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Abstract
Objective
To assess whether percutaneous transforaminal
endoscopic discectomy (PTED) is non-inferior to
conventional open microdiscectomy in reduction of
leg pain caused by lumbar disc herniation.
Design
Multicentre randomised controlled trial with noninferiority design.
Setting
Four hospitals in the Netherlands.
Participants
613 patients aged 18-70 years with at least six weeks
of radiating leg pain caused by lumbar disc herniation.
The trial included a predetermined set of 125 patients
receiving PTED who were the learning curve cases
performed by surgeons who did not do PTED before
the trial.
Interventions
PTED (n=179) compared with open microdiscectomy
(n=309).

Main outcome measures
The primary outcome was self-reported leg pain
measured by a 0-100 visual analogue scale at 12
months, assuming a non-inferiority margin of 5.0.
Secondary outcomes included complications,
reoperations, self-reported functional status as
Cite this as: BMJ 2022;376:e065846 measured with the Oswestry Disability Index, visual
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analogue scale for back pain, health related quality
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of life, and self-perceived recovery. Outcomes were
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measured until one year after surgery and were
longitudinally analysed according to the intention-to-

What is already known on this topic
Percutaneous transforaminal endoscopic discectomy (PTED) is intended as a
minimally invasive surgical technique to treat sciatica caused by lumbar disc
herniation
Data from randomised controlled trials with adequate sample size and low risk of
bias comparing PTED with open microdiscectomy are lacking

What this study adds
PTED was non-inferior to open microdiscectomy in the reduction of leg pain
caused by lumbar disc herniation
PTED resulted in statistically more favourable results for patients’ self-reported
leg pain, back pain, functional status, quality of life, and recovery
PTED had a reoperation rate comparable to that for open microdiscectomy
Although these differences were small and may not reach established clinical
relevance thresholds, PTED can be considered as an effective alternative to open
microdiscectomy to treat sciatica
the bmj | BMJ 2022;376:e065846 | doi: 10.1136/bmj-2021-065846

treat principle. Patients belonging to the PTED learning
curve were omitted from the primary analyses.
Results
At 12 months, patients who were randomised to PTED
had a statistically significantly lower visual analogue
scale score for leg pain (median 7.0, interquartile
range 1.0-30.0) compared with patients randomised
to open microdiscectomy (16.0, 2.0-53.5) (between
group difference of 7.1, 95% confidence interval
2.8 to 11.3). Blood loss was less, length of hospital
admission was shorter, and timing of postoperative
mobilisation was earlier in the PTED group than in
the open microdiscectomy group. Secondary patient
reported outcomes such as the Oswestry Disability
Index, visual analogue scale for back pain, health
related quality of life, and self-perceived recovery,
were similarly in favour of PTED. Within one year,
nine (5%) in the PTED group compared with 14 (6%)
in the open microdiscectomy group had repeated
surgery. Per protocol analysis and sensitivity analyses
including the patients of the learning curve resulted in
similar outcomes to the primary analysis.
Conclusions
PTED was non-inferior to open microdiscectomy
in reduction of leg pain. PTED resulted in more
favourable results for self-reported leg pain, back
pain, functional status, quality of life, and recovery.
These differences, however, were small and may not
reach clinical relevance. PTED can be considered as
an effective alternative to open microdiscectomy in
treating sciatica.
Trial registration
NCT02602093ClinicalTrials.gov NCT02602093.

Introduction
With a lifetime prevalence of up to 43%, sciatica is a
common health problem in the general population.1
Sciatica is typically characterised by radiating leg pain
starting from the low back, at times accompanied by
sensory or motor deficits, and most frequently caused
by lumbar disc herniation.2 3 Sciatica has a favourable
natural course in most people; however, surgery may
be indicated when conservative treatment fails or
progressive neurological deficits develop.4 Previous
studies have shown the short term benefits of surgery
for pain relief, function, and perceived recovery, with
similar long term outcomes to prolonged conservative
management for people with sciatica lasting from six
to 12 weeks. Recent studies showed that surgery led to
a greater reduction in leg pain on long term follow-up
compared with conservative management for sciatica
lasting from four to 12 months.5 6
1
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Full endoscopic versus open discectomy for sciatica: randomised
controlled non-inferiority trial
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Methods
Trial design
This
multicentre,
non-inferiority
randomised
controlled trial was conducted at four general hospitals
in the Netherlands in patients with sciatica caused
by lumbar disc herniation. Details of the protocol
and study design have been published previously.23
The study was funded by ZonMw, the Netherlands
Organisation for Health Research and Development,
without involvement of the medical technology
industry. The research protocol was approved by the
research ethics board of all participating hospitals
and registered at ClinicalTrials.gov (NCT02602093).
All patients provided written informed consent before
enrolment.
2

Enrolment and randomisation
From February 2016 to April 2019, neurosurgeons
and orthopaedic surgeons screened and enrolled
patients with sciatica during outpatient clinic visits.
Patients were eligible for the PTED-study if they
had an indication for surgery according to Dutch
consensus, which means that patients should have
at least six weeks of excessive radiating leg pain
with no tendency for any clinical improvement
despite conservative therapy. Aside from leg pain,
patients could be included with or without motor or
sensory loss, as is part of daily practice. Furthermore,
patients should be between 18 and 70 years of age;
have a nerve root compression by a lumbar disc
herniation proven by magnetic resonance imaging,
corresponding to the clinical dermatomal area; and
have sufficient knowledge of the Dutch language to
complete forms and follow instructions independently.
Exclusion criteria were previous surgery at the same or
adjacent disc level; cauda equina syndrome; isthmic
or degenerative spondylolisthesis; pregnancy; severe
comorbid medical or psychiatric disorder (American
Society of Anesthesiologists’ classification >2); severe
caudal or cranial sequestration of disc fragments,
defined as sequestration towards more than half of the
adjacent vertebra; contraindication for surgery, and
moving abroad on short notice.
We randomised patients in a one to one ratio to
PTED or open microdiscectomy by using computer
generated variable block sizes (four, six, or eight),
stratified by enrolling centre. Blinding of patients was
not feasible because of the substantial differences
between the two procedures (for example, PTED being
performed under conscious sedation and having an
8 mm incision 8-12 cm lateral of the spine midline
and open microdiscectomy being performed under
general anaesthesia with a 2-4 cm dorsal incision
in the spine midline). Both surgical techniques were
presented to patients as equal in effectiveness during
enrolment.
Study interventions
All surgeons were spine dedicated with eight to 11
years of experience in degenerative lumbar spine
surgery. One of the primary reasons for conducting
this study was the opinion that PTED did not meet
scientific criteria inherent in reimbursement within
the Dutch public healthcare system.24 Therefore,
PTED was temporarily reimbursed by insurance
companies on the condition that patients were
enrolled in the PTED-study. Furthermore, only one
of the participating surgeons was proficient in doing
PTED in the Netherlands; therefore, three surgeons
(one per hospital) were trained to do PTED. Each
surgeon attended an accredited postgraduate handson workshop and did 10-15 procedures under the
supervision of a senior surgeon with ample experience
in PTED. After these supervised procedures, the
surgeons did PTED independently. Their first 50 cases
(including the supervised cases) would be deemed
learning curve cases.
doi: 10.1136/bmj-2021-065846 | BMJ 2022;376:e065846 | the bmj
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Following publication of initial reports on surgery for
lumbar disc herniation in 1934, attempts were made
to reduce the surgical invasiveness of this procedure.7 8
These modifications have led to conventional transflaval
open microdiscectomy becoming the standard
procedure for treating lumbar disc herniation.9 10
Owing to the development of surgical endoscopes and
their application to the lateral transforaminal “safe”
entry zone as described by Kambin and Brager, other
surgical techniques were developed with the intention
to be less invasive.11 12 Percutaneous transforaminal
endoscopic discectomy (PTED) is one of these
proposed less invasive techniques. PTED is expected to
lead to less postoperative back pain, shorter hospital
admission, and a faster recovery because paraspinal
muscles are not detached from their insertion, bony
anatomy is not changed, and general anaesthesia
is not used.13 Some concerns exist, however, in the
scientific literature about the effectiveness for leg
pain and recovery of function after PTED compared
with open microdiscectomy, and previously published
studies may have been influenced by commercial
enterprises.14-17 Furthermore, as PTED has a learning
curve and exposes surgeons and patients to a higher
radiation dose, these concerns need to be overcome
with high quality evidence before PTED can be widely
implemented.17-20
Previous studies that have compared PTED with
open microdiscectomy found either no differences in
outcomes or small differences of uncertain clinical
relevance.14-17 21 22 However, these studies were of
small sample size, were not randomised, or involved
only one surgeon.14-16 21 22 Therefore, a randomised
controlled trial with adequate sample size and low
risk of bias is warranted. Advantages adherent to
minimally invasive surgery are claimed for PTED, such
as less postoperative back pain and shorter hospital
admission, so we hypothesised that PTED should not
be worse than open microdiscectomy in treating leg
pain to be offered as a treatment alternative. Therefore,
the aim of the PTED-study was to investigate whether
the effect of PTED was non-inferior to conventional
open microdiscectomy in terms of reduction in leg
pain in patients having surgery for sciatica caused by
lumbar disc herniation.
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Open microdiscectomy
Open microdiscectomy was conducted under general
anaesthesia.9 The disc level was verified using
fluoroscopy, and a paramedian incision was made.
The use of loupes or a microscope was optional. After
identification of the lamina, the yellow ligament was
removed to identify the nerve root and disc herniation.
The amount of degenerative disc material removed was
at the discretion of the surgeon. Laminotomy, as well as
foraminotomy, was done if necessary. A partial medial
facetectomy was used for the foraminal herniated disc,
and an approach alongside the facet joints was used
for the extraforaminal herniated disc. The patient was
discharged as soon as medically responsible, which is
usually one day after surgery.
Patients in both groups were discharged as soon as
medically responsible. Pain medication was offered
to all patients if necessary and included paracetamol
and optionally non-steroidal anti-inflammatory drugs,
short acting opioids, or both. We used questionnaires
to monitor the use of pain medication and of cointerventions.
Outcome measures
The primary outcome was the improvement in leg pain
at one year, as measured with a visual analogue scale
ranging from 0 to 100 with higher scores indicating
more leg pain.25 26 We chose the visual analogue scale
for leg pain as the primary outcome because the goal of
surgery is to reduce leg pain, so PTED should be noninferior in reduction of leg pain to be considered as a
treatment alternative to open microdiscectomy. The
visual analogue scale for leg pain was measured at
baseline; one day; two, four, and six weeks; and three,
six, nine, and 12 months postoperatively. Secondary
outcomes were functional status as measured with
the Oswestry Disability Index (ranging from 0 to
100, with higher scores indicating more disability)27;
visual analogue scale for back pain (ranging from 0 to
100, with higher scores indicating more back pain)26;
visual analogue scale for quality of life (ranging
from 0 to 100, with higher scores indicating a higher
quality of life)28; the physical component summary
the bmj | BMJ 2022;376:e065846 | doi: 10.1136/bmj-2021-065846

and mental component summary of the short form
36 (SF-36),29 30 with higher scores indicating better
perceived health; and seven point Likert-type scales
measuring self-perceived recovery from symptoms,
recovery from leg pain, satisfaction with treatment,
and change in symptoms.28 29 31-33 We defined recovery
and satisfaction by combining “complete” and “nearly
complete” recovery or satisfaction. We added an 11
point numerical rating scale for leg pain, back pain, and
quality of life for internal validation of the study results
in a protocol amendment.34 All secondary outcome
measures were assessed at the same time points as the
primary outcome except for one day postoperatively,
when only functional disability, quality of life, back
pain, self-perceived recovery, and satisfaction were
measured. Questionnaires were sent to patients by
email or regular mail. At six weeks, three months, and
12 months after surgery, patients visited the clinic for
a neurological examination by a research nurse who
was aware of the treatment allocation. In addition to the
patient reported outcome measures, data on the surgical
procedure, complications, discharge, and reoperations
were collected. Supplementary table A gives an overview
of all outcomes measured in the PTED-study.

Statistical analysis
The expected mean difference between the groups in
visual analogue scale for leg pain was 5 with a standard
deviation of 14.9.35 With a margin of non-inferiority
set at 5.0 (expected difference), a one sided α of 0.05,
and a β of 0.10, we estimated that a sample size of 306
patients would show non-inferiority with 90% power.
Considering an attrition rate of 20%, we set the sample
size at 382. We planned to recruit an additional 150
patients (50 per surgeon) for the learning curve in
the PTED arm. We based this decision to include 50
learning curve cases per surgeon on the literature and
consensus of the research group.18 36 We excluded
these learning curve cases from the primary analyses.
In total, we included an additional 300 patients (150
randomised to PTED as learning curve cases and
150 randomised to open microdiscectomy) above
the sample size calculation because reimbursement
of PTED was dependent on participation in the trial.
Thus, the goal was to recruit 682 participants.
We did the primary analyses according to the
intention-to-treat principle. We did per protocol
analyses as sensitivity analyses, including only
patients who received the intervention to which they
were randomised. Furthermore, we did sensitivity
analyses including the learning curve patients and
sensitivity analyses using the numerical rating scale
to test the robustness and validity of the results. We
presented baseline characteristics by using percentages
for categorical variables and means and standard
deviations or medians and interquartile ranges, when
appropriate, for continuous variables. We used mixed
model analyses with random intercepts on the patient
level to account for dependency of measurements over
time within patients. We used linear mixed models
to analyse leg pain, functional disability, back pain,
3
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PTED
The full procedure has been described previously.13
Local anaesthesia was administered, and surgery
was performed under conscious sedation. The site
was verified by fluoroscopy, after which a line was
drawn from the centre of the herniation. The needle
was placed, and the position was checked. After the
needle had reached the correct position, a guidewire
was inserted. After that, a series of conical rods were
introduced, and subsequently a drill was introduced
through the cannula. By drilling, the neuroforamen
was enlarged. Hereafter, the instruments were removed
with the guidewire remaining in place. Then, the
endoscope with the working channels was introduced
via the cannula. Following removal of the loose disc
fragments, the cannula and endoscope were removed.
Patients were treated on an outpatient basis.
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Amendments from original trial protocol
Some amendments were made to the study protocol after
enrolment started but before the study was completed.
One was the inclusion of an 11 point numerical rating
scale for the outcomes that were measured by a visual
analogue scale—leg pain, back pain, and quality of
life. The reason for this was that some concerns were
raised about the validity of the visual analogue scale,
as its length may differ while using different electronic
devices (for example, smartphone, tablet, or laptop)
and we had not standardised the use of one of these
devices. We therefore added the numerical rating scale
for leg pain as the primary outcome. However, because
we expected results of the visual analogue scale and
numerical rating scale to be similar, we reinstated the
visual analogue scale as the primary outcome. For
reasons of transparency, we also report the results for
the numerical rating scale on the primary outcome, leg
pain, as a sensitivity analysis. Secondly, we increased
the enrolment period of the trial by one year. Before the
trial started, we had planned to recruit patients during
a two year period. Because the enrolment was slower
than anticipated, we increased the enrolment period to
three years. Finally, we increased the follow-up period
of the included patients to also include 24 month and
60 month measurements.
Patient and public involvement
Before the start of the PTED-study, members of the
patients’ organisation “de Wervelkolom” (“the Spine”)
were involved in the study design. Furthermore, this
4

organisation was also part of the half yearly board
meetings during which recruitment, implementation,
and results of the study were discussed. The general
public was not involved with the study.

Results
Patients
In the period between February 2016 and April 2019,
711 patients were assessed for eligibility, of whom 613
patients were enrolled into the PTED-study (fig 1). The
baseline characteristics of the patients were similar in
both groups (table 1). The trial was finalised before
the estimated sample size of 682 participants was
reached, because the end of the enrolment period of
the study was reached. Of the 304 patients randomised
to PTED, 286 (94%) received the intervention; of the
309 patients randomised to open microdiscectomy,
244 (79%) had microdiscectomy as assigned; 10 of
these were tube assisted. At 12 months of follow-up,
the primary outcome was available for 532 (87%) of
the randomised patients.
Learning curve
The estimated learning curve of 150 learning
curve cases was not reached. Of the 304 patients
randomised to the PTED group, 125 were learning
curve cases (supplementary table B). During the
learning curve, the PTED procedure was converted to
open microdiscectomy in four patients (supplementary
table C). Four complications occurred, and 14 (11%)
patients had repeated surgery within one year because
of recurrent disc herniation. All patient reported
outcome measures showed significant improvement
after 12 months (supplementary table C) compared
with baseline.
Primary outcome
The median visual analogue scale for leg pain showed
a similar improvement in leg pain in both groups
following surgery (fig 2). In the first three months,
mean differences in reduction of leg pain between the
groups were small (table 2; supplementary table D). At
six, nine, and 12 months, mean differences in favour
of PTED increased. At 12 months’ follow-up, the mean
between group difference in leg pain was 7.1 (95%
confidence interval 2.8 to 11.3) in favour of PTED. This
between group difference indicates that PTED was
non-inferior, because the between group difference in
leg pain was not worse than 5.0 at 12 months for PTED
compared with open microdiscectomy.
Secondary outcomes
In general, mean differences in secondary outcomes
between both groups were small in the first three
months and increased in favour of PTED at six, nine,
and 12 months (fig 2; table 2). At 12 months, the
median score on the Oswestry Disability Index was
10.0 (interquartile range 2.0-17.8) in the PTED group
and 12.7 (2.2-28.4) in the open microdiscectomy
group (mean difference of 5.3, 3.0 to 7.7). At 12
months, back pain intensity was 16.0 (interquartile
doi: 10.1136/bmj-2021-065846 | BMJ 2022;376:e065846 | the bmj
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quality of life, physical component summary, and
mental component summary. We used logistic mixed
models to analyse the dichotomised Likert-type
scales. In addition to the adjusted models in which
we corrected for the baseline score and centre, fully
adjusted models for the primary analyses are shown
in the supplementary material. Fully adjusted models
included adjustment for factors such as the baseline
score, centre, age, sex, duration of complaints, smoking
status, body mass index, employment status, site of disc
protrusion, treatment preference of the patient, and
psychopathology as measured on the four dimensional
symptom questionnaire.37 38 Finally, we added a linear
and logistic regression analysis adjusting for baseline
and hospital for the outcomes at 12 months as an
alternative analysis. Mean differences and odds ratios
are presented with their 95% confidence intervals.
We estimated confidence intervals from linear mixed
model analyses by using 1000 bootstrap samples
according to the bias accelerated procedure to take into
account skewness of residuals. We used SPSS version
27.0 for all analyses.
As follow-up data were collected using electronic
questionnaires, all patients who had data available
had complete data available at that follow-up point.
We handled data missing owing to missed visits or
patients’ withdrawal from the study at follow-up time
points by mixed model analysis using the maximum
likelihood estimation.
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711
Assessed for eligibility
98
Excluded
15 Did not meet inclusion criteria
83 Declined to participate
613
Randomised

304
Assigned to PTED
179 Primary analysis 125 Learning curve cases
286
4
4
2

Received PTED as assigned
Recovered
PTED procedures converted
Had open microdiscectomy for logistical
reasons and owing to hallucinations
during PTED
8 Did not accept treatment assignment

309
Assigned to open microdiscectomy
234 Received open microdiscectomy as assigned
10 Had tube assisted microdiscectomy owing
to (extra) foraminal LDH
9 Recovered
1 Developed cauda equina syndrome
55 Did not accept treatment assignment

1 day follow-up
168 Primary analysis 120 Learning curve cases
7 Missed visits 9 Cumulative withdrawals

242 Had data available
20 Missed visits 47 Cumulative withdrawals

2 weeks follow-up
169 Primary analysis 120 Learning curve cases
6 Missed visits 9 Cumulative withdrawals

240 Had data available
22 Missed visits 47 Cumulative withdrawals

4 weeks follow-up
169 Primary analysis 121 Learning curve cases
5 Missed visits 9 Cumulative withdrawals

241 Had data available
20 Missed visits 48 Cumulative withdrawals

6 weeks follow-up
170 Primary analysis 122 Learning curve cases
3 Missed visits 9 Cumulative withdrawals

249 Had data available
12 Missed visits 48 Cumulative withdrawals

3 months follow-up
169 Primary analysis 120 Learning curve cases
6 Missed visits 9 Cumulative withdrawals

249 Had data available
12 Missed visits 48 Cumulative withdrawals

6 months follow-up
163 Primary analysis 122 Learning curve cases
10 Missed visits 9 Cumulative withdrawals

235 Had data available
25 Missed visits 49 Cumulative withdrawals

9 months follow-up
158 Primary analysis 120 Learning curve cases
15 Missed visits 11 Cumulative withdrawals

232 Had data available
28 Missed visits 49 Cumulative withdrawals

12 months follow-up
168 Primary analysis 119 Learning curve cases
6 Missed visits 11 Cumulative withdrawals

245 Had data available
15 Missed visits 49 Cumulative withdrawals

179
Included in primary analysis
0 Excluded

309
Included in primary analysis
0 Excluded

Fig 1 | Flowchart of study eligibility, enrolment, procedures, and outcomes. LDH=lumbar disc herniation;
PTED=percutaneous transforaminal endoscopic discectomy
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Characteristic
Mean (SD) age, years
Male sex
Current smoker
Median (IQR) body mass index
Paid employment
Median (IQR) duration of leg pain*, months
Radiating pain in right leg
Sensory disturbances†
Muscle weakness†
Difference in deep tendon reflexes in knees
Difference in deep tendon reflexes in ankles
Level of disc herniation causing sciatica:
L2-L3
L3-L4
L4-L5
L5-L6
L5-S1
L6-S1
Median (IQR) score on VAS for pain‡:
Leg pain
Back pain
Median (IQR) Oswestry Disability Index§
Median (IQR) score on VAS for quality of life¶
Median (IQR) SF-36 score**:
Physical component summary
Mental component summary
Median (IQR) four dimensional symptom questionnaire score††:
Distress
Depression
Anxiety
Somatisation
Preference for PTED

PTED (n=179)
45.3 (12.4)
99 (55)
43 (24)
25.8 (23.8-28.7)
151 (84)
4.0 (2.0-6.0)
84 (47)
161 (90)
92 (51)
48 (27)
42 (23)

Open microdiscectomy (n=309)
45.7 (11.3)
180 (58)
91 (29)
25.8 (23.3-29.4)
242 (78)
4.0 (2.0-6.0)
155 (50)
290 (94)
183 (59)
81 (26)
77 (25)

2 (1)
15 (8)
68 (38)
1 (<1)
93 (52)
0

7 (2)
13 (4)
137 (44)
2 (<1)
148 (48)
2 (<1)

71.0 (58.0-82.0)
51.0 (26.0-71.0)
44.0 (32.0-58.0)
48.0 (31.0-62.0)

74.0 (61.0-83.5)
51.0 (18.0-71.0)
44.0 (34.0-57.8)
51 (33.0-65.0)

30.5 (24.7-36.3)
49.4 (40.1-56.9)

30.0 (23.5-35.1)
48.4 (37.3-56.2)

7.0 (4.0-14.0)
0.0 (0-1.0)
0.0 (0-2.0)
6.0 (4.0-9.0)
153 (85)

7.0 (3.0-14.0)
0.0 (0-1.0)
0.0 (0-2.0)
6.0 (4.0-10.0)
240 (78)

IQR=interquartile range; PTED=percutaneous transforaminal endoscopic discectomy; SD=standard deviation; VAS=visual analogue scale.
One patient in open microdiscectomy group had missing scores on Oswestry Disability Index, VAS for quality of life and back pain, four dimensional
symptom questionnaire, and SF-36 at baseline.
*Self-reported duration of radiating leg pain from onset until inclusion in trial.
†Patient reported.
‡Scores intensity of leg and back pain from 0 to 100, with higher scores indicating more pain.
§Measures functional disability from 0 to 100, with higher scores indicating more functional disability.
¶Scores general quality of life from 0 to 100, with higher scores indicating better quality of life.
**SF-36 score can be summarised in physical component summary and mental component summary using normative data; higher scores indicate better
quality of life.
††Measures distress in four categories.

range 3.0-38.8) in the PTED group compared with
21.0 (5.0-55.0) in the open microdiscectomy group
(mean difference 6.0, 2.0 to 10.0). Furthermore, at
12 months the median visual analogue scale score for
quality of life was 76.5 (interquartile range 61.8-86.8)
in the PTED group compared with 70.5 (54.3-83.0) in
the open microdiscectomy group (mean difference of
−6.2, −9.2 to −3.2). The mean differences for the SF-36
physical component summary and mental component
summary at 12 months were in the same direction as
the other secondary outcomes: −2.8 (−4.1 to −1.6)
and −2.1 (−3.4 to −0.9), respectively. At 12 months,
the odds ratio for recovery of symptoms was 2.7 (95%
confidence interval 1.4 to 5.2), and the odds ratio for
recovery of leg pain was 2.0 (1.0 to 3.7). Furthermore,
the odds ratio for satisfaction with change in symptoms
and satisfaction with the result of treatment were 2.6
(1.4 to 4.8) and 2.6 (1.3 to 5.0), respectively.

Complications and surgical outcomes
Both procedures were of similar duration, but less
perioperative blood loss occurred in the PTED group
6

(table 3). Eight (3%) dural tears and three (1%) wound
infections were reported in the open microdiscectomy
group compared with none in the PTED group. One
(0.4%) nerve root injury and one (0.4%) deep vein
thrombosis occurred in the open microdiscectomy
group. Of the patients in the PTED group, 94% could
be discharged on the day of surgery compared with 6%
in the open microdiscectomy group. Measured at six
weeks, the mean length of the scar was 11.7 (SD 9.2)
mm in the PTED group and 38.4 (15.0) mm in the open
microdiscectomy group. The rate of repeated surgery
within one year was 5.3% in the PTED group compared
with 5.6% in the open microdiscectomy group. At two
weeks and six months of follow-up, the use of nonopioid analgesics seemed to be similar between both
groups, whereas patients in the PTED group seemed
to use fewer non-opioid analgesics at 12 months
than did patients in the open microdiscectomy group.
Furthermore, patients from the PTED group used fewer
opioid analgesics than did patients from the open
microdiscectomy group at two weeks, six months, and
12 months of follow-up.
doi: 10.1136/bmj-2021-065846 | BMJ 2022;376:e065846 | the bmj
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Table 1 | Characteristics of participants. Values are numbers (percentages) unless stated otherwise

80

VAS leg pain
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Fig 2 | Median scores on visual analogue scale for leg pain, Oswestry Disability Index, visual analogue scale for back pain, visual analogue scale
for quality of life, SF-36 physical component summary, and SF-36 mental component summary. PTED=percutaneous transforaminal endoscopic
discectomy

Alternative, per protocol, and sensitivity analyses
Figure 3 gives an overview of all analyses conducted
for the primary outcome. In general, all alternative
analyses did not significantly affect the main results.
The results of the alternative analyses using linear
regression shows a between group difference of 7.9 (1.8
to 13.4) in favour of PTED on the visual analogue scale
for leg pain at 12 months (supplementary table E). The
per protocol analysis included 168 patients who had
PTED and 244 patients who had open microdiscectomy
(supplementary tables F and G). At 12 months, the
mean between group difference in improvement of leg
pain for PTED compared with open microdiscectomy
was 8.3 (4.1 to 12.8). Secondary outcomes were also
comparable to the results according to the intentionto-treat analysis. In addition, we did sensitivity
analyses including the 125 learning curve cases of all
three surgeons who did not do PTED before the study.
These analyses resulted in comparable outcomes to
the primary analysis (supplementary table H). Finally,
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when we re-ran the analyses using the numerical
rating scale instead of the visual analogue scale for
leg pain, back pain, and quality of life (supplementary
table I), we found similar results to those with the
visual analogue scale. The numerical rating scale for
leg pain showed a mean between group difference of
0.6 (0.2 to 1.1) at 12 months in favour of PTED.

Discussion
In this multicentre trial among patients with sciatica
caused by lumbar disc herniation, we found PTED to
be non-inferior to open microdiscectomy in reduction
of leg pain at 12 months. Mean differences in leg pain
reduction between the groups were small in the first
three months, but they increased in favour of PTED
at six, nine, and 12 months. Different hypotheses
can be formulated to explain this difference. An
explanation may be that three months after surgery
the formation of scar tissue may limit the patients in
the open microdiscectomy group more than those
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121 (71%)

112 (66%)

119 (70%)

20.0
(8.0-32.0)
21.0
(7.8-46.3)
70.0
(55.8-81.3)
43.1
(36.4-48.7)
53.8
(41.5-57.1)
113 (66%)

18
(4.8-47.3)

155 (62%)

149 (60%)

168 (67%)

24.0
(12.0-36.0)
22.0
(9.0-49.0)
64.0
(47.0-75.5)
41.0
(33.6-46.8)
50.1
(39.3-55.0)
148 (59%)

21.0
(6.5-48.5)

PTED (n=170) OM (n=249)

6 weeks

1.7 (0.9 to 3.1)

1.3 (0.7 to 2.4)

1.1 (0.6 to 2.0)

3.4
(1.6 to 5.4)
0.9
(−2.2 to 4.1)
−7.8
(−10.3 to −5.4)
−1.9
(−3.0 to −0.7)
−2.3
(−3.5 to −1.0)
1.5 (0.8 to 2.6)

0.2
(−3.6 to 3.6)

Between group
difference
(95% CI)

124 (76%)

119 (73%)

125 (77%)

11.1 (
4.0-20.0)
15.5
(4.0-42.0)
73.0
(61.0-82.0)
48.4
(41.3-54.6)
54.3
(48.4-57.3)
120 (74%)

11.5
(1.0-28.0)

PTED
(n=163)

6 months

155 (66%)

143 (61%)

165 (70%)

14.0
(4.0-26.5)
24.5
(10.0-53.0)
68.0
(56.0-81.0)
46.1
(38.2-53.5)
53.8
(44.4-57.2)
154 (66%)

14.5
(3.0-46.0)

OM
(n=235)

2.0 (1.0 to 3.8)

2.1 (1.1 to 4.0)

1.5 (0.8 to 2.9)

6.2
(2.8 to 10.0)
−4.3
(−7.2 to −1.3)
−1.8
(−3.0 to −0.6)
−2.1
(−3.4 to −0.7)
1.6 (0.9 to 3.0)

3.1 (0.9 to 5.2)

4.9
(1.2 to 8.5)

Between group
difference
(95% CI)

133 (79%)

127 (76%)

133 (79%)

10.0
(2.0-17.8)
16.0
(3.0-38.8)
76.5
(61.8-68.8)
50.8
(42.3-56.5)
54.6
(50.1-57.1)
133 (79%)

7.0
(1.0-30.0)

PTED (n=168)

12 months

161 (66%)

150 (61%)

169 (69%)

12.7
(2.2-28.4)
21.0
(5.0-55.0)
70.5
(54.3-83.0)
46.4
(38.7-53.8)
53.8
(46.3-56.8)
157 (64%)

16.0
(2.0-53.5)

2.6 (1.3 to 5.0)

2.6 (1.4 to 4.8)

2.0 (1.0 to 3.7)

5.3
(3.0 to 7.7)
6.0
(2.0 to 10.0)
−6.2
(−9.2 to −3.2)
−2.8
(−4.1 to −1.6)
−2.1
(−3.4 to −0.9)
2.7 (1.4 to 5.2)

7.1
(2.8 to 11.3)

Between group
difference
OM (n=245) (95% CI)

OM=open microdiscectomy; PTED=percutaneous transforaminal endoscopic discectomy; VAS=visual analogue scale.
Median values of continuous outcomes are shown, with interquartile ranges. Between group differences, adjusted for baseline scores and centres, are shown with 95% confidence intervals (CIs). For Likert scales, proportions are shown with odds ratio,
adjusted for centre, and respective 95% CIs.
*Scores intensity of leg and back pain from 0 to 100, with higher scores indicating more pain.
†Measures functional disability from 0 to 100, with higher scores indicating more functional disability.
‡Scores general quality of life from 0 to 100, with higher scores indicating better quality of life.
§SF-36 score can be summarised in physical component summary and mental component summary using normative data. Higher scores indicate better quality of life.
¶Measured by dichotomising Likert scales with recovered or satisfied defined as complete or nearly complete recovery/satisfaction.

1.2 (0.7 to 2.2)

144 (60%)

140 (58%)

0.8 (0.5 to 1.5)

41.0
(24.4-53.3)
29.5
(12.3-50.8)
56.5
(36.3-73.0)
36.9
(32.4-41.6)
42.7
(42.9-53.4)
118 (49%)

1.3 (0.7 to 2.4)

6.5
(4.0 to 8.9)
1.8
(−1.9 to 5.4)
−6.8
(−9.8 to −3.9)
−1.3
(−2.7 to −0.1)
−1.3
(−3.1 to 0.5)
1.2 (0.7 to 2.2)

25.0
(8.0-54.8)

24.5
(7.0-53.5)

124 (52%)

−0.5
(−4.5 to 3.8)

OM (n=240)

PTED (n=169)

Secondary outcomes
Oswestry Disability Index† 32.0
(18.0-48.0)
VAS for back pain†
28.0
(11.5-48.0)
VAS for quality of life‡
61.0
(48.0-75.0)
SF-36 physical component 37.8
summary§
(33.0-44.1)
SF-36 mental component 45.8
summary§
(34.3-53.2)
Proportion recovered from 89 (53%)
symptoms¶
Proportion recovered from 98 (58%)
leg pain¶
Proportion satisfied with 97 (57%)
change in symptoms¶
Proportion satisfied with 106 (63%)
result of treatment¶

Outcome
Primary outcome
VAS for leg pain*

Between group
difference
(95% CI)
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Table 2 | Primary and secondary outcomes according to treatment and timing of treatment after surgery
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Outcome/complication
Median (IQR) duration of surgery, minutes
Estimated blood loss <10 mL*
Position of disc herniation†:
Median
Paramedian
Intraforaminal
Extraforaminal
Total intraoperative complications:
Dural tear
Nerve root injury
Exploration on wrong level
Other
Had procedure other than assigned:
PTED
Open microdiscectomy
Tubular discectomy
Total postoperative complications:
Wound haematoma
Wound infection
Urinary tract infection
Cerebrospinal fluid leakage‡
Micturition disturbances
Deep venous thrombosis in the leg
Transient increase in neurological deficit
Other
Timing of mobilisation:
Day of surgery
Day 1 after surgery
Day 2 after surgery
Median (IQR) length of stay in hospital, nights
Day of discharge:
Day of surgery
Day 1 after surgery
Day 2 or later
Mean (SD) length of scar at 6 weeks§, mm
Repeated surgery within 1 year:
Re-discectomy for disc herniation
Disc herniation on other level
Stenosis
Instrumented fusion for recurrent disc herniation
Analgesic use after discharge:
Two weeks after surgery
  Non-opioid analgesics
  Opioid analgesics
Six months after surgery
  Non-opioid analgesics
  Opioid analgesics
Twelve months after surgery
  Non-opioid analgesics
  Opioid analgesics

PTED (n=171)
30.0 (23.0-43.0)
125 (73)

Open microdiscectomy
(n=249)
30.0 (23.0-40.0)
68 (27)

15 (9)
125 (73)
20 (12)
11 (6)

19 (8)
178 (71)
33 (13)
20 (8)

0
0
1 (<1)
0

8 (3)
1 (<1)
0
0

0
3 (2)
0

5 (2)
0
10 (4)

0
0
0
0
0
0
2 (1)
0

1 (<1)
3 (1)
0
2 (<1)
1 (<1)
1 (<1)
0
0

171 (100)
0
0
0 (0-0)

209 (84)
39 (16)
1 (<1)
1 (1.0-1.0)

161 (94)
10 (6)
0
11.7 (9.2)
9 (5)
9 (5)
0
0
0

14 (6)
229 (92)
6 (2)
38.4 (15.0)
14 (6)¶
12 (5)
0
0
2 (<1)

(n=169)
84 (50)
22 (13)
(n=163)
41 (25)
8 (5)
(n=168)
23 (14)
9 (5)

(n=241)
133 (55)
70 (29)
(n=236)
50 (21)
21 (9)
(n=244)
52 (21)
24 (10)

IQR=interquartile range; PTED=percutaneous transforaminal endoscopic discectomy; SD=standard deviation.
*Blood loss was estimated by surgeons’ visual estimate in categories.
†One disc herniation was both intraforaminal and extraforaminal.
‡One case necessitated external lumbar drainage.
§Data on scar size was available for 162 patients in PTED group and 224 in open microdiscectomy group.
¶One patient had two re-discectomies within one year, and one patient had instrumented fusion after rediscectomy within one year.

in the PTED group, as a less invasive surgical route
was used to access the disc herniation. Eventually at
12 months, patients in the PTED group experienced
a larger reduction in leg pain than did patients in
the open microdiscectomy group, which is a larger
difference than expected and clearly within the noninferiority margin. One can argue as to whether this
the bmj | BMJ 2022;376:e065846 | doi: 10.1136/bmj-2021-065846

difference of 7.1 on a 0-100 visual analogue scale
would be clinically relevant, as it is below commonly
recognised minimally clinically important difference
thresholds.39 40 Similarly, the secondary patient
reported outcomes showed more favourable results
for the patients in PTED group—namely, in functional
disability, back pain, quality of life, and self-perceived
recovery. These effect sizes, however, were small and
may also not reach clinical relevance.40 Further results
show that the rate of repeated surgery within one year
due to sciatica was similar. Analysis of the learning
curve cases showed that PTED can safely be adopted by
surgeons in different centres under initial supervision
of a surgeon proficient in PTED.

Comparison with other studies
A recently published meta-analysis compared PTED
with open microdiscectomy in the treatment of
sciatica.17 This meta-analysis included 14 prospective
studies, of which nine were (quasi)randomised, and
eventually concluded that moderate quality evidence
existed for no difference in leg pain reduction or
functional status at long term follow-up. The results of
our study are in line with these findings. Most of the
studies in the meta-analysis did not have an adequate
randomisation procedure. Three of the identified
studies in the meta-analysis had a low risk of selection
bias but had some form of attrition or reporting
bias.16 22 41 These studies, however, were either
underpowered to detect small differences between
groups or were conducted by a single surgeon or in
single centre. Furthermore, these studies did not show
the feasibility of implementing PTED among surgeons
naïve to the procedure.
Strengths and limitations of study
Some limitations have to be acknowledged. Firstly,
participation bias cannot be ruled out because a
proportion of patients with a strong preference for
PTED who were randomised to open microdiscectomy
dropped out of the study immediately. Secondly,
blinding of patients was not possible owing to the
substantial differences between PTED and open
microdiscectomy. Thirdly, the pre-estimated sample
size of 682 patients was not reached. Of the 382 patients
calculated as being necessary in the final sample size
of the trial (that is, excluding learning curve cases), we
were able to include 179 instead of 191 of the patients
who would have PTED. However, the sensitivity analysis
including the learning curve patients (n=613) confirms
the robustness of our findings. Another concern that
was raised during the trial related to the validity of
the visual analogue scale when used on different
electronic devices, as its length may vary. Therefore,
during the trial, we added the numerical rating scale
as an updated primary outcome instead of the visual
analogue scale. However, after looking at the visual
analogue scale on different devices, we found that
the visual analogue scale always remained as a scale
from 0 to 100, no matter the length of the scale on the
device. Therefore, we decided, during the trial, to keep
9
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Table 3 | Surgical outcomes and complications of patients who had surgery, according to
intention-to-treat analysis. Values are numbers (percentages) unless stated otherwise
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Modiﬁed intention-to-treat population, using mixed models
Modiﬁed intention-to-treat population, using regression analysis
Fully adjusted modiﬁed intention-to-treat population, using mixed models
Per protocol population, using mixed models
Modiﬁed intention-to-treat population with learning curve cases, using mixed models

168/179 (94)
168/179 (94)
168/179 (94)
164/168 (98)
287/304 (94)

Non-inferiority margin

Mean difference
(95% CI) in
VAS leg pain

245/309 (79)
245/309 (79)
245/309 (79)
227/244 (93)
245/309 (79)

7.1 (2.8 to 11.3)
7.9 (1.8 to 13.4)
7.1 (2.3 to 11.3)
8.3 (4.1 to 12.8)
4.5 (0.6 to 8.4)

-10 -5 0 5 10 15
Open
PTED
microdiscectomy better
better

Fig 3 | Results of primary outcome for main and alternative analyses. Mean difference between groups is shown on visual analogue scale (VAS)
for leg pain at 12 months, together with 95% confidence interval (CI). Modified intention-to-treat population included all patients randomised to
percutaneous transforaminal endoscopic discectomy (PTED) or open microdiscectomy (OM) without learning curve cases. Per protocol population
included all patients randomised to PTED or OM who received allocated treatment. Learning curve cases were also omitted for these analyses.
Results of modified intention-to-treat population are also presented including learning curve cases. Crude analyses were adjusted for baseline
and centre. Fully adjusted analysis included adjustment for baseline score, centre, age, sex, duration of complaints, smoking status, body mass
index, employment status, site of disc protrusion, treatment preference of patient, and psychopathology as measured on four dimensional symptom
questionnaire

the visual analogue scale as the primary outcome and
to analyse the numerical rating scale as a sensitivity
analysis. Our main analysis shows a between group
difference of 7.1 on the 0-100 visual analogue scale
for leg pain, which is comparable to the between group
difference of 0.6 on the 0-10 numerical rating scale for
leg pain. Another point of discussion could be the use
of mixed models for our primary analysis. Mixed model
analyses adjust the primary outcome at 12 months for
leg pain measured at earlier time points and may lead
to a subtly different outcome than our defined primary
outcome of improvement in leg pain at 12 months.
Both methods of analysing the data (linear regression
and mixed model) suggest similar outcomes (fig 3;
supplementary table E) and support the conclusion
that PTED is non-inferior to open microdiscectomy in
leg pain reduction.
Strengths of this study include the multicentre,
randomised design and the inclusion of learning curve
cases in the sample size. An additional strength is
the generalisability. We chose the study’s inclusion
and exclusion criteria to reflect current neurosurgical
practice for sciatica. This is also underlined by
the proportion of patients that were enrolled after
screening. Another strength is the signed agreement
on the non-inferiority margin by the research group,
patients’ organisation, professional organisations and
the Dutch Health Care Institute, before the trial started.
Furthermore, clinical outcomes, complications, and
adverse events were structurally documented between
short time intervals.

Policy implications
Before this study, PTED was not reimbursed by
various insurance companies because of the lack of
evidence on the benefits of PTED compared with open
microdiscectomy in the treatment of sciatica. The
results of the study show that PTED is non-inferior to
10

open microdiscectomy in the treatment of leg pain but
also that no meaningful clinical differences in patient
reported outcomes exist between the procedures.
Therefore, future decisions on doing lumbar
discectomy should consider patients’ preferences for a
treatment, the burden of the treatment to the patient,
and the costs of the treatment. Aside from the lack of
clinically relevant differences between the procedures,
PTED comes with advantages of facilitating outpatient
surgery, less estimated blood loss, a low complication
rate, lower use of opioids, and a smaller scar, as well as
a comparable rate of repeated surgery within one year.
Furthermore, 81% of the patients included preferred
PTED, indicating the popularity of this procedure
among patients. PTED, however, has a learning
curve with a higher rate of repeated surgery within
one year, more exposure to perioperative radiation,
and possibly greater costs.17 19 20 Whether the small
differences in clinical outcomes and the advantages
of PTED will outweigh the potential higher costs of the
procedure remains open for debate. To answer these
remaining questions, an economic evaluation has
been conducted alongside the PTED-study and is being
published separately.42 As a result of this study, the
Dutch government now reimburses PTED and patients
are able to have PTED outside of the experimental
setting. This reimbursement also comes with the need
for an implementation plan to ensure that the PTED
technique is performed by surgeons who have received
proper training.

Conclusions
PTED was non-inferior to open microdiscectomy in
reduction of leg pain. PTED resulted in more favourable
results for patients’ self-reported leg pain, back
pain, functional status, quality of life, and recovery.
These differences, however, were small and may not
reach clinical relevance. PTED can be considered as
doi: 10.1136/bmj-2021-065846 | BMJ 2022;376:e065846 | the bmj
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