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Abstract
Purpose The objective of this study was to compare the safety
and efficacy of minimally invasive discectomy (MID) with
standard discectomy (SD) and determine whether the use of
the MID technique could decrease the recurrence of lumbar
disc herniation (LDH) after the surgery.
Methods In February 2014, a comprehensive search was per-
formed in PubMed, EMBASE, Web of Science, Cochrane
Library and the Chinese Biological Medicine Database.
Only randomised controlled trials (RCT) that compared
MID with SD for the surgical management of LDH were
included. These trials were carefully picked out following
the inclusion and exclusion criteria. Using the Cochrane
Collaboration guidelines, two authors independently extracted
data and assessed these trials’ quality. The age of the patients,
size of incision, surgical time, blood loss, visual analogue
scale (VAS) score after the surgery, hospital stay, disc herni-
ation recurrence, X-ray exposure and surgical costs in these
studies were abstracted and synthesised by a meta-analysis
with RevMan 5.2.0 software, and the main results (VAS score
after the surgery and disc herniation recurrence) of publication
bias were examined by Stata 12.0.
Results Overall, 16 trials involving 2,139 patients meeting
our criteria were included and analysed. Comparing MID
and SD, the former was more likely to increase disc herniation
recurrence [relative risk (RR)=1.95, 95 % confidence interval
(CI) 1.19–3.19, p=0.008], and it involved a smaller size of
incision [mean difference (MD)=−1.91, 95 % CI −3.33 to
−0.50, p=0.008], shorter hospital stay, longer operating time
(MD=11.03, 95%C I 6.62–15.44, p<0.00001) and less blood
loss (MD=−13.56, 95% CI −22.26 to −4.87, p=0.002), while

no statistical difference appeared with regard to the age of the
patients, VAS score after the surgery, X-ray exposure, hospital
stay and surgical costs.
Conclusions Based on available evidence, MID results in less
suffering for patients during the hospital course with a similar
clinical efficacy compared to SD. This makes MID a promis-
ing procedure for patients with LDH; however, to popularise it
greater effort is required to reduce disc herniation recurrence.
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Introduction

Lumbar disc herniation (LDH) is generally thought to be the
main cause of discogenic low back pain (LBP). It is reported
that almost 60 %–80 % of people will suffer back pain during
their lifetime [1]. According to the statistics from the World
Health Organisation, LBP has become one of the most impor-
tant causes of disability as expressed in disability-adjusted life
years both in developed and developing countries [2].

There are asmany as 80%–90% of patients who suffer from
LDH who could have their symptoms relieved (such as LBP)
by conservative treatment [3]. The main symptom of LDH is
LBP and it is due to the existence of neural tissue around the
intervertebral disc. The other chief complaint from patients
with LDH after LBP is sciatica [4]; when these symptom
occur and persist for six weeks after conservative therapy,
discectomy should be regarded as a good treatment option
for LDH.

There are two main methods for intervertebral disc surgery.
One is standard open discectomy (OD) which involves partial
laminectomy and partial removal of the disc, which was first
reported by Mixter and Barr in 1934 [5]. From then on,
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standard OD became the standard method for LDH surgical
treatment. The other is minimally invasive discectomy (MID)
[such as percutaneous endoscopic lumbar discectomy (PELD)
and microendoscopic discectomy (MED)], which was first
introduced in 1977 by Yasargil and Caspar [6]. Compared
with standard OD,MID enabled the use of smaller incisions of
the skin and facilitated a less traumatic surgical procedure.

However, a recent large sample multicentre randomised con-
trolled trial (RCT) reported that MID may result in more leg and
back pain [7], and another RCT revealed that this procedure may
bring about higher complications and surgical costs [8].

There are only a small number of RCT studies comparing
MID and standard discectomy (SD), and no recent meta-
analysis has been published on this subject. Therefore, before
MID becomesmore widely adopted, we should systematically
evaluate MID’s recurrence risk and its safety and efficacy.

Materials and methods

Study inclusion and exclusion criteria

A comprehensive search was performed in PubMed,
EMBASE, Web of Science, Cochrane Library and the
Chinese Biological Medicine Database. Only RCTcomparing
MID and SD for the surgical management of patients with
LDH were included.

Based on the predefined criteria, the following eligibility
criteria were applied: all genders, age 18 or above, no spinal
surgery before, a condition which had been diagnosed as
single segmental intervertebral disc herniation based on phys-
ical examinations and imaging tests (computed tomography,
magnetic resonance imaging and/or X-ray), and no response
to conservative management for over six weeks. Exclusion
criteria included non-RCT trials, cauda equina syndrome,
neoplasm, spondylolisthesis, rheumatoid arthritis, degenera-
tive spinal canal stenosis, re-operations and herniated disc
involving more than one anatomical level. The publication
language was confined to English and Chinese.

The MID group included these similar traits: use of
microendoscopy, tissue retractors and specialised instruments
that enabled surgeons to perform procedures through small inci-
sions, such as PELD or MED etc., and the SD group involved
traditional OD, partial laminectomy, hemilaminectomy and re-
moval of the herniated disc by the standard procedure.

Search strategy for identification of studies

Relevant published papers of RCT in any language, up to 1
February 2014, were identified by the following search strat-
egies: (1) computer-aided search in PubMed, EMBASE, Web
of Science, Cochrane Library and the Chinese Biological
Medicine Database; (2) manual search of Spine, European

Spine Journal, Chinese Journal of Spine and meeting ab-
stracts of most major spine societies from 1977; and (3)
personal communications for unpublished literature such as
conference papers.

Study quality

Two authors read the full articles and assessed these trials’
quality independently. Quality ratings were made according to
the Cochrane Collaboration guidelines [9]: (1) random se-
quence generation (selection bias), (2) allocation concealment
(selection bias), (3) blinding of participants and personnel
(performance bias), (4) blinding of outcome assessment (de-
tection bias), (5) incomplete outcome data (attrition bias), (6)
selective reporting (reporting bias) and (7) other bias. All
discrepancies were resolved by consensus.

Fig. 1 Flow chart for inclusion of studies
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Data extraction and meta-analysis

The data were extracted by two authors and then gathered and
checked. The primary outcomes were the age of the patients,
size of incision, surgical time, blood loss, visual analogue
scale (VAS) score after the surgery, hospital stay, disc herni-
ation recurrence, X-ray exposure and surgical costs. RevMan
5.2.0 was used for data analysis. Continuous outcome data
were summarised by the mean difference (MD) and 95 %
confidence intervals (CIs). Binary outcome data were
summarised using relative risk (RR) and 95 % CIs. The level
of significance was set at p<0.05.

The χ2 test and I2 statistics were used to evaluate hetero-
geneity. Fixed effect models were applied when the statistical
heterogeneity was not significant, or else the random effects
model should be used. The main results of publication bias
were examined by Stata 12.0 software [10].

Results

Search results and study quality

With the search strategy (Fig. 1), 16 studies were identified
and met our inclusion criteria. They were all in English
including 2,139 cases (1,085 of MID and 1,054 of SD).

Thus, this systematic review was based on 16 articles:
Tullberg et al. [11], Henriksen et al. [12], Hermantin et al.
[13], Türeyen [14], Huang et al. [15], Katayama et al. [16],
Righesso et al. [17], Ryang et al. [18], Arts et al. [7], Teli et al.
[8], Arts et al. [19], Arts et al. [20], Garg et al. [21],Mariscalco
et al. [22], van den Akker et al. [23] and Wang et al. [24]. The
basic information of these trials are presented in Table 1. With
the help of the Cochrane Collaboration’s tool, the risk of bias
was assessed. When there was no bias, it was denoted with “+
”, otherwise “?” was listed, all showed in Figs. 2 and 3.
Selective reporting was doubtful in most studies. Only one
study’s protocols could be found [25].

Age of the patients

Clinical studies have shown that age has a large impact on
clinical signs and symptoms in patients with LDH, so the ages
of the two groups were analysed. After reading the literature,
we found that seven of the 16 studies reported the age of the
patients. All of them offered adequate data about the mean
and standard deviation. The pooled estimate showed that the
MID group was associated with an insignificant statistical
difference compared with the SD group [weighted mean dif-
ference (WMD)=−0.22, 95 % CI −1.48 to 1.04, p=0.73].
There was no evidence for significant heterogeneity
(I2=0 %, p=0.55) (Fig. 4).

Table 1 Summary of the research articles included in this review

Study Year No. of patients (MID:SD) Mean age Results

Tullberg et al. [11] 1993 60 (30:30) 40 Blood loss, VAS score after the surgery

Henriksen et al. [12] 1996 79 (39:40) 41.3 Surgical time, size of incision

Hermantin et al. [13] 1999 60 (30:30) 39.5 Complications

Türeyen [14] 2003 114 (63:51) 41.5 VAS score after the surgery, size of incision

Huang et al. [15] 2005 22 (10:12) 39.7 Surgical time, blood loss, VAS score after the surgery, size of incision

Katayama et al. [16] 2006 119 (57:62) 37.5 Surgical time, blood loss, VAS score after the surgery, hospital stay,
disc herniation recurrence

Righesso et al. [17] 2007 40 (21:19) 43.9 Surgical time, blood loss, VAS score after the surgery,
size of incision, disc herniation recurrence

Ryang et al. [18] 2008 60 (30:30) 38.5 Surgical time, blood loss, VAS score after the surgery, hospital stay,
complications, disc herniation recurrence

Arts et al. [7] 2009 328 (167:161) 41.6 Surgical time, hospital stay, complications, disc herniation recurrence

Teli et al. [8] 2010 140 (70:70) 39.3 VAS score after the surgery, hospital stay, surgical costs,
complications, disc herniation recurrence

Arts et al. [19] 2011 216 (110:106) 41 Surgical time, hospital stay

Arts et al. [20] 2011 325 (166:159) 41.6 Surgical time, hospital stay, complications, disc herniation recurrence

Garg et al. [21] 2011 112 (55:57) 37 Hospital stay, complications, disc herniation recurrence

Mariscalco et al. [22] 2011 60 (30:30) 46.3 X-ray exposure

van den Akker et al. [23] 2011 325 (166:159) – VAS score after the surgery, surgical costs

Wang et al. [24] 2011 79 (41:38) 51.4 Surgical time, blood loss, VAS score after the surgery,
hospital stay, X-ray exposure, complications
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Size of incision

Four trials concerned the size of the incision. As it is known to
all, the advantage of microscopy is to enable surgeons to
perform procedures through small incisions. Three of them
reported the existence of a statistically significant difference
between the MID and SD groups, while the other study found
no difference. Overall, comparing MID with SD, the
standardised mean difference (SMD) was −1.91 (95 % CI
−3.33 to −0.5, p=0.008 ), showing the former has a much
smaller incision size. Significant heterogeneity was detected
among the studies (I2=95%, p<0.00001). The size of incision
is one of the most important parameters. It is well known that a
longer incision could increase the risk of negative complica-
tions, such as bleeding, healing more slowly or even infection.
Viewed through these lenses, it can be confirmed that the
smaller size of incision in MID is good for patients (Fig. 5).

Surgical time

Nine studies reported the mean surgical time and the standard
deviation. Eight of the nine trails revealed the surgical time of
the MID group is longer than the SD group, and only Ryang
et al. reported that MID needs less time to complete. Overall,
the statistical results showed the WMD was statistically sig-
nificant (WMD=9.61, 95 % CI 7.63–11.60, p<0.00001),
suggesting MID required more time for the surgical proce-
dure. This result is in accordance with prior assumptions.
Moderate heterogeneity existed between these studies (I2=
71 %, p=0.0007) (Fig. 4).

Blood loss

The intra-operative blood loss was assessed in six studies. Five
of them reported less blood loss in the MID group, but

Fig. 3 Risk of bias: review
authors’ judgements about each
risk of bias item presented as
percentages across all included
studies

�Fig. 4 Forest plot (fixed effects model) illustrating age of the patients,
surgical time, blood loss, VAS score of the leg after the surgery and
hospital stay of meta-analysis comparing MID with SD

Fig. 2 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study

1228 International Orthopaedics (SICOT) (2014) 38:1225–1234



International Orthopaedics (SICOT) (2014) 38:1225–1234 1229



Tullberg et al.’s research denoted the perioperative bleeding
was the same in both groups. From the statistics of the data
summed up, the WMD was statistically significant (WMD=
−12.42, 95%CI −15.38 to −9.46, p<0.00001) in favour of the
MID group. Moderate heterogeneity were detected among the
studies (I2=70 %, p=0.005). From the data presented previ-
ously, it can be concluded that MID causes less bleeding and
also means the surgery causes fewer traumas (Fig. 4).

VAS score after the surgery

VAS score is one of the leading indicators for verifying the
effects of interventions. LBP has multiple causes, while sciat-
ica is a unique symptom of LDH. So sciatica could always be
relieved after the surgery. Thus, compared with LBP, the relief
of sciatica (leg pain) would be a more appropriate choice to
evaluate the effects of the surgery. In the studies we found,
nine trails reported the VAS score of the leg pain after surgery.
Overall, the comprehensive statistics showed that there was no
obvious statistically significant difference between MID and
SD (WMD=−0.02, 95 % CI −0.05 to 0.01, p=0.23). χ2 tests
indicated no heterogeneity existed among these trails (I2=0%,
p=0.63) (Fig. 4). The results indicated to us that for LDH both
MID and SD are appropriate, as long as the surgeons have
mastery of the procedures.

Hospital stay

Data regarding hospital stay were available in eight studies. All
reported a significant difference between the MID and SD
groups. The overall estimate revealed that the SMD was
0.17 days longer in the SD group (95 % CI −0.29 to −0.06, p=
0.002). The heterogeneity was significant among the studies (I2=
99 %, p<0.00001) (Fig. 4). The length of hospital stay varies
widely. In different reports the post-operative stay ranged
from 1.1 to 8.5 days. According to the report by Teli
et al. [8], most of the patients who stay in hospital
more than two days after surgery were always people with
a dural tear, so the hospital stay cannot truly reflect the
difference between the two surgeries.

Total complications

Arts et al. [7], Garg et al. [21] and Hermantin et al. [13]
compared patients allocated to the MID and SD groups and
found MID had more complications during and after the
procedure. However, the studies by Ryang et al. [18], Teli
et al. [8] andWang et al. [24] showed the opposite, while Garg
et al.’s study revealed the two groups had an insignificant
difference. The overall complication rate was similar
between the MID and SD groups (RR=0.95, 95 % CI
0.69–1.30, p=0.74). Moderate heterogeneity existed
among the trials (I2=49 %, p=0.07) (Fig. 6). From the

trials included in this article, little difference about
complications between the two groups could be
determined.

Disc herniation recurrence

Seven studies reported the rate of recurrence after different
surgical procedures. All seven indicated a higher recurrence
with MID. The overall estimate also revealed that the MID
group showed a higher statistically significant recurrence rate
than the SD group (RR=1.95, 95 % CI 1.19–3.19, p=0.008).
The χ2 test indicated no statistical evidence of heterogeneity
(I2=0 %, p=0.88) (Fig. 6).

X-ray exposure

Details concerning X-ray exposure were available in two
studies. Both trials reported obviously reduced X-ray expo-
sure in the OD group for both patients and the surgeon. The
SMDwas 2.65 (95 % CI 0.06–5.24, p<0.05) in support of the
SD group having less X-ray exposure. Significant heteroge-
neity was detected among the two studies (I2=97 %,
p<0.00001) (Fig. 5).

Surgical costs

The surgical costs had rarely been the target of the meta-analysis,
for the RCT trials concerning this subject were very rare. We
found two studies concerned with surgical costs. The overall
estimate revealed that the two group had a statistically insignif-
icant difference when compared with each other (SMD=1.07,
95 % CI −0.52 to 2.67, p=0.19). The heterogeneity was signif-
icant among the trials (I2=98 %, p<0.00001) (Fig. 5).

Publication bias

The Stata 12.0 software was used to examine the publication
bias of the main results. Both Begg’s and Egger’s tests showed
a statistically difference. The results indicated that no statisti-
cally significant publication bias existed regarding VAS
[(Pr>|z| =0.754>0.05 (continuity corrected)] (Figs. 7 and 8)
and disc herniation recurrence after surgery [(Pr>|z|=0.764>
0.05 (continuity corrected)] (Figs. 9 and 10).

Discussion

LDH is a common disease in modern society, the incidence of
which is second only to upper respiratory tract infections in
the USA. Treatment of LDH still remains a great chal-
lenge to clinical physicians. For those patients who fail
to respond to extensive conservative treatment, surgical
treatment should be considered.
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In general, there are two methods for intervertebral disc
surgery: one is MID and the other is SD. Compared with SD,
MID enables the use of smaller incisions of the skin and fascia
and facilitates a less traumatic surgical procedure. Firstly, it

can hardly cause the muscle, ligament and lumbar stability to
suffer from any impairment. Secondly, in some types of MID
methods, the patients are kept awake during the procedure,
enabling complete removal of the fragment while avoiding

Fig. 6 Forest plot illustrating total complications and disc herniation recurrence of meta-analysis comparing MID with SD

Fig. 5 Forest plot (random effects model) illustrating size of incision, X-ray exposure and surgical costs of meta-analysis comparing MID with SD
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considerable nerve root injury. Thirdly, it has the merits of a
small wound and early recovery. So they were widely admired
since their inception.

However, the latest large sample multicentre RCT revealed
that MID could hardly relieve the symptoms of the waist and
leg. One study even argued that MID can help to increase the
recurrence of disc herniation. In order to determine whether
the use of the MID technique decreases the recurrence and
compare its safety and efficacy with SD, we collected the
documents and performed a standard meta-analysis.

In this paper, more than 2,000 patients were included and
analysed; the statistical results indicated that the two methods
have the same effect in alleviating pain (the VAS score had no
statistically significant difference) and both are effective
methods.

Since more time is needed to do sufficient preoperative
preparation (such as measurement and placement of the sur-
gical incision) and precisely insert the working tube [24],MID
calls for more surgical time. That is consistent with our statis-
tical findings.

Fig. 8 Egger’s test illustrating
the publication bias of VAS of the
leg pain after the surgery

Fig. 7 Begg’s test illustrating the
publication bias of VAS of the leg
pain after the surgery
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According to our results, theMID group was more likely to
experience increased disc herniation recurrence. The Ryang
et al. and Teli et al. studies also showed this trend. Actually
most scholars agree that MID surgical procedures have a very
steep learning curve and call for accumulation of clinical
experience. Improper use may be the main reason for some
sorts of complications and directly affect the clinical effects.
Another reason could be insufficient removal of the herniated
disc or degenerative changes of disc tissue [26], which may
explain why the MID group was more likely to experience
increased disc herniation recurrence.

A previous meta-analysis comparing MID and SD had not
focused on the economic evaluation and X-ray exposure for
both patients and the operators; we therefore performed a cost
utility and radiation analysis from RCT. The pooled estimate
showed that the two groups were associated with an insignif-
icant statistical difference when compared with each other.

Our findings suggest that MID and SD are both effective
methods, obtaining similar VAS score of the leg pain after the
surgery, X-ray exposure, hospital stay and surgical costs. MID
had a smaller size of incision, a shorter hospital stay, but more
effort should be put into reducing herniation recurrence and

Fig. 10 Egger’s test illustrating
the publication bias of disc
herniation recurrence after
surgery

Fig. 9 Begg’s test illustrating the
publication bias of disc herniation
recurrence after surgery
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surgical time. High-quality, large studies are needed to do
further comparison of the two techniques.

So although MID is a relatively safe minimally invasive
procedure, the much higher possibility of recurrence after
surgery still calls for our attention. Only when we can recog-
nise the causative mechanisms and prevent these correctly and
fully, master the basic knowledge, improve the surgical tech-
nique and be familiar with preventive measures can we ensure
that theMID spine technique has a wider application andmore
promotion in the clinical setting.
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