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Abstract
Purpose The purpose of this study is to establish a new method to reduce the radiation dose during puncture and cannulation 
in percutaneous endoscopic lumbar discectomy (PELD).
Methods Sixty patients with lumbar disk herniation undergoing PELD were prospectively enrolled and randomly divided 
into an ultrasound (US) guidance group and an X-ray guidance group. The puncture, cannulation, and total operation times; 
number of fluoroscopy shots; and radiation dose were recorded in both groups. The factors influencing the operation were 
analyzed. The clinical effect of PELD was evaluated using the straight leg elevation test, visual analog scale (VAS) and 
Oswestry disability index (ODI). The researchers who collected and analyzed the data were blinded to the group assignments.
Results The puncture, cannulation and operation times in the US group were comparable to those in the X-ray group. The 
patients in the US group received 2.13 ± 0.35 fluoroscopy shots and a radiation dose of 5.34 ± 0.63 (mSV), which were sig-
nificantly lower than the values in the X-ray group (7.57 shots ± 2.99 shots and 18.25 mSV ± 10.52 mSV) (P < 0.001). In the 
US group, the puncture time was significantly longer at the L5–S1 level, in patients with a BMI greater than 28 kg/m2 and in 
patients with a high iliac crest. The US and X-ray groups had comparable VAS and ODI scores 1 h and 3 months after PELD, 
and the VAS scores were significantly lower after PELD (all P < 0.001). No complications were observed in either group.
Conclusions US guidance is a new method that reduces the radiation dose required during puncture and cannulation in PELD.
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Ultrasound image and diagrammatic sketch of the lumbar and hyperechoic zone

a) SP, spinous process; FJ, facet joint; HZ, hyperechoic zone. The yellow arrow points to the HZ, which is the puncture 
target and is indicated by a yellow circle. The SP and FJ appear as hyperechogenicities on the ultrasound image. 
b) The blue circle indicates the HZ, which is located under the FJ. 
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Take Home Messages

1. Ultrasound can be used to guide the puncture and cannulation 
process of transforaminal percutaneous endoscopic lumbar 
discectomy. 

2. A circular hyperechoic zone, which is located below the facet joint, 
can be used as the ultrasound guidance target. 

3. Ultrasound guidance can largely reduce radiation doses while 
producing treatment effects similar to those achieved in traditional 
X-ray guidance.
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Introduction

Transforaminal percutaneous endoscopic lumbar discec-
tomy (PELD) has become an established and mainstream 
minimally invasive surgical technique used to treat lumbar 
disk herniation (LDH) and can be used to remove a pro-
lapsed disk, free a compressed nerve, and simultaneously 
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relieve the symptoms associated with these conditions 
[1–3]. X-ray image guidance facilitates puncture and can-
nulation, which are very risky procedures performed close 
to the nerve root [4], by enabling stepwise visualization in 
two sections. This approach is currently a commonly used 
image guidance method.

However, exposure to X-ray radiation may increase the 
incidence of malignant tumors, such as thyroid cancer, 
skin erythema, and leukemia [5]. In pregnant women and 
young patients with concerns about fertility, exposure to 
X-ray radiation may increase the risk of malformations in 
progeny, which is a cause of great concern when perform-
ing PELD in these populations [6]. High cumulative effec-
tive doses have also been found in patients with Crohn’s 
disease [7], cystic fibrosis [8], and end-stage kidney dis-
ease [9]. Given the demanding learning curve required 
to become proficient in the puncture process performed 
during PELD [10, 11], patients may experience longer 
puncture times and receive larger doses of radiation when 
treated by inexperienced surgeons. Surgeons who perform 
PELD may also receive large doses of X-rays [12], even 
when they use preventive strategies, such as minimizing 
the use and dose of fluoroscopy, wearing proper protective 
gear, and using novel spinal locators [13, 14]. Therefore, 
an image guidance system that does not require the use of 
X-rays to perform PELD is needed.

Ultrasound (US) is a real-time dynamic imaging tool that 
does not require ionizing radiation. This method has been 
used for the diagnosis of spinal and intervertebral disk dis-
eases [15] and to guide facet joint injection [16], selective 
nerve root blocks [17], and lumbar transforaminal injections 
[18]. In this study, we used US as the guidance method to 
avoid radiation exposure during PELD. Thus, our aim was 
to establish a new US-guided puncture and cannulation pro-
tocol for PELD that can reduce the use of ionizing radiation, 
thus increasing the safety of this procedure.

Patients and methods

Trial design

This investigation was a parallel randomized clinical trial. A 
random number generator was used to generate the random 
allocation sequence. The ratio of the experimental group to 
the control group was 1:1. Only the surgeon and US physi-
cian who performed the US-guided PELD procedure were 
aware of the group assignments. The authors who generated 
the random allocation sequence, enrolled the participants, 
assigned the participants to groups and were involved in the 
PELD operation, were blinded to the data collection and 
analysis.

Patients

Institutional approval for these procedures was obtained 
by the ethics committee of our hospital in accordance with 
the tenets of the Declaration of Helsinki. Written informed 
consent was obtained from all participants.

From January 2018 to May 2018, 60 patients diagnosed 
with LDH who failed to respond to conservative treatment 
for more than 6 weeks were prospectively enrolled in this 
study and randomly assigned to the US-guided group (30 
patients) or X-ray-guided group (30 patients). PELD was 
performed in both groups, and data were collected at the 
Chinese PLA General Hospital.

The following inclusion criteria were applied: (1) radic-
ular leg pain caused by soft LDH, (2) PELD performed 
at a single level, and (3) more than 2 months of regular 
conservative treatment with no effect.

The following exclusion criteria were applied: (1) seg-
mental instability, (2) lumbar spinal stenosis, (3) calcified 
disk herniation, (4) recurrent LDH, (5) painless weakness, 
(6) cauda equina syndrome, (7) multiple PELD levels, (8) 
mental disorder or inability to hear, speak to or commu-
nicate with the surgeon, and (9) severe disease preventing 
the patient from maintaining a prone position for several 
hours. In addition, patients with a body mass index (BMI) 
greater than 32 kg/m2, lumbar muscle fascia calcifications 
or severe lumbar muscle atrophy, were excluded because 
acoustic attenuation causes poor US image quality.

The US‑guided PELD puncture and cannulation 
technique

A portable Mindray M9 US System (Mindray, Shenzhen, 
China) with a C5-1S convex array transducer (central fre-
quency, 5 Hz) was used in this study. The patients were 
asked to lie in a prone position on a radiolucent table with 
a pillow under their belly.

The procedure was performed under local anesthesia; 
one US doctor (a physician with more than 4 years of 
experience with interventional US and musculoskeletal 
US) held the probe, and one surgeon (an orthopedist with 
more than 5 years of experience with PELD) performed 
the puncture. The positions of the US doctor and surgeon 
and the positions of the US probe and surgeon’s hands 
during the puncture process are displayed in Fig. 1. In the 
control group, the same orthopedist performed the entire 
procedure independently.

First, the targeted spinal level was located. We used a 
longitudinal section to display the transverse processes, 
which had a finger-like appearance. The lowest transverse 
process involved in these procedures was L5. Then, we 
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rotated the probe 90° to display the transverse section of 
the transverse process and assessed the spinal level by 
detecting the transverse processes from L5 to L4, L3, L2, 
L1, and T12. L3 has the longest transverse process, and 
T12 has a connected rib.

Second, the puncture position was displayed. We found 
the transverse process and moved the probe upward, caus-
ing the soft tissue outside the intervertebral foramen to 
appear as a circular hyperechoic zone (HZ) after the 

Fig. 1  Positions of the US doctor and orthopedist. A schematic drawing of the positions of the US doctor and surgeon and the positions of the 
US probe and surgeon’s hands during the puncture process

Fig. 2  Ultrasound image and diagrammatic sketch of the lumbar and 
hyperechoic zones. a SP spinous process, FJ facet joint, HZ hypere-
choic zone. The yellow arrow points to the HZ, which is the puncture 

target and is indicated by a yellow circle. The SP and FJ appear as 
hyperechogenicities on the ultrasound image. b The blue circle indi-
cates the HZ, which is located under the FJ
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disappearance of the superior margin of the transverse 
process, which is located below the facet joint (Fig. 2).

Third, we drew an auxiliary line on the skin of the 
patient’s back at least 9–13  cm from the midline. We 
sterilized the skin with iodophor for better coupling with 
the probe. The HZ is located cephalad to the transverse 
process, which is located below the facet joint, and was 
used as the target. A needle was inserted from 12 to 3 
o’clock (clockwise) of the HZ. The tip of the 18-gauge spi-
nal needle first touched the facet joint and was then slipped 
inside the intervertebral foramen. G-arm X-ray (Whale, 
Massachusetts, United States) was used to test the needle 
position in the anteroposterior and lateral directions after 
confirming that the tip of the needle had been placed at the 
target point (Fig. 3).

Fourth, a guide wire was inserted through the spi-
nal needle, and the spinal needle was removed. Then, a 
dilator was introduced along the guide wire. Finally, the 
endoscope outer sheath was inserted through the guide 
wire, and the position of the sheath was verified by G-arm 

X-ray (Fig. 4). Subsequently, transforaminal PELD was 
performed.

In the X-ray group, the whole puncture and cannulation 
process was guided only by G-arm X-ray.

Data collection

General information about the patients, including age, 
sexual status, height, weight, BMI and treatment level, was 
recorded.

The puncture, cannulation and total operation times were 
recorded in minutes. The number of fluoroscopy shots was 
recorded. The radiation dose received by the patients was 
recorded in milli-gray units by adding all shots in two views.

To evaluate the factors that could influence US-guided 
PELD, we divided the patients into different subgroups 
according to the height of the iliac crest and BMI. Among 
the L5–S1 cases, the patients were divided according to 
iliac crest height into those with a high crest, indicating 
that the iliac crest was higher than the L5 pedicle, and 

Fig. 3  Ultrasound-guided puncture confirmed by X-ray. a Ultrasound image of the HZ (red arrow) and puncture needle (yellow arrow). SP 
spinous process, FJ facet joint. b Anterior–posterior position of the puncture needle on X-ray. c Lateral position of the puncture needle on X-ray

Fig. 4  Ultrasound-guided cannulation confirmed by X-ray. a Ultrasound image of the HZ (red arrow) and working sheath (yellow arrow). SP 
spinous process, FJ facet joint. b Anterior–posterior position of the puncture needle on X-ray. c Lateral position of the puncture needle on X-ray
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those with a low crest, indicating that the iliac crest was 
lower than the L5 pedicle.

Clinical efficacy was evaluated using the straight leg 
elevation test and by calculating the scores (1–10) on the 
visual analog scale (VAS) [19] for pain and the Oswestry 
disability index (ODI) [20] for functional status.

Statistical analysis

The sample size was calculated based on pretest data. All 
statistical analyses were performed by an independent stat-
istician using IBM SPSS for Windows, Version 20.0 (IBM 
Corp., Armonk, NY, USA). The continuous variables were 
expressed as the mean ± SD. Differences in continuous 
variables between the US group and the control group 
were compared using an independent Student’s t test. A 
P  value < 0.05 was considered to indicate a significant 
difference.

Results

Clinical information

The clinical data of the patients in the two groups are pre-
sented in Table 1. The analysis showed no significant differ-
ences between the groups.

Time and radiation doses in the US and X‑ray groups

No significant differences in the puncture, cannulation and 
operation times were detected between the US and X-ray 
groups (Table 2).

The US group received 2.13 ± 0.35 fluoroscopy shots, 
which was significantly lower than the number received in 
the X-ray group (7.57 ± 2.99, P < 0.001). In addition, the US 
group received a radiation dose of 5.34 ± 0.63 mSV, whereas 
the X-ray group received a dose of 18.25 ± 10.52 mSV 
(P < 0.001).

Factors influencing the puncture and cannulation 
times in the US group

The puncture times for the patients treated at the L5–S1 
level were significantly longer than those for the patients 
treated at the L4–5 and L3–4 levels. In addition, the puncture 
times for the patients with a BMI greater than 28 kg/m2 were 
significantly longer than those for the patients with a BMI 
less than 28 kg/m2. In cases treated at the L5–S1 level, the 
puncture times for the patients with a high iliac crest were 
significantly longer than those in the patients with a low iliac 
crest. Regarding the cannulation time, no significant differ-
ences were found among the patients according to different 
treatment levels, BMI values, or iliac crest heights. Table 3 
shows the factors influencing the puncture and cannulation 
times in the US-guided PELD procedures.

Clinical effects of US‑ and X‑ray‑guided PELD

The US-guided PELD group had VAS scores of 1.53 ± 1.01 
at 1 h and 1.03 ± 0.76 at 3 months after PELD. These scores 
were significantly lower than the VAS scores recorded 
before PELD (both P < 0.001). Similar results were observed 
in the X-ray-guided group (Table 4). In the US-guided PELD 

Table 1  Clinical information of the patients in the US- and X-ray-
guided groups

US group (n = 30) X-ray group (n = 30) P  value

Age (years) 49.9 ± 20.1 42.8 ± 13.8 0.120
Sex (n, %)
 Male 16 (53.3) 20 (66.7) 0.292
 Female 14 (46.7) 10 (33.3)

Weight (kg) 75.1 ± 13.4 73.9 ± 19.2 0.777
Height (cm) 170.4 ± 8.4 168.2 ± 7.6 0.291
BMI (kg/m2) 25.8 ± 3.5 25.9 ± 5.5 0.898
Level (n, %)
 L3–4 2 (6.7) 1 (3.3) 0.828
 L4–5 17 (56.7) 17 (56.7)
 L5–S1 11 (36.6) 12 (40.0)

Height of iliac crest (L5–S1 level) (n, %)
 High crest 3 (27.3) 3 (25.0) 0.958
 Low crest 8 (72.7) 9 (75.0)

VAS
 Preoperative 8.10 ± 1.06 7.93 ± 1.01 0.537

ODI
 Preoperative 55.3 ± 4.83 56.3 ± 5.56 0.460

Table 2  Puncture, cannulation, 
and operation times in the US- 
and X-ray-guided groups

US group (n = 30) X-ray group (n = 30) P  value

X̄ ± SD 95% CI X̄ ± SD 95% CI

Puncture time (min) 3.85 ± 1.92 (1.88, 2.69) 4.21 ± 1.85 (3.10, 3.90) 0.476
Cannulation time (min) 2.75 ± 0.86 (2.53, 2.90) 2.88 ± 0.87 (5.91, 7.09) 0.554
Operation time (min) 57.8 ± 18.7 (50.8, 64.8) 53.9 ± 24.4 (44.8, 63.0) 0.490



2548 European Spine Journal (2019) 28:2543–2550

1 3

group, the ODI score was 7.47 ± 1.66 at 3 months after 
PELD, which was significantly lower than the ODI score 
recorded before surgery (P < 0.001). Similar results were 
observed in the X-ray-guided group (Table 4).

Complications

No postoperative complications, such as soft tissue and 
intervertebral disk infection or nerve injuries, were observed 
in any cases.

Discussion

Repeated fluoroscopic scanning is essential when per-
forming puncture and cannulation during PELD. Fan et 
al. [21] showed that fluoroscopy was performed with 
(34.32 ± 4.78) shots in conventional PELD in one group 
of patients and (33.98 ± 2.69) shots in another group of 
patients [22]. For doctors, although protective measures 
can be taken, long-term accumulation of radiation expo-
sure increases the cumulative radiation dose. Patients who 
undergo PELD receive minimal protection from radiation 
during this procedure. Additionally, the radiation dose is 
even higher when the procedure is performed by inexpe-
rienced surgeons. Therefore, pregnant women may forgo 

PELD surgery and instead endure pain during pregnancy. 
Young patients concerned about fertility may worry about 
the best time to become pregnant, which is a cause of 
substantial concern when determining when to perform 
PELD. The results of our study show that in most cases, 
the puncture and cannulation processes required during 
PELD can be precisely guided by US.

In addition to reduce the radiation dose, US guidance can 
provide a safe alternative for needle guidance and cannula 
insertion. This approach can offer real-time guidance while 
inserting the needle tip during the puncture process, thus 
decreasing the likelihood of causing injury to the intestines 
and blood vessels. Real-time US guidance also allows sur-
geons to more clearly visualize the distance between the 
working sheath and the foramen during the process of forci-
ble insertion, allowing them to more precisely control their 
movements close to the foramen and nerve root.

No significant differences in the puncture, cannulation, 
and operation times were observed between the US- and 
X-ray-guided groups, demonstrating that US guidance 
achieves an efficiency similar to that of X-ray guidance.

US has been used for the diagnosis of spinal and interver-
tebral disk diseases [15] and to guide facet joint injection 
[16], selective nerve root blocks [17], and lumbar trans-
foraminal injections [18]. In our study, US guidance was 
applied to PELD surgery. We used the freehand US guidance 
technique, which requires a US physician with extensive 
experience in both musculoskeletal and interventional US. 
The needle must puncture the tissue in a line strictly along 
the direction of the probe section; otherwise, the needle tip 
will not be clearly visible. The needle tip can be vibrated 
into a better position or the probe can be used to locate the 
needle tip. A needle should never be used for a deep punc-
ture if the needle tip is not clearly visible. Although MRI is 
a good visualization tool for evaluating intervertebral disks 
and surrounding structures [23, 24] and real-time US–MRI 
fusion image virtual navigation has been demonstrated to be 
an effective and precise method for guiding spinal surgery, 
the navigation process used during these procedures is com-
plicated and requires a special navigation system that cannot 

Table 3  Factors influencing the 
puncture and cannulation time 
in ultrasound-guided PELD

Puncture time P  value Cannulation time P  value

Level (n = 30)
 L45 and L34 (n = 19) 3.27 ± 1.56 2.80 ± 0.87
 L5S1 (n = 11) 4.85 ± 2.14 0.027 2.67 ± 0.89 0.703

BMI (n = 30)
 Less than 28 kg/m2 (n = 28) 3.64 ± 1.82 2.76 ± 0.88
 More than 28 kg/m2 (n = 2) 6.75 ± 0.35 0.025 2.60 ± 0.57 0.799

Crest (n = 11)
 High (n = 3) 7.00 ± 1.73 2.63 ± 1.03
 Low (n = 8) 4.05 ± 1.67 0.033 2.69 ± 0.88 0.932

Table 4  Clinical effects of US- and X-ray-guided PELD

US group (n = 30) X-ray group (n = 30) P  value

X̄ ± SD 95% CI X̄ ± SD 95% CI

VAS
 1 h 1.53 ± 1.01 (1.16, 

1.91)
1.07 ± 1.17 (0.63, 

1.50)
0.104

 3 months 1.03 ± 0.76 (0.75, 
1.32)

0.83 ± 0.79 (0.54, 
1.13)

0.324

ODI
 3 months 7.47 ± 1.66 (6.85, 

8.08)
7.33 ± 1.83 (6.65, 

8.02)
0.768
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be combined with most US instruments [25]. Therefore, in 
our study, we used more accessible US guidance.

Few studies have explored the use of US guidance in 
PELD surgery. Wu et al. reported [26] that US-guided PELD 
can be performed in patients with a BMI less than 24 kg/m2. 
In our study, we successfully used US guidance for PELD in 
patients with a BMI as high as 30.5 kg/m2. Wu et al. used the 
lateral margin of the facet joints as the target point, whereas 
in our study, we used different localization methods. We 
used the HZ above the transverse process and at the ventral 
side of the articular process for guidance and the foramen 
as the target. We inserted the needle from 12 to 3 o’clock 
(clockwise) on the left side or from 12 to 9 o’clock (clock-
wise) on the right side of the HZ because this approach is 
more convenient and can be completed using only transverse 
section guidance. However, US guidance in PELD surgery 
also has limitations. In obese patients or patients with a 
hyperechoic fascia muscularis, muscular atrophy or calci-
fication, due to the high attenuation of US, the anatomical 
landmarks surrounding the lumbar vertebrae may be unclear. 
In addition, treatment at L5–S1 or in patients with a high 
iliac crest is difficult because the tilt of the puncture direc-
tion prevents clear visualization of the HZ. US-guided PELD 
is difficult to perform in these cases.

In our study, the US-guided puncture and cannulation 
procedures were performed by two doctors as follows: a US 
physician with more than 4 years of experience with inter-
ventional US and musculoskeletal US held the probe, and an 
orthopedist with more than 5 years of experience perform-
ing PELD in more than 2000 cases carried out the punc-
ture and cannulation procedure. This study demonstrates a 
useful strategy executed by two experienced doctors in this 
research field. We believe that as more orthopedists and US 
physicians learn and understand spinal US, this technology 
may become more established, and more doctors may learn 
to perform this procedure. In addition, with the additional 
development of more easily punctured guiding stents, the 
puncture and cannulation procedure may be completed by 
one person, and this technology is expected to become fur-
ther established and therefore has great potential.

Our study has limitations. First, we did not study the 
learning curve of inexperienced doctors performing the 
US-guided puncture and cannulation procedures. Second, 
foraminal stenosis may impair puncture and cannulation in 
PELD [27], which was not assessed in our study.

Conclusion

US-guided PELD is a useful approach that significantly 
reduces radiation doses while producing treatment effects 
similar to those achieved with traditional X-ray guidance.
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