7 40 38 6 18 46.8mo

Archavlis et al 2013 [36] Germany Non-RCT 49 M/O: (67±8)/(68±7) 1,2,3,4,6,7 24 25 1 2 2 yrs

Adogwa et al 2015 [37] USA Non-RCT 148 M/O: (57±12)/(56±11) 1,2,3,4,6,7 40 108 0 1 2 yrs

RCT: Randomized controlled trial; NA: not available; yrs: years; mo: months; M: MIS-group; O: Open-group.

Matching

*: 1 = age; 2 = gender; 3 = preoperative diagnosis; 4 = The operation section; 5 = the total fused sites; 6 = operation effects; 7 = other.

doi:10.1371/journal.pone.0171546.t001
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Characteristics of eligible studies

The basic characteristics and the matching information of patients clinical characteristics

on the 9 trials included in the meta-analysis is respectively summarized in Tables 1 and 2.

There were 4 trials from Asia [31–33,35], 1 from Europe [36] and 4 from North America

[21,22,34,37]. We also identified and analyzed 6 trials [21,31–33,35,36] that used single-level

lumbar interbody fusion. Two trials [36,37] reported short-term incidence of ASP (�2

years), 2 trials [22,35] mid- term incidence (2–5 years), and 4 trials [31–34] long-term inci-

dence (�5 years). In addition, 2 studies [32,35] (N = 119) reported an incidence rate for

ASDeg and 8 studies [21, 22, 31,33–37] (N = 729) reported the incidence rate of ASDis

between 2 groups. In addition, the detailed information of patients clinical characteristics,

including diagnosis, involved segments, the fused levels, preoperative scores and postopera-

tive scores, were well matched in all none studies.

Table 2. The detailed matching information of patients clinical characteristics.

Study Diagnosis Involved

segments

The fused levels Preoperative scores Postoperative scores

M/O M/O M/O M/O M/O

Yee et al 2014 [21] LDD: 17/2 L1-2: 2/0 Single level: 52/16 NA NA

LDH: 7/0 L3-4: 1/1

DS: 24/12 L3-4: 4/1

LSS: 4/2 L4-5: 27/8

L5-S1: 18/6

Radcliff et al 2014 [22] LDD: 30/23 NA Single level: 10/11 NA NA

Multilevel: 20/12

Yu et al 2015 [31] LDD: 47/45 L3-4: 7/4 Single level: VAS leg pain: (9.2±1.3)/ (9.7±1.5) VAS leg pain: (1.7±1.3)/ (1.9±1.5)

L4-5: 28/26 47/45 VAS back pain: (7.8±0.7)/ (7.8±0.7) VAS back pain: (1.6±0.8)/ (1.8±1.3)

L5-S1: 12/15 ODI score: (27.6±2.5)/ (28.1±2.7) ODI score: (7.2±1.8)/ (6.9±2.1)

Tsutsumimoto et al 2013 [32] LDD: 22/19 L4-5: 22/19 Single level: 22/19 NA NA

Seng et al 2013 [33] LDD: 9/7 L3-4: 2/2 Single level: 40/40 VAS leg pain: (5.9±2.8)/ (5.7±3.2) VAS leg pain: (0.8±0.4)/ (1.0±0.3)

DS: 31/33 L4-5: 34/34 VAS back pain: (5.6±3.3)/ (6.2±2.7) VAS back pain: (1.3±0.4)/ (0.9±0.3)

L5-S1: 4/4 ODI score: (41.3±20.1)/ (42.1±16.3) ODI score: (13.6±2.8)/ (12.9±1.9)

SF-36 MCS: (46.1±11.5)/ (42.6±12.9) SF-36 MCS: (54.1±13.8)/ (53.3±11.5)

SF-36 PCS: (34.2±12.5)/ (31.3±8.3) SF-36 PCS: (47.0±11.0)/ (46.9±10.6)

Parker et al 2014 [34] LFPs: 86/75 NA Multilevel: 86/75 Similar clinical presentation MIS-TLIF accelerated return to work days

compared to open-TLIF.

Ishii et al 2014 [35] DS: 40/38 L4-5: 40/38 Single level: 40/38 JOA scores(NS) Better improvements in ODI and JOA

recovery rate were found in MIS-TLIF.ODI (NS)

Archavlis et al 2013 [36] DS(grade I): 18/16 L3-4: 2/1 Single level: 24/25 VAS leg pain: 6.7/6.4 VAS leg pain: 2.7/2.6

DS(grade II): 6/9 L4-5: 16/17 VAS back pain: 6.9/6.6 VAS back pain: 2.5/2.8

L5-S1: 6/7 ODI score: 46/48 ODI score: 23/24

Adogwa et al 2015 [37] LDD: 27/81 L1-2: 1/34 Multilevel: 40/108 VAS leg pain: (7.1±3.0)/ (6.6±3.0) VAS leg pain: (3.8±4.5)/ (2.7±4.1)

DS: 29/78 L3-4: 7/38 VAS back pain: (7.0±2.5)/ (7.0±2.4) VAS back pain: (2.4±3.8)/ (2.3±3.7)

L3-4: 7/41 ODI score: (25.1±8.4)/ (24.6±7.6) ODI score: (5.8±12.8)/ (7.4±11.0)

L4-5: 24/83 SF-36 MCS: (41.9±16.7)/ (39.1±18.0) SF-36 MCS: (4.4±22.7)/ (6.0±22.1)

L5-S1: 21/62 SF-36 PCS: (24.1±11.3)/ (24.7±9.7) SF-36 PCS: (8.6±17.7)/ (7.6±15.6)

LDD: Lumbar degenerative diseases; LDH: Lumbar disc herniation; LSS: Lumbar spinal stenosis; DS: Degenerative spondylolisthesis; LFPs: Lumbar spine

fusion patients; VAS: Visual analog scale score; ODI: Oswestry disability index; JOA: Japanese Orthopedic Association score; SF-36: 36-Item short form

health survey; MCS: Mental component score; PCS: Physical component score; M: MIS-group; O: Open-group; NA: Not available; NS: Not significant.

doi:10.1371/journal.pone.0171546.t002
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Methodological quality of studies included

Although the high methodological quality of the evidence was assessed using the modified

Newcastle-Ottawa scale (Table 3), all 9 studies were classified as non-RCTs [21, 22, 31–37].

Therefore, the total risk for bias of the studies included in our meta-analysis was considered

low.

Quality of evidence

The quality of the evidence for each study was evaluated and is shown in Table 4. Because of a

lack of allocation concealment and blinding of participants and personnel, all 9 non-RCTs

were downgraded by 2 grades based on the Grading of Recommendations, Assessment, Devel-

opment, and Evaluation guidelines [30,38]. In addition, the quality of 4 studies [21,32,34,35]

was upgraded by 1 grade due to the large effect, whereas the remaining 5 trials [22,31,33,36,37]

were neither upgraded or downgraded. Therefore, 4 trials [21,32,34,35]were considered to

provide moderate-quality evidence and the other 5 studies [22,31,33,36,37], low-quality

evidence.

Table 3. Modified Newcastle-Ottawa Scale (NOS) scores for the included non-RCT studies.

Study Selection Comparability Outcomes Quality score

Yee et al 2014 [21] 2 3 3 8

Radcliff et al 2014 [22] 2 3 3 8

Yu et al 2015 [31] 1 3 3 7

Tsutsumimoto et al 2013 [32] 2 3 3 8

Seng et al 2013 [33] 1 3 3 7

Parker et al 2014 [34] 2 3 3 8

Ishii et al 2014 [35] 1 3 3 7

Archavlis et al 2013 [36] 2 3 3 8

Adogwa et al 2015 [37] 2 3 3 8

RCT: Randomized controlled trial.

doi:10.1371/journal.pone.0171546.t003

Table 4. Grading of clinical studies following GRADE guidelines.

References Study

design

Risk of

bias

Indirectness Imprecision Publication

bias

Large

effect

Plausible residual

confounding

Total Quality of

evidence

Yee et al 2014 [21] Non-RCT -2 0 0 0 1 0 -1 Moderate

Radcliff et al 2014

[22]

Non-RCT -2 0 0 0 0 0 -2 Low

Yu et al 2015 [31] Non-RCT -2 0 0 0 0 0 -2 Low

Tsutsumimoto et al

2013 [32]

Non-RCT -2 0 0 0 1 0 -1 Moderate

Seng et al 2013 [33] Non-RCT -2 0 0 0 0 0 -2 Low

Parker et al 2014 [34] Non-RCT -2 0 0 0 1 0 -1 Moderate

Ishii et al 2014 [35] Non-RCT -2 0 0 0 1 0 -1 Moderate

Archavlis et al 2013

[36]

Non-RCT -2 0 0 0 0 0 -2 Low

Adogwa et al 2015

[37]

Non-RCT -2 0 0 0 0 0 -2 Low

RCT: Randomized controlled trial.

doi:10.1371/journal.pone.0171546.t004
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ASP incidence rate

Pooled data analysis demonstrated low heterogeneity (P = 0.55, I2 = 0%) between the 9 trials

(N = 770) evaluating the incidence rate of ASP in no less than 6 months; a significantly lower

incidence of ASP was seen in the MIS group, compared with the open group (RR: 0.53; 95%

CI: 0.39–0.73; P = 0.0001; Fig 2). Of these, 6 trials (N = 408) evaluating single-level lumbar

interbody fusion had a lower incidence of ASP in the MIS group (RR: 0.49; 95% CI: 0.33–0.72;

P = 0.0003; Fig 3). In addition, 8 trials (N = 729) evaluating the incidence rate of ASDis had a

significant reduction in the incidence rate of ASDis in the MIS group (RR: 0.56; 95% CI: 0.40–

0.78; P = 0.0006; Fig 4). Two studies (N = 119) evaluating the incidence rate of ASDeg had a

decreased incidence rate of ASDeg in the MIS group (RR: 0.31; 95% CI: 0.16–0.60; P = 0.0005;

Fig 5).

Publication bias

We used the Egger and the Beg funnel plots to assess publication bias. We found no evidence

of publication bias in either tests (Beg test: P = 0.754, Fig 6A; Egger test: P = 0.958, Fig 6B).

Subgroup analysis

Subgroup analyses were conducted in different ASP incidence rate follow-up durations. We

found no significant difference between trials with low heterogeneity (P = 0.93; I2 = 0%). The

Fig 2. The comparing of ASP incident rate between MIS and open groups.

doi:10.1371/journal.pone.0171546.g002

Fig 3. The comparing of ASP incident rate in single level lumbar interbody fusion between MIS and open groups.

doi:10.1371/journal.pone.0171546.g003
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short-term follow-up incidence rate (�2 years) reported by 2 studies (n = 197) showed a

decreasing trend in the MIS group; the difference was not significant (RR: 0.62; 95% CI: 0.09–

4.38; P = 0.63; Table 5). In addition, in the 2 studies (n = 131) with mid-term follow-up (2–5

years) ASP incidence rate, we observed a trend favoring the MIS group; no significant differ-

ence was observed between groups (RR: 0.44; 95% CI, 0.09–2.21; P = 0.32; Table 5). Of the 4

studies (n = 374) with long-term follow-up (�5 years), a significant decrease in the incidence

rate of ASP was observed, favoring patients in the MIS group (RR: 0.42; 95% CI: 0.24–0.71;

P = 0.001; Table 5).

Fig 4. The comparing of symptoms ASDis incident rate between MIS and open grops.

doi:10.1371/journal.pone.0171546.g004

Fig 5. The comparing of radiograph ASDeg incident rate between MIS and open groups.

doi:10.1371/journal.pone.0171546.g005

Fig 6. The Beg funnel plot (A) and the Egger funnel plot (B) tests showed no significant publication bias.

doi:10.1371/journal.pone.0171546.g006
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Discussion

ASDis and ASDeg have become common topic in spine surgery fields due to the obviously

increase in fusion surgery in recent years [39]. However, a distinction should be made between

ASDis and ASDeg. ASDis is defined as new degenerative changes at a spinal level adjacent to a

surgically treated level or levels in the spine, accompanied by related symptoms (radiculopathy,

myelopathy, or instability), while ASDeg represents the radiographic changes without the

symptomatology [2]. In the current study, the definition of ASDis and ASDeg in all the nine

researches included are consistent. Hence, our results about ASDeg and ASDis among the

selected papers are credible.

Several publications have compared the incidence rate of ASDeg and ASDis following dif-

ferent treatment interventions [34, 35, 37, 40–42]. However, a meta-analysis including the

most recent and relevant data comparing MIS and Open procedures is lacking. Our meta-anal-

ysis presents an integrated overview comparing the latest studies on the reduction of incidence

rate of ASDeg and ASDis in patients who underwent MIS intervention, compared with those

who underwent open procedure. Nine trials comprising 770 patients were included and ana-

lyzed. The overall quality of the literature was low including 4 Grade 2 level studies and 5

Grade 3 level evidence. Although the number of studies included in our analysis was small and

the data were not sufficient to demonstrate a definite conclusion in all aspects, our findings are

supported by the comprehensive evidence of credible outcomes from 770 patients included in

the clinical trials. In addition, the detailed information of patients clinical characteristics,

including preoperative diagnosis, involved segments, operation sections, preoperative scores

and operation effects, showed good matching in all the included nine studies. This matching

information may demonstrate the compatibility between the two different surgery procedures.

At last, Begg’s and Egger’s funnel plots showed no evidence of publication bias in our meta-

analysis, further supporting the credibility of our results.

Based on the data from 9 trials with low heterogeneity, our analysis found a reduction in

the incidence rate of ASP in the MIS group (P = 0.0001; Fig 2). The results of single-level fusion

between MIS and open groups in lumbar interbody fusion were similar, favoring the MIS

group (P = 0.002; Fig 3). In addition, the incidence rate of ASDis (P = 0.0006, Fig 4) and

ASDeg (P = 0.0005; Fig 5) both indicated a decreasing trend favoring the MIS group. More-

over, Our conclusion is also heavily supported by the Kaplan—Meier curves analysis, which

was conducted in 2 of the studies included in the meta-analysis [21, 32]. It is widely accepted

that spine fusion can cause biomechanical changes at adjacent levels, leading to increased

Table 5. The results of different meta-analysis outcomes for MIS-group and Open-group.

Outcomes Studies Group number (M/O) Overall effects P Heterogeneity

test

Effect estimates 95%CI I2(%) P

ASP incident rate 9 374/396 0.53 0.39, 0.73 0.0001 0 0.55

ASP incident rate (single level fusion) 6 225/183 0.49 0.33, 0.72 0.0003 0 0.57

ASDis 8 352/377 0.56 0.40, 0.78 0.0006 0 0.58

ASDeg 2 62/57 0.31 0.16, 0.60 0.0005 0 0.89

Following-up

Short term (�2 years) 2 64/133 0.62 0.09, 4.38 0.63 0 0.78

Middle term (2-5years) 2 63/68 0.44 0.09, 2.21 0.32 76 0.04

Long term (�5 years) 4 195/179 0.42 0.24, 0.71 0.001 0 0.41

ASP: adjacent segment pathology; ASDis: Adjacent segment disease; ASDeg: Adjacent segment degeneration; M: MIS-group; O: Open-group.

doi:10.1371/journal.pone.0171546.t005
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range of motion and intradiscal pressure. Correspondingly, the facet joint loading and disc

stress were greatly increased and the risk of ASP were highly enhanced. In this study, our result

of reduction in both ASDis and ASDeg incidence may be explained by less frequent facet viola-

tion in MIS procedure due to the guiding of navigation during the operation process. Besides,

compared with open surgery, the lower adjacent tissue destruction associated with MIS sur-

gery may be another protection factor of ASP. Consequently, the lower ASP incidence rate

that we found among patients undergoing MIS procedure may reduce adverse outcomes and

the need for further surgical intervention.

To date, there are still no long-term follow-up studies evaluating and comparing the inci-

dence rate of ASP between MIS and open procedures. In our subgroup analyses, there was a

trend showing MIS-TLIF/PLIF decreased the incidence rate of ASP in all 3 follow-up dura-

tions. Although no significant differences were detected in short-term (P = 0.63) and mid-

term subgroups (P = 0.32), a significantly lower incidence rate of ASP was observed in the

long-term subgroup (P = 0.001). These differences may be due to the small sample size in the

short- and mid-term studies. It should be noted that the pathological process of ASDeg and

ASDis are considered long-term complications following spinal fusion surgery. Altogether, the

trends observed in these subgroup analyses (p = 0.93) may suggest that MIS procedure

decreases the incidence rate of ASP in all 3 different follow-up durations.

For further understanding the similar protection or reduction incidence methods of ASP,

we also searched for systematic reviews and meta-analyses comparing different interventions

of ASP incidence (Table 6). The articles identified mainly focused on motion-preservation

procedures and spinal fusion. Of all the 4 systematic reviews or meta-analysis comparing

motion-preservation procedures and lumbar spinal fusion in our study [9, 10, 43, 44] 3 of

them confirmed the reduction of ASP incidence in patients who underwent the motion-pres-

ervation procedure [9, 10, 44], and 1 report was unable to show an association due to limited

evidence [43]. Despite these data, none of the studies evaluated MIS versus open procedures

suggesting a lack of evidence-based research. In our meta-analysis, the 9 articles were pub-

lished within the past 3 years, which indicates that evaluating MIS as part of a prospective clini-

cal trial may have added benefits for the patients.

Nonetheless, MIS surgery as a new kind of technology requires a additionally steep learning

curve. Besides, this method is associated with significantly longer X-ray exposure dose and

need complete protection such as wearing leaded apron and glasses during surgery. Both of

this may increase the excess cost. At last, it is a technical challenging of MIS procedure due to

Table 6. Systematic review or meta-analysis of ASDis or ASDeg incidence rate between different interventions in lumbar spine surgery.

Author Year Publication

type

N n Patient Intervention Outcome

Ren et al [9] 2014 M 13 1270 Lumbar spine surgery MP (676) and LF (594) The current evidence suggests that LF

may result in a higher prevalence of

ASDeg or ASDis than MP.

Pan et al [10] 2016 M 15 1474 Lumbar degenerative disease MP (687) vs LF (787) The present evidences indicated MP had

an advantage on reducing ASDeg and

ASDis as compared with LF.

Wang et al [43] 2012 S 8 NA Lumbar spine surgery MP(NA)vs Spine fusion (NA) There is limited evidence that LF may

increase the risk of developing clinical ASP

compared with MP.

Zhou et al [44] 2013 S 31 NA Lumbar spine surgery MP (NA) vs LF (NA) These results suggested relative success

of the MP in protecting against ASDeg and

ASDis.

MP: Motion-preservation procedures; LF: lumbar spinal fusion; M: Meta-analysis; S: systematic; vs: versus; NA: Not available.

doi:10.1371/journal.pone.0171546.t006
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smaller operative field that may hinder the accurate decompression, interbody fusion and ped-

icle screw placement.

We acknowledge that this meta-analysis also had some limitations. First, all 9 studies

included were non-RCTs—no RCT were included—which could significantly affect the quality

of our meta-analysis. However, conducting RCTs is difficult, because of patient expectations

and complex procedures, highlighting the importance of this meta-analysis. Second, small

number of studies/patients just including the comparative studies written by MIS-surgeons in

this study may weaken our conclusion in certain extent. Consequently, it was difficult to per-

form a sensitivity analysis with only 9 studies. Third, the inclusion criteria for MIS and open

procedures may be different. For example, patients with severe lumbar instability and spondy-

lolysis may have been more likely to be assigned to the open surgery group, which could have

affected our results. Lastly, some between-study heterogeneity may be attributable to socioeco-

nomic factors, nutrition, and matching criteria. These differences could have been reduced

using a random-effects model, but they would have been difficult to remove all together.

Conclusion

Based on this meta-analysis, we conclude that patients undergoing MIS procedure may have a

lower incidence of ASDeg and ASDis, than those undergoing open surgery. The subgroup

analysis evaluating follow-up duration showed no difference between the procedures. None-

theless, large-volume, well-designed clinical trials with extensive follow-up, are still needed to

confirm and update the findings of this analysis.

Supporting information

S1 File. PRISMA checklist.

(DOC)

Acknowledgments

There was no funding or support for this study.

Author Contributions

Data curation: XCL.

Formal analysis: RWL CFZ CMH SJL.

Investigation: CFZ.

Methodology: XCL.

Project administration: SJL CMH.

Resources: XCL CFZ.

Software: XCL.

Supervision: SJL.

Validation: SJL.

Visualization: RWL.

Writing – original draft: XCL.

Writing – review & editing: SJL CMH.

MIS-TLIF reduces incidence rate of ASDis and ASDeg in spine surgery comparing to TLIF

PLOS ONE | DOI:10.1371/journal.pone.0171546 February 16, 2017 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171546.s001


References
1. Shriver MF, Lubelski D, Sharma AM, Steinmetz MP, Benzel EC, Mroz TE. Adjacent segment degenera-

tion and disease following cervical arthroplasty: a systematic review and meta-analysis. The spine jour-

nal: official journal of the North American Spine Society. 2016; 16(2):168–81. Epub 2015/10/31.

2. Virk SS, Niedermeier S, Yu E, Khan SN. Adjacent segment disease. Orthopedics. 2014; 37(8):547–55.

doi: 10.3928/01477447-20140728-08 PMID: 25102498

3. Tobert DG, Antoci V, Patel SP, Saadat E, Bono CM. Adjacent Segment Disease in the Cervical and

Lumbar Spine. Clinical spine surgery. 2016. Epub 2016/09/20.

4. Radcliff KE, Kepler CK, Jakoi A, Sidhu GS, Rihn J, Vaccaro AR, et al. Adjacent segment disease in the

lumbar spine following different treatment interventions. The spine journal: official journal of the North

American Spine Society. 2013; 13(10):1339–49.

5. Saavedra-Pozo FM, Deusdara RA, Benzel EC. Adjacent segment disease perspective and review of

the literature. Ochsner J. 2014; 14(1):78–83. Epub 2014/04/02. PMID: 24688337

6. Nakashima H, Kawakami N, Tsuji T, Ohara T, Suzuki Y, Saito T, et al. Adjacent Segment Disease After

Posterior Lumbar Interbody Fusion: Based on Cases With a Minimum of 10 Years of Follow-up. Spine.

2015; 40(14):E831–41. Epub 2015/04/04. doi: 10.1097/BRS.0000000000000917 PMID: 25839385

7. St-Pierre GH, Jack A, Siddiqui MM, Henderson RL, Nataraj A. Nonfusion Does Not Prevent Adjacent

Segment Disease: Dynesys Long-term Outcomes With Minimum Five-year Follow-up. Spine. 2016; 41

(3):265–73. Epub 2015/09/04. doi: 10.1097/BRS.0000000000001158 PMID: 26335675

8. Xia XP, Chen HL, Cheng HB. Prevalence of adjacent segment degeneration after spine surgery: a sys-

tematic review and meta-analysis. Spine. 2013; 38(7):597–608. doi: 10.1097/BRS.0b013e318273a2ea

PMID: 22986837

9. Ren C, Song Y, Liu L, Xue Y. Adjacent segment degeneration and disease after lumbar fusion com-

pared with motion-preserving procedures: a meta-analysis. Eur J Orthop Surg Traumatol. 2014; 24

Suppl 1:S245–53.

10. Pan A, Hai Y, Yang J, Zhou L, Chen X, Guo H. Adjacent segment degeneration after lumbar spinal

fusion compared with motion-preservation procedures: a meta-analysis. European spine journal: official

publication of the European Spine Society, the European Spinal Deformity Society, and the European

Section of the Cervical Spine Research Society. 2016; 25(5):1522–32. Epub 2016/03/13.

11. Lee CK. Accelerated degeneration of the segment adjacent to a lumbar fusion. Spine. 1988; 13(3):375–

7. Epub 1988/03/01. PMID: 3388124

12. Lund T, Oxland TR. Adjacent level disk disease—is it really a fusion disease? The Orthopedic clinics of

North America. 2011; 42(4):529–41, viii. Epub 2011/09/29. doi: 10.1016/j.ocl.2011.07.006 PMID:

21944589

13. Alentado VJ, Lubelski D, Healy AT, Orr RD, Steinmetz MP, Benzel EC, et al. Predisposing Characteris-

tics of Adjacent Segment Disease After Lumbar Fusion. Spine. 2016; 41(14):1167–72. Epub 2016/02/

11. doi: 10.1097/BRS.0000000000001493 PMID: 26863261

14. Scemama C, Magrino B, Gillet P, Guigui P. Risk of adjacent-segment disease requiring surgery after

short lumbar fusion: results of the French Spine Surgery Society Series. Journal of neurosurgery Spine.

2016; 25(1):46–51. Epub 2016/03/12. doi: 10.3171/2015.11.SPINE15700 PMID: 26967992

15. Rothenfluh DA, Mueller DA, Rothenfluh E, Min K. Pelvic incidence-lumbar lordosis mismatch predis-

poses to adjacent segment disease after lumbar spinal fusion. European spine journal: official publica-

tion of the European Spine Society, the European Spinal Deformity Society, and the European Section

of the Cervical Spine Research Society. 2015; 24(6):1251–8. Epub 2014/07/16.

16. Chung JY, Park JB, Seo HY, Kim SK. Adjacent Segment Pathology after Anterior Cervical Fusion.

Asian spine journal. 2016; 10(3):582–92. doi: 10.4184/asj.2016.10.3.582 PMID: 27340541

17. Lee JC, Choi SW. Adjacent Segment Pathology after Lumbar Spinal Fusion. Asian spine journal. 2015;

9(5):807–17. doi: 10.4184/asj.2015.9.5.807 PMID: 26435804

18. Lee JK, Jo YH, Kang CN. Cost-effectiveness Analysis of Existing Pedicle Screws Reusing Technique in

Extension Revision Operation for Adjacent Segmental Stenosis After Lumbar Posterolateral Fusion.

Spine. 2016; 41(13):E785–90. Epub 2015/12/15. doi: 10.1097/BRS.0000000000001387 PMID:

26656052

19. Adogwa O, Owens R, Karikari I, Agarwal V, Gottfried ON, Bagley CA, et al. Revision lumbar surgery in

elderly patients with symptomatic pseudarthrosis, adjacent-segment disease, or same-level recurrent

stenosis. Part 2. A cost-effectiveness analysis: clinical article. Journal of neurosurgery Spine. 2013; 18

(2):147–53. Epub 2012/12/13. doi: 10.3171/2012.11.SPINE12226 PMID: 23231358

20. Li XC, Zhong CF, Deng GB, Liang RW, Huang CM. Full-Endoscopic Procedures Versus Traditional Dis-

cectomy Surgery for Discectomy: A Systematic Review and Meta-analysis of Current Global Clinical

Trials. Pain physician. 2016; 19(3):103–18. Epub 2016/03/24. PMID: 27008284

MIS-TLIF reduces incidence rate of ASDis and ASDeg in spine surgery comparing to TLIF

PLOS ONE | DOI:10.1371/journal.pone.0171546 February 16, 2017 12 / 14

http://dx.doi.org/10.3928/01477447-20140728-08
http://www.ncbi.nlm.nih.gov/pubmed/25102498
http://www.ncbi.nlm.nih.gov/pubmed/24688337
http://dx.doi.org/10.1097/BRS.0000000000000917
http://www.ncbi.nlm.nih.gov/pubmed/25839385
http://dx.doi.org/10.1097/BRS.0000000000001158
http://www.ncbi.nlm.nih.gov/pubmed/26335675
http://dx.doi.org/10.1097/BRS.0b013e318273a2ea
http://www.ncbi.nlm.nih.gov/pubmed/22986837
http://www.ncbi.nlm.nih.gov/pubmed/3388124
http://dx.doi.org/10.1016/j.ocl.2011.07.006
http://www.ncbi.nlm.nih.gov/pubmed/21944589
http://dx.doi.org/10.1097/BRS.0000000000001493
http://www.ncbi.nlm.nih.gov/pubmed/26863261
http://dx.doi.org/10.3171/2015.11.SPINE15700
http://www.ncbi.nlm.nih.gov/pubmed/26967992
http://dx.doi.org/10.4184/asj.2016.10.3.582
http://www.ncbi.nlm.nih.gov/pubmed/27340541
http://dx.doi.org/10.4184/asj.2015.9.5.807
http://www.ncbi.nlm.nih.gov/pubmed/26435804
http://dx.doi.org/10.1097/BRS.0000000000001387
http://www.ncbi.nlm.nih.gov/pubmed/26656052
http://dx.doi.org/10.3171/2012.11.SPINE12226
http://www.ncbi.nlm.nih.gov/pubmed/23231358
http://www.ncbi.nlm.nih.gov/pubmed/27008284


21. Yee TJ, Terman SW, La Marca F, Park P. Comparison of adjacent segment disease after minimally

invasive or open transforaminal lumbar interbody fusion. J Clin Neurosci. 2014; 21(10):1796–801. doi:

10.1016/j.jocn.2014.03.010 PMID: 24880486

22. Radcliff KE, Kepler CK, Maaieh M, Anderson DG, Rihn J, Albert T, et al. What is the rate of lumbar adja-

cent segment disease after percutaneous versus open fusion? Orthopaedic surgery. 2014; 6(2):118–

20. doi: 10.1111/os.12103 PMID: 24890293

23. Watanabe K, Matsumoto M, Ikegami T, Nishiwaki Y, Tsuji T, Ishii K, et al. Reduced postoperative

wound pain after lumbar spinous process-splitting laminectomy for lumbar canal stenosis: a randomized

controlled study. Journal of neurosurgery Spine. 2011; 14(1):51–8. Epub 2010/12/15. doi: 10.3171/

2010.9.SPINE09933 PMID: 21142464

24. Parker SL, Mendenhall SK, Shau DN, Zuckerman SL, Godil SS, Cheng JS, et al. Minimally invasive ver-

sus open transforaminal lumbar interbody fusion for degenerative spondylolisthesis: comparative effec-

tiveness and cost-utility analysis. World neurosurgery. 2014; 82(1–2):230–8. Epub 2013/01/17. doi: 10.

1016/j.wneu.2013.01.041 PMID: 23321379

25. Ahn J, Tabaraee E, Singh K. Minimally Invasive Transforaminal Lumbar Interbody Fusion. Journal of

spinal disorders & techniques. 2015; 28(6):222–5. Epub 2015/06/17.

26. Rodriguez-Vela J, Lobo-Escolar A, Joven E, Munoz-Marin J, Herrera A, Velilla J. Clinical outcomes of

minimally invasive versus open approach for one-level transforaminal lumbar interbody fusion at the 3-

to 4-year follow-up. European spine journal: official publication of the European Spine Society, the Euro-

pean Spinal Deformity Society, and the European Section of the Cervical Spine Research Society.

2013; 22(12):2857–63. Epub 2013/06/15.

27. Hayashino Y, Noguchi Y, Fukui T. Systematic evaluation and comparison of statistical tests for publica-

tion bias. Journal of epidemiology / Japan Epidemiological Association. 2005; 15(6):235–43. Epub

2005/11/09.

28. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS medicine. 2009; 6(7):e1000100. Epub 2009/07/22. doi: 10.1371/

journal.pmed.1000100 PMID: 19621070

29. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-

domized studies in meta-analyses. European journal of epidemiology. 2010; 25(9):603–5. doi: 10.1007/

s10654-010-9491-z PMID: 20652370

30. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guidelines: 1. Introduction-

GRADE evidence profiles and summary of findings tables. Journal of clinical epidemiology. 2011; 64

(4):383–94. Epub 2011/01/05. doi: 10.1016/j.jclinepi.2010.04.026 PMID: 21195583

31. YU Weiyang, HD, LIU Feijun. Comparison of the mid- and long-term clinical outcomes of Minimally inva-

sive versus open Transforaminal Lumbar Interbody Fusion in treatment of one-level lumbar degenera-

tive disease. Zhejiang Journal of Traumatic Surgery. 2015;2015(2).

32. Tsutsumimoto T, Yui M, Ikegami S, Uehara M, Kosaku H, Ohta H, et al. A minimally invasive surgical

approach reduces cranial adjacent segment degeneration in patients undergoing posterior lumbar inter-

body fusion. Eur Spine J (supply 5). 2013.

33. Seng C, Siddiqui MA, Wong KP, Zhang K, Yeo W, Tan SB, et al. Five-year outcomes of minimally inva-

sive versus open transforaminal lumbar interbody fusion: a matched-pair comparison study. Spine.

2013; 38(23):2049–55. doi: 10.1097/BRS.0b013e3182a8212d PMID: 23963015

34. Parker SL, Adamson TE, Smith MD, McGirt MJ. Reduction in Symptomatic Adjacent Segment Disease

after MIS versus Open Transforaminal Lumbar Interbody Fusion. The Spine Journal. 2014; 14(11):

S64–S5.

35. Ishii K, Hikata T, Shiono Y, Kaneko Y, Hosogane N, Fujita N, et al. MIS TLIF Reduces Incidence of Adja-

cent Segment Disease in Patients with Degenerative Spondylolisthesis: Comparative Study with Con-

ventional TLIF. The Spine Journal. 2014; 14(11):S65.

36. Archavlis E, Carvi y Nievas M. Comparison of minimally invasive fusion and instrumentation versus

open surgery for severe stenotic spondylolisthesis with high-grade facet joint osteoarthritis. European

spine journal: official publication of the European Spine Society, the European Spinal Deformity Society,

and the European Section of the Cervical Spine Research Society. 2013; 22(8):1731–40.

37. Adogwa O, Carr K, Thompson P, Hoang K, Darlington T, Perez E, et al. A Prospective, Multi-Institu-

tional Comparative Effectiveness Study of Lumbar Spine Surgery in Morbidly Obese Patients: Does

Minimally Invasive Transforaminal Lumbar Interbody Fusion Result in Superior Outcomes? World neu-

rosurgery. 2015; 83(5):860–6. Epub 2014/12/24. doi: 10.1016/j.wneu.2014.12.034 PMID: 25535070

38. Meerpohl JJ, Langer G, Perleth M, Gartlehner G, Kaminski-Hartenthaler A, Schunemann H. [GRADE

guidelines: 3. Rating the quality of evidence (confidence in the estimates of effect)]. Zeitschrift fur

MIS-TLIF reduces incidence rate of ASDis and ASDeg in spine surgery comparing to TLIF

PLOS ONE | DOI:10.1371/journal.pone.0171546 February 16, 2017 13 / 14

http://dx.doi.org/10.1016/j.jocn.2014.03.010
http://www.ncbi.nlm.nih.gov/pubmed/24880486
http://dx.doi.org/10.1111/os.12103
http://www.ncbi.nlm.nih.gov/pubmed/24890293
http://dx.doi.org/10.3171/2010.9.SPINE09933
http://dx.doi.org/10.3171/2010.9.SPINE09933
http://www.ncbi.nlm.nih.gov/pubmed/21142464
http://dx.doi.org/10.1016/j.wneu.2013.01.041
http://dx.doi.org/10.1016/j.wneu.2013.01.041
http://www.ncbi.nlm.nih.gov/pubmed/23321379
http://dx.doi.org/10.1371/journal.pmed.1000100
http://dx.doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
http://dx.doi.org/10.1007/s10654-010-9491-z
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
http://dx.doi.org/10.1097/BRS.0b013e3182a8212d
http://www.ncbi.nlm.nih.gov/pubmed/23963015
http://dx.doi.org/10.1016/j.wneu.2014.12.034
http://www.ncbi.nlm.nih.gov/pubmed/25535070


Evidenz, Fortbildung und Qualitat im Gesundheitswesen. 2012; 106(6):449–56. Epub 2012/08/04. doi:

10.1016/j.zefq.2012.06.013 PMID: 22857733

39. Saavedra-Pozo Fanor M, Deusdara Renato A. M., Benzel EC. Adjacent Segment Disease Perspective

and Review of the Literature. The Ochsner Journal. 2014; 14(1):78–83. PMID: 24688337

40. Wong AP, Smith ZA, Stadler JA 3rd, Hu XY, Yan JZ, Li XF, et al. Minimally invasive transforaminal lum-

bar interbody fusion (MI-TLIF): surgical technique, long-term 4-year prospective outcomes, and compli-

cations compared with an open TLIF cohort. Neurosurg Clin N Am. 2014; 25(2):279–304. doi: 10.1016/

j.nec.2013.12.007 PMID: 24703447

41. Gu G, Zhang H, Fan G, He S, Cai X, Shen X, et al. Comparison of minimally invasive versus open trans-

foraminal lumbar interbody fusion in two-level degenerative lumbar disease. International orthopaedics.

2014; 38(4):817–24. doi: 10.1007/s00264-013-2169-x PMID: 24240484

42. Goldstein CL, Macwan K, Sundararajan K, Rampersaud YR. Comparative outcomes of minimally inva-

sive surgery for posterior lumbar fusion: a systematic review. Clin Orthop Relat Res. 2014; 472

(6):1727–37. Epub 2014/01/28. doi: 10.1007/s11999-014-3465-5 PMID: 24464507

43. Wang JC, Arnold PM, Hermsmeyer JT, Norvell DC. Do lumbar motion preserving devices reduce the

risk of adjacent segment pathology compared with fusion surgery? A systematic review. Spine. 2012;

37(22 Suppl):S133–43. doi: 10.1097/BRS.0b013e31826cadf2 PMID: 22872221

44. Zhou ZJ, Xia P, Zhao X, Fang XQ, Zhao FD, Fan SW. Can posterior dynamic stabilization reduce the

risk of adjacent segment deterioration? Turk Neurosurg. 2013; 23(5):579–89. doi: 10.5137/1019-5149.

JTN.6573-12.1 PMID: 24101303

MIS-TLIF reduces incidence rate of ASDis and ASDeg in spine surgery comparing to TLIF

PLOS ONE | DOI:10.1371/journal.pone.0171546 February 16, 2017 14 / 14

http://dx.doi.org/10.1016/j.zefq.2012.06.013
http://www.ncbi.nlm.nih.gov/pubmed/22857733
http://www.ncbi.nlm.nih.gov/pubmed/24688337
http://dx.doi.org/10.1016/j.nec.2013.12.007
http://dx.doi.org/10.1016/j.nec.2013.12.007
http://www.ncbi.nlm.nih.gov/pubmed/24703447
http://dx.doi.org/10.1007/s00264-013-2169-x
http://www.ncbi.nlm.nih.gov/pubmed/24240484
http://dx.doi.org/10.1007/s11999-014-3465-5
http://www.ncbi.nlm.nih.gov/pubmed/24464507
http://dx.doi.org/10.1097/BRS.0b013e31826cadf2
http://www.ncbi.nlm.nih.gov/pubmed/22872221
http://dx.doi.org/10.5137/1019-5149.JTN.6573-12.1
http://dx.doi.org/10.5137/1019-5149.JTN.6573-12.1
http://www.ncbi.nlm.nih.gov/pubmed/24101303

