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Comparison of Percutaneous Transforaminal
Endoscopic Discectomy and Microscope-Assisted
Tubular Discectomy for Lumbar Disc Herniation
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Objective: The aim of the present study was to compare the clinical outcomes and quality of life following percutane-
ous transforaminal endoscopic discectomy (PTED) and microscope-assisted tubular discectomy (MTD) for lumbar disc
herniation (LDH).

Methods: This study had a retrospective design. From June 2017 to June 2018, the clinical data of 120 patients with
LDH treated with PTED (60 cases, PTED group) and MTD (60 cases, MTD group) were analyzed and followed up for at
least 20 months. There were 59 men and 61 women. Patients were aged between 22 and 80 years. The operation
time, intraoperative blood loss, incision length, frequency of intraoperative fluoroscopy, cost, hospital stay, types of
herniated discs, complications, and clinical outcomes were evaluated. Clinical outcomes were assessed using the
visual analog scale (VAS), the Oswestry disability index (ODI), and the modified Macnab criteria. Short-Form 36 (SF-36)
and the EQ-5D-5L were used to evaluate the quality of life of patients. The data between the two groups were com-
pared by independent sample t-tests. Multiple comparisons between samples were analyzed by analysis of variance.

Results: Compared with the MTD group, the PTED group had shorter incision length (9.20 � 1.19 mm vs
26.38 � 1.82 mm), less intraoperative blood loss (18.00 � 4.97 mL vs 39.83 � 6.51 mL), and shorter hospital stay
(5.42 � 5.08 days vs 10.58 � 3.69 days) (P = 0.00). PTED was much more appropriate for foraminal and
extraforaminal disc herniation. The incidence of paresthesia was lower in the PTED group (6.67% vs 16.67%). At each
follow up, the VAS and ODI scores of all patients were significantly improved compared with those before surgery
(P = 0.00). At 3 days postoperatively, the lumbar VAS score of the PTED group was significantly lower (1.58 � 1.00 vs
2.37 � 1.10, P = 0.00). The excellent rate of the PTED group reached 91.67%, and that of the MTD group reached
93.33%. Compared with the preoperative SF-36 scores for physiological function, mental health, and social function,
the postoperative scores were significantly improved in both groups (P = 0.00). The EQ-5D-5L in the PTED group
increased from 0.30 � 0.17 before the operation to 0.69 � 0.13 after 6 months of follow up (P = 0.00) and
0.73 � 0.14 after 20 months of follow up. The EQ-5D-5L in the MTD group increased from 0.28 � 0.17 before the
operation to 0.68 � 0.13 after a 6-month follow up (P = 0.00), and 0.73 � 0.12 after a 20-month follow up.

Conclusion: Although both PTED and MTD are effective for LDH, PTED is much more appropriate for various types of
LDH and has the advantages of the low incidence of low back pain, fewer complications, and early recovery.
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Introduction

Lumbar disc herniation (LDH) is one of the most com-
mon diseases that cause low back pain and leg pain.

Both conservative and surgical treatments can be used for
LDH. If conservative treatment is ineffective, surgical treat-
ment will be considered. An 8-year follow-up study showed
that patients undergoing surgery had greater pain relief and
faster function improvement compared with conservative
treatment, resulting in higher treatment satisfaction1.

Although traditional open lumbar discectomy has been
considered the gold standard for the treatment of LDH, postop-
erative pain due to tissue damage in the surgery cannot be
ignored2. With the development of minimally invasive technol-
ogy, endoscopic, microscopic, and tubular technology has been
widely used in the treatment of LDH, which has reduced the
incidence of postoperative low back pain. Percutaneous trans-
foraminal endoscopic discectomy (PTED) has been increasingly
used for the treatment of LDH due to its good clinical efficacy,
fewer complications, smaller surgical incisions, shorter hospital
stay, and earlier return to daily activities3.

Microendoscopic discectomy (MED) is the earliest min-
imally invasive surgery using a tube combined with a light
source to treat LDH. It was first introduced by Foley in 19974.
With the development of micro-instruments and equipment,
the microscope-assisted tubular surgery for lumbar degenera-
tive diseases has increasingly been used in the treatment of
degenerative disc disease and has achieved good clinical
results5. A recent meta-analysis study showed that tube-
assisted discectomy, in addition to having less blood loss and
shorter hospital stay, also required less postoperative analge-
sics compared with microdiscectomy6. Zhang et al. conducted
a comparative study between MED and microscope-assisted
tubular discectomy (MTD) for LDH. The results showed that
the two surgical methods achieved a similar treatment effect,
but MTD had the advantages of short operation time and less
incidence of dural tear7. Although many studies have com-
pared the clinical outcomes between PTED and tubular
MED8,9, to our knowledge, there have been no reports on
PTED and microscope-assisted discectomy with similar tubu-
lar retractors for symptomatic LDH.

In this study, we retrospectively compared and assessed the
clinical results of PTED and MTD in LDH patients with a mini-
mum 20-month follow up. The major outcomes were evaluated:
(i) to compare the perioperative index, including the length of inci-
sion, operation time, intraoperative bleeding loss, intraoperative
fluoroscopy frequency, hospital stay, cost, type of disc herniation,
and complications; (ii) to compare the clinical outcomes, such as
visual analog scale (VAS) score, Oswestry disability index (ODI),
and modified Macnab criteria; and (iii) to compare the quality of
life, using the Short-Form 36 (SF-36) and the EQ-5D-5L.

Materials and Methods

Patients
The study was performed based on the data of patients who
underwent PTED or MTD (Fig. 1) for single-segment LDH

from June 2017 to June 2018. The inclusion criteria in this
study were as follows: (i) patients with cauda equina syn-
drome; (ii) single-segment LDH confirmed by imaging; and
(iii) failure of conservative treatment. The exclusion criteria
were: (i) more than two segments LDH; (ii) lumbar spo-
ndylolisthesis or instability; (iii) previous lumbar surgery,
fracture, infection or tumor; and (iv) severe heart, lung and
brain diseases, coagulation dysfunction, and intolerance of
operation.

According to the inclusion and exclusion criteria,
120 patients with LDH were enrolled, including 59 men and
61 women. The patients were aged was from 22 to 80 years.
The patients were divided into two groups as follows: a
PTED group consisting of 60 patients treated with PTED;
and an MTD group consisting of 60 patients treated with
MTD. The baseline data of the two groups are shown in
Table 1. The surgical procedures were performed by the
same senior physicians. All patients’ data were obtained and
collected by the same researchers. Each patient was followed
up for at least 20 months.

Surgical Operation

Percutaneous Transforaminal Endoscopic Discectomy
Group
Step 1: Patients were treated with intravenous anesthesia
combined with local anesthesia. The abdomen was
suspended prone on the operating table. The responsible seg-
ment and puncture point were determined under C-arm
fluoroscopy.

Step 2: After routine skin disinfection, 1% lidocaine
was used for anesthesia subcutaneously, fascially, muscularly,
and articularly. The C-arm guided the puncture until it
reached the target position. The puncture needle tip was
positioned inside the inner edge of the pedicle in

Fig 1 Zista tapered retractor is 18 mm diameter at one end and 22 mm

diameter at the opposite end with different length models percutaneous

transforaminal endoscopic discectomy (PTED) and microscope-assisted

tubular discectomy (MTD).
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anteroposterior radiographs and laterally at the upper poste-
rior edge of the lower vertebral body. A guidewire was
placed, an incision was made, and the serial soft tissue dila-
tor was inserted. The intervertebral foramen was enlarged
with a serial bone drill.

Step 3: The working tube was placed and the position
was confirmed by the C-arm. The decompression was then
performed under visual control and liquid flow. The anatom-
ical structure was identified, the nerve root was exposed, and
the nucleus pulposus was removed under the endoscope sys-
tem (typical example can be seen in Fig. 2).

Microscope-Assisted Tubular Discectomy Group
Step 1: The patient was in a prone position under general
anesthesia. The responsible intervertebral segment was con-
firmed by lateral fluoroscopy.

Step 2: After routine skin disinfection, a paramedian
incision was made approximately 1 cm lateral to the midline
on the symptomatic side. Sequential dilators were inserted to
create a surgical pathway to the lumbar spine. An 18-mm-
diameter Zista tapered retractor was positioned with the

assistance of an operating microscope. The Zista tube was
supported by a serpentine arm, which was fastened to the
operating table.

Step 3: Under the microscope, the soft tissues on the
surface of the lamina were resected, and the lower edges of
the and part of the medial margin of the articular process
were abrased. After the ligamentum flavum was removed,
the dural sac and nerve root were exposed, then the protrud-
ing disc was resected. Wound drainage was applied in all
cases (typical cases can be seen in Fig. 2).

Perioperative Observational Index
Length of incision, operation time, intraoperative bleeding
loss, intraoperative fluoroscopy frequency, hospital stay, cost,
type of disc herniation10, and complications (dural tear,
nerve injury, and reoperation rate) were recorded and com-
pared between the two groups.

Clinical Evaluation
The clinical outcomes were evaluated using the VAS for lum-
bar and lower extremity pain and the Oswestry disability
index (ODI). VAS and ODI scores were recorded before and
at 3 days and 3, 6, 12, and 20 months after surgery. The
modified Macnab criteria were used to evaluate clinical
efficacy.

Visual Analog Scale
The VAS is used to evaluate the degree of pain using a ruler,
and the score is determined by measuring the distance
(cm) on the 10-cm line between the “no pain” anchor and
the patient’s mark, providing a range of scores from 0 to
10, where 0 means no pain and 10 represents unbearable
pain. A higher score indicates greater pain intensity.

Oswestry Disability Index
The ODI is a measure to evaluate spinal disorders and to
assess patient progress in clinical practice. The ODI score
system includes ten sections: pain intensity, personal care,
lifting, walking, sitting, standing, sleeping, sex life, social life,
and traveling. Each section includes six statements and the
total score is 5. Intervening statements are scored according
to rank. The highest score is recorded if more than one box
is marked in each section. If all 10 sections are completed,
the score is calculated as: total scored out of total possible
score × 100. If one section is not applicable, the score is cal-
culated as: (total score/(5 × number of questions
answered)) × 100%.

Evaluation of Quality of Life
The SF-36 and the EQ-5D-5L11 were used to evaluate the
quality of life and health index of patients before and 3 days
and 3, 6, 12, and 20 months after the operation.

Short-Form 36
The SF-36 questionnaire is an assessment tool for quality of
life, which consists of 36 questions. Mental function, physical

TABLE 1 Baseline data of patients in both groups

PTED group MTD group P-value

Gender 60 60 0.361
Male 27 32 -
Female 33 28 -

Age (year) 50.70 ± 15.20 53.40 ± 14.30 0.319
Operative segment 0.899
L2/3 2 1 -
L3/4 3 3 -
L4/5 33 31 -
L5/S1 22 25 -

Types of herniation 0.043
Intraspinal canal 54 60 -
Foraminal 2 0 -
Extraforaminal 4 0 -

History of disease
(month)

0.540

≥3 m 45 42 -
<3 m 15 18 -

Smoking 0.705
Yes 21 23 -
None 39 37 -

Neurologic
dysfunction

0.912

Sensory deficits 8 6 -
Motor deficits 3 2 -

Body mass index 0.898
Normal

(18.5–24.9)
32 33 -

Overweight
(25.0–29.9)

25 25 -

Obesity (≥30.0) 3 2 -

MTD, microscope-assisted tubular discectomy; PTED, percutaneous trans-
foraminal endoscopic discectomy.
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function, and social function are of high reliability in patients
with spinal injuries. The higher the score, the better the
health status.

EQ-5D-5L
The EQ-5D is a preference-based measure of health status
that is widely used around the world in clinical trials, popu-
lation studies, and real-world clinical settings. The EQ-5D is
designed and developed by the EuroQol Research Founda-
tion. The EQ-5D-5L descriptive system is a new version of
the EQ-5D that comprises five dimensions (mobility, self-
care, usual activities, pain/discomfort, and anxiety/depres-
sion). Each dimension has five response levels: no problems,
slight problems, moderate problems, severe problems, unable
to/extreme problems. The respondent is asked to indicate
his/her health state by checking the box next to the most
appropriate response level for each of the five dimensions.
Responses are coded as single-digit numbers expressing the
severity level selected in each dimension from 1 to 5. There-
fore, the EQ-5D-5L health states can be summarized using a
5-digit code. For instance, 21111 means slight problems in
the mobility dimension and no problems in any of the other
dimensions. Finally, the 5-digit code was converted to the
standard EQ-5D-5L value set by applying a formula that
attaches values to each of the levels in each dimension.
Details are on the website: https://euroqol.org/eq-5d-
instruments/eq-5d-5l-about/valuation-standard-value-sets/.

Statistical Analysis
Statistical analysis of the data was performed using IBM
SPSS 20.0 software (International Business Machines,
Armonk, New York, USA). The values are described as the
means � standard deviations. The measurement data
between the two groups were compared by independent
sample t-tests. Multiple comparisons between samples were
analyzed by analysis of variance. The χ2-test or Fisher’s exact
probability test was used for counting data. Differences with
two-tailed P-values <0.05 were considered statistically
significant.

Results

Patients
We performed a minimum 20-month follow-up for
120 patients. There were no significant differences in baseline
demographic characteristics, including age, gender, history of
the disease, operative segment, body mass index, smoking,
and neurological function, between the PTED group and the
MTD group (Table 1, P > 0.05).

Surgical Operation
In this study, all patients underwent surgery successfully, and
no cases were transferred to the open or other surgery. In
the PTED group, the positional relationship between the her-
niated disc and the nerve root was observed. After
decompressing the nerve root, the range of the relaxed nerve

A B C D E

F G H I J

Fig 2 Typical cases: Percutaneous transforaminal endoscopic discectomy (PTED) group (top, female, 44 years old, L4/5 LDH) and MTD group

(bottom, male, 48 years old, L4/5 LDH). (A, B) Sagittal and axial MRI before the operation. (C, D) Anterior–posterior and lateral position of the

working channel. (E) Decompression. The yellow arrow indicated the nerve roots; the blue arrow indicated the intervertebral space after discectomy.

(F, G) Sagittal and axial MRI before the operation. (H) The lateral view of Zista tapered retractor. (I) View under microscope. White arrow indicates

protruding herniated lumbar disc; blue arrow indicates the midline of the spine; brown arrow indicates the direction of articular processes.

(J) Decompression. The yellow arrow indicates the nerve root; the blue arrow indicates the dural sac.
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root and the rhythm of the nerve root beating with the
heartbeat was observed (Fig. 2). In the MTD group, herni-
ated discs could also be seen or probed. After decompression
of the nerve root, the nerve root was observed to relax, but
the pulse of the nerve root was not easy to observe (Fig. 2).

Perioperative Observational Index
The PTED group had significantly shorter incision length and
hospital stay, and less blood loss, but also had more frequency

of intraoperative fluoroscopy, longer operation time, and
higher cost than the MTD group (Table 2, P = 0.00). Consider-
ing the type of disc herniation, PTED was appropriate for vari-
ous types of disc herniation, while microscope-assisted tubular
surgery was not appropriate for foraminal and extraforaminal
disc herniation (Table 1, P = 0.043).

Clinical Evaluation
The postoperative scores of VAS and ODI in both groups
were significantly decreased compared with those before the
operation (Table 3, Figures 3–5, P = 0.00). Symptoms contin-
ued to improve at different time points after surgery in both
groups. Although the VAS and ODI scores were decreased at
12-month and 20-month follow-up, there were no significant
differences compared with the 6-month follow up (Figs 3
and 4). There were no significant differences between the
two groups in VAS and ODI scores during different time
points after surgery (Table 3, P > 0.05). The lumbar VAS
score at 3 days after the operation in the PTED group was
significantly lower than that in the MTD group (Table 3,

TABLE 2 Perioperative characteristics of patients

PTED group MTD group P-value

Intraoperative blood loss (mL) 18.00 � 4.97 39.83 � 6.51 0.00
Frequency of fluoroscopy 26.50 � 3.06 2.95 � 0.67 0.00
Operative time (minute) 76.17 � 8.80 51.10 � 15.83 0.00
Cost (RMB) 22863.87 � 3657.35 18152.75 � 2378.15 0.00
Incision length (mm) 9.20 � 1.19 26.38 � 1.82 0.00
Hospital stay (days) 5.42 � 5.08 10.58 � 3.69 0.00

MTD, microscope-assisted tubular discectomy; PTED, percutaneous transforaminal endoscopic discectomy.

TABLE 3 Comparison of clinical results between two groups

PTED group MTD group
P-
value

Lumbar VAS
Preoperation 2.65 � 2.02 2.88 � 1.95 0.859
Postoperative

3 days
1.58 � 1.00 2.37 � 1.10 0.000

3-month follow-up 1.23 � 1.10 1.68 � 1.07 0.449
6-month follow-up 0.95 � 1.02 1.07 � 0.90 0.507
12-month follow-up 0.88 � 0.76 0.87 � 0.75 0.904
20-month follow-up 0.65 � 0.86 0.80 � 0.75 0.312

Lower extremity VAS
Preoperation 5.20 � 2.02 5.25 � 1.80 0.886
Postoperative

3 days
2.02 � 1.07 2.27 � 1.25 0.240

3-month follow-up 1.58 � 1.06 1.83 � 0.94 0.175
6-month follow-up 1.02 � 0.70 1.18 � 0.75 0.210
12-month follow-up 0.77 � 0.74 0.87 � 0.77 0.471
20-month follow-up 0.63 � 0.64 0.82 � 0.79 0.165

ODI
Preoperation 29.8 � 10.27 31.75 � 9.19 0.279
Postoperative

3 days
26.08 � 9.57 28.07 � 9.15 0.248

3-month follow-up 19.40 � 8.30 20.38 � 8.37 0.520
6-month follow-up 12.35 � 6.22 13.20 � 6.51 0.466
12-month follow-up 12.50 � 5.64 13.40 � 5.38 0.373
20-month follow-up 9.92 � 5.49 11.13 � 5.47 0.227

Modified Macnab 0.898
Excellent 48 47
Good 7 9
Fair 3
Poor 2 1

MTD, microscope-assisted tubular discectomy; ODI, Oswestry disability
index; PTED, percutaneous transforaminal endoscopic discectomy; VAS,
visual analogue scale.

Fig 3 Lumbar visual analog scale (VAS) scores in both groups. The VAS

scores decreased significantly during the first 6 months after surgery in

both groups and continued to decline throughout the follow-up period. *

indicates P < 0.05.
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P = 0.00). At the 20-month follow up, the overall excellent
rate was 91.67% in the PTED group (55/60) and 93.33% in
the MTD group (56/60). There was no significant difference
between the two groups (Table 3, P > 0.05).

Evaluation of Quality of Life
According to the SF-36 scores, physiological function, mental
health, and social function were significantly improved at
different time points after surgery. The improvement of

physiological function and mental health promoted the
improvement of patients’ social function, indicating that the
overall quality of life improved significantly (Table 4, Figs 6
and 7, P = 0.00). There were no statistically significant differ-
ences in the physiological function, mental health, and social
function before and after the operation (Table 4, P > 0.05)
between the two groups. The results of the EQ-5D-5L indi-
cated that there was no significant difference between the
two groups at each follow-up point (Table 5, P > 0.05). The
EQ-5D-5L of the two groups gradually improved over time
and reached a steady state at 6 months after surgery
(Table 5, Fig. 8, P = 0.00).

Fig 4 The lower extremity visual analog scale (VAS) scores in both

groups. The VAS scores decreased significantly during the first

6 months after surgery in both groups and continued to decline

throughout the follow-up period. * indicates P < 0.05.

Fig 5 Scores of Oswestry disability index (ODI) in both groups. The ODI

scores decreased significantly in the first 6 months after surgery in both

groups and continued to decline throughout the follow-up periods. *

indicated P < 0.05.

TABLE 4 Comparison of SF-36 results between two groups

PTED group MTD group P-value

Physical
function
Preoperation 62.41 � 12.34 63.75 � 13.14 0.596
Postoperative

3 days
66.08 � 10.82 66.67 � 11.34 0.774

3-month
follow-up

76.42 � 9.16 77.00 � 8.35 0.716

6-month
follow-up

82.00 � 6.71 82.08 � 6.20 0.944

12-month
follow-up

83.75 � 6.99 84.08 � 6.61 0.789

20-month
follow-up

85.00 � 6.44 84.75 � 5.71 0.822

F 61.121 61.740 -
P 0.000 0.000 -

Mental health
Preoperation 58.07 � 12.75 61.07 � 12.52 0.196
Postoperative

3 days
62.33 � 11.37 65.20 � 11.39 0.170

3-month
follow-up

73.33 � 9.28 75.40 � 9.37 0.227

6-month
follow-up

78.87 � 8.27 80.07 � 7.98 0.420

12-month
follow-up

80.57 � 7.62 81.10 � 6.76 0.686

20-month
follow-up

82.03 � 7.57 83.17 � 6.61 0.384

F 87.333 78.136 -
P 0.000 0.000 -

Social function
Preoperation 73.86 � 17.42 75.21 � 18.48 0.704
Postoperative

3 days
81.46 � 16.35 82.92 � 16.91 0.632

3-month
follow-up

99.58 � 18.83 99.79 � 17.90 0.951

6-month
follow-up

111.67 � 14.71 112.08 � 13.80 0.812

12-month
follow-up

114.17 � 13.51 111.04 � 12.83 0.196

20-month
follow-up

115.83 � 13.59 113.13 � 14.45 0.292

F 76.700 115.906 -
P 0.000 0.000 -

MTD, microscope-assisted tubular discectomy; PTED, percutaneous trans-
foraminal endoscopic discectomy.
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Complications
During the surgery, dural tear occurred in 1 case (1.67%,
1/60) in the PTED group and in 2 cases (3.33%, 2/60) in the
MTD group. As the rupture was small, no repairs were per-
formed. The patients’ wounds were drained after surgery and

recovered well after extubation. Due to poor clinical results,
3 patients (5.00%, 3/60) in the PTED group and 2 patients
(3.33%, 2/60) in the MTD group underwent secondary sur-
gery. A total of 4 patients (6.67%, 4/60) in the PTED group
and 10 (16.67%, 10/60) in the MTD group developed pares-
thesia. The paresthesia was significantly relieved after treat-
ment with nerve nutrition, dehydration, and hormones.

Discussion

In the last ten years, minimally invasive techniques have
been widely used in the treatment of LDH. This study con-

firmed that both PTED and MTD can achieve good clinical
results and improve the quality of life of patients. Although
more costly, PTED has advantages of shorter recovery time,
fewer complications, and quicker return to normal life.

The operation time in the PTED group was signifi-
cantly longer than that in MTD group, which was related to
the repeated intraoperative fluoroscopy to place the

Fig 6 The results of the Short-Form 36 (SF-36) questionnaire (physical,

psychological, and social scores) in the percutaneous transforaminal

endoscopic discectomy (PTED) group preoperatively and at follow ups.

The scores increased significantly in the first 6 months after surgery

and remained stable in the following observational periods. *

indicates P < 0.05.

Fig 7 The results of the Short-Form 36 (SF-36) questionnaire (physical,

psychological, and social scores) in the microscope-assisted tubular

discectomy (MTD) group preoperatively and at follow ups. The scores

increased significantly in the first 6 months after surgery and remained

stable in the following observational periods. * indicated P < 0.05.

TABLE 5 Comparison of EQ-5D-5L results between two groups

PTED group MTD group P-value

Preoperation 0.30 � 0.17 0.28 � 0.17 0.538
Postoperative 3 days 0.45 � 0.14 0.43 � 0.15 0.430
3-month follow-up 0.60 � 0.13 0.57 � 0.16 0.220
6-month follow-up 0.69 � 0.13 0.68 � 0.13 0.871
12-month follow-up 0.70 � 0.11 0.71 � 0.10 0.515
20-month follow-up 0.73 � 0.14 0.73 � 0.12 0.934
F 89.185 94.213 -
P 0.000 0.000 -

MTD, microscope-assisted tubular discectomy; PTED, percutaneous trans-
foraminal endoscopic discectomy.

Fig 8 Scores of EQ-5D-5L in both groups. The EQ-5D-5L scores

increased significantly in the first 6 months after surgery in both groups

and continued to increase slightly in the follow-up periods. *

indicates P < 0.05.
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endoscopic tube. In addition, the working tube of PTED is
narrow, and the limited operative space further increased the
operation time. Conversely, the Zista tapered retractor is
22 mm in diameter on the upper end and tapers to a diame-
ter of 18 mm at the opposite end. It allows more free move-
ment and angulation of the surgical tools7. However, the
incision length, hospital stay, and intraoperative blood loss
in the PTED group were significantly less than in the MTD
group. These factors can help patients to get out of bed ear-
lier, recover faster, and resume daily life sooner. However,
compared with MTD, the cost of PTED was higher because
of the expensive devices.

The effect on health of radiation from fluoroscopy is
also a concern for surgeons and patients. The average fluoro-
scopic quantity in one PTED surgery was consistent with
that in previous reports12. If no protective measures were
taken, a surgeon could perform 291 PTED operations a year
to reach the maximum allowable radiation absorbed dose13.
Therefore, it is very safe to perform PTED if a surgeon
adopts protective measures. For patients, protective equip-
ment was rarely used during surgery, and studies had con-
firmed that the average radiation dose received during a
PTED operation was 18.25 mSV, which was within a safe
range14. Therefore, the radiation absorbed dose in a PTED
was within a safe range.

Dural tears and recurrence are common complications
in treating LDH. The incidence of dural tears was similar in
groups A and B, which is consistent with previous
reports7,15. Both the PTED and the microscope provided a
clear field of view and a certain degree of magnification. In
addition, the water pressure in the PTED confined the
expansion of the dura mater and reduced the rate of dura
mater tears, while the microscope provided a view depth to
make a three-dimensional field of view, which reduced the
incidence of dural tears7,15. Although the recurrence rate in
the PTED group was slightly higher than that in the MTD
group, it was consistent with related reports16. There are
many factors related to recurrence, including diabetes,
weight, and age. Therefore, for such patients, the pros and
cons of surgical methods must be carefully evaluated to
reduce the incidence of recurrence17,18.

The type of disc herniation affected surgical choice.
Both PTED and MTD were suitable for intraspinal disc her-
niation. Compared with MTD in a posterior approach,
PTED was much more appropriate for the foraminal and
extraforaminal type of LDH, because the posterior approach
assisted by the tube had certain limitations. Yoshimoto
reported that it was necessary to locate the tube at the junc-
tion of the articular process and the transverse process in the
treatment of far lateral LDH. Although satisfying clinical
results had been achieved and the stability of the spine was
maintained, the operation took a long time, with an average
duration of 143.9 min19. The treatment of far lateral LDH by
the posterior approach requires resection of the articular
process; otherwise, it is difficult to deal with far lateral
discs10. Rong reported that it was not ideal to treat far lateral

LDH using the posterior approach. The main reasons were
related to the limited visual field caused by less facetectomy
and the irritation of the nerve root caused by direct decom-
pression of the dorsal root ganglion10. Resection of the artic-
ular process could easily lead to instability of the
corresponding segment20, while PTED hardly damages the
articular process joint and the posterior structure of the
spine. Thus, PTED is widely used to treat the foraminal and
extraforaminal types of LDH21,22.

Percutaneous transforaminal endoscopic discectomy
and MTD were appropriate for all segments of the lumbar
spine. However, considering the high iliac and narrow fora-
men of L5/S1, MTD would be a better choice for L5/S1 seg-
ment LDH. First, the interlaminar space of L5/S1 was larger
than that of the other segments, and it was directly
corresponding to the intervertebral disc, so it was not neces-
sary to grind out more lamina. Second, the preganglionic dis-
tance (from the origin of exiting root to its ganglion) of L5
was the longest from L1 to L5, which decreased the incidence
of ganglion injury23. Finally, as to the S1 root, 75% origi-
nated above and 25% at the L5/S1 disc. Furthermore, the
herniated disc was mostly located at the axilla and com-
pressed dura and nerve in the L5/S1 segment because of the
proximity between the corresponding disc and nerve root24.

The clinical symptoms of the two groups were signifi-
cantly improved after surgery. VAS and ODI scores were sig-
nificantly decreased, especially in the first 6 months. The
symptoms were further improved over time in the follow-up
periods and reached a steady state. Compared with the MTD
group, the low back VAS score of the PTED group was sig-
nificantly better at 3 days postoperatively. First, this is
because the low back pain is related to postoperative incision
pain. Second, the posterior approach requires a direct inci-
sion of the multifidus muscle, which causes degeneration and
necrosis of muscle fibers due to abnormal loading. Finally,
partial resection of the articular process would lead to injury
of the posterior branch of the spinal nerve, resulting in
denervation of the multifidus muscle25. Although there was
no significant difference in the VAS score of the lower
extremity, we found that there were more patients with par-
esthesia and other sensory abnormalities in the MTD group
than in the PTED group (16.67% vs 5.7%). It had been
reported that the incidence of transient sensory abnormality
caused by MED is 10% (lower than 16.67%), which would be
related to excessive traction of the nerve root, especially for
the central LDH in our study9. Phan et al. (2017) report that
the stimulation of bipolar electrocoagulation also leads to
postoperative sensory abnormalities26. This symptom
improved after dehydration and hormone treatment for sev-
eral days. The incidence of paresthesia in the PTED group
was lower because of the lateral approach and less irritation
to the nerve root. The results of the SF-36 and the EQ-5D-
5L showed that there was no significant difference in the
quality of life and health index. This showed that the tempo-
rary postoperative low back pain and paresthesia were
acceptable, and the patients were satisfied with the clinical
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efficacy. The improvement in psychological, physical, and
social functions could offset the temporary discomfort. Some
studies indicated that compared with tubular discectomy
(such as MED), PTED did not show superior clinical results
in the treatment of LDH, especially for the central type
LDH. According to Rong, PTED has a smaller operating
space and limited field of view, and it is not easy to
completely remove the central disc27. However, our results
indicated that PTED was applicable for all types of LDH,
associated with the characteristics of fewer complications
and fast recovery, compared with MTD. The results were
consistent with those reported by Liu8. A recent meta-
analysis of 29 randomized controlled studies involving 3146
patients showed that PTED had the highest success rate, the
least complications, and a lower reoperation rate than MED
in the treatment of LDH28.

This study has some limitations. First, this study is not
a double-blind randomized control trial. The surgeons and
patients had a different understanding of the treatment and
prognosis, which may affect the evaluation of results. Second,

the surgeon’s preference for surgical techniques may also
affect the result. Finally, this study is a single-center study,
and the follow-up time is relatively short. A high-quality
study with multi-center and long-term follow up is still
needed to compare the clinical results of PTED and MTD.

Conclusion
Both PTED and MTD are effective treatments for LDH. Sat-
isfactory quality of life can be achieved at 6 months after sur-
gery. Compared with MTD, PTED is appropriate for various
types of LDH and is associated with a lower incidence of
postoperative low back pain, fewer complications, and
quicker recovery.

Ethics Statement

The study was retrospectively designed and was approved
by the institutional review board of the ethics committee

of Qingdao Municipal Hospital. All procedures were per-
formed in accordance with the Helsinki Declaration. All
patients provided written informed consent.
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