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Puncture and localization for percutaneous endoscopic lumbar 
discectomy with C-arm navigation: a randomized controlled 
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Background: Accurate preoperative puncture and localization is a key step in percutaneous endoscopic 
lumbar discectomy (PELD). This study investigated the benefit of puncture and localization for PELD by 
C-arm navigation over conventional methods. 
Methods: Sixteen adult cadavers were randomly divided into two groups (group A defined as the C-arm 
navigation method, and group B defined as the conventional localization method). Two junior orthopedic 
surgeons who specialized in spinal surgeries were randomly allocated to each group. Conventional 
localization using C-arm fluoroscopy and localization using C-arm navigation were performed during the 
procedure. The intervertebral foramen on both sides at L3-L4, L4-L5, and L5-S1 levels were punctured 
using the two methods. Technical parameters, such as fluoroscopy time, puncture time, overall time taken for 
puncture and localization, as well as the number of fluoroscopies, number of puncture attempts, and success 
rate of the first puncture were compared between the two methods. The learning curves were plotted for the 
two methods, and correlations between all technical parameters were analyzed. 
Results: Puncture and localization for PELD assisted by C-arm navigation had a flatter learning curve 
compared with the conventional localization method. The fluoroscopy, puncture, and total puncture-
localization time for group A were 5.61 (±1.37), 2.29 (±1.22), and 9.78 (±2.66) minutes compared with 15.72 
(±3.59), 4.87 (±1.70), and 20.59 (±4.79) minutes for group B, respectively (P<0.05). Fluoroscopy was used on 
average 5.15 (±1.34) times in group A and 20.04 (±5.05) times in group B (P<0.05). There was an average of 
1.08 (±0.28) puncture attempts in group A compared with 4.67 (±1.88) attempts in group B (P<0.05). The 
success rate of the first puncture was 91.7% in group A and 10.4% in group B (P<0.05). 
Conclusions: Puncture and localization using C-arm navigation for PELD was shown to dramatically 
flatten the learning curve of junior surgeons and significantly improved the success rate of the first puncture. 
Moreover, PELD using C-arm navigation can minimize surgery time and the risk of radiation exposure for 
both patients and medical staff by reducing the number of fluoroscopies and puncture attempts.
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Introduction

Lumbar disc herniation (LDH) is a common disease 
with symptoms of low back pain and/or radiating pain 
in the lower limbs that can seriously affect a patient’s 
daily activities and ability to work (1,2). With the rapid 
development of spinal endoscopy technology and surgical 
instrumentation, percutaneous endoscopic lumbar 
discectomy (PELD) has been increasingly used to treat 
LDH due to its minimally invasive surgical qualities that 
result in less paravertebral soft tissue and nerve injuries 
and a faster recovery time (3,4). Safe and accurate puncture 
and localization are prerequisites for PELD (5,6). The 
conventional method for puncture and localization in PELD 
is guided by C-arm fluoroscopy, but it cannot provide an 
accurate puncture depth or angle for the puncture needle (7). 
During the puncture and localization procedure in PELD 
using C-arm fluoroscopy, the surgeon needs to determine 
the puncture point based on bony landmarks and clinical 
experience and must rely on spatial imagination to visualize 
the puncture needle until the target site is reached. This 
process often requires repeated fluoroscopy and punctures, 
which may increase the risk of paravertebral soft tissue and 
nerve injury. It may also lead to a higher risk of radiation 
exposure to both patients and medical staff and prolong the 
surgical intervention (8). The learning curve for puncture 
and localization in PELD is steep for junior surgeons (9). In 
the past decade, C-arm navigation have been increasingly 
used for pedicle screw placement in spine surgeries which 
could provide the real-time navigation feedback of depth 
and angle of pedicle screw placement and have shown 
significant benefits of higher accuracy, shorter surgery time, 
and less intraoperative radiation exposure than conventional 
localization methods (10,11). However, the puncture needle 
used in PELD cannot be stably connected to the computer-
assisted navigation adapter. This defect has largely restricted 
the use of computer-assisted navigation techniques in 
the puncture and localization for PELD. In this study, a 
navigation cannula that could be connected to a computer-
assisted navigation system was designed and developed 
using 3D printing technology based on the conventional 

puncture needle features of a spinal foraminoscope. Assisted 
by the 3D-printed navigation cannula, C-arm navigation 
was used for the puncture and localization of PELD in 
adult cadavers. The purpose of this study was to investigate 
whether C-arm navigation could effectively shorten the 
time spent on puncture and localization, reduce the risk 
of intraoperative radiation exposure, improve the success 
rate of the first puncture, and flatten the learning curve 
for junior surgeons. We present the following article in 
accordance with the CONSORT reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-5844).

Methods

Development of the 3D-printed navigation cannula

Based on the features of a Joimax puncture needle, a 
navigation cannula was designed using IMAGEWARE 
v.12.1 software (Siemens PLM Software, Plano City, 
Texas, USA) that could be connected to a computer-assisted 
navigation system (Figure 1A,1B). This navigation cannula 
was 200 mm in length and hollow inside, with an internal 
diameter of 1 mm. The cannula was divided into two parts: 
the distal part had a length of 170 mm, an external diameter 
of 2.5 mm, and a small tip used for the puncture; the proximal 
part was used to connect to the adapter of the computer-
assisted navigation system, with a length of 30 mm, an 
external diameter of 8 mm and a handle at the proximal end 
(Figure 1A,1B). The design data of the navigation cannula 
were saved as a .hbd format and imported into a metal 3D 
printer (SLM-300; Hanbang Science and Technology Ltd., 
Guangdong, China). A navigation cannula was printed by 
the metal 3D printer using titanium alloy (Ti-6Al-4V) as 
the printing material (Figure 1C,1D). After heat treatment, 
surface finishing, and high-temperature sterilization, the 
3D-printed navigation cannula was ready to be used in 
clinical surgery (Figure 1E,1F).

Subjects and materials

As the learning curve for puncture and localization in 
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PELD is steep for junior surgeons, two junior spinal 
surgeons were involved in this study to investigate whether 
C-arm navigation could effectively flatten the learning 
curve for junior surgeons. Two junior spinal surgeons with 
one year of work experience with the same spine surgery 
team were randomly assigned to the two groups (group 
A using the C-arm navigation method for puncture and 
localization in PELD, and group B using the conventional 
localization method). Before the experiment, the surgeons 
had been trained in PELD for two months and had 
mastered the puncture and localization technique to the 
same proficiency level. A total of 16 adult cadavers were 
used for the experimental surgery. The cadavers, aged  
28–65 years old, were treated with formaldehyde. There 
were ten male and six female cadavers with no lumbar injury, 
deformity, or surgical history. All cadavers were supplied 
from the human anatomical lab of Guangdong Medical 
University. All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by regional ethical committee of Guigang City People’s 
Hospital, Guigang, China (No. GYYXLL-20180510). All 
donators’ next of kins gave their consent for all operations 
on the cadavers and publication of this paper. The 

equipment and materials used for the experiment were as 
follows: a Joimax transforaminal endoscopic surgical system 
(FS63421810; Joimax Inc., Germany), a C-arm X-ray 
machine (BV Vectra, Philips, Holland), a computer-assisted 
navigation system (Stealth Station S7 navigation system; 
Medtronic Sofamor Danek, Memphis, Tennessee, USA), 
and several 3D-printed navigation cannulas.

Study methods

In this study, a randomized, parallel-controlled cadaver 
trial was conducted to compare the effects of conventional 
localization using C-arm fluoroscopy and localization using 
C-arm navigation. And allocation ratio of this study was 
1:1. The adult cadavers were randomly divided into groups 
A and B according to a random number table. Each group 
consisted of eight cadavers: five males and three females. 
The intervertebral foramen on both sides of the L3-L4, 
L4-L5, and L5-S1 levels in each cadaver were punctured 
using one of the two methods. For each group, there were 
16 puncture sites at the L3-L4, L4-L5, and L5-S1 levels. 
The two junior surgeons used either the C-arm navigation 
method for puncture and localization or the conventional 
localization method on the eight cadavers in each group. 

A
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E

Figure 1 Development of the navigation cannula. (A,B) The navigation cannula was designed using IMAGEWARE v.12.1 software. (C,D) 
Navigation cannulas were printed using a metal 3D printer. (E) A 3D-printed navigation cannula after heat treatment and surface finishing. (F) 
The 3D-printed navigation cannula is stably installed on the navigation adapter.
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The serial numbers of each level were marked according 
to the puncture sequence. In each lumbar level, 16 serial 
numbers [1–16] were marked. The technical parameters, 
such as fluoroscopy time, puncture time, and overall time 
taken for puncture and localization, as well as the number 
of fluoroscopies, puncture attempts, and success rate of the 
first puncture, were recorded for each method according to 
the lumbar levels and serial numbers.

Conventional puncture and localization procedure
The cadavers in group B were placed prone on a radiolucent 
operating table, using C-arm fluoroscopy for the puncture 
and localization in PELD. The midline of the spinous 
process was marked, and the puncture sites were identified 
by the transforaminal endoscopic spine system (TESSYS) 
technique (12,13). Under repeated C-arm fluoroscopy in 
the anteroposterior and lateral views, the puncture was 
performed using a Joimax puncture needle. The puncture 
angle and depth were adjusted step by step until the target 
site was reached. The puncture target of PELD was defined 
as follows: in the anteroposterior X-ray view, the tip of 
the puncture needle was placed at the apex of the superior 
articular process in the inferior vertebra; in the lateral 
X-ray view, the tip of the puncture needle was placed at 
the anteroinferior margin of the superior articular process 
in the inferior vertebra (the bottom of the intervertebral 
foramen).

C-arm navigation puncture and localization procedure
The cadavers in group A were placed prone on a 
radiolucent operating table, using C-arm navigation for 
the puncture and localization in PELD. The puncture sites 
were identified by the TESSYS technique. The puncture 
and localization were assisted by C-arm navigation. Firstly, 
the C-arm X-ray machine was connected to the computer-
assisted navigation system. The navigation reference frame 
was fixed to the contralateral posterior superior iliac spine 
(Figure 2A). The infrared transceiver of the navigation 
system was placed at one end of the cadaver, directly facing 
the navigation reference frame. With four infrared light-
reflecting diodes on the reference frame, signal transmission 
could be conducted to the infrared transceiver of the 
navigation system. The navigation cannula was stably 
installed on the navigation adapter (Figure 2B). Secondly, 
anteroposterior and lateral X-ray images of the lumbar 
vertebra were taken. The images were automatically 
uploaded into the computer navigation system (Figure 2C). 
Then, the accuracy of the navigation cannula was verified 

by using its tip to touch the navigation reference frame  
(Figure 2D). When the accuracy of the 3D-printed 
navigation cannula was confirmed, it was used to puncture 
and localize according to the typical TESSYS technique. 
With C-arm navigation, the puncture depth and angle 
of the navigation cannula could be adjusted dynamically 
based on real-time navigation feedback until the target site 
was reached (Figure 2E-2G). Finally, the anteroposterior 
and lateral X-ray images of the lumbar vertebra were used 
to confirm the location of the navigation cannula in the 
intervertebral foramen (Figure 2H,2I). 

Observation indicators

Primary endpoints such as fluoroscopy time, puncture 
time, overall time taken for puncture and localization, as 
well as the number of fluoroscopies, puncture attempts, 
were recorded according to the serial numbers at the L3-
L4, L4-L5, and L5-S1 levels. All these endpoints measures 
were obtained by the same secretary in our department 
after the cadaver was placed in the prone position and the 
median line along the spinous process and the iliac crest 
were marked. The learning curves of the overall time taken 
for the puncture and localization against the serial numbers 
at the above three lumbar levels were plotted for the two 
methods. All the primary endpoints and success rate of the 
first puncture were compared between the two methods, 
and the correlations between these indicators were analyzed.

Statistical method

SPSS 22.0 software (IBM, Chicago, USA) was used for all 
statistical analyses. Continuous and categorical variables 
between both groups were analyzed with the Student’s t-test 
and χ2 test, respectively. The Pearson correlation test was 
used to evaluate potential correlations between fluoroscopy 
time, puncture time, overall time taken for puncture 
and localization, number of fluoroscopies, and puncture 
attempts. A P value <0.05 was considered statistically 
significant.

Results

Sixteen adult cadavers were randomly divided into groups 
A and B according to a random number table. Each group 
consisted of eight cadavers. The intervertebral foramen on 
both sides of the L3-L4, L4-L5, and L5-S1 levels in each 
cadaver were punctured using one of the two methods. For 
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each group, there were 16 puncture sites at the L3-L4, L4-
L5, and L5-S1 levels respectively. The learning curves for 
the two methods were plotted based on the overall time 
taken for puncture and localization against the 16 serial 
numbers marked at the L3-L4, L4-L5, and L5-S1 levels, as 
shown in Figure 3. It can be seen from the figure that the 
learning curve for the C-arm navigation method was flatter. 
As the number of punctures increased, the overall time 
taken for puncture and localization decreased progressively. 

In contrast, although there was a decreasing trend in the 
overall time taken for puncture and localization using the 
conventional method, apparent fluctuations were observed. 

A comparison of the two methods was made based on 
the technical parameters such as fluoroscopy time, puncture 
time, and overall time taken for puncture and localization, 
as well as the number of fluoroscopies, puncture attempts, 
and the success rate of the first puncture. The results are 
shown in Tables 1,2. The fluoroscopy, puncture, and total 
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Figure 2 Percutaneous endoscopic lumbar discectomy using C-arm navigation. (A) The navigation reference frame is fixed to the 
contralateral posterior superior iliac spine. (B) The navigation cannula is stably installed on the navigation adapter. (C) Anteroposterior 
and lateral X-ray images of the lumbar vertebra are automatically uploaded into the computer navigation system. (D) The accuracy of the 
navigation cannula is verified by using its tip to touch the navigation reference frame. (E-G) C-arm navigation is used to puncture and 
localize according to the typical TESSYS technique. The puncture depth and angle of the navigation cannula can be adjusted dynamically 
based on real-time navigation feedback until the target site is reached. (H,I) The anteroposterior and lateral X-ray images of the lumbar 
vertebra are used to confirm the location of the navigation cannula in the intervertebral foramen. (This image is published with consent of 
the next to kin of the donator).
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puncture-localization time for group A were 5.61 (±1.37), 
2.29 (±1.22), and 9.78 (±2.66) minutes, respectively, and 
15.72 (±3.59), 4.87 (±1.70), and 20.59 (±4.79) minutes for 
group B, respectively (P<0.05). Fluoroscopy was used on 
average 5.15 (±1.34) times in group A and 20.04 (±5.05) 

times in group B (P<0.05). There was an average of 1.08 
(±0.28) puncture attempts in group A and 4.67 (±1.88) in 
group B (P<0.05). The success rate of the first puncture 
in group A was 91.7% and 10.4% in group B (P<0.05). All 
indicators in group A were significantly lower than those in 

Figure 3 The learning curves for the two methods at the L3-L4, L4-L5, and L5-S1 levels.

Table 1 Procedure-related parameters in all lumbar levels between groups A and B

Technical parameters Group A Group B t P

Overall time of puncture and localization (minutes) 9.78±2.66 20.59±4.79 −13.676 0.000

Number of fluoroscopies 5.15±1.34 20.04±5.05 −19.746 0.000

Fluoroscopy time (minutes) 5.61±1.37 15.72±3.59 −18.225 0.000

Puncture attempts 1.08±0.28 4.67±1.88 −13.041 0.000

Puncture time (minutes) 2.29±1.22 4.87±1.70 −8.578 0.000

Table 2 The success rate of the first puncture between groups A and B

Group Total puncture sites
No. of targets reached on 

the first puncture
No. of targets reached  

after more than 1 puncture
Success rate of the first 

puncture
χ2 P

Group A 48 44 4 91.7% 63.403 0.000

Group B 48 5 43 10.4%
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group B (P<0.05).
The correlation analysis of the above indicators showed 

that there were significant correlations between the overall 
time of puncture-localization and puncture time (r=0.905; 
P<0.001), the overall time of puncture-localization and 
fluoroscopy time (r=0.978; P<0.001), the overall time of 
puncture-localization and puncture attempts (r=0.913; 
P<0.001), the overall time of puncture-localization 
and number of fluoroscopies (r=0.957; P<0.001), the 
fluoroscopy time and puncture attempts (r=0.903; P<0.001), 
the fluoroscopy time and number of fluoroscopies 
(r=0.972; P<0.001), and puncture attempts and number of 
fluoroscopies (r=0.924; P<0.001), as shown in Figure 4. 

Discussion

Accurate and safe preoperative puncture and localization 
are crucial in PELD and may affect postoperative clinical 
outcomes (14). Conventional methods for puncture and 
localization in PELD largely depend on the surgeon’s 
technique, clinical experience, mastery of the local lumbar 
anatomy, tactile feedback from the body’s surface landmarks, 
and spatial understanding (5). Repeated fluoroscopy and 
punctures are often needed to reach the puncture targets, 
which may increase the risk of paravertebral soft tissue 
and nerve root injury, as well as patient and medical staff 
radiation exposure (6). Long-term exposure to large doses 
of X-ray radiation may be related to some diseases, such 

Figure 4 Correlation analysis of all observation indicators.
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as leukemia, thyroid cancer, skin erythema, cataracts, 
and other malignancies (15-18). Moreover, localization 
by tactile feedback of bony landmarks is not sensitive 
and is unreproducible. Due to their limitations in spatial 
imagination and clinical experience, junior surgeons often 
have to perform repeated punctures and fluoroscopy to 
position the puncture needle percutaneously into the 
target site in the early stages of learning PELD, which may 
prolong their learning curve (5). Therefore, it is essential 
to find an alternative technique that can minimize the 
localization variance and learning curve of junior surgeons, 
improve the success rate of the first puncture, and reduce 
radiation exposure and surgery time.

In the past few years, new methods have been proposed 
for puncturing and localization to improve the location 
accuracy, reduce radiation exposure, and flatten the learning 
curve for PELD. Consequently, some achievements have 
been made in reducing the overall time taken for puncture 
and localization, reducing intraoperative X-ray radiation, 
increasing the accuracy of puncture and localization, and 
flattening the learning curve for PELD. Among them, 
medical imaging system-assisted puncture and localization 
for PELD have received particular attention. Wei et al. 
reported on 89 LDH patients who had received the O-arm 
method for puncture and localization in PELD. Their study 
showed that the surgeon could accurately determine the 
surgical anatomy and place the puncture needle into the 
optimal target site using multiplanar intraoperative images 
of the O-arm (19). However, the amount of radiation 
exposure or surgery time was not mentioned in their 
study. There are also some drawbacks to O-arm that raise 
concerns, such as the high radiation exposure, high cost, 
and poor-quality images of soft tissues. Choi et al. used a 
specially designed fluoroscope in PELD that integrated 
images of X-ray and MR (an XMR suite) with a table that 
could slide from the MR to the X-ray fluoroscopy suite 
and vice versa (20). Their results showed that a precise skin 
puncture point and intraoperative decompression could be 
provided by using XMR in PELD. Even so, the cost of the 
procedure was expensive, the equipment took up significant 
space in the operating room, and the patient had to remain 
in the operating theatre for a lengthy period. Liu et al. 
and Zhao et al. reported their experiences with ultrasound 
volume navigation technology for puncture and localization 
in PELD (21,22). The intraoperative real-time ultrasound 
images and preoperative lumbar CT or MR images were 
fused to guide the puncture and localization in PELD. 
Their results indicated that ultrasound volume navigation 

could improve the accuracy of puncture and localization 
and decrease surgery time, puncture times, and radiation 
exposure in PELD. However, there were some limitations 
to their studies, including the small sample size and the 
lengthy ultrasound training required for spine surgeons. In 
summary, although the new methods discussed above have 
demonstrated improvements in puncture and localization 
for PELD, they are often complicated and difficult to apply 
in clinical settings.

Since the end of the 20th century, computer-assisted 
navigation systems have been used for spinal surgery, 
serving as precise, safe, and fast novel approaches for spinal 
surgery (23-25). Extensive studies have indicated that, 
compared with conventional methods, computer-assisted 
navigation technology can improve the accuracy of pedicle 
screw placement in cervical, thoracic, and lumbar spine 
surgeries, enhance the safety of spine surgeries, and reduce 
patient and medical staff intraoperative radiation exposure. 
Therefore, computer-assisted navigation techniques should 
be an available choice for puncture and localization in 
PELD. However, without a handle at the proximal end, 
the Joimax puncture needle used in PELD cannot provide 
a stable connection to the computer-assisted navigation 
adapter. This defect has largely restricted the application of 
the computer-assisted navigation technique in puncture and 
localization for PELD.

In the past decade, 3D printing technology has been 
widely used for manufacturing medical products, with its 
main advantages being precision and flexibility (26,27). 
Furthermore, 3D printing technology has the capacity 
for personalized customization in small quantities, which 
shortens the product research and development cycle 
and decreases the expense. Given these advantages of 
3D printing technology, we designed and developed a 
navigation cannula for the present study that could be 
connected to a computer-assisted navigation system. 
We used 3D printing technology based on the features 
of the conventional puncture needle used in a spinal 
foraminoscope. Together with the 3D-printed navigation 
cannula, C-arm navigation was used for the puncture and 
localization in PELD. The puncture depth and angle of 
the navigation cannula could be adjusted dynamically 
based on real-time navigation feedback until the target site 
was reached. This technique flattened the learning curve 
for junior surgeons, improved the success rate of the first 
puncture, and significantly reduced the surgery, fluoroscopy, 
and puncture/localization times.

In this study, it was evident that the learning curve 
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for the C-arm navigation method was flatter than for 
the conventional method. As the number of punctures 
increased, the overall time taken for the puncture and 
localization decreased progressively. Although there was 
an overall decrease in time taken with the conventional 
method, notable fluctuations were also observed. Moreover, 
the fluoroscopy, puncture, total puncture-localization 
time, number of fluoroscopies, and puncture attempts 
were all significantly lower using C-arm navigation 
compared with the conventional fluoroscopy-guided 
technique (P<0.05). The success rate of the first puncture 
in group A was 91.7% and 10.4% in group B (P<0.05). 
The reasons for the superiority of the C-arm navigation 
method may be as follows: The conventional puncture 
and localization procedure in PELD relies heavily on the 
surgeon's technique, clinical experience, mastery of the 
local lumbar anatomy, and spatial imagination ability. The 
repeated use of fluoroscopy and punctures were needed 
in the conventional method to adjust the puncture angle 
and depth until the puncture targets were reached, which 
undoubtedly increased intraoperative radiation exposure 
and risk of paravertebral soft tissue and nerve root injury, 
prolonged the operative time, and extended the duration 
of the learning curve. When using C-arm navigation, the 
puncture depth and angle of the navigation cannula could 
be adjusted dynamically by the surgeon based on real-
time navigation feedback until the target site was reached. 
Therefore, this technique increased the success rate of the 
first puncture and significantly reduced the fluoroscopy 
and puncture time, and the number of fluoroscopies and 
puncture attempts. Furthermore, using C-arm navigation 
can overcome the learning difficulties caused by the limited 
clinical experience and spatial imagination ability of junior 
surgeons. In this study there were significant correlations 
between fluoroscopy time and puncture attempts (r=0.903; 
P<0.001), puncture attempts and number of fluoroscopies 
(r=0.924; P<0.001), and overall time taken for puncture-
localization with puncture time, fluoroscopy time, puncture 
attempts, and number of fluoroscopies, respectively 
(r=0.905, 0.978, 0.913, 0.957; P<0.001). The results of 
the correlation analysis signified that PELD using C-arm 
navigation could minimize surgery time and the risk of 
radiation exposure for both patients and medical staff by 
reducing fluoroscopy and puncture time, and the number of 
fluoroscopies and puncture attempts.

When using C-arm navigation for puncture and 
localization in PELD, the following issues should be noted: 

(I) The surgeon should master the use of the computer-
assisted navigation system and make sure that every step 
is correct. (II) The infrared transceiver of the navigation 
system should face the navigation reference frame at a 
close range. There should be no obstruction between the 
reference frame and the infrared transceiver to ensure 
the real-time transmission of the navigation information. 
(III) The navigation reference frame should be stably 
fixed to the contralateral posterior superior iliac spine. 
If it becomes loose during surgery, the accuracy of the 
puncture and localization under C-arm navigation will be 
impaired, or unnecessary injury to the dural sac and nerve 
root may occur. (IV) The X-ray images uploaded to the 
computer-assisted navigation system should be the standard 
anteroposterior and lateral lumbar spine X-ray images. 
(V) Before using C-arm navigation to assist puncture 
and localization in PELD, the navigation accuracy of the 
navigation cannula should be checked using the lumbar 
bony structures. (VI) While using the navigation cannula for 
puncture and localization in PELD, brute force puncture 
should be avoided, as it could cause deformation of the 
navigation cannula and affect the accuracy of the puncture 
and localization.

This study has some specific strengths as listed above 
but also has several limitations. Due to the relatively small 
number of cadavers, a larger number of cadavers should 
be used in future studies to verify the present results. 
In addition, the number of fluoroscopies used is not an 
accurate indicator of radiation exposure because the 
radiation dose of each image was not calculated. Moreover, 
the tissue texture of a cadaver treated with formaldehyde 
is different from the living human body, which may have 
caused the present results to differ from those obtained 
in real-life clinical puncture and localization. In addition, 
computer navigation system and puncture and localization 
using C-arm navigation are expensive, and many hospitals 
do not have computer navigation system.

Conclusions

Puncture and localization using C-arm navigation for 
PELD dramatically flattened the learning curve for junior 
surgeons and significantly improved the success rate of the 
first puncture. Moreover, PELD using C-arm navigation 
minimized surgery time and the risk of radiation exposure 
for both patients and medical staff by reducing fluoroscopy 
and puncture time, and the number of fluoroscopies and 
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puncture attempts.
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