
Background: Percutaneous transforaminal endoscopic discectomy (PTED) and microendoscopic 
discectomy (MED) are alternative minimally invasive procedures for the treatment of symptomatic 
lumbar disc herniation (LDH). However, insufficient literature exists to highlight the differences 
between the procedures.

Objectives: This study intended to clarify whether PTED results in better clinical outcomes compared 
with MED in the surgical management of single-level LDH.

Study Design: A multicenter retrospective cohort study.

Setting: This study took place in 2 spinal minimally invasive centers in Beijing, China.

Methods: A multicenter retrospective study was conducted in consecutive patients diagnosed with 
symptomatic LDH receiving PTED or MED in 2 spinal minimally invasive centers from April 2009 to July 
2016. A total of 1,053 patients were recruited, of which 632 underwent PTED and 421 underwent 
MED. All patients were followed with a minimum of 2 years; a set of clinical outcomes were extracted 
and analyzed.

Results: The operation time was similar between groups (71.2 ± 15.1 minutes in the PTED group 
and 69.4 ± 12.5 minutes in the MED group; P = 0.518); length of incision was significantly shorter; 
intraoperative blood loss was less in the PTED group (P < 0.001); hospital stay was 3.6 ± 1.5 days 
in the PTED group and 5.4 ± 2.8 days in the MED group with significant differences detected (P 
= 0.018); however, intraoperative fluoroscopy was longer with significantly higher cost with the 
PTED group (P < 0.001). Transient dysesthesia and wound complications were more common in the 
MED group (P = 0.039 and P = 0.026, respectively); however, no significant differences were found 
with total complications (P = 0.139). Significant lower Visual Analog Scale pain score (back and 
leg) were detected on day 1 postoperatively (P = 0.007 and P = 0.018, respectively). No significant 
differences were found at all other time points (P > 0.05). Significantly better Oswestry Disability 
Index (ODI) score was detected postoperatively at 1 month in the PTED group (19.6 ± 9.8 vs. 27.2 
± 9.3; P = 0.016); ODI score at other time points did not differ significantly between groups (P > 
0.05). Modified MacNab criteria showed that most patients experienced excellent and good results 
with no significant differences between groups (P = 0.511).

Limitation: This was a multicenter retrospective study wherein the surgeons may have introduced 
bias to the study.

Conclusions: Both PTED and MED present to be an acceptable long-term efficacy for the treatment 
of LDH. Although PTED is associated with longer intraoperative fluoroscopy and a little more cost, it 
should still be considered superior to MED considering the benefits of lesser invasion, shorter hospital 
stays, quicker pain relief, and functional recovery.
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LLumbar disc herniation (LDH), one of the most 
common orthopedic issues, is associated with a 
morbidity of 20% to 35% typically in populations 

aged older than 50 years (1,2). Symptoms range from 
lower back pain, lumbosacral radiculopathy of different 
degrees, and limb activity disorders. Approximately 40% 
to 60% of these patients merit a surgical intervention 
when conservative management has failed (3,4). Surgical 
procedures utilized to treat symptomatic LDH include 
traditional open discectomy (OD), microdiscectomy (MD), 
and more recently the minimally invasive techniques 
including percutaneous transforaminal endoscopic 
discectomy (PTED) and microendoscopic discectomy 
(MED) (5).

The surgical procedure of OD for the treatment of 
LDH was first introduced in 1934 (6) and performed with 
a standard surgical incision, which generally involved a 
laminar or hemilaminar discectomy.With the introduc-
tion of the microscope, the traditional OD was improved 
to an open MD under a smaller incision (7). More mini-
mally invasive techniques, such as PTED and MED, are 
current prevailing procedures widely performed owing 
to the advantages of considerably lesser trauma and 
faster rehabilitation (8). MED was first described by 
Perez-Cruet and Forely in 1997 (9) and was performed 
through a transmuscular approach using tubular retrac-
tors under the visualization of a microendoscope.Nu-
merous studies have demonstrated its safety and efficacy 
even in treating recurrent LDH (10,11). PTED, introduced 
by Yeung and Tsou (12) in 2002, which combines the 
endoscope and radiofrequency techniques organically, 
has been claimed with the potential benefits of minimal 
bleeding, easier anesthesia, reduced complication rates, 
and faster postoperative recovery (13,14).

Considering that PTED and MED are both regarded 
as safe and effective techniques with a similar indication 
in treating symptomatic LDH (4,5,15), surgeons always 
encounter a dilemma in choosing an optimal procedure 
in between. To date, the relative benefits and risks of 
PTED and MED have not been well established. Thus we 
conducted this multicenter retrospective clinical study 
with a large cohort recruitment to clarify whether PTED 
would yield preferable clinical outcomes in comparison 
to MED in the treatment of symptomatic LDH.

Methods

Patient Selection
This multicenter retrospective clinical case–con-

trol study was reviewed and approved by the ethics 

committee of Beijing Tongren Hospital affiliated with 
Capital Medical University and the Chinese PLA Gen-
eral Hospital. All procedures involving human patients 
were performed in accordance with the Declaration of 
Helsinki. From April 2009 to July 2016, all consecutive 
patients who were diagnosed with symptomatic LDH 
and treated by PTED or MED in the 2 spinal minimally 
invasive centers were retrospectively reviewed. Surger-
ies were performed by 2 experienced spinal surgeons 
at each center. Surgical techniques were selected by 
patients after thorough education on the pros and cons 
of the 2 minimally invasive procedures.

Inclusion criteria were as follows: (1) patients 
with symptomatic back pain and/or radiating leg 
pain; (2) symptoms lasting for more than 6 weeks, 
in which conservative treatment was ineffective; (3) 
computed tomography and magnetic resonance im-
aging indicating a single-level LDH, which correlated 
with the clinical symptoms; and (4) a minimum of 2 
years’ follow-up. Exclusion criteria included: (1) LDH 
combining spinal canal stenosis, spondylolisthesis, or 
segmental instability; (2) recurrent LDH; (3) coexisting 
pathological conditions such as tumor, active infec-
tion, immunosuppression, severe obesity (body mass 
index ≥ 35.0 kg/m2), or lumbar fracture, or (4) history 
of spinal surgery.

Data Collection
First, demographic information of all patients was 

accessed. Relevant perioperative data, including opera-
tion time, intraoperative blood loss, length of incision, 
intraoperative fluoroscopy, total cost, and complica-
tions were reviewed and recorded in detail. Clinical 
measurements were collected starting from preopera-
tive time point until 2 years’ follow-up. Pain (back and 
leg) was evaluated by using the Visual Analog Scale 
(VAS) score at day 1 postoperatively and later follow-
up visits at 1, 3, and 6 months, and at 1- and 2-year out-
patient visiting; daily life was assessed by the Oswestry 
Disability Index (ODI) separately at a follow-up of 1, 3, 
and 6 months, and at 1- and 2-year outpatient visiting. 
The modified MacNab criteria, classified as excellent, 
good, fair, and poor, was utilized to evaluate patients’ 
satisfaction at 2 years postoperatively.

Surgical Techniques
The surgeons in each center were formally trained 

and highly experienced to perform PTED and MED pro-
cedures. The surgeons strictly adhered to the standard 
surgical procedures.
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PTED Group
In the PTED group, surgeries were performed un-

der regional anesthesia in the prone position with the 
Transforaminal Endoscopic Spine System (TESSYS). The 
skin entrance point was located superior to the iliac 
crest approximately 10 to 14 cm from the midline. After 
administration of local infiltration of 0.5% lidocaine, 
the 18-gauge puncture needle was introduced to the 
lateral foramen under the guidance of x-ray examina-
tion. A 22-gauge needle was then inserted into the cen-
ter of the intervertebral disc, followed by the injection 
of contrast medium (iohexol with methylene blue at 
the ratio of 3:1). A guidewire was inserted through the 
18-gauge needle, and a 0.8-cm incision was made at 
the margin of the guidewire. Cannulated dilators were 
consecutively inserted, and reamers were used to dilate 
the bony foramen. Finally, the PTED was connected 
through the working channel and continuous irriga-
tion with 0.9% NaCl solution to keep the view clear. 
Then the blue-stained degenerated nucleus pulposus 
was identified and removed by endoscopic forceps un-
til nerve root was adequately decompressed. Surgical 
sheaths were removed after meticulous homeostasis, 
and finally suturing was performed.  

MED Group
In the MED group, the procedures were performed 

under general anesthesia in prone positioning. After 
confirming the surgical level by fluoroscopy, an ap-
proximately 1.8-cm incision was made 1.5 cm from the 
midline, a K-wire was introduced to the junction of the 
inferior part of the lamina and medial facet joint. Mul-
tiple levels of dilators were 
consecutively inserted, 
and an operative tubular 
retractor was fixed. The 
microendoscope was then 
attached to the tubular 
retractor. Soft tissue and 
partial ligamentum flavum 
was resected to expose the 
dural sac and nerve root. 
The extruded disc was 
removed with disc forceps 
until the nerve root was 
sufficiently decompressed. 
Tubular retractor was 
finally removed, and a 
drainage tube was placed 
after meticulous hemosta-

sis. Working routeway was irrigated and tissue sutured 
back in layers. Drainage tube was normally removed 
the second morning.

Statistical Analyses
All statistical analyses were performed using SPSS 

19.0 (IBM Corporation, Armonk, NY). Categorical vari-
ables were presented as numbers with frequencies. 
The χ2 test was used to detect the differences between 
groups. Continuous data were presented as mean 
with standard deviation, Student t-test or the Mann-
Whitney test was used to compare the differences. The 
analysis of variance (ANOVA) was also performed for 
data involving multiple factors, such as VAS score and 
ODI during the follow-up time points. A P value < 0.05 
was considered statistically significant.

Results
A total of 1,208 patients were reviewed and given 

full consideration during the research period. A total of 
112 patients were initially excluded based on the inclu-
sion and exclusion criteria, and during data collection 
course, 43 cases were excluded because important data 
were missing. A total of 1,053 patients were identified 
in the final study, among which 632 patients receiv-
ing PTED procedure constituted the PTED group and 
421 patients receiving MED treatment were named 
the MED group. A flow diagram is depicted in Fig. 1. 
Standard examples of pre- and postoperative magnetic 
resonance images of the patients receiving PTED and 
MED are shown as Figs. 2 and 3.

The patients’ demographic information and 

Fig. 1. Flow diagram showing the inclusion and exclusion of  patients recruited in the study.
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preoperative characteristics are presented in Table 1 
with no significant differences detected between the 
groups. The mean age of the cohort was 40.8 years, and 
female patients accounted for 44.6% of the total. The 
most common type of disc herniation was paramedian 
and lateral, and L4/5, L5/S1 were the most commonly 
affected surgical levels. The mean follow-up period was 
32.3 ± 6.8 months in the PTED group and 31.7 ± 7.2 
months in the MED group.

Clinical outcome measurements are presented in 
Table 2. The operation time was 71.2 ± 15.1 minutes 
in the PTED group and 69.4 ± 12.5 minutes in the MED 
group, with no significant difference detected (P = 
0.518). Length of incision was significantly shorter in 
the PTED group (P < 0.001); and intraoperative blood 
loss was 18.6 ± 6.3 mL in the PTED group, which was 
significantly less than 45.2 ± 21.8 in the MED group (P < 
0.001). Significant difference was detected in duration 

Fig. 2. A 39-year-old female patient with severe left sciatica and lower back pain was treated with PTED. (A and B) Preoperative 
magnetic resonance images showing severe L4/L5 disc herniation; (C and D) magnetic resonance images obtained 2 years after 
surgery showing that the protruded disc was removed with completed decompression. 

L: left; A: anterior; P: posterior; F: foot; H: head; LAH: left anterior head; LPF: left posterior foot
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Fig. 3. A 36-year-old male patient who experienced lower back pain and severe left sciatica with leg numbness for 6 months 
was treated with MED. (A and B) Preoperative magnetic resonance images showing severe L4/L5 disc herniation; (C and 
D) magnetic resonance images obtained 2 years after surgery showing that the protruded disc was removed with completed 
decompression.

L: left; A: anterior; P: posterior; F: foot; H: head; LAH: left anterior head; LPF: left posterior foot

of hospital stay with 3.6 ± 1.5 days in the PTED group 
and 5.4 ± 2.8 days in the MED group (P = 0.018). How-
ever, intraoperative fluoroscopy was 12.7 ± 3.6 seconds 
in the PTED group, which was significantly longer than 
4.4 ± 1.3 seconds in the MED group (P < 0.001). Further-
more, total cost was $3.888.4 ± $686.9 USD in the PTED 
group and $2,203.3 ± $537.4 USD in the MED group, 
which was statistically significant (P < 0.001).

A total of 63 (10.0%) cases encountered complica-

tions in the PTED group and 54 (12.8%) cases in the 
MED group, with no significant differences detected (P 
= 0.139). Rate of residue and recurrence was similar be-
tween groups (4.3% vs. 5.0%, respectively in the PTED 
and MED groups, P = 0.585), transient dysesthesia was 
more common in the MED group (3.3% vs. 1.4%, P = 
0.039), and more wound complications were shown in 
the MED group than in the PTED group (8 vs. 3 cases, P = 
0.026). No significant differences were found in the rate 
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of nerve root injury and dural tear. Rate of revision was 
3.5% in the PTED group and 4.0% in the MED group, with 
no significant differences between the groups (P = 0.639) 
(Table 3).

Preoperative VAS score including back pain and leg 
pain did not differ between the groups. Significant dif-
ferences were detected on the VAS back pain score on 
day 1 postoperatively (2.1 ± 1.6 scores in the PTED group, 

and 3.5 ± 1.9 scores in the MED group; P = 0.007) and 
VAS leg pain score (1.9 ± 2.1 scores in the PTED group, 
and 3.1 ± 2.2 scores in the MED group; P = 0.018); no 
significant differences were found at other time points. 
Further ANOVA analysis failed to detect significant dif-
ferences on the VAS back and leg pain score with time 
included as a variable (P = 0.156 and P = 0.525, respec-
tively). Detailed data are provided in Table 4 and Fig. 4.

ODI scores are shown in Table 5, and the trends 
with follow-up time are presented in Fig. 5. Significantly 
better ODI scores were detected at 1 month postopera-
tively in the PTED group (19.6 ± 9.8 vs. 27.2 ± 9.3, P = 
0.016) with no significant differences detected at other 
follow-up time points. Further ANOVA analysis also 
failed to demonstrate a significant difference between 
the groups (P = 0.278). Based on the MacNab criteria, 
most patients experienced excellent and good results, 
with a rate of 92.6% in the PTED group and 91.4% in 
the MED group, showing no significant differences (P = 
0.511; Table 6).

discussion

Currently, PTED and MED are alternative procedures 
for the surgical treatment of symptomatic LDH with no 
definitive conclusions regarding their differences. The 
findings of the present study indicate that both PTED and 
MED are effective and safe, which can be acceptable in the 
management of LDH. Compared with MED, PTED is associ-
ated with shorter incision and shorter hospital stay, lesser 
intraoperative blood loss, better early pain relief and func-
tional recovery Although combining with longer intraop-
erative fluoroscopy and a little more cost, PTED should still 
be considered superior to MED for the treatment of LDH. 

MED is carried out based on the combination of tra-
ditional posterior interlaminar fenestration surgery and 
the endoscopic technique, making it possible to achieve 

Parameter
PTED 

(n=632)
MED 

(n=421)
P 

Value

Residue or recurrence 27 (4.3%) 21 (5.0%) 0.585

Transient dysesthesia 9 (1.4%) 14 (3.3%) 0.039*

Nerve root injury 11 (1.7%) 5 (1.2%) 0.472

Dural tear 13 (2.1%) 6 (1.4%) 0.451

Wound complications 3 (0.5%) 8 (1.9%) 0.026*

Total 63 (10.0%) 54 (12.8%) 0.139

Revision cases 22 (3.5%) 17 (4.0%) 0.639

*Indicates significant difference.

Table 3. Postoperative complications (PTED vs. MED).

Item
PTED 

(n = 632)
MED 

(n = 421)
P 

value

Age (yrs) 41.2 ± 11.8 40.1 ± 12.4 0.736

Gender (male/female) 345/287 238/183 0.534

BMI (kg/m2) 24.5 ± 3.7 24.2 ± 3.3 0.448

Disease duration (months) 4.8 ± 3.2 5.0 ± 3.4 0.661

Type of disc herniation

Median 56 (8.9%) 39 (9.3%) 0.823

Paramedian 308 (48.7%) 198 (47.0%) 0.588

Lateral 237 (37.5%) 161 (38.2%) 0.808

Far lateral 31 (4.9%) 23 (5.5%) 0.688

Surgical segment

L3/4 or higher 66 (10.4%) 48 (11.4%) 0.624

L4/5 352 (55.7%) 226 (53.7%) 0.520

L5/S1 214 (33.9%) 147 (34.9%) 0.723

VAS score

Back 5.2 ± 1.8 5.4 ± 2.1 0.774

Leg 6.3 ± 2.2 6.0 ± 1.9 0.841

ODI score 66.8 ± 15.9 31.7 ± 7.2 0.811

Table 1. Baseline demographic information of  patients (PTED 
vs. MED).

BMI, body mass index.

Table 2. Clinical outcome measurements (PTED vs. MED).

Parameter
PTED

(n = 632)
MED

(n = 421)
P value

Operation time 
(minutes) 71.2 ± 15.1 69.4 ± 12.5 0.518

Length of incision (cm) 0.8 ± 0.1 1.7 ± 0.4 < 0.001*

Intraoperative blood 
loss (mL) 18.6 ± 6.3 45.2 ± 21.8 < 0.001*

Intraoperative 
fluoroscopy (seconds) 12.7 ± 3.6 4.4 ± 1.3 < 0.001*

Hospital stay (days) 3.6 ± 1.5 5.4 ± 2.8 0.018*

Total cost (USD$) 3888.4 ± 686.9 2203.3 ± 
537.4 < 0.001*

*Indicates significant difference.
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Fig. 4. VAS score with follow-up time points (back and leg). *indicates significant difference.

Fig. 5. ODI score with follow-up time points. *indicates 
significant difference.

PO, postoperative; *indicates significant difference.

Table 4. VAS pain scores (back and leg) (PTED vs. MED).

Groups/Time 
Point

Preoperative 1 Day PO 1 Month PO 3 Months PO 6 Months PO 1 Year PO 2 Years PO

PTED (back) 5.2 ± 1.8 2.1 ± 1.6 1.7 ± 1.3 1.3 ± 1.1 0.7 ± 1.0 0.5 ± 1.2 0.4 ± 1.0

MED (back) 5.4 ± 2.1 3.5 ± 1.9 1.9 ± 1.2 1.6 ± 1.0 0.9 ± 1.1 0.7 ± 0.9 0.6 ± 0.8

P value 0.774 0.007* 0.352 0.515 0.368 0.416 0.223

PTED (leg) 6.3 ± 2.2 1.9 ± 2.1 1.2 ± 1.6 1.1 ± 1.3 0.7 ± 1.2 0.5 ± 1.1 0.5 ± 1.2

MED (leg) 6.0 ± 1.9 3.1 ± 2.2 1.3 ± 1.5 1.2 ± 1.4 0.7 ± 1.1 0.4 ± 1.3 0.5 ± 1.1

P value 0.841 0.018* 0.882 0.761 0.877 0.784 0.863

PO, postoperative; *indicates significant difference.

Table 5. ODI score (PTED vs. MED).

Time Point
PTED 

(n=632)
MED 

(n=421)
P Value

Preoperative 66.8 ± 15.9 68.1 ± 16.3 0.619

1 month PO 19.6 ± 9.8 27.2 ± 9.3 0.016*

3 months PO 12.2 ± 7.6 16.5 ± 8.1 0.133

6 months PO 8.3 ± 7.7 9.1 ± 7.4 0.529

1 year PO 4.3 ± 5.5 4.6 ± 6.1 0.651

2 years PO 4.1 ± 5.9 4.3 ± 6.4 0.746

Table 6. Modified MacNab Criteria (PTED vs. MED).

Groups Cases Excellent Good Fair Poor Rate (excellent and good)

PTED 632 312 (49.4%) 273 (43.2%) 33 (5.2%) 14 (2.2%) 92.6%

MED 421 218 (51.8%) 167 (39.7%) 24 (5.7%) 12 (2.9%) 91.4%

χ² value 0.589 1.293 0.113 0.423 0.432

P value 0.443 0.255 0.736 0.515 0.511
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adequate decompression by a shorter incision (10,11). 
With the assistance of the microendoscope, the surgical 
field is enlarged, and the risk of nerve and blood ves-
sel injury is decreased during the decompression (16). 
Moreover, MED involves limited damage of the stabi-
lizing structures, such as the paraspinal muscles and 
ligamentum flavum, which may potentially provide 
benefits over traditional open surgery (17). In a case 
series of 873 patients, MED proved to be an effective 
microendoscopic system with fine long-term outcome 
in treating LDH (18). PTED approach combines the 
endoscope and radiofrequency techniques organically 
and achieves direct extraction of the diseased disc by a 
7.5-mm working tunnel. As one of the newest minimal-
ly invasive techniques, PTED has become more popular 
among the spinal surgeons and achieved satisfactory 
outcomes (13,14,19). In the current study, owing to the 
natural differences between the techniques, the inci-
sion length is shorter, intraoperative blood loss is lesser, 
and cost is higher with the PTED technique, whereas 
the surgery duration is similar. As PTED can be accom-
plished under regional anesthesia, postoperative recov-
ery is faster as shown in the differences with hospital 
stay. However, PTED involves a sightless puncture with 
a whole course of intraoperative fluoroscopy, resulting 
in longer radiation exposure.

The reported recurrence rate of PTED was approxi-
mately 8%, which was comparable with that of 5% in 
MED (20), and both recurrence rates are also compa-
rable with conventional fenestration surgery (21). In 
the current study, the rate of residue or recurrence was 
similar to the previous data, which did not show a sig-
nificant difference between groups. Total complications 
and revision cases were also similar, thus indicating that 
although PTED was regarded as a more minimally inva-
sive procedure, it did not show advantages over MED 
with respect to complications. However, it is important 
to note that the transient dysesthesia is more common 
in the MED group probably owing to the traversing 
of the nerve root and retraction of the dural sac; and 
the rate of wound complications is higher as a larger 
incision is required in the MED technique. It has been 
reported that the risks of nerve root injury and dural 
tear in the PTED are 2% and 1.1%, respectively, which 
are similar to those of MED (22,23), the current study 
corresponds to the published data.

MED is performed via a posterior approach with 
multifidus split by dilators (24), whereas PTED is highly 

minimally invasive with a less than 1-cm incision with 
posterior structures preserved (13,25). Lower back pain 
and lumbosacral radicular pain are the typical charac-
teristics of LDH. The current study demonstrated that 
both PTED and MED can be acceptable considering 
postoperative pain relief. Compared with MED, PTED 
experienced better early pain relief both on the back 
and leg; long-term pain relief was similar between the 
2 techniques. ODI, a daily life assessing tool, is widely 
used to evaluate patients with spinal disorders, and 
the correlation of ODI score with pain scores has been 
demonstrated by previous study (26). The current study 
showed that ODI score was significantly improved 
during the follow-up time points. ODI score was sig-
nificantly better at 1-month postoperative evaluation 
in the PTED group, which may be contributed by the 
better early pain relief. The modified MacNab criteria is 
also useful for the assessment of patients with LDH. The 
current study indicated that the excellent and good 
results obtained at 2 years’ follow-up time point were 
similar between techniques, thereby correlating with 
previously published data (27). 

Although a well-designed retrospective study was 
conducted, several limitations are to be noted. One ma-
jor limitation is the innate flaw existing with retrospec-
tive studies in which information may be not accurately 
recorded. Another possible limitation includes the fac-
tor of this work being a multicenter study, wherein the 
surgeons at each center may have introduced bias to 
the results. Third, the fact that surgical technique was 
chosen by patients may have effects on the postopera-
tive outcome measurements. Despite these limitations, 
the current study recruited the largest cohort to date, 
which demonstrates that PTED technique might be a 
preferable treatment modality for the management of 
symptomatic LDH.   

conclusions

Both PTED and MED present to be an acceptable 
long-term efficacy for the treatment of symptomatic 
LDH. Although PTED is associated with longer intraop-
erative fluoroscopy and an associated slightly higher 
cost, it should still be considered superior to MED con-
sidering the advantages of lesser invasion, shorter hos-
pital stays, quicker pain relief and functional recovery. 
Further prospective randomized controlled trials may 
provide additional validations to the findings reported 
in this study.
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