
Background: Transforaminal endoscopic lumbar discectomy (TELD) is regarded as an 
effective treatment option for soft lumbar disc herniation (LDH). There have been few studies 
evaluating the long-term outcomes of endoscopic procedures compared with conventional 
surgery.

Objectives: The objective of this study was to demonstrate the clinical outcomes of TELD 
compared with those of open lumbar microdiscectomy.

Study Design: Between January 2009 and September 2011, 335 consecutive patients 
with symptomatic LDH were treated with decompressive discectomy, either TELD or open 
microdiscectomy. Patients were prospectively entered into the clinical database and their 
records were retrospectively reviewed.

Setting: Hospital and outpatient surgical center.

Methods: Data from 298 patients who were treated with decompressive discectomy, either 
TELD or open microdiscectomy, were evaluated with a minimum 5-year follow-up period. 
Among them, 146 patients were treated using TELD (TELD group), and the remaining 152 
patients using open microdiscectomy (Open group). Perioperative data and clinical outcomes 
were evaluated using the visual analog scale (VAS), the Oswestry Disability Index (ODI), and 
the modified Macnab criteria.

Results: The VAS and ODI significantly improved in both groups. The rate of excellent or 
good outcomes was 88.36% and 87.5% in the TELD and Open group, respectively. The 
reoperation rate was 4.2% and 3.3% in the TELD and Open group, respectively. There were 
no significant differences in the clinical outcomes; however, operative time, hospital stay, and 
time to return to work were significantly shorter in the TELD group (P < 0.01).

Limitations: First, the patient selection was not randomized; therefore, the risk of bias 
might be increased. Second, this study lacks analysis of the radiographic changes related to 
the degenerative change over the long-term follow-up period.

Conclusions: The long-term results of TELD for soft LDH are comparable to those of 
conventional open microdiscectomy. The selective endoscopic discectomy technique under 
local anesthesia provides the typical advantages of minimally invasive procedures such as a 
shorter operation time, hospital stay, and recovery time.
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(13,14). Some randomized trials have demonstrated the 
effectiveness of TELD for soft LDH (15-19). Recently, 
systematic reviews consisting of a meta-analysis on the 
effect of TELD were published (20-23). They concluded 
that the TELD technique is a good alternative option 
with a lower perioperative complication rate. However, 
studies on the long-term outcomes of TELD are few (24). 
Furthermore, there is a paucity of comparative cohort 
studies on the TELD technique and conventional open 
discectomy with a minimum 5-year follow-up period. 
It is also not clear if the endoscopic spinal technique 
has the typical benefits of MISS compared with open 
surgery. The objectives of this study were to describe 
the long-term outcomes of TELD compared with those 
of conventional open microdiscectomy, and to evaluate 
whether the endoscopic technique is less invasive for 
soft LDH.

Methods

Patient Population
Between January 2009 and September 2011, 335 

consecutive patients with symptomatic LDH were treat-
ed with decompressive discectomy, either TELD or open 
microdiscectomy. Patients were prospectively entered 
into the clinical database and their records were retro-
spectively reviewed. Thirty-seven patients (11%) were 
lost during the 5-year follow-up period. Therefore, ret-
rospective data were collected from the remaining 298 
patients. The study was approved by the institutional 
ethical committee, and written informed consent was 
obtained from the patients. The inclusion criteria for the 
decompressive discectomy were 1) soft LDH as demon-
strated on both magnetic resonance imaging and com-
puted tomography, 2) intractable lumbar radiculopathy 
consistent with the radiographic findings, and 3) failed 
nonoperative treatment of at least 6 weeks. The exclu-
sion criteria were spinal stenosis, segmental instability, 
painless weakness, cauda equina syndrome, and other 
pathologic conditions such as tumor and infection. For 
the given criteria, the surgical technique was selected 
based on the preference of the surgeon on call. Of the 
298 patients, 146 patients were treated with TELD by 
the surgeons who preferred endoscopic surgery (TELD 
group), whereas 152 patients were treated with open 
microdiscectomy by the surgeons with a preference for 
the conventional technique (Open group). The easiness 
or feasibility of the surgical technique did not play a 
role in the selection of surgery type.

Until now, open lumbar discectomy or 
microdiscectomy was regarded as the gold 
standard surgical technique for lumbar disc 

herniation (LDH) (1-7). Because of the great amount 
of tissue trauma incurred during open surgery, various 
minimally invasive spine surgeries (MISS) have been 
developed. Since Hijikata et al (8,9) and Kambin (10) 
first independently described the posterolateral 
percutaneous discectomy, the full-endoscopic lumbar 
discectomy technique has been developed to reduce 
tissue trauma and perioperative complications. The 
basic principle of transforaminal endoscopic lumbar 
discectomy (TELD) is direct access to the pathologic disc 
through a bypass route called the “safety working zone 
(Kambin’s triangle)” in the intervertebral neuroforamen 
without musculoskeletal tissue damage such as a 
large skin incision, muscle retraction, laminectomy, 
and medical facetectomy (Fig. 1). From early on, the 
main concept of the transforaminal discectomy was 
a reduction in intradiscal pressure by removal of the 
central nucleus for contained disc herniation (9,11,12). 
Owing to the technical developments in endoscopy 
technology and surgical approaches, the current TELD 
technique enables a precise and selective endoscopic 
discectomy for noncontained, extruded disc herniation 

Fig. 1. The basic principle of  TELD. A direct posterolateral 
endoscopic approach to the pathologic disc can be feasible 
through a bypass route in the intervertebral neuroforamen. 
A selective discectomy can be performed without open 
laminectomy and facetectomy under local anesthesia
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Outcome Measurements
Clinical data were obtained from regular outpatient 

visits or telephone interviews during the 5-year follow-
up period. Clinical outcomes were evaluated using the 
visual analog scale (VAS) and the Oswestry Disability 
Index (ODI) (25). The patient global outcomes were cat-
egorized as excellent, good, fair, and poor based on the 
modified Macnab criteria (13,26) at the final follow-up. 
Perioperative data such as operative time, hospital stay, 
and time to return to work were evaluated. Return to 
work was defined as resuming work tasks/work hours 
after a period of sick leave (27,28). Surgical complica-
tions and recurrence were also documented.

Operative Technique
The TELD was performed using the standard tech-

nique described earlier (Fig. 1) (13,29). A posterolateral 
transforaminal approach under conscious sedation was 
conducted. The approach angle and landing point can 
be adjusted according to the patient’s body size, disc 
level, and zone of disc herniation. After insertion of a 
guiding needle, discography with indigo-carmine dye 
was performed to visualize the disc herniation. A gentle 
serial dilation technique should be performed to protect 
the exiting nerve root and to prevent access pain. After 
insertion of a working sheath, a rigid, rod-lens endo-
scope with working channel was introduced. The ideal 
working sheath placement is when both the epidural 
and intradiscal space are simultaneously visualized close 
to the herniated fragment. Selective discectomy and 
decompression are performed on both the intradiscal 
and epidural space, inside and outside the posterior lon-
gitudinal ligament. It also covers the ipsilateral side to 
the contralateral side, including the annular fissure. The 
surgical instruments used for decompression include 
grasping forceps, micropunches, flexible curved dissec-
tor, and a bipolar radiofrequency system. The decom-
pression was conducted in a step-by-step manner. First, 
the herniated fragment was released from the tenacious 
annular anchorage before being removed. Second, the 
mobilized herniated fragment was then removed using 
various instruments. The entire herniated fragment in 
the epidural and intradiscal space should be completely 
removed. Finally, the end-point was confirmed by the 
adequate exposure of neural tissue and complete mobi-
lization of the dural sac during the pulsation or Valsalva 
maneuver.

The conventional open lumbar discectomy was 
performed via posterior interlaminar or translaminar 
access. The operation started with a 1-inch long skin in-

cision under general anesthesia. A microscope-assisted 
lumbar laminotomy and partial facetectomy was then 
performed after adequate soft tissue retraction using a 
self-retractor. The following procedure was a resection 
of ligamentum flavum and exposure of the epidural 
space and herniated disc compressing the neural tis-
sues. The herniated disc can be removed with careful 
nerve root dissection and retraction. The operation 
was finished with complete hemostasis and standard 
wound closure was performed with an epidural drain.

Statistical Analysis
Statistical analysis was performed by an indepen-

dent statistician using SPSS Version 14.0K (SPSS Inc., 
Chicago, IL). A comparison between the 2 groups was 
made using the independent 2-sample t test for con-
tinuous variables. The Fisher exact test was performed 
for categorical variables. A P value of < 0.05 was con-
sidered significant.

Results

Demographics and Clinical Outcomes
The TELD group included 85 men and 61 women, 

with a mean age of 38.7 years (range, 14-77). The 
Open group included 94 men and 58 women, with a 
mean age of 40.4 years (range, 16-78). There was no 
significant difference between the groups regarding 
gender, age, body mass index, and operative level. The 
demographic data are summarized in Table 1.

The mean (± standard deviation) VAS score for 
back pain improved from 5.07 ± 2.00 to 1.91 ± 1.01 in 
the TELD group and from 5.01 ± 1.84 to 1.76 ± 0.77 
in the Open group (Fig. 2A). The mean VAS score for 
radicular pain improved from 6.57 ± 2.31 to 1.44 ± 1.02 
in the TELD group and from 6.58 ± 1.77 to 1.32 ± 1.02 
in the Open group (Fig. 2B). The mean ODI improved 
from 63.59% ± 15.57% to 13.88% ± 12.16% in the TELD 
group and from 66.58% ± 15.78% to 14.00% ± 11.06% 
in the Open group (Fig. 3). Based on the modified 
Macnab criteria, the final outcome was found to be 
excellent or good in 129 of the 146 patients (88.36%) in 
the TELD group and in 133 of the 152 patients (87.5%) 
in the Open group (Fig. 4). There were no significant 
differences in clinical outcome between the groups.

Perioperative Data
The TELD group had a significantly shorter opera-

tive time, hospital stay, and time to return to work. The 
mean operative time of the TELD group was 49.38 ± 
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Table 1. Demographics.

TELD Open P value

Number patients 146 152

Gender ratio (M:F) 85:61 94:58 NS

Mean age (yrs) 32.7 (16-70) 35.4 (14-77) NS

Mean BMI (kg/m2) 23.47 23.92 NS

Operative level NS

   L1-L2 1 1

   L2-L3 2 3

   L3-L4 11 13

   L4-L5 87 84

   L5-S1 45 51

Abbreviations: BMI, body mass index; NS, not significant. 

Fig. 2. VAS preoperatively and at 6-weeks, 6-months, 1-year, 2-years, and 5-years postoperatively. (A) VAS for back pain. (B) 
VAS for radicular leg pain. There were no significant differences between the groups.
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13.87 minutes and that of the Open group was 75.39 
± 23.70 minutes (P < 0.05; Fig. 5A). The mean hospital 
stay of the TELD group was 2.1 ± 1.1 days and that of 
the Open group was 6.1 ± 2.6 days (P < 0.05; Fig. 5B). 
The mean time to return to work of the TELD group 
was 3.84 ± 1.24 weeks and that of the Open group was 
10.40 ± 5.32 weeks (P < 0.05; Fig. 5C).

Complications and Reoperations
With regard to complications, there were 7 events 

(4.8%) in the TELD group. The most common complica-

tion was postoperative dysesthesia. Four patients com-
plained of postoperative dysesthesia with some degree 
of hypesthesia or transient weakness because of the 
irritation or tethering of the exiting nerve root. There 
was one case of epidural hematoma, one psoas muscle 
hematoma, and one dural tear requiring subsequent 
open surgery for dural repair. There were no cases of 
superficial or deep infection in the TELD group. There 
were 10 adverse events (6.6%) in the Open group; 3 
cases of dural tears and cerebrospinal fluid leak that 
required intraoperative primary repair and postopera-

Fig. 3. ODI preoperatively and at 6-weeks, 6-months, 1-year, 2-years, and 5-years postoperatively. There were no significant 
differences between the groups.

Fig. 4. Global outcome according to the modified Macnab criteria. An excellent or good outcome was observed in 129 of  the 
146 patients (88.36%) in the TELD group, and in 133 of  the 152 patients (87.50%) in the Open group. There were no 
significant differences between the groups
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tive wound care, 2 superficial wound infections, 2 deep 
wound infections that required open debridement 
surgeries, 2 cases of postoperative epidural hematoma 
that required open explorations, and 1 case of transient 

motor weakness in the ankle and big toe dorsiflex-
ion, which recovered within 3 months.

The recurrent disc herniation rate was 4.2% in 
the TELD group and 3.3% in the Open group. Six 
of the 146 patients (4.2%) in TELD group experi-
enced a symptomatic recurrent disc. Among them, 4 
patients underwent open microdiscectomy and the 
remaining 2 underwent repeated TELD. There were 
5 cases of recurrence of the 152 patients (3.3%) in 
the Open group. Repeated open microdiscectomy 
was performed in all recurrent cases in the Open 
group. Across both groups there were 5 recurrences 
that occurred within 6 weeks, 2 within 2 years, and 
3 after 4 years. There was no difference in the recur-
rence rate between the groups (Fig. 6).

discussion

Differences Between the TELD and Open 
Groups

The TELD group showed a significantly shorter 
operative time, hospital stay, and time to return to 
work. Our results suggest that TELD provides the 
typical benefits of MISS in 3 ways. First, a shorter 
operative time can reduce the tissue trauma and 
the risk of potential complications such as infec-
tion, hematoma, and postoperative instability 
(22,30). Furthermore, there are no systemic effects 
of general anesthesia because all TELD procedures 
were performed under local anesthesia or conscious 
sedation. Second, a shorter duration of hospital stay 
means less early postoperative pain and discomfort 
after TELD. It can also attribute superiority in cost-
effectiveness (31). Finally, early return to work can 
facilitate a better quality of life and improve the 
socioeconomic status of patients. Eventually, it may 
reduce the global cost of spinal treatment (30).

Common Features of the TELD and Open 
Groups

Our data indicated that various clinical out-
comes were statistically identical between the TELD 
group and Open group during the 5-year follow-up. 
The overall complication and recurrence rates were 
also similar. Our data also indicated some common 
patterns of postoperative clinical changes over the 
years. First, back pain and radicular pain scores 
continuously reduced for at least 1 year after sur-
gery before a mild increase in the pain scores was 
observed. This phenomenon was more pronounced 

Fig. 5. The perioperative data. (A) The operative time was 
significantly shorter in the TELD group (49.38 ± 13.87 
minutes vs. 75.39 ± 23.70 minutes; P < 0.05). (B) The 
hospital stay was significantly shorter in the TELD group 
(2.1 ± 1.1 days vs. 6.1 ± 2.6 days; P < 0.05). (C) The time 
to return to work was significantly shorter in the TELD group 
(3.84 ± 1.24 weeks vs. 10.40 ± 5.32 weeks; P < 0.05).
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in back pain than radicular pain. Second, recurrent disc 
herniation occurred at any time interval, even after 4 
years. We postulate that the degenerative process con-
tinues even after successful operations over the years. 
Casal-Moro et al (32) suggested that the postoperative 
degenerative changes may increase lumbar or radicular 
pain in some cases over the years.

Pros and Cons of TELD
TELD aims to reduce iatrogenic tissue trauma and 

to preserve segmental motion and stability. Although 
some proof is still lacking, the distinctive advantages of 
TELD over open microdiscectomy can be summarized in 
3 ways. First, the reduced tissue traumas such as small 
skin incision, no need for a wide bone resection or 
neuromuscular retraction, and minimal blood loss are 
obvious. Second, outpatient surgery is feasible due to 
local anesthesia combined with conscious sedation, a 
shorter operative time, and a shorter inpatient stay. 
Finally, a quicker recovery can be obtained because of 
less postoperative pain medication, less wound com-
plications, and earlier return to work (15,17,18,33). In 
contrast, there are also disadvantages related to this 
technique. First, unique complications should be consid-
ered to establish the relevancy of TELD. Although the 
common postoperative complications such as epidural 
hematoma, dorsal dural tear, and infection are rela-
tively rare, there may be some adverse effects of TELD 
such as ventral dural tear, retroperitoneal hematoma, 
exiting nerve root damage, and radiation exposure (34-
39). Second, the learning curve is relatively flatter and 
longer to ensure clinical success without such obvious 
complications (40-43). Adequate training in endoscopic 
techniques and anatomic knowledge need to be ac-

quired before independently performing TELD in an 
actual situation. Finally, limited indications can make 
the procedure more complex. A hard disc, stenotic 
disc herniation, cauda equine syndrome, or painless 
profound weakness are the contraindications for TELD. 
Appropriate patient selection is another important key 
to success besides surgical technique. Therefore, we 
believe that surgeons experienced in both the TELD 
and open microdiscectomy will be able to appropriately 
decide which method is better for each individual case.

Evidence of TELD
Several randomized trials have demonstrated the 

effectiveness of the current concept of TELD (15-18). 
Mayer and Brock (17) were the first to publish a random-
ized study comparing TELD and open microdiscectomy. 
They concluded that TELD can offer an alternative to 
microdiscectomy for patients with contained disc her-
niations. Hermantin et al (15) reported a comparable 
satisfaction rate with a shorter period of postopera-
tive disability or narcotic use in the endoscopy group. 
Ruetten et al (18) demonstrated that the results of a 
full-endoscopic transforaminal discectomy were compa-
rable to those of conventional open disc surgery. There 
are still some criticisms that the levels of evidence in the 
published data related to this technique are relatively 
low with high risk of bias (20). Moreover, the indica-
tion for TELD is confined to soft disc herniation; open 
surgery is still superior to the endoscopic technique for 
calcified or stenotic disc herniation. However, recent 
meta-analyses or systematic reviews have reported that 
the TELD is comparable or superior to the conventional 
discectomy in terms of the effectiveness and minimal 
invasiveness in selected cases (21-23). Cong et al (21) 

Fig. 6. The survival curve for recurrent 
disc herniation. The recurrence rate was 
4.2% in the TELD group and 3.3% in 
the Open (open lumbar discectomy) group. 
Five recurrent cases occurred within 6 
weeks, 2 cases within 2 years, and 3 cases 
after 4 years in both groups. There was no 
difference in the recurrence rate between the 
groups.
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conclusions

The long-term outcomes of TELD for soft LDH are 
as favorable as those of open microdiscectomy. The 
complication and recurrence rate are also comparable 
to open microdiscectomy. Our data revealed that TELD 
can provide the typical benefits of MISS, including re-
duced operative time, hospital stay, and recovery time.
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