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Phantom Study of a New Laser-Etched
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Objective To compare the visibility and procedural parameters between a standard spinal needle and a new
laser-etched needle (LEN) in real-time ultrasonography guided lumbar medial branch access in a phantom of the
lumbosacral spine

Methods We conducted a prospective single-blinded observational study at a rehabilitation medicine center. A
new model of LEN was manufactured with a standard 22-gauge spinal needle and a laser etching machine. Thirty-
two inexperienced polyclinic medical students performed ultrasonography-guided lumbar medial branch access
using both a standard spinal needle and a LEN with scanning protocol. The outcomes included needle visibility
score, needle elapsed time, first-pass success rate, and number of needle sticks.

Results The LEN received significantly better visibility scores and shorter needle elapsed time compared to the
standard spinal needle. First-pass success rate and the number of needle sticks were not significantly different
between needles.

Conclusion A new LEN is expected to offer better visibility and enable inexperienced users to perform an
ultrasonography-guided lumbar medial branch block more quickly. However, further study of variables may be
necessary for clinical application.
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INTRODUCTION

Lumbar facet joint-mediated pain is considered one of
the major causes of chronic low back pain. However, it is
not enough to confirm the diagnosis with physical exam-
ination or radiographic imaging [1]. Currently, selective
anesthesia of the medial branch of the dorsal primary ra-
mus of the spinal nerve innervating the facet joint is the
accepted standard to diagnose facet joint-mediated pain
[2]. Recent multiple studies have demonstrated that the
success rate of ultrasonography (US)-guided lumbar me-
dial branch block is not lower than fluoroscopy-guided
block [1,3,4]. This development has been shown to be
safe and yields better efficacy due to elimination of radia-
tion exposure, ensuring accurate deposition and spread
of local anesthetic around the target nerve [5]. Despite
the numerous advantages of the use of US guidance, dis-
ruption of the image of the needle tip driven toward the
target is a general problem, especially for unskilled users;
the success and safety of US-guided procedures are high-
ly dependent on needle visualization [6,7]. Lack of visu-
alization of the needle during advancement in lumbar
spine injections may contribute to inadvertent damage of
other tissues, puncture of paraspinal vessels, and spinal
anesthesia even with experienced operators [8,9]. There-
fore, a number of methods have been used to enhance
echogenicity to increase needle visualization during US
using different technologies and designs [10-13]. Accord-
ing to Edgcombe and Hocking [14], it has been shown
that such echo-enhanced needles improve identification
of the needle tip by both experienced and inexperienced
operators. Although commercially available echo-en-
hanced needles have distinct advantages, they are more
expensive than corresponding non-echogenic needles
[15]. Therefore, we developed a new echo-enhanced
needle with a modified surface using a standard spinal
needle with a laser etching machine for lumbar spine
injection. The purpose of this study was to compare the
visibility and procedural parameters between a standard
spinal needle and a new laser-etched needle (LEN) in
real-time US-guided lumbar medial branch access in a
lumbosacral spine phantom by novice operators.
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MATERIALS AND METHODS

Subjects

A prospective single-blinded observational study was
conducted at a rehabilitation medicine center. Thirty-two
polyclinic medical students were invited to participate
in this study; they had no prior experience of US-guided
procedures.

Study equipment

The LEN was manufactured using a standard 22-gauge
spinal needle (Quincke-Type Point 3.5 inches; BD Medi-
cal, Franklin Lakes, NJ, USA) by laser etching machine
(fibered diode laser, FDL; Datalogic, Bologna, Italy). Two
ultrasound reflectors were laser-etched precisely next to
the surface of the needle tip with 2 mm intervals and 5
ultrasound reflectors were positioned equally spaced (5
mm apart) on the same side of the distal needle shaft (Fig.
1).

The ultrasound phantom of the lumbosacral spine was
made by following the method proposed by Bellingham
and Peng [16], using an adult-size spine model consisting
of the lower 3 lumbar vertebra and sacrum with only the
bony elements. Sugar-free Metamucil (P&G, Cincinnati,
OH, USA) was added to the surface layer of gelatin in the
phantom (Fig. 2). This gelatin-Metamucil mixture simu-
lated the sonographic imaging of subcutaneous soft tis-
sue and made the surface layer of the phantom opaque.
Thus, the needle and targets were only visible with US,
not with the naked eye [17]. For US, the Accuvix V10 (Me-
dison, Seoul, Korea) was used with a 2-6 MHz curved ar-
ray transducer.

Fig. 1. Computer graphic image of laser-etched needle
shows two ultrasound reflectors adjacent to the surface
of the needle tip at 2 mm intervals and same-shape ultra-
sound reflectors located at 5 mm intervals on the same
side of the distal needle shaft.
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Fig. 2. Gelatin-Metamucil mixture of the lumbosacral
spine phantom. (A) An adult-size lumbosacral spine
model. (B) Spinal phantom after the lower layer of gela-
tin mold has set. (C) Yellowish surface layer of the spinal
phantom after the Metamucil-mixed gelatin mold has
been added.

Method

Prior to attempting the procedure, all participants were
presented with a 60-minute lecture on the proposed
procedure including spinal anatomy and scanning proto-
cols. The instruction included holding the probe on the
phantom, visualization of the target point, and needle vi-
sualization using the in-plane technique. Subsequently,
participants received training in real-time US-guided
needle handling with pork meat in such a manner that
the needle shaft and the tip were visible in-plane to the
ultrasound beam for 20 minutes [15]. After the training
session, a random-number generator was used to assign
which needle the participant started with (1, standard
spinal needle; 2, LEN). All participants were asked to per-
form real-time US-guided third lumbar medial branch
access using both a standard 22-gauge spinal needle
and a LEN using the in-plane approach in a lumbosacral
spine phantom.

In the protocol, the target point for third lumbar medial
branch access was defined as lying on the upper edge of
the fourth lumbar transverse process and in the groove at
the base of the superior articular process [1]. On the lum-
bosacral spine phantom, posterior paravertebral para-
sagittal sonograms with a long-axis view were obtained
to identify the fourth lumbar vertebra by counting the
transverse processes from the sacrum upward. Then, the
transducer was positioned in a transverse plane to delin-
eate the transverse processes and the superior articular
processes of the adjacent facet joint [18]. After orienting
the ultrasound probe toward the target point, the needle
was inserted 6 cm lateral to the midline at the lateral end
of the transducer and positioned in the ultrasound plane
at a depth of 5 cm and an angle of approximately 45°-50°
to the surface (Fig. 3). Subsequently, the needle was ad-
vanced in a lateral to medial direction until the needle
tip reached the target and bony contact occurred. The
inserted needle was left in this position and a well-expe-
rienced investigator confirmed the successful placement
of the needle tip with both in-plane and out-of-plane ap-
proaches. Then participants repeated the same process
with the other needle.

All participants were blinded to the needle type while
performing this procedure and were prohibited from
observing other participants’ procedures. They were di-
rectly observed by an investigator during the procedure
and the time to achieve successful needle-target contact
was recorded. All needle passes were saved on the hard
disk of the ultrasound device.

Outcome measures

After performing the procedure, all participants were
asked to subjectively score needle visibility on a scale
from 1 to 5 (1, very poor; 2, poor; 3, fair; 4, good; 5, very
good) during their own performance [7,19]. Needle
elapsed time was measured from the moment of needle
stick into the phantom tissue and terminated when
proper bony contact of the needle tip was visualized by
ultrasound. When needle-target contact was incorrect,
operators were allowed to attempt the procedure again
and outcome measurements were recorded upon suc-
cess. Number of needle sticks were recorded to evaluate
first-pass success rates.
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Fig. 3. Ultrasound images of right third lumbar medial branch access with study needles in lumbosacral spine phan-
tom. (A) Using the standard spinal needle. (B) The image of laser-etched needle shows bright dots from the ultrasound
reflectors. Open arrowheads, needle shaft; closed arrowheads, needle tip; SP, spinous process; TP, transverse process;
IAP, inferior articular process; SAP, superior articular process.
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Fig. 4. Estimates of needle visibility for standard spinal
needle (gray bars) and laser-etched needle (black bars).

Statistical analysis

Statistical analysis was performed with IBM SPSS Statis-
tics ver. 20 (IBM, Armonk, NY, USA). The Mann-Whitney
U test was used for comparison of needle visibility, nee-
dle elapsed time and number of needle sticks between
the two groups. Fisher exact test was used to compare
needle first-pass success rates. The p-values less than 0.05
were considered statistically significant. Analyzed data
are presented as mean values with standard deviation
and/or range of 95% confidence intervals (CI).

RESULTS

A total of 64 US-guided third lumbar medial branch ac-
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cess procedures were performed on lumbosacral phan-
toms by 32 participants. Data of needle visibility is shown
in Fig. 4. The LEN received significantly better visibility
scores relative to the standard needle—3.53 (95% CI,
3.26-3.79) vs. 1.94 (95% CI, 1.71-2.17); p<0.001. Needle
elapsed time was shorter with the LEN also—13.18 sec-
onds (95% CI, 12.00-14.47) vs. 17.01 seconds (95% CI,
15.65-18.47); p<0.001. In 5 cases with the LEN, 2 needle
stick attempts were made relative to the 9 cases of the
standard spinal needle, where 3 needle stick attempts
were made. First-pass success rate was not significantly
different between needles—84.4% (95% CI, 70.6%-96.4%)
vs. 65.6% (95% CI, 48.5%-81.8%); p=0.148, and there were
also no significant differences in number of needle sticks
between groups—1.16 (95% CI, 1.04-1.29) vs. 1.41 (95%
CI, 1.21-1.63), p=0.072 (Table 1).

DISCUSSION

Recently, US-guided lumbar medial branch blocks
have been demonstrated successfully except in obese
patients [3,18,20]. The success and validity of lumbar
medial branch blocks depends on accurate technique
and needle visualization because of the small volume of
local anesthetic administered to ensure specificity [4].
Inaccurate positioning of the needle may result in false-
positive blocks because of inadvertent spread of local
anesthetic into the inter-vertebral foramen, the epidural
space, or even the subarachnoid space, resulting in pos-
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Table 1. Comparison of outcome measures between LEN and SSN

LEN (n=32) SSN (n=32)
p-value
MeantSD 95% CI Mean+SD 95% CI
Visibility score 3.53+0.76 3.26-3.79 1.94+0.67 1.71-2.17 <0.001?
Needle elapsed time (s) 13.18+3.60 12.00-14.47 17.01+4.09 15.65-18.47 <0.001"
First-pass success rate (%) 84.4(27/32) 70.6-96.4 65.6 (21/32) 48.5-81.8 0.148"
Number of needle sticks 1.16+0.37 1.04-1.29 1.41+0.62 1.21-1.63 0.072"

LEN, laser-etched needle; SSN, standard spinal needle; CI, confidence interval.

“Mann-Whitney U test, “Fisher exact test.

sible complications such as spinal anesthesia [8]. Thus,
to enhance needle visibility on US-guided procedures,
needle modifications such as polymer coating and tip
dimpling have been made [10,11]. Thin polymeric coat-
ing film is smooth to the touch but rough microscopi-
cally. Small craters in the surface of the polymeric-coated
needle trap micro-bubbles of air and increase reflectiv-
ity of ultrasound waves. Roughening the needle surface
(dimpling) is a primitive effort in an attempt to alter the
smooth surface of metal needles. However, polymeric-
coated needles have limited usage times due to a dense
cloud of micro-bubbles that are absorbed by the sur-
rounding fluid and tissue, and dimpled tip needles are
limited by low shaft visibility and remain difficult to see
in many locations [11]. Taking a step forward, specific
needle surface modifications allowing ultrasound re-
flection irrespective of angle of orientation have been
recently developed in an attempt to enhance needle vi-
sualization in US for regional blocks [7,14,21]. Sviggum
et al. [22] reported that the SonoPlex Stim needle (Pajunk
Medical Systems, Tucker, GA, USA) was rated highest
for brightness and clarity in a gel phantom compared to
several echo-enhanced needles. The SonoPlex Stim uses
contains a texturized needle surface with multiple flat,
angled laser-based markings called ‘Cornerstone’ reflec-
tors. These indented regions increase the surface area of
the needle across which the waves are reflected. These
indentations between the smooth surfaces cause intense
waves reflecting at different angles to bounce back to the
probe by changing the reflected angles of the waves com-
ing from the transducer [7,19,22]. Gofeld et al. [23] also
noted that SonoPlex Stim appeared to have better needle
tip visibility in their human cadaveric study followed by
EchoStim (Havel Inc., Cincinnati, OH, USA) among rep-
resentative commercially available echogenic needles
in the United States. EchoStim has three similar angled

indentations called ‘corner cube reflectors (CCR)’ on the
distal shaft. The first reflector is located 2 mm from the
distal end, with two more at 1 mm intervals; the needle
tip appears as three hyper-echoic dots under US. Howev-
er, CCRs are limited to the distal 4 mm of the needle in an
effort to better identify its tip [21]. All these specific char-
acteristics are designed to reflect a greater percentage of
the ultrasound beam striking the needle back to the ul-
trasound probe at steeper insertion angles in diverse US-
guided regional anesthesia. Previous studies investigating
such disposable echogenic needles have found that they
provided outstanding visibility compared with standard
needles [14,19,22,23]. Although all these needles have the
potential to enhance needle echogenicity, economic fac-
tors may impede the routine use of echo-enhanced nee-
dles. Therefore, we manufactured a new echo-enhanced
needle at low cost using a standard spinal needle, with
specific simplified wedge shaped reflectors that were de-
signed to increase reflected ultrasound waves back to the
probe (Fig. 5).

In this study, we described the comparison between a
new echo-enhanced needle and a standard spinal needle
using a subjective measurement of visibility and needle
elapsed time on dynamic clinical imaging with a group
of novice operators using a lumbosacral spine phantom.
Many studies use a subjective scoring system for assess-
ment of needle visibility [10,24,25]. Currently, several
studies have suggested objective measures of needle vis-
ibility in static images [11,14,26,27]. This method enables
all observing clinicians to view and rate identical images.
On the other hand, it is not able to provide additional
information about needle position through other factors
such as tissue movement in actual clinical situations.
Besides, standardized methods for assessment of needle
visibility do not exist [28]. The present study used the
method defined by Kilicaslan et al. [7] to evaluate subjec-
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Fig. 5. Schematic diagram of ultra-

sound performance with the in-
plane approach. (A) Ultrasound
beam is reflected off of standard
spinal needle surface away from
probe. (B) Due to wedge shaped
reflectors, part of the ultrasound
beam is reflected back to the
probe.

tive scoring for assessment of needle visibility in dynamic

images.

Our study findings demonstrate improved visualization
of the needle during lumbar medial branch access with
LENs compared to standard spinal needles. Even though
speed is not a priority, reduction of needle elapsed time
may be the substitutionary measurement that reflects
better applicability of the procedure. Higher first-pass
success rates and a smaller number of needle insertions
may signify the appropriateness of the procedure and po-
tential decrease of iatrogenic injury rate, although these
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Fig. 6. Ultrasound images of laser-
etched needle by location and
direction of ultrasound beam
(black bar) in soft tissue phantom.
Dotted arrows, reflectors of laser-
etched needle.

difference were not significant in our study.

Failure to visualize the needle was the most common
error observed in novices learning to perform US-guided
injection. Persistent failure to visualize the needle was
documented even after performing more than one hun-
dred US-guided peripheral nerve blocks, suggesting that
experienced practitioners may face difficulties as well [9].
The main reason is the difficulty of maintaining paral-
lelism of the transducer relative to needle trajectory and
keeping the needle tip in view as the needle is advanced
toward the target [29]. The afore-mentioned wedge
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shaped reflectors improve visualization of the needle
tip and shaft; the needle tip and two shaped reflectors
(2 mm apart) adjacent to the needle tip are visualized
as dense bright dots on the ultrasound image, enabling
identification of tip position even if the needle shaft is not
completely seen. Additionally, 5 reflectors on the needle
shaft (5 mm apart) are intended to enable the users to
more simply optimize the shaft visibility when the angle
of the ultrasound beam is unintentionally oblique rela-
tive to the inserted needle (Fig. 6). These considerations
are able to offer a three-dimensional spatial relation-
ship of the inserted needle to users and will likely lead to
decreased proportion of iatrogenic injuries to neural or
other surrounding structures.

This study has several limitations including difficulty in
blinding the needle type, because the 2 needles appear
different sonographically. If a good in-plane image was
obtained, then the needle in use may have been evident
to the participants. Secondly, we did not separate needle
tip and shaft visibility. This methodology has been used
formerly by Guo et al. [19] and allows comparison of the
overall visibility of the needles. Thirdly, we did not com-
pare different types of other echo-enhanced needles. It
seems to be necessary to compare the other commer-
cially available echo-enhanced needles with LENs to
acquire objective validity. The fact that this study was
performed by inexperienced polyclinic medical students
also poses a limitation. It is logical to expect that nov-
ices would benefit more than expert sonographers from
using echo-enhanced needles. But in previous studies,
there were no significant differences between novice and
expert groups in subjective needle-visibility with variant
echogenic needles [13,14]. Nevertheless, further study
with well-experienced clinicians might be necessary for
clinical application. Lastly, we conducted the experi-
ments at one angle of needle insertion in a phantom.
Several studies have shown that needle visibility becomes
poor as the angle of needle insertion increases in relation
to the ultrasound probe due to reflective signal losses
[26,27]. Furthermore, for variable spinal procedures and
another regional anesthesia with US, studies of shallow
and steeper angle approaches with the LEN are required.
However, the choice of US-guided lumbar medial branch
access in a phantom was challenging because of a unique
combination of accompanying difficulties, such as deep
tissue planes, fixed anatomical targets, steep procedural
angles, and bone artifacts. This particular setting of deep

access may be required for common paravertebral proce-
dures and the methodology made an attempt to replicate
clinical scenarios [23]. Despite phantoms not having the
same echogenic characteristics as real tissues and struc-
tures, the use of phantoms allowed us to standardize the
level of difficulty each participant encountered while
performing US-guided lumbar medial branch access pro-
cedures. Nonetheless, further clinical studies conducted
with cadavers that utilize a wide range of parameters on
safety and efficacy will be helpful to determine the effects
of needle visibility in novice users.

In conclusion, LENs provide significantly superior vis-
ibility compared to standard spinal needles during US-
guided lumbar medial branch access in a lumbar phan-
tom. Additionally, inexperienced users who used the LEN
were able to perform the procedure more rapidly. More-
over, the LEN is expected to define the three-dimensional
spatial orientation of the inserted needle to the operator
during US.
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