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INTRODUCTION

Ultrasound allows the identi�cation of a target and 
its collateral structures. This real-time information can 
then be used as a guide for the precise placement of 
needles. The site of insertion may be in close proxim-
ity to structures such as vessels, nerves, or the pleura, 
which means that visualization of the needle is essen-
tial [1]. 

In ultrasound-guided needle insertion, the physi-
cian uses real-time ultrasound images of the anatomi-
cal target to help choose the appropriate trajectory for 
the needle. Needle insertion itself may be required for 
a number of reasons such as biopsy, drug delivery, and 
surgical ablation. Percutaneous aspiration of �uid and 
aspiration biopsies offer a fast, safe, and inexpensive 
means of detecting and characterizing masses and 
bodies of �uid. 

When the in-plane technique is used, the needle is 
visualized as it passes parallel to the long axis of the 
scanning head directly under the ultrasound beam [2].
The tip of the needle may be extremely dif�cult to vi-
sualize sonographically, however, especially with the in-
plane approach [3]. This problem has been addressed, 
therefore, by the development of echogenic needles 

[4]. 
A number of methods have been used to enhance 

echogenicity for surgical or radiological purposes, 
including roughening, dimpling, and polymeric coat-
ing of the needle [5]. The corner cube re�ector (CCR) 
was first applied to nerve block needles in Japan, 
becoming commercially available in 2006 [6]. 

The purpose of this study was to determine the clin-
ical potential of echogenic needles by comparing the 
performance of an echogenic CCR-type needle with 
that of a standard needle (S) under ultrasound guid-
ance in tissue phantoms and in the routine anesthetic 
management of patients undergoing elective surgery.

MATERIALS AND METHODS

Study needles
The following two types of needle commercially 

available for ultrasound-guided regional anesthesia 
(UGRA) in Japan were used:

1) A 21-G insulated CCR-type needle (Hakko, 
Japan). The corner cube reflectors (CCRs) are em-
bossed at the distal end of the needle. The first is 
located at 2 mm from the end, with two more at 1-mm 
intervals, making a total of 3. There are a total of three 
lines of such CCRs spaced at 120-degrees apart around 
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application of a regional block: Patients with an 
American Society of Anesthesiologist- Physical Status 
Classi�cation (ASA PS) 1-2 undergoing elective surgery 
were enrolled in the study. There were 11 patients in 
total, comprising 7 men and 4 women. General anes-
thesia was applied in 8 cases and subarachnoid block 
in 3. Written informed consent was obtained from 
all patients for participation in the study. Peripheral 
nerve block was applied at brachial plexus two (supra-
clavicular one and axillar approach one), obturator 
nerve one, and femoral nerve one.

RESULTS 

In the Blue PhantomTM, S and CCR consistently 
showed good tip and adequate shaft echogenicity. At a 
steeper angle, the tip of the CCR was clearly visible as 
3 hyperechoic dots (Fig. 2 and 3).

In the chicken breast phantom, the tip of CCR 
was clearly visible at insertion angles of 15, 30, and 
45 degrees, and was consistently more hyperechoic 
than S. However, at steeper angles of > 60 degrees, the 
tip of the CCR was barely visible, while that of S was 
only poorly visible (Fig. 4 and 5). With regional nerve 
block, the tip of the CCR needle was usually depicted 
as hyperechoic dots, enabling easier and safer acces-
sibility to the nerve block points (Fig. 6), enabling 
the surgical procedure to be performed without any 
complications.

DISCUSSION

The last two decades have seen ultrasound equip-
ment grow both more compact and more affordable. 
As a result, we have seen the development of a new 
technology: point-of-care ultrasonography, which con-
tinues to be used by an increasing range of medical 
specialties [8].

the circumference, making 9 CCRs in total (Fig. 1-A, 
1-B).

2) A 21-G insulated standard (S)-type needle 
(Hakko, Japan).

Ultrasound equipment
For ultrasound, the TiTANTM (SonoSite Inc., 

Bothell, WA, USA) was used with a linear L38 (10-5 
MHz) or convex C60 (5-2 MHz) transducer. Receiver 
gain and target-gain control of the ultrasound device 
were set at a constant to obtain the best image quality.

Phantom
The following two tissue phantoms were used as a 

hands-on training model:
1) The Blue PhantomTM (Advanced Medical 

Technologies, LLC, WA) synthetic gel model.
2) A chicken breast phantom, which has a back-

ground echogenicity close to that of human tissue [7].

Study protocol  
Ultrasound was used for real-time guidance of 

needle insertion using the in-plane approach. The per-
formance of each type of needle was assessed under 
the following conditions:

1) Under ultrasound-guidance in the tissue phan-
toms: The needles were inserted at angles of 15, 30, 
and 45 (with linear-type probe), and 60 and 75 (with 
convex-type probe) degrees relative to the phantom 
surface while using a protractor to determine imaging 
performance from shallow to steep (Fig. 1-C). Optimal 
in-plane needle images were then saved as an uncom-
pressed �le for printing and evaluation. We saved one 
typical image at a time at each angle. Prior traces were 
avoided when inserting the needles into the phantom. 

2) Under ultrasound-guidance for the clinical 

2mm 1mm

0.4mmB

A C
Fig. 1 Echogenic corner cube re�ector-type needle  
 A,  Echogenic corner cube reflectors (CCRs) 

embossed at distal end of needle. First is 
located at 2 mm from end, with two more at 
1-mm intervals, making total of 3. There are 3 
lines of such CCRs spaced at 120-degrees apart 
around circumference, making 9 CCRs in 
total. Needle tip has short 30-degree bevel.

 B, Enlarged corner cube re�ector 
 CCR at distal end of needle. 

 C,  Setup for in-plane insertion of CCR-type 
needle in Blue PhantomTM with linear array 
transducer.
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The advantages offered by UGRA mean that it has 
become widely accepted among anesthesiologists, and 
the likelihood is that it will soon become available 
for use at the point of care anywhere and at any time 
[9, 10]. Ultrasound offers a noninvasive means of 
obtaining information on both normal and abnormal 
anatomy. By means of ultrasound imaging techniques, 
the anesthesiologist is now able to accurately position 
the needle and determine the distribution of a local 
anesthetic in real time, which can improve the qual-
ity of nerve block, shorten its latency, and reduce the 
minimum volume required to secure its success [11-
13].  

Ultrasound also allows the needle trajectory to be 
monitored, adjacent structures to be avoided, injected 
solution to be observed, and real-time adjustments 
necessary for effective perineural spread of injectate 

to be made [14].
The in-plane approach generates a long-axis view 

of the needle, allowing full visualization of its shaft 
and tip, which requires alignment with the ultrasound 
beam. The in-plane approach does have one disadvan-
tage, however: as the ultrasound beam is very narrow 
(as little as 1 mm at the focal zone of high-frequency 
transducers), it can be difficult to maintain needle-
beam alignment as the needle is advanced [4, 14].

Failure to visualize the needle as it is being ad-
vanced and inadvertent movement of the probe with-
out proper needle visualization are the most common 
errors encountered in training physicians in UGRA 
[15].

When a problem is encountered while taking the 
in-plane approach, it is necessary to visually determine 
the position of the needle and transducer in order to 

Fig. 2 Ultrasound images of standard needle (S) inserted at 15, 30, and 45 (with linear probe), and at 60 
and 75 (with convex probe) degrees to surface of BP. S showed good tip and shaft echogenicity.

 S, standard needle; BP, Blue PhantomTM

15° 30° 45° 60° 75°

Fig. 3 Ultrasound images of CCR-type needle inserted at 15, 30, and 45 (with linear probe), and at 60 and 
75 (with convex probe) degrees to surface of BP. Tip was clearly visible as 3 hyperechoic dots. CCRs 
maintained needle echogenicity, despite steeper trajectory.  

 BP, Blue PhantomTM

15° 30° 45° 60° 75°
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prevent gross misalignment. Any further movement of 
the transducer should be undertaken slowly and with 
caution, using the 3 basic movements (sliding, tilting, 
and rotating) described by Marhofer and Chan until 
the shaft and tip of the needle are brought back into 
view again [4].

Ultrasound-guided biopsy continues to grow in pop-
ularity. With �ner-gauge needles, echogenic enhance-
ment may confer an advantage in terms of visibility, 
which is essential for the safety and ef�cacy of UGRA 
[16].

When performing UGRA with the in-plane tech-
nique, clear visualization of the needle it easy when it 
is perpendicular to the beam. It is much more chal-
lenging, however, to perform this technique safely at 
steeper angles of 45 degrees or more in a clinical set-
ting [17-19].

Many attempts have been made to improve the vis-

ibility of needles for application of anesthetic block, 
including roughening, dimpling, and polymeric coat-
ing [5]. However, clinical UGRA requires an angle 
of between 30 and 60 degrees, within which range 
the echogenicity of most types of needle is poor. 
Echogenic needles are engineered so as to steer the re-
�ected ultrasound waves back towards the transducer 
[4]. This technology utilizes dimpling of the needle 
surface to obtain so-called “corner cube reflectors”, 
which comprise indentations specifically oriented to 
function best at a steep angle of needle insertion. The 
principle is the same as that underlying bicycle re�ec-
tors and roadside guard rail re�ectors, in which light is 
re�ected towards its source, regardless of the angle at 
which it strikes the re�ector itself (Fig. 7) [20].

Thus, echogenic needles offer improved shaft and 
tip visibility, regardless of the level of experience of the 
operator. Moreover, they compensate for suboptimal 

Fig. 4 In chicken breast phantom, ultrasound images of tip of S showed good echogenicity at shallow angle 
of < 30 degrees, but was only poorly visible at angles of > 45 degrees, and was invisible at steeper 
angles of > 60 degrees. S, standard needle

15° 30° 45° 60° 75°

Fig. 5 In chicken breast phantom, ultrasound images of tip of CCR-type needle showed good echogenicity 
at shallow angle of < 45 degrees, but was only barely visible at steeper angles of > 60 degrees.

15° 30° 45° 60° 75°
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scanning, allow for a steeper insertion angle to be 
taken, and reduce technical difficulties, all of which 
means that they can be used with greater ease and 
con�dence than would be possible with a conventional 
type of needle. 

It is possible that the performance of echogenic 
needles may vary between phantoms and human tis-
sue. Therefore, in the present study, in addition to 
application of echogenic and non-echogenic needles 
in synthetic gel and meat phantoms, they were also ap-
plied to patients undergoing UGRA. 

The results of the present study indicate that CCR 
offers a better performance than S from a shallow to a 
steep angle of < 60 degrees (Table).

According to recommendations, axillary cervical 
plexus and femoral nerve block are considered basic, 
while supraclavicular cervical plexus and obturator 
nerve block are supposed to be of intermediate dif-
�culty [21].

One study has suggested that the Sonoplex needle 
with a corner stone reflector (Pajunk, Geisingen, 
Germany) is currently the most widely used echogenic 
needle [22]. However, 50% of Pajunk echogenic 
needles tested showed poor visibility, even with the in-

plane approach, for reasons that are as yet unclear. 
Therefore, standard procedures such as cautious inser-
tion, hydro location testing with 0.5 to 1 ml of solution, 
and gentle manipulation of tissues remain the main-
stay of clinical practice, rather than relying on needle 
observation alone [23].

In peripheral nerve block, success depends on pre-
cise localization of the nerve and delivery of the anes-
thetic close to the nerve. Until recently, the two most 
commonly used methods for nerve localization were 
paresthesia and electrical nerve stimulation. A current 
of 0.5 mA or less is considered acceptable for electrical 
nerve stimulation, after which an appropriate motor 
response is considered to indicate that the needle is 
close enough to the nerve for delivery of the drug [24].

Needle visibility, however, is only one factor in the 
safe delivery of nerve block [5]. Corner cube re�ector 
needles are insulated, which allows peripheral nerve 
block to be delivered with a higher degree of safety 
than is possible with a non-insulated needle. 

One study has recommended dual guidance as 
combining the benefits of ultrasound- and nerve 
stimulator-guided needle placement, maintaining that 
it allows the needle to be placed closer to the nerve 

Fig. 6 Sample images of CCR-type needles used in clinical ultrasound-guided regional anesthesia (UGRA) 
before application of injectate. 

 A) Ultrasound image of axillary nerve block. Blue arrow: hyperechoic dots indicating tip of needle.  
  AA, axillary artery; UN, ulnar nerve; RN, radial nerve.
 B) Ultrasound image of brachial plexus (labelled by grey arrows) at supraclavicular level. Blue arrow: 

hyperechoic dots indicating tip of needle.  SA, subclavian artery; FR, �rst rib.
 C) Ultrasound image of adductor muscles. Thick fascial plane containing nerve separates muscles. 

 ALM, adductor longus muscle; ABM, adductor brevis muscle. Fascia containing branch of obturator  
 nerve (arrow head) and tip of needle (blue arrow).

 D) Ultrasound image of femoral compartment. White arrow indicates femoral nerve and blue arrow 
tip of needle.
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and a subsequently lower incidence of hematoma for-
mation due to needle trauma to be obtained [25].

At a steeper angle between needle and beam, we 
recommend using a CCR-type needle under ultra-
sound guidance for improved visibility together with 
peripheral nerve stimulation and tissue movement 
during advancement.

The results of the present study showed that the 
echogenic dimples of the CCR-type needle improved 
needle tip visibility in the tissue phantom at relatively 
low needle-beam angles (≦ 45 degrees). This indicates 
its potential as a safe and easy-to-use device for drug 
application in UGRA. 

The CCR-type needle offers a number of advan-
tages over the conventional S-type needle, including 
vastly improved visibility during ultrasound-guided 
advancement and greater ease of nerve localization for 
peripheral nerve stimulation, all of which makes the 
application of peripheral nerve block easier, safer, and 
more effective, even if the block is of an intermediate 
level of dif�culty.
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