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Abstract 

Purpose  The clinical outcomes of using a tubular microdiscectomy for lumbar disc herniation were evaluated by 
comparison with conventional microdiscectomy.

Methods  All of the comparative studies published in the PubMed, Cochrane Library, Medline, Web of Science, and 
EMBASE databases as of 1 May 2023 were included. All outcomes were analysed using Review Manager 5.4.

Results  This meta-analysis included four randomized controlled studies with a total of 523 patients. The results 
showed that using tubular microdiscectomy for lumbar disc herniation was more effective than conventional 
microdiscectomy in improving the Oswestry Disability Index (P < 0.05). However, there were no significant differences 
in operating time, intraoperative blood loss, hospital stay, Visual Analogue Scale, reoperation rate, postoperative 
recurrence rate, dural tear incidence, and complications rate (all P > 0.05) between the tubular microdiscectomy and 
conventional microdiscectomy groups.

Conclusions  Based on our meta-analysis, it was found that the tubular microdiscectomy group had better out-
comes than the conventional microdiscectomy group in terms of Oswestry Disability Index. However, there were no 
significant differences between the two groups in terms of operating time, intraoperative blood loss, hospital stay, 
Visual Analogue Scale, reoperation rate, postoperative recurrence rate, dural tear incidence, and complications rate. 
Current research suggests that tubular microdiscectomy can achieve clinical results similar to those of conventional 
microdiscectomy.
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Introduction
Lumbar disc herniation (LDH), namely the degenera-
tion and swelling of the nucleus pulposus of the lumbar 
intervertebral disc, is one of the most common diseases 
of the musculoskeletal system. In 1934, Mixter and Barr 
first described the surgical treatment of LDH [1]. With 
the continuous progress of microsurgery, the surgi-
cal techniques of LDH treatment have been developed 
rapidly. In 1977, Caspar and Yasargil first applied the 
conventional microdiscectomy (CMD) to the surgical 
treatment of LDH [2, 3]. This procedure is considered the 
gold standard for open discectomy due to its better vis-
ibility, less invasive, and lower perioperative morbidity 
[4]. However, this technique requires incision of the mid-
line ligament structure and separation of the tendon of 
the paraspinous muscle from the spinous process, which 
can lead to back pain and even spinal instability after sur-
gery. Over time, surgeons are looking for less invasive 
procedures to improve clinical outcomes. In 1999, Foley 
and Smith reported microendoscopic discectomy (MED), 
which used tubular retractors in conjunction with endo-
scopes [6, 7]. In 2002, Greiner-Perth et al. [8] reported the 
combination of tubular retractor and microscope, which 
overcame the limitation of working scope and achieved 
better visualization effect. Tubular microdiscectomy 
(TMD) uses a muscle-space approach instead of the tra-
ditional subperiosteal muscle dissection, which reduces 
tissue damage and accelerates recovery. A meta-analyses 
have demonstrated that TMD for LDH can produce bet-
ter or similar outcomes than CMD for LDH [9]. However, 
all previously published meta-analysis studies had sig-
nificant limitations, including the absence of randomized 
controlled studies (RCTs). There is still insufficient level-
one evidence to prove the proposed advantages of TMD 
for LDH. Therefore, we reviewed previous RCTs and 
conducted this meta-analysis to determining the clinical 
effectiveness of TMD versus CMD for LDH.

Methods
Literature search strategy
We performed systematic literature searches in five elec-
tronic databases, including PubMed, Cochrane Library, 
Medline, Web of Science, and EMBASE. We searched 
using the following combination of MeSH (Medical 
Subject Heading) terms and free text words: “tubular 
microdiscectomy”, “microdiscectomy”, “Lumbar disk 
herniation” and “Minimally invasive”. The search date 

was from when databases were built to 1 May 2023. We 
did not restrict searches based on language or publica-
tion year. To prevent certain studies from being missed, 
we manually searched the bibliographies of RCTs, meta-
analyses, and systematic reviews.

Selection of studies
The study inclusion and exclusion processes were divided 
into two groups. The selection was first based on the title 
and abstract, and if a decision could not be made from 
the summary, the full text was retrieved. When there was 
a disagreement between the two groups, the selection 
committee was discussed until a consensus was reached.

Inclusion and exclusion criteria
We included studies that met the following criteria: (1) 
Included studies were RCTs. (2) A comparative study on 
the efficacy of TMD and CMD for LDH. (3) The com-
parison outcomes included at least one of the following: 
operating time, intraoperative blood loss, length of stay, 
Visual Analogue Scale (VAS), Oswestry Disability Index 
(ODI), reoperation rate, postoperative recurrent rate, 
incidence of dural tears, and complications rate. Stud-
ies were excluded according to the following criteria: (1) 
Editorials, letters, reviews, case reports, and cadaver or 
animal experiments. (2) The patient was diagnosed with 
scoliosis, infection or tumour. (3) Studies that did not 
meet the inclusion criteria. (4) The data of the compari-
son outcomes could not be extracted.

Data extraction
Two reviewers used standardized data extraction tables. 
The extracted data included authors, publication date, 
title, country, study design, follow-up duration, number of 
patients, mean age of patients, type of operation, and com-
parison outcomes. The comparison outcomes included 
operating time, intraoperative blood loss, length of stay, 
VAS, ODI, reoperation rate, postoperative recurrent rate, 
incidence of dural tears, and complications rate. All data 
were extracted from article texts, tables, and figures. The 
research author was contacted for missing data or further 
information. Two reviewers independently extracted the 
data; differences were resolved through discussion, and a 
consensus was reached by including third parties. The data 
extraction outcomes are shown in Table 1.
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Data analysis
We used Review Manager Version 5.4 (Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collabora-
tion) to analyse the data of all outcomes and compare 
the TMD group with the CMD group. For continuous 
outcomes, such as operating time, length of stay, VAS, 
and ODI, the means and standard deviations were 

pooled to a weighted mean difference (WMD) and 95% 
confidence interval (CI). Risk ratios (RRs) and 95% CIs 
were used to evaluate dichotomous outcomes, such as 
reoperation rate, postoperative recurrent rate, inci-
dence of dural tears, and complications rate. We used 
I2 to quantify heterogeneity. If I2 > 50%, the heteroge-
neity was significant, and the unstandardized mean 

Table 1  Characteristics of included studies

Outcomes: 1. Operating time, 2. Blood loss, 3. Length of stay, 4. Visual Analog Score, 5. Oswestry Disability Index, 6. Reoperation rate, 7. Postoperative recurrent rate, 8. 
Incidence of dural tears, 9. Complications rate

TMD tubular microdiscectomy, CMD conventional microdiscectomy, RCT​ Randomized controlled trial

Author (years) Country Study type Number of samples Gender (male) Average age Follow-up (months) Outcomes
TMD/CMD TMD /CMD TMD /CMD TMD /CMD

Ryang (2008) [10] Germany RCT​ 30/30 13/19 38/39 16/16 1–9

Arts (2011) [11] Netherlands RCT​ 166/159 84/88 41.6/41.3 24/24 1–4, 7, 8

Franke (2009) [12] Germany RCT​ 52/48 26/24 44/44 12/12 1, 5, 6–9

Gempt (2013) 
[13]

Germany RCT​ 19/19 13/8 37/37 33/33 4, 5

Fig. 1  Flow diagram of study selection
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difference was estimated using a random effects model. 
Otherwise, a fixed-effects model was applied (Fig. 1).

Quality assessment
For RCTs, the Cochrane Handbook for Systematic 
Reviews of Interventions was used [27], including 7 
domains: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blind-
ing of outcome assessment, incomplete outcome data, 
selective outcome reporting, and other sources of bias 
(Fig.  2). Two reviewers independently carried out the 

quality assessment and discussed disagreements with a 
third party.

Literature search
There were 1054 studies identified from five electronic 
databases (Fig. 1). Of those, 315 studies were duplicates, 
and 713 studies were excluded after title and abstract 
screening. After careful full-text evaluation, 4 studies 
[10–13] were reviewed, and the data were extracted. The 
demographic and clinical characteristics of the 4 stud-
ies are described in Table 1. A total of 267 patients who 
underwent TMD were compared with 256 patients who 
underwent CMD. The mean follow-up time was more 
than 12  months, and the mean age of the patients was 
37–44 years. Operating times were reported for 3 stud-
ies [10–12]. Intraoperative blood loss was reported for 2 
studies [10, 11]. Length of stay was reported for 2 studies 
[10, 11]. VAS was reported in 3 studies [10, 11, 13]. ODI 
were reported in 3 studies [10, 12, 13]. Reoperation rate, 
postoperative recurrent rate, incidence of dural tears, and 
complications rate were reported in 3 studies [10–12].

Operating time
Three studies [10–12] with 248 and 237 patients com-
pared the mean operating time between the TMD and 
CMD groups. The meta-analysis indicated no significant 
differences between the TMD and CMD groups (WMD 
− 0.18; 95% CI − 13.46 to 13.10; P > 0.05). The heteroge-
neity test outcome (I2 = 89%) indicated significant hetero-
geneity (Fig. 3).

Length of stay
Three studies [10, 11] with 196 and 189 patients com-
pared the mean length of stay between the TMD and 
CMD groups. The meta-analysis indicated no significant 
differences between the TMD and CMD groups (WMD 
− 0.01; 95% CI − 0.26 to 0.23; P > 0.05). The heterogeneity 
test outcome was I2 = 0%, and the fixed-effects model was 
applied (Fig. 4).

VAS
Two studies [10, 11, 13] with 215 and 208 patients com-
pared the mean VAS between the TMD and CMD 

Fig. 2  The methodological quality of the randomized controlled 
trials

Fig. 3  Meta-analysis of TMD group versus CMD group in operating time
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groups. The meta-analysis indicated no significant dif-
ferences between the TMD and CMD groups (WMD 
− 0.02; 95% CI − 0.37 to 0.32; P > 0.05). The heterogene-
ity test outcome was I2 = 10%, and the fixed-effects model 
was applied (Fig. 5).

ODI
Three studies [10, 12, 13] with 101 and 97 patients com-
pared the mean ODI between the TMD and CMD 
groups. The meta-analysis indicated no significant dif-
ferences between the TMD and CMD groups (WMD 
− 3.47; 95% CI − 4.67 to 2.27; P > 0.05). The heterogeneity 
test outcome was I2 = 0%, and the fixed-effects model was 
applied (Fig. 6).

Reoperation rate
Three studies [10–12] with 248 and 237 patients, respec-
tively, compared the reoperation rate between the TMD 
and CMD groups. The pooled outcomes indicated no sig-
nificant differences between the TMD and CMD groups 

(RR 1.32; 95% CI 0.75 to 2.31; P > 0.05). The heterogeneity 
test outcome was I2 = 0, and the fixed-effects model was 
applied (Fig. 7).

Incidence of dural tears
Three studies [10–12] with 248 and 237 patients, respec-
tively, compared the incidence of dural tears between the 
TMD and CMD groups. The pooled outcomes indicated 
no significant differences between the TMD and CMD 
groups (RR 1.35; 95% CI 0.66 to 2.78; P > 0.05). The het-
erogeneity test outcome was I2 = 3, and the fixed-effects 
model was applied (Fig. 8).

Postoperative recurrent rate
Three studies [10–12] with 248 and 237 patients, 
respectively, compared the postoperative recurrent rate 
between the TMD and CMD groups. The pooled out-
comes indicated that no significant differences between 
the TMD and CMD groups (RR 0.69; 95% CI 0.17 to 2.85; 
P > 0.05). The heterogeneity test outcome (I2 = 54%) indi-
cated significant heterogeneity (Fig. 9).

Fig. 4  Meta-analysis of TMD group versus CMD group in length of stay

Fig. 5  Meta-analysis of TMD group versus CMD group in VAS

Fig. 6  Meta-analysis of TMD group versus CMD group in ODI
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Fig. 7  Meta-analysis of TMD group versus CMD group in reoperation rate

Fig. 8  Meta-analysis of TMD group versus CMD group in incidence of dural tears

Fig. 9  Meta-analysis of TMD group versus CMD group in postoperative recurrent rate

Fig. 10  Meta-analysis of TMD group versus CMD group in complications rate
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Complications rate
Three studies [10–12] with 248 and 237 patients, respec-
tively, compared the complications rate between the 
TMD and CMD groups. The pooled outcomes indicated 
that no significant differences between the TMD and 
CMD groups (RR 0.78; 95% CI 0.32 to 1.88; P > 0.05). The 
heterogeneity test outcome (I2 = 59%) indicated signifi-
cant heterogeneity (Fig. 10).

Discussion
Surgery of LDH is one of the most common neurosurgi-
cal procedures. Currently, CMD is the gold standard for 
surgical treatment of lumbar disc-related sciatica [14]. 
The advent of microsurgery has led to the development of 
novel surgical techniques for addressing LDH [15]. Similar 
to other surgical fields, there have been various endeavours 
to apply endoscopic techniques to spinal surgery. How-
ever, these attempts have not been widely accepted thus far 
[16]. The use of endoscopes for spine surgery has become 
more common, but the limitations of the two-dimensional 
image produced by the endoscope have become more 
apparent. To address the issue of limited access and visibil-
ity in surgical procedures, a new approach has been devel-
oped that combines tubular retractors and trocar systems 
with the aid of a microscope [17].

Despite the potential benefits of TMD, there is cur-
rently insufficient evidence to support the notion that it 
can produce results comparable to or better than CMD. 
Li et al. [8] recently published a meta-analysis comparing 
the clinical efficacy of TMD and CMD. The study found 
no significant difference in the clinical efficacy between 
the two treatments. The study’s data extraction and anal-
ysis were deemed imprecise, and there was a high risk of 
bias due to the inclusion and pooling of N-RCTs. There-
fore, there is currently insufficient evidence to compare 
the efficacy of TMD with CMD.

In order to assist surgeons in making clinical decisions 
and developing optimal treatments for LDH, a meta-
analysis was conducted to analyse the data of the TMD 
and CMD. Our study employed a meticulous search 
strategy, limited to RCTs, and adhered to Cochrane Col-
laboration-approved systematic review methods. In our 
meta-analysis, the information was extracted from 4 pub-
lished RCTs using the Cochrane Handbook for System-
atic Reviews of Interventions for quality assessment. The 
outcomes indicated that the included literature was of 
high quality. Our study found no statistically significant 
differences between the TMD and CMD groups in regard 
to operative time, length of stay, VAS, ODI, reoperation 
rate, postoperative recurrence rate, dural tear rate, and 
complication rate.

There was no significant difference in operative time 
between the two groups. However, it is worth noting 

that there was considerable heterogeneity, which could 
be attributed to the varying experience levels of the 
surgeons [18]. Two studies were conducted to calcu-
late intraoperative blood loss. Arts et  al. [11] found 
that 90% of patients in the TMD group had less than 
50 mL intraoperative blood loss, while 85% of patients 
in the CMD group had the same (P < 0.08). Ryang et al. 
[10] also reported that there was no significant differ-
ence in intraoperative blood loss between the TMD 
group and the CMD group. Our study could not be 
analysed as specific data on bleeding volume could not 
be extracted from the two studies mentioned. The func-
tional improvement of a patient can be evaluated using 
the ODI score and VAS score. It has been observed 
that TMD, which involves intermuscular approach, is 
less invasive than CMD, which involves subperiosteal 
paraspinal muscle dissection [19]. As a result, postop-
erative low back pain and leg pain may be less severe 
in TMD than in CMD. However, previous studies have 
yielded different results. Overdevest et al. [20] reported 
that the clinical outcomes of TMD compared with 
CMD were not statistically significant. Our study did 
not find a significant difference between the TMD and 
CMD groups in terms of VAS scores. However, when it 
comes to ODI, the combined result favoured the TMD 
group (P < 0.05).

In theory, TMD overcomes the two-dimensional 
problem and obtains better visualization effects [21, 
22], which will reduce the occurrence of complications 
to a certain extent. However, our study results indi-
cate that there was no significant difference in terms of 
dural tear rate and complication rate between the TMD 
and CMD groups. The incidence of dural tear was 7% in 
the TMD group and 5% in the CMD group, with no sig-
nificant difference between the two groups. The authors 
suggest that this could be due to better visualization of 
cerebrospinal fluid leaks under the microscope. There-
fore, TMD can be considered as safe as CMD in terms 
of surgical outcomes. According to Ostermann’s [23] 
report on 35,309 patients over 11 years, the reoperation 
rate after lumbar disc surgery was 14%. Several studies 
[24–26] have been conducted with a follow-up period 
ranging from 4 to 10  years, indicating that the recur-
rence rate of lumbar disc herniation ranges from 5 to 
19%. Our pooled results indicate that the reoperation 
rate in the TMD group was 10.5% compared to 8% in 
the CMD group, but the difference between the two 
groups was not statistically significant.

One limitation of this paper is the limited sample 
size of our study. While all included studies were rand-
omized controlled trials, the study scale was small and 
the total sample size was low. Additionally, the age and 
gender distribution of patients, various indications for 
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surgery, experience level of orthopedic surgeons, and 
severity of LDH were not consistent across the original 
studies.

Conclusion
According to our meta-analysis, the TMD group outper-
formed the CMD group in terms of ODI score. However, 
there were no significant differences between the two 
groups in terms of operating time, intraoperative blood loss, 
hospital stay, VAS, reoperation rate, postoperative recur-
rence rate, dural tear incidence, and complications rate. 
According to current research, TMD can produce clinical 
results that are similar to those of CMD. However, further 
prospective studies with a larger sample size are required to 
confirm whether TMD is a superior alternative to CMD.
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