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LITERATURE REVIEW
Percutaneous Transforaminal Endoscopic
Discectomy Versus Open Microdiscectomy
for Lumbar Disc Herniation
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A Systematic Review and Meta-analysis
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outcomes were leg pain and functional status. Pooled effect

Study Design. Systematic review and meta-analysis.
Objective. To give a systematic overview of effectiveness of

percutaneous transforaminal endoscopic discectomy (PTED)

compared with open microdiscectomy (OM) in the treatment of

lumbar disk herniation (LDH).
Summary of Background Data. The current standard proce-

dure for the treatment of sciatica caused by LDH, is OM. PTED

is an alternative surgical technique which is thought to be less

invasive. It is unclear if PTED has comparable outcomes

compared with OM.
Methods. Multiple online databases were systematically

searched up to April 2020 for randomized controlled trials and

prospective studies comparing PTED with OM for LDH. Primary
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estimates were calculated for the primary outcomes only and

presented as standard mean differences (SMD) with their 95%

confidence intervals (CI) at short (1-day postoperative), interme-

diate (3–6 months), and long-term (12 months).
Results. We identified 2276 citations, of which eventually 14

studies were included. There was substantial heterogeneity in

effects on leg pain at short term. There is moderate quality

evidence suggesting no difference in leg pain at intermediate

(SMD 0.05, 95% CI –0.10–0.21) and long-term follow-up (SMD

0.11, 95% CI –0.30–0.53). Only one study measured functional

status at short-term and reported no differences. There is

moderate quality evidence suggesting no difference in functional

status at intermediate (SMD –0.09, 95% CI –0.24–0.07) and

long-term (SMD –0.11, 95% CI –0.45–0.24).
Conclusion. There is moderate quality evidence suggesting no

difference in leg pain or functional status at intermediate and

long-term follow-up between PTED and OM in the treatment of

LDH. High quality, robust studies reporting on clinical outcomes

and cost-effectiveness on the long term are lacking.
Key words: endoscopic discectomy, lumbar disc herniation,
sciatica, systematic review and meta-analysis.
Level of Evidence: 2
Spine 2021;46:538–549

ciatica is a frequently used term to describe radiating
S leg pain. It is mostly caused by lumbar disc herniation
(LDH).1,2 Even though the natural course of sciatica is

favorable and most cases respond to conservative treatment,
surgery is deemed necessary in some cases.3 The current
standard procedure to decompress the nerve root by remov-
ing disc fragments, is open microdiscectomy (OM).4

In attempts to reduce the surgical invasiveness, techni-
ques which use endoscopes to remove disc fragments were
developed. The expectation was that by causing less tissue
damage during surgery, patients would have less postoper-
ative back pain, recover sooner from surgery, and have
shorter duration of hospitalization.5 Development of meth-
ods facilitating insertion of surgical endoscopes into the safe
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entry zone in the neuroforamen formed (also known as
Kambin triangle), enabled the development of percutaneous
transforaminal endoscopic discectomy (PTED).6,7 During
PTED no paraspinal muscles are deattached from their
origin and bony anatomy is affected limited. Previous stud-
ies which have examined PTED demonstrated favorable
clinical outcomes, with the result that percutaneous full-
endoscopic discectomy has made its way into small scale
clinical practice.4,8,9

A previous review published in 2009 which compared the
effects of PTED with OM concluded that the quality of the
evidence regarding effectiveness of PTED is low10 and PTED
could not be recommended for the treatment of LDH. Since
then large observational studies as well as randomized
controlled trials (RCTs) have examined the effects of endo-
scopic discectomy techniques versus OM, which have been
summarized in recent reviews, including meta-analyses.11–

16 Despite similar aims, these meta-analyses differ in meth-
odology. As a result, the uncertainty regarding the effective-
ness of PTED compared with OM remains.

In 2014, a systematic review was published by our
research group, comparing minimally invasive surgery with
OM.17 Due to the low number and high risk of bias of the
included studies as well as small sample sizes, no pooled
effect estimates were calculated for the effects of PTED
versus OM.18 Preliminary analysis of studies published since
then, suggested that there were sufficient studies to warrant
an update of our previous review, focusing on the effects of
PTED versus OM in the treatment of LDH.

METHODS
This review follows the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.18–20

This study was registered in the international prospective
register of systematic reviews (Prospero CRD 42020177053).

Inclusion Criteria for Studies
Studies were considered to be eligible according to the follow-
ing inclusion criteria: (1) prospective studies, including RCTs
and quasi-randomized studies (e.g., randomization which
could include allocation by alternating the date of birth); (2)
compared PTED with OM in the treatment of sciatica caused
by a primary LDH; (3) measured one of the clinical outcomes
(i.e., visual analogue scale [VAS] for leg pain, back pain,
functional status, improvement, work status), surgical out-
comes (i.e., blood loss, length of stay, complications, reopera-
tions); radiological or biochemical outcomes; or costs (i.e.,
costs of interventions, health care utilization, total costs); (4)
were published in English, German, or Dutch. Retrospective
studies were excluded because the levelof evidenceprovided by
these studies is low compared with prospective observational
and randomized studies.

Intervention
PTED is defined as a lateral, full-endoscopic approach in
which the disc fragments are removed through the neurofora-
men. PTED is usually performed under local anesthesia.21
Spine
Control Group
OM is defined as removing the disc fragments from an open
transflaval approach by laminotomy.22 OM is usually per-
formed under general anesthesia.

Search Strategy
An experienced librarian conducted a systematic search
using a combination of terms related to endoscopic techni-
ques, percutaneous techniques, and LDH. As this study
updates our previously published review, the previous
search terms were optimized and this search only included
studies published after January 2013, the search date used
by Kamper et al.17 The updated search is available in
supplementary Table 1, http://links.lww.com/BRS/B683.
On the April 20, 2020 MEDLINE, PubMed, Embase,
Emcare, Web of Science, and the Cochrane library were
systematically searched for eligible articles. In addition,
additional eligible articles were searched for by reference
checking the included studies. All available records were
screened by two reviewers independently based on title and/
or abstract. In case of disagreements, a third independent
reviewer was consulted. Following this step, two authors
independently screened the full-text of the manuscripts
based on the inclusion criteria. Disagreements were resolved
through consensus with the involvement of a third reviewer.

Data Collection and Analysis
Two authors independently extracted all data in a prespe-
cified spreadsheet. Discrepancies in extraction were
resolved by consensus. This spreadsheet included (1) study
characteristics; (2) clinical outcomes; (3) surgical outcomes;
(4) biochemical outcomes, namely c-reactive protein (CRP)
and creatine kinase (CK) which are indicators of inflamma-
tion and muscle injury, respectively; (5) radiological out-
comes (6) costs; and (7) timing of the outcomes.

Assessment of Risk of Bias
Risk of bias analysis was performed for only RCTs using the
criteria recommended by the Cochrane Collaboration.23 These
criteria cover selection bias, performance bias, attrition bias,
detection bias, and selective outcome reporting bias. Two
authors independently scored these criteria as: low risk of bias,
high risk of bias, or unclear. Disagreements were resolved by
consensus and if necessary, by evaluation of a third author.

Bias Across Studies
Conflict of interest was determined for all included studies
based upon the information provided by the authors in their
publication. Publication bias was assessed using a funnel
plot and based upon symmetry.
Data Analyses

Measures of Treatment Effect
Only data from RCTs were considered for the meta-analysis, as
the observational studies may be of limited value due to the risk
of selection bias. Primary continuous outcomes (leg pain and
www.spinejournal.com 539
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functional status) were expressed as a standardized mean dif-
ference (SMD), including 95% confidence intervals (CI). A
negative effect size indicates that PTED is more beneficial than
OM, meaning subjects have less pain or better functional status.
The primary outcomes were defined as short-term (1 day),
intermediate (3–6 months), and long-term (12–16 months)
and data were analyzed according to the closest time interval.
When multiple outcomes were available from a single study, the
value was used which was thought to be best correlated to that
time interval. A random-effects model was used for all analyses
based upon the DerSimonian and Laird approach.24 RevMan
5.3 (The Nordic Cochrane Center, The Cochrane Collabora-
tion, Denmark) was used to perform the meta-analysis. Data
from prospective studies and data of the secondary outcomes
were described.

Statistical Heterogeneity
Statistical heterogeneity was examined by inspecting the
Forest plot and formally tested by the Q-test (chi-square)
and I2. There was insufficient data to explore cases of
considerable heterogeneity.

Data Synthesis and Quality of the Evidence
We evaluated the overall quality of the evidence for the primary
outcomes, back pain, and the following complications: durot-
omies, (transient) neurological deficits, and wound infections.
The GRADE-method was applied, which ranges from high to
very low quality and is based upon the following five domains:
limitations of design, inconsistency of results, indirectness,
imprecision, and other factors (e.g., publication bias).25

RESULTS

Search Results
The initial search retrieved 2276 studies. Of these, 2255 were
excluded based on title and/or abstract checking, while an
additional 10 studies were excluded based on assessing the
full-text articles (see supplementary Table 2, http://link-
s.lww.com/BRS/B683). With the addition of the three studies
identified by Kamper et al,17 14 studies were included for this
systematic review and meta-analysis comprising a total of 1465
patients26–39 (Figure 1). Of the 14 studies, nine were (quasi)r-
andomized studies and the remaining were observational studies
(Table 1).

Risk of Bias Analysis
The results of the risk of bias analysis are shown in Figure 2.
Three studies reported a random sequence generation, of
which two had an adequate allocation concealment.27,31 All
studies had a high risk of performance bias due to the
fundamental differences of PTED and OM. As all studies
measured patient-reported outcome measures, all had a high
risk of detection bias.

Bias Across Studies
Eight out of nine RCTs reported on the conflict of inter-
est.26–33 Of these studies, only one had authors that would
540 www.spinejournal.com
receive benefits from a commercial party.33 The remaining
studies declared no conflict of interest.26–32 Publication bias
was not formally assessed given too few data.

Primary Outcomes

Leg Pain
Twelve studies reported VAS scores, of which seven were
RCTs (Table 2). Four of these RCTs did not specifically
describe that the VAS-score referred to leg pain.26,28,30,33

Only two provided data which could be used for meta-
analysis.28,30 Short-term leg pain did not differ between
groups (SMD –1.28, 95% CI –3.65–1.08; two studies,
N¼556) but there was high heterogeneity (I2¼99%)
(Figure 3). At intermediate and long-term, there was moder-
ate quality evidence of no difference in leg pain between
groups (SMD 0.05, 95% CI –0.10–0.21; three studies,
N¼621 and SMD 0.11, 95% CI –0.30–0.53, two studies,
N¼152, respectively) (see Table 3). Omitting the RCT that
did not specifically mention VAS for leg pain did not affect the
results.28,30 Of the studies that were not included in the meta-
analysis, Akçakaya et al26 showed that patients who under-
went PTED had less leg pain at short-term and Tacconi et al27

showed no difference in leg pain at intermediate-term. In the
study of Hermantin et al33 the average pain score was 1.9 in
the OM-group versus 1.2 in the PTED group on a scale of 0 to
10. At 2 years of follow-up, Gibson et al31 showed that
patients who underwent PTED had less leg pain than patients
who underwent OM (35 vs. 19, N¼123).

Functional Outcomes
Functional outcomes were measured with the ODI in nine
studies.27,29–31 Two studies reported on short term function
and did not find a difference between PTED and OM.26,30 At
intermediate term there was evidence of moderate quality of no
difference between PTED and OM (SMD –0.09, 95% CI –
0.24–0.07; three studies, N¼621); the same was found at long
term (SMD –0.11, 95% CI –0.45–0.24; two studies, N¼152).

Secondary Outcomes

Back Pain
Two RCTs reported VAS scores for back pain.27,31 Gibson
et al31 reported no differences between PTED or OM in back
pain at intermediate (30 vs. 31, N¼121) and long term (31
vs. 31, N¼114). Tacconi et al27 reported lower postopera-
tive back pain at short term in favor of PTED (20 vs. 40;
N¼50, see Table 2). Overall, there is low quality evidence
suggesting no difference in back pain between techniques at
intermediate and long term (see Table 3).

Patient Satisfaction
Seven studies reported on patient satisfaction following
surgery; five of which were RCTs.30–35,38 Gibson et al31

used the Odom‘s criteria to assess patient satisfaction and
found a higher rate of satisfaction in the PTED group 2 years
after surgery, but no difference at 3 and 12 months.
April 2021
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Figure 1. Flow-chart of the study selection process.
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Hermantin et al used an unclear instrument to measure
patient satisfaction while the other RCTs used the modified
McNab score. Two of these reported no differences in
patient satisfaction using the McNab score.30,32
Spine
Surgical Outcomes: Blood Loss, Stay in Hospital, Compli-
cations, Reoperation for Recurrent LDH, Return to Work
Blood loss was reported in seven studies and all showed
results in favor of PTED (Table 2).28–30,35,37–39 Of the
www.spinejournal.com 541



TABLE 1. Overview of the Included Studies

Study
Study
Period

Study
Location

Study Type Sample Size
(PTED/OM)

Average age
Inclusion Criteria Outcomes

Mayer et al,
1993

1987 Germany RCT 40 (20/20) 41 Radiculopathy caused by small non-
contained LDH, confirmed on
imaging, failed cons. Rx

Surgical outcomes, patient
satisfaction, RTW, clinical
scoring system modified
from Suezawa and
Schreiber.

Hermantin
et al, 1999

- USA RCT 60 (30/30) 40 Radiculopathy, positive tension signs,
imaging confirming single small
intracanalicular LDH at L2-S1,
failed cons. Rx, absence of
central or lateral stenosis,
absence of litigation claim due to
LDH.

Surgical outcomes, pain,
improvement, RTW,
patient satisfaction,
narcotic usage.

Krappel et al,
2001

1996–1997 Germany RCT 40 (20/20) 40 Persistent radiculopathy of 4 to 6
weeks, failed cons. Rx, MRI
confirmed LDH at L4–5 or L5–
S1, no motor or only limited
sensory neurological deficit.

Surgical outcomes, patient
satisfaction, RTW,
complications,
radiological outcomes,
costs.

Akcakaya et al,
2016

- Turkey RCT 30 (15/15) 44 Indication for LDH surgery Surgical outcomes, sciatica
VAS, functional
outcomes, serology.

Gibson et al,
2017

- UK RCT 140 (70/70) 41 Age 25–70, single level LDH, failure
of cons.Rx.

Surgical outcomes, leg pain,
back pain, QoL, patient
satisfaction.

Tao et al, 2018 2011–2016� China RCT 462 (231/231) 45 LDH >1 year, VAS pain >6,
confirmed by imaging, failed
cons.Rx for 4 to 8 weeks.

Surgical outcomes, pain,
functional outcomes,
patient satisfaction,
serology.

Tacconi et al,
2019

2014–2018 Italy RCT 38 (18/20) 45 Age >18 years, clinical diagnosis of
extraforaminal LDH, confirmed
on MRI, symptoms lasting >6
weeks, failed cons. Rx, at least
14 months clinical follow-up.

Surgical outcomes, leg pain,
functional outcomes.

Tacconi et al,
2020

2017–2019 Italy RCT 50 (25/25)y 44 Confirmed single-level LDH,
protrusion preferentially localized
at disk level, invalidating
radicular pain lasting >6 weeks
and adequate imaging studies.

Surgical outcomes, back pain,
leg pain, radiological
outcomes.

Dai et al, 2020 2017–2018 China RCT 94 (47/47) 43 LDH Surgical outcomes, pain,
QoL, serology.

Pan et al, 2016 2009–2012 China Pros. 106 (48/58) 41 LDH confirmed by imaging. Surgical outcomes, leg pain,
back pain, functional
outcomes, patient
satisfaction, serology,
radiological outcomes.

Wang et al,
2017

2015–2016 China Pros. 110 (60/50) 54 Single segment LDH, confirmed by
imaging and conforming
diagnostic criteria, failed cons.Rx
after three months, no
contraindication for surgery.

Surgical outcomes, pain,
functional outcomes,
serology.

Choi et al,
2018

- Korea Pros. 40 (20/20) 43 Sciatica and back pain >6 weeks,
failed cons.Rx, clinical LDH
confirmed by imaging.

Surgical outcomes, leg pain,
back pain, functional
outcomes, serology,
radiological outcomes.

Chang et al,
2018

2015–2016 China Pros. 110 (60/50) 45 Meeting diagnostic criteria of LDH,
single segment LDH confirmed by
imaging, failed cons. Rx, no
surgical contraindications.

Surgical outcomes, pain,
functional outcomes,
serology.

Xu et al, 2020 2017–2018 China Pros. 145 (58/87) 37 LDH meeting diagnostic criteria,
failed cons.Rx, without
spondylolisthesis and spinal
stenosis

Surgical outcomes, patient
satisfaction functional
outcomes, serology, pain.

�The abstract of Tao et al describes June 2012 to May 2016, while the methods section June 2011 to May 2014 as enrollment period.
yTacconi et al 2019 performed OM through Wilkes approach.

cons.Rx indicates conservative therapy; LDH, lumbar disc herniation; QoL, quality of life; RTW, return to work; VAS, visual analogue scale. Surgical outcomes:
duration of surgery, length of hospital stay, reoperations, complications and/or blood loss.

Serological outcomes: CRP, CK, TNF-a, IL-4, IL-6, CD3þ T-cells, CD4þ T-cells, CD8þ T-cells, malondialdehyde, myeloperoxidase, superoxide dismutase, total
antioxidant capacity.

Patient satisfaction: modified McNab-score, Odom‘s criteria.

Functional outcomes: Oswestry disability index.

LITERATURE REVIEW PTED vs. OM for Sciatica � Gadjradj et al
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Figure 2. Risk of bias assessment for all included RCTs.
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studies that measured postoperative length of hospital stay
all but one RCT found shorter hospitalization duration in
the PTED group.26,28,30,31,35,36,38

Complications among patients who underwent PTED
and OM were reported in 12 studies (Table 4).27–38

Overall, there was very low quality of evidence that
complication rates (of dural tears, neurological deficits,
and wound infections) between PTED and OM
were comparable.
Spine
Six RCTs reported reoperation rates for recurrent disc
herniation.27,29,31–34 Reoperation rates were low (2%–
10%) and none of the studies showed significant differences
between groups. Return to work was reported in four
studies.31–34 Hermantin et al reported that patients who
underwent PTED returned earlier to work than patients who
underwent OM (27 vs. 49 days). Mayer et al34 reported that
95% of the patients in the PTED group returned to work
after 12 months compared with 72% in the OM group.
www.spinejournal.com 543



TABLE 2. Outcomes of RCTs and of Observational Studies

Study

(PTED/OM) Leg Pain

Functional

Outcome Back Pain

Patient Sat-

isfaction

Serology Radiology

Blood

Loss

Length of

Hospital

Stay

Reoperation

for LDH

Return to

Work Costs

Mayer et al, 1993

N¼40 (20/20)

70% vs.

55%

3 vs. 1 95% vs.

72%

Hermantin et al, 1999

N¼60 (30/30)

12 vs. 19 73% vs.

67%

0� vs. 2 þ
27 vs. 49

days

Krappel et al, 2001

N¼40 (20/20)

þ/�
84% vs.

75%

þ 1 vs. 0 þ/�
100% vs.

100%

-

Akcakaya et al, 2016

N¼30 (15/15)

þ
18 vs. 28

þ/�
12 vs. 14

þ þ/�
1 vs. 1.2

Gibson et al, 2017

N¼140 (70/70)

þ
19�26 vs.

35�31

þ/�
22�20 vs.

18�17

þ/�
25�25 vs.

30�28

þ
1.40�0.1

vs.

1.80�0.1

þ
0.7�0.7 vs.

1.4�1.3

þ/�
5 vs. 2

þ/�
78% vs.

82%

Tao et al, 2018

N¼462 (231/231)

þ/�
19�10 vs.

18�10

þ/�
22�5 vs.

23�5

þ/�
85% vs.

88%

þ þ þ
3�1.5 vs.

14�1.8

Tacconi et al, 2019

N¼38 (18/20)

þ/�
19�7 vs.

16�7

þ/�
13�7 vs.

16�7

þ NR vs. 1

Tacconi et al, 2020

N¼50 (25/25)

þ/�
20 vs. 20

þ
20 vs. 40

þ/þ/�y 1 vs. 0

Dai et al, 2020

N¼94 (47/47)

þ
17�2 vs.

30�7

þ þ
5.1�1.0 vs.

8�1.2

Pan et al, 2016

N¼106 (48/58)

þ/� þ/� þ/� þ/� þ þz/ þ/� þ þ þ

Wang et al, 2017

N¼110 (60/50)

þ þ þ þ/�

Choi et al, 2018

N¼40 (20/20)

þ/� þ/� þ/� þ þ þ

Chang et al. 2018

N¼110 (60/50)

þ þ þ

Xu et al, 2020

N¼145 (58/87)

þ þ þ/� þ þ

�One additional procedure in PTED group due to lumbar spinal stenosis.
yFavors PTED on two different MRI reconstructions, but found no difference on two other MRI reconstructions.
zFavors PTED in reduction of the Cobb angle but no differences in intervertebral space height were found.

For clinical outcomes of RCTs values measured at the latest moment of follow-up are shown with their standard deviations, when reported. þ indicates the
outcome is in favor of PTED, – , the outcome is in favor of OM; þ/�, there is no difference between PTED and OM. Favors means a statistically significant
difference was shown in individual studies. In case if differences were not tested, no symbol is shown. Scores for leg pain, back pain and functional status are
reported from 0 to 100 with 0 indicating no pain or disability. NR, not reported

LITERATURE REVIEW PTED vs. OM for Sciatica � Gadjradj et al
Krappel et al32 and Gibson et al31 found no differences in
return to work rates.

Biochemical Outcomes
Five studies reported on CRP and were all in favor of PTED
at one or more postoperative time points (ranging from
1 hour to 7 days after surgery).30,36–39 Four studies reported
on the CK values26,30,36,38; all studies showed significantly
higher CK rates in the OM group at one or more time points.

Radiological Outcomes
Four studies reported radiological outcomes of PTED
versus OM.27,33,36,38 One study compared scarring mea-
sured on postoperative MRIs and found less scarring in the
544 www.spinejournal.com
PTED group, but no correlation to clinical outcomes.33

Another study assessed lumbar stability by measuring the
Cobb angle and the height of the intervertebral space as
measured on x-rays and found a significant reduction in
the Cobb angle in the PTED group postoperatively.38 No
differences were found in the postoperative Cobb angle in
the OM group or in the measured intervertebral space
height in either group. Choi et al36 measured the cross-
sectional area of high-intensity lesions in the paraspinal
muscles on MRIs postoperatively, which were larger in
patients that underwent OM compared with PTED.
Finally, in a randomized study that analyzed paraspinal
muscle signal intensity changes on postoperative MRI,
higher mean volume of paravertebral muscle alterations
April 2021



Records iden�fied through Embase
searching from January 2013 to April 2020

(n =1422)
gnineercS
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Addi�onal records iden�fied through other 
sources (PubMed, Emcare, Web of Science, 
reference checking and Cochrane library)
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Records a�er duplicates removed
(n =2276)

Records screened
(n =2276)

Records excluded
(n =2255)

Full-text ar�cles assessed 
for eligibility

(n = 21)

Full-text ar�cles excluded, with 
reasons

Recurrent LDH (n=1)
Other condi�on than LDH (n=1)

Surgery type (n=6)
Retrospec�ve design (n=1)

Unable to obtain/translate (n=1)
Total (n=10)

Studies included in 
qualita�ve synthesis

(n = 14)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n =  9)

Studies included in the 
previous review

(n = 3)

Figure 3. Pooled results of PTED versus OM on the primary outcomes. OM indicates open microdiscectomy; PTED, percutaneous trans-
foraminal endoscopic discectomy.
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were found in the OM group on two specific MRI recon-
structions.27

Costs and Cost-Effectiveness
Two studies reported on some of the costs of the interven-
tions. Krappel et al calculated the costs by computing the
costs of the operating room, hospitalization, endoscopes,
and sterilization of the equipment. Total costs of PTED were
higher than for OM (U.S.$ 7707 vs. U.S.$ 1417, respec-
tively).32,40 Of the total costs of PTED, 66.2% were attrib-
utable to the costs of the endoscope. Pan et al38 only
reported the costs of hospitalization which were lower in
the PTED group (U.S.$ 1279 for PTED vs. U.S.$ 1622 for
OM).40 None of the identified studies performed
economic evaluations.

DISCUSSION
The update of our systematic review which examined the
effect of PTED versus OM for the treatment of LDH
Spine
suggests that there is moderate quality evidence of no
difference in leg pain and functional status at the interme-
diate and long-term follow-up. Data on short-term leg pain
showed substantial heterogeneity, and only one study pro-
vided data on short-term functional status. These data on leg
pain and functional status didn’t show any differences
between PTED and OM. Our review could not affirm a
lower rate of back pain which could be expected from full-
endoscopic spine surgery. Back pain was only assessed by
one RCT and there was low quality evidence of no difference
in back pain between patients who underwent PTED versus
OM. Overall, complications were more frequently reported
in patients who underwent OM, although the incidence of
complications after lumbar discectomy is low.

Comparison With Other Studies
In recent years, other reviews with different methodology
have been published.11,13,41,42 The current review differs in
that we only compared full endoscopic transforaminal
www.spinejournal.com 545



TABLE 3. GRADE Evidence Summary of Findings for the Effect of PTED Versus Open
Microdiscectomy

Quality Assessment No. of Patients

No. of

Studies Design Limitations Inconsistency Indirectness Imprecision Other PTED OM Effect (95% CI)

Quality of

Evidence

Leg pain

(intermediate

term)

4 RCT Serious

limitations�
No serious

inconsistency

No serious

indirectness

No serious

imprecision

No serious

considerations

335 336 SMD 0.05

(–0.10 to 0.21)

Moderate

Leg pain (long

term)

3 RCT No serious

limitations

No serious

inconsistency

No serious

indirectness

Serious

imprecision§

No serious

considerations

100 112 SMD 0.11

(–0.30 to 0.53)

Moderate

Functional

outcome

(intermediate

term)

3 RCT Serious

limitations�
No serious

inconsistency

No serious

indirectness

No serious

imprecision

No serious

considerations

309 311 SMD –0.09

(–0.24 to 0.07)

Moderate

Functional

outcome

(long term)

2 RCT No serious

limitations

No serious

inconsistency

No serious

indirectness

Serious

imprecision§

No serious

considerations

70 82 SMD –0.11

(–0.45 to 0.24)

Moderate

Back pain

(intermediate

term)

1 RCT No serious

limitations

Serious

inconsistencyy
No serious

indirectness

Serious

imprecision§

No serious

considerations

61 60 SMD –0.04

(–0.39 to 0.32)

Low

Back pain (long

term)

1 RCT No serious

limitations

Serious

inconsistencyy
No serious

indirectness

Serious

imprecision§

No serious

considerations

52 62 SMD 0 (–0.37

to 0.37)

Low

Complicationsjj 12 RCT

Prosp.

Serious

limitations�
No serious

inconsistency

No serious

indirectness

Serious

imprecision§

Serious

considerations{
647 678 Not calculated Very low

�Quality of evidence is downgraded if >50% of the study population origins of studies with a high or unclear risk of bias for allocation concealment.
yQuality of evidence is downgraded if the I2 statistic >75% or if only one study reports on the outcome.
3 Quality of evidence is downgraded if study results are not generalizable.
§Quality of evidence is downgraded if there are <400 patients in the study sample for continuous outcomes or if there are less than 300 events in the study
sample for dichotomous outcomes.
{Quality of evidence is downgraded if there are signs of publication bias or conflicts of interest.
jjDural tears, (transient) neurological deficits and wound infections were taken into this analysis.

TABLE 4. Complications Mentioned in All Included Studies

Study
Sample Size
(PTED/OM)

Total Complications
N (%)

Complications
PTED N (%) Description

Complications OM
N (%) Description

Mayer et al, 1993 40 (20/20) 0 0 – 0� -

Hermantin et al, 1999 60 (30/30) 1 (1.7%) 0 – 1 (3.3%) 1 (3.3%) incidental durotomy

Krappel et al, 2001 40 (20/20) 0 0 – 0 -

Gibson et al, 2017 140 (70/70) 7 (5%) 6 (8.6%) 2 (2.9%) possibly
dural tears

4 (5.7%) mild
dysesthesia

1 (1.4%) 1 (1.4%) persistent foot drop

Tao et al, 2018 462 (231/231) 77 (16.6%) 14 (6.1%) 14 (6.1%) transient
leg paresthesia

63 (27.3%) 7 (3.0%) incidental durotomy
56 (24.2%) chronic low back

pain

Tacconi et al, 2019 38 (18/20) 3 1 (5.5%) 1 (5.5%) reversible
hypothermia

2 (10%) 1 (5%) superficial wound
infection

1 (5%) transient leg paresthesia

Tacconi et al, 2020 50 (25/25) 0 0 - 0 -

Dai et al, 2020 94 (47/47) 5 (5.3%) 1 (2.1%) 1 (2.1%) dystasia 4 (8.5%) 1 (2.1%) lumbar deformation
1 (2.1%) aggravated pain

2 (4.3%) dystasia

Pan et al, 2016 106 (48/58) 16 (15.1%) 3 (6.3%) 3 (6.3%) transient
leg paresthesia

13 (22.4%) 3 (5.2%) transient leg paresthesia
2 (3.4%) dural lacerations

4 (6.7%) transient leg weakness
4 (6.7%) urinary retention

Wang et al, 2017 110 (60/50) 0 – 0 – –

Choi et al, 2018 40 (20/20) 0 0 – 0 –

Xu et al, 2020 145 (58/87) 29 (20%) 5 (8.6%) 3 (5.2%) wound
infections

2 (3.4%) transient
nerve paralysis

24 (27.6%) 7 (8.0%) wound infections
10 (11.5%) transient nerve

paralysis
7 (8.0%) spinal instability

Overall 1325 (647/678) 138 (10.4%) 30 (4.6%) 108 (15.9%)

�One patient in the OM group underwent a revision procedure due to scar tissue. This revision procedure was complicated due to the development of
spondylodiscitis.
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discectomy with OM which is considered to be the standard
procedure. Furthermore, our review included four RCTs
published after completion of the previous reviews.27–30

Nevertheless the results of the present review are in concor-
dance with prior reviews; clinical outcomes such as leg pain,
back pain, functional status, and rate of recurrent disc
herniation, are comparable or differed minimally between
PTED and OM, but PTED is associated with shorter hospi-
talization duration and blood loss.11,13,42

In our previous review, we identified three RCTs com-
paring PTED with OM.17 Of these RCTs, only one evalu-
ated pain and none assessed specifically back pain or
functional status as is customary in lumbar spine surgery
nowadays.32–34 Furthermore, cautious interpretation of
these trials was also warranted because of the unclear or
high risk of selection bias. The current search added six
RCTs to the results of which two had a low risk of selection
bias.27,31 Of these two studies only the trial by Gibson et al31

with moderate sample size (N¼140) provided relevant
clinical outcomes on short and long term.

Strengths and Limitations
Despite the inclusion of 11 new studies to this update, there
remains a paucity of high-quality studies with a low risk of
bias reporting on patient-centered outcomes relevant to
lumbar disc surgery.17 For instance, postoperative leg pain
was only reported in three and two studies at intermediate
and long term respectively, and postoperative back pain was
only measured by one study at intermediate and long term.
The paucity of studies also led to the inability to formally
assess publication bias. Another limitation is inherent to
cultural and time differences between the studies. For exam-
ple, cultural differences may explain the difference in post-
operative length of hospital stay following discectomy
between studies conducted in European countries in com-
parison to studies conducted in other countries. An example
of timely differences is the trend that the duration of hospi-
talization for lumbar disc surgery is decreasing over the
years.9,43 Nevertheless, because these cultural and time
differences are applied on both patient categories, we expect
the influence of these differences on the outcomes to be
limited but they may explain heterogeneity between the
studies on these other outcomes. The inability of blinding
patients is a limitation which may also warrant cautious
interpretation of some outcomes. For instance, some
expected short-term benefits such as patient satisfaction,
and return-to-work and length-of-hospital stay rates, may
be influenced by the patient’s own expectation of undergo-
ing endoscopic surgery, also frequently named as minimally
invasive surgery.

The findings of the current review warrant further studies
of high methodological quality and sufficient sample size to
further explore clinical merits of PTED in comparison to
OM on core clinical outcomes as leg pain, functional status,
and back pain. As we would expect no differences in clinical
outcomes or small difference of limited clinical relevance
based on the results of this meta-analysis, prospective
Spine
economic evaluations are essential, especially since PTED
is expected to be more expensive as procedure but to have
lower hospitalization costs. Results of a RCT comparing the
effectiveness and cost-effectiveness of PTED to OM are
expected.44

An important concern for the use of PTED for sciatica is
the surgical learning curve, which is considered to be rela-
tively long and difficult.45–47 Two studies that focused on
the learning curve of full-endoscopic surgery show a steep
learning curve of full-endoscopic surgery and suggest that
the procedure may be more difficult to master as compared
with OM.45,46 Despite this learning curve, however, clinical
outcomes such as functional status and pain appear to be
comparable to those after OM. A recent systematic review
attempted to estimate a cutoff number of cases needed to
perform to master PTED. A case load of 20 was commonly
used, but insufficient evidence was found to support any
number of procedures.47

CONCLUSION
There is moderate level evidence of no difference in leg
pain or functional status at intermediate and long term
between PTED and OM in the treatment of LDH. High
quality and robust studies reporting on clinical outcomes
on the long-term and performing economic evaluations are
lacking.
Key Points
PTED is an alternative surgical technique to treat
lumbar disk herniation. It is unclear if PTED has
comparable outcomes compared to open
microdiscectomy.

Multiple online databases were systematically
searched up to April 2020 for randomized
controlled trials and prospective studies
measuring clinical outcomes.

Fourteen studies were included of which
nine trials.

There is moderate quality evidence suggesting no
difference in leg pain or functional status at
intermediate and long-term follow-up between
PTED and OM in the treatment of LDH.

High quality, robust studies reporting on clinical
outcomes and cost-effectiveness on the long term
are lacking.
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