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ltrasound Characteristics of Needles for
egional Anesthesia

im Maecken, M.D., Michael Zenz, M.D., Ph.D., and Thomas Grau, M.D., Ph.D.

Background and Objectives: Needle visibility is a crucial requirement for successful and safe ultrasound-
guided peripheral nerve blocks. We performed a prospective study on the ultrasonic imaging quality of various
commercially available needles. We tested the hypothesis that different nerve block needles would have
different ultrasonic appearances. Furthermore, we examined the influence of needle angle with regard to the
ultrasound plane, 2 types of media surrounding the needle, and the impact of 3 different ultrasound machines.

Methods: Twelve needles were prospectively tested for 3 ultrasound planes (longitudinal, axial tip, and axial
shaft) at 2 different angles (0 degrees and 45 degrees). Quality of needle visibility and ultrasound scans were
described by using 6 criteria (visibility score range 0-10): (1) visibility of needle; (2) visibility of surrounding
media; (3) consistency of needle surface; (4) formation of artifacts; (5) degree of shadowing; and (6) detection
and distinction of the needle from the surrounding media. Additionally, every ultrasound scan was performed
in 2 media (water bath and animal model) with 3 ultrasound devices and evaluated by 2 investigators.
Evaluation of the ultrasound scans was blinded with regard to needle but not to the ultrasound machine and
media.

Results: In the animal model, visibility was good at 0 degrees (visibility score greater than 6) but was
decreased for all needles at a 45 degree angle (criterion 6). In this setting, 2 needles were difficult to identify
(score less than 3; criterion 6) and only 3 of 12 reached a score of 7 or more (criterion 6). Depiction quality for
all 3 planes was significantly lower in the animal model when compared with the water bath (P � .001) and at
an angle of 45 degrees when compared with 0 degrees (P � .001). There was no significant impact of the
ultrasound machine on image quality.

Conclusions: In a tissue-equivalent model we found significant differences among different types of needles
at a 45 degree angle. In clinical use, angles between 30 degrees and 60 degrees are required. Because
visibility of the needle is a keystone of ultrasound-guided peripheral nerve blocks, our results suggest the
need to optimize the echogenicity of needles used for ultrasound-guided nerve blocks. Reg Anesth Pain Med
2007;32:440-447.

Key Words: Ultrasound, Regional anesthesia, Needle visibility.
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fficacy of ultrasound-guided regional anesthe-
sia depends critically on image quality of the

arget organ, the needle, and of the ultrasound (US)
evices themselves. In contrast to the development
f US machines, needle design has not yet been
qually adapted to the special needs of ultrasonic
aves. This despite the fact that as early as 1990,

nterventionalists were seeking better ultrasonic
eedle visibility in clinical practice.1,2 Currently lit-

le is known about ultrasonic differences of com-
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only used needles for regional anesthesia. We
esigned this study to answer this question for single-
hot regional anesthesia (RA) needles from different
anufacturers. Our objectives were (1) to charac-

erize the differences in echogencity of different
eedles; (2) to access the image quality of needles
ith different ultrasound machines; (3) to exam-

ne the impact of different insertion angles, and
4) media (water bath, animal model) on image
uality.
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ethods

Twelve needles for single-shot RA were exam-
ned. Type and characteristics of these needles are
rovided in Table 1. Needles were scanned using 3
ltrasound systems (Logic® 500, GE Healthcare®,
olingen, Germany, linear array, LA39, 11.2 MHz;
yLab® 25, Esaote® Biomedica GmbH, Halberg-
oos, Germany, linear array 539, 5-14 MHz; Titan®,

onoSite® GmbH, Erlangen, Germany, linear array
ST, 10 MHz). Needles were examined in 2 media

water bath and animal model) and at 2 angles (0
egrees and 45 degrees). The water bath was an
quarium filled with 35 liters of saline solution with
needle holder installed to fix the needle. For the

nimal model, we used a leg of pork at least 10 cm
n diameter. A setsquare was used to adjust the
eedle to the appropriate angle. For acoustic cou-
ling between the US transducer and the leg of
ork, we used standard ultrasound gel (Aqua-
onic® 100, Parker Laboratories, Fairfield, New Jer-
ey). All needles were primed with water in order to
chieve the same examination conditions.

mage Acquisition

Needle shaft and tip were scanned axially; the
haft was also scanned longitudinally. These 3 scans
ere taken at every setting (water bath, animal
odel, 0 degrees, 45 degrees, and with each ma-

hine). Receiver-gain and target-gain control of the
ltrasound machines were set to obtain the best

mage quality of the needle. Zones of focus were set
o the appropriate needle depth. Scanning at the
-degree angle was at a depth of 2 cm. For depiction
f the needle tip (different bevels), the needle was
lightly rotated until optimal visibility was obtained.

Table 1. Characteristic

Number Manufacturer* Name of Needle

1 Havel’s Chiba Type Needle
2 Pajunk Uniplex Nanoline
3 B. Braun Plexufix
4 Portex Prolong
5 Polymedic UPM
6 Vygon Locoplex
7 Pajunk Plexolong UPS
8 B. Braun Stimuplex A
9 B. Braun Stimuplex D

10 B. Braun Stimuplex D
11 Polymedic Polymedic US Needle
12 Arrow Stimuquick

Abbreviation: n.a., data are not available.
*Manufacturer locations: Arrow, Erding, Germany; B. Braun
ermany; Polymedic, te me na, Carrières sur Seine, France; Po
†According to original needle package of manufacturer.
ltrasound images were recorded to hard disk for p
ater analysis. Using a video switch, we were able to
ecord each setting (e.g., 45 degrees, water bath)
sing each machine without the need to reposition
he needle. The first investigator performed all ul-
rasound scanning; the second investigator per-
ormed all video-sequence recording. Both operators
ere experienced in ultrasound-guided regional an-

sthesia (fully licensed in ultrasonography; German
ociety for Ultrasound in Medicine; European Feder-
tion of Societies for Ultrasound in Medicine and Bi-
logy; International Society for Ultrasound in Re-
ional Anesthesia).
After complete data acquisition of the 12 needles,

les were randomly assigned a protocol number to
lind the recordings for analysis. Type of needle was
linded but not media and ultrasound machine (se-
uence recording). The 2 operators assessed the
ideo files separately on the same computer and in
he same ambient conditions (closed room with
haded light).

eview Process

Six criteria were defined to describe the quality of
ifferent aspects of every video sequence: (1) nee-
le visibility; (2) visibility of the surrounding area;
3) consistency of the needle surface; (4) formation
f artifacts; (5) shadowing; and (6) the detection
nd distinction of the needle from the surrounding
rea. Criteria were rated using a categorical visibil-
ty score (VS) on a scale ranging from 0 to 10.
etails and an extensive explanation of the criteria
nd scores are provided in Table 2. In summary,
very needle was described by 2 operators, in 2
edia, at 2 angles, using 3 US machines, at 3 as-

he Examined Needles

Dimensions†

iameter (Gauge) Length (mm) Bevel (Degrees)

22 152 30
22 80 n.a.
24 50 45
19 50 30
22 50 45
22 50 n.a.
19.5 60 n.a.
22 50 30
22 50 30
22 50 15
22 50 45
21 90 n.a.

ngen, Germany; Havel’s, Cincinnati, OH; Pajunk, Geisingen,
eene, NH; Vygon, Aachen, Germany.
s of t

D

, Melsu
ects of the needle and assessed by 6 criteria for
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very scan (2 � 2 � 2 � 3 � 3 � 6 � 432 data
oints).

tatistics

Excel (Microsoft Corporation, Redmond, Wash-
ngton) was used for data input and table genera-
ion. �2 tests were performed when appropriate
ith Statistica 7.1 (StatSoft, Tulsa, Oklahoma). A

ignificance level was defined as P � .05.

esults

There were no significant differences between
he 2 operators evaluating the needles (Fig 1). We
ound substantial differences in visibility between
he 12 needles using the animal model: the visibility
core for the criterion “detection and distinction of
eedle from the surrounding area” was good for all
eedles at a 0-degree angle (score 6 or higher), but

ower in all tested needles at a 45-degree angle (Fig 2).
nly 3 needles reached a score greater than 7 at an
ngle of 45 degrees (Pajunk [Geisingen, Germany]
lexolong UPS, B. Braun [Melsungen, Germany]

Table 2. Visibility Sc

Number Criteria Definitions of C

1 Visibility of the needle Describes the overall qu
needle alone.

2 Visibility of the
surrounding media

Describes the quality of
the test media (e.g., m
tissue in the animal m
media has an enormo
depiction due to differe

3 Consistency of the
needle surface

Describes the sharpness
ultrasonic depiction of

4 Artifact formation Describes the amount an
formation. Possible ar
reverberation, and mu
is excluded.

5 Degree of shadowing Describes the amount an
Note: although “shado
criterion is of special c
in the longitudinal view
extinguish important a
therefore decrease the
process.

6 Detection and distinction
of the needle from the
surrounding media

Describes the overall de
inside the model. This
clinical relevance: suc
ultrasound-guided pun
good visibility of the ne
surrounding area.

NOTE. Visibility score definitions of the criteria to qualify diffe
pplied to every ultrasound sequence.
timuplex A and Stimuplex D with 15-degree bevel). n
t a 45-degree angle, detection and distinction of the
eedle from the surrounding was very difficult in 3
eedles (Pajunk Uniplex Nanoline: VS less than 3;
. Braun Plexufix: VS less than 4; and Portex
Keene, NH] Prolong: VS less than 2).

The results of this score between the 2 angles were
n contrast to the results in the water bath. Visibility
cores were good for both angles for all needles (VS 6
r greater, Fig 3). Within the water bath, 3 needles
isplayed an even higher visibility score at a 45-de-
ree angle (Pajunk Plexolong UPS: VS 7; B. Braun
timuplex A: VS greater than 8; Stimuplex D with
5-degree bevel: VS greater than 8).
To answer the question of whether there is a needle
ith good visibility and no or fewer negative-associ-

ted artifacts, we examined the 12 needles using the
riteria “formation of artifacts” and “degree of shad-
wing” (Table 2, numbers 4, 5). Four needles dis-
layed strong artifact formation in the longitudinal
iew of the shaft (Pajunk Plexolong UPS, and 3 B.
raun needles: Stimuplex A and the 2 needles of the
timuplex D series). Artifact formation for those 4
eedles was lower in the axial view of the tip of the

efinitions of Criteria

and Notes Visibility Score (Range 0 to 10)

the depiction of the A high value describes a highly visible
needle. A low value describes an
almost invisible needle.

rounding area of
, nerves, or other
he surrounding

act on needle
asonic impedances.

A high value expresses a good
visibility of the vicinity of the needle.
A low value describes a very poor
depiction.

tegrity of the
edle surface.

A high value means a clear, sharp,
and continuous depiction of the rim
of the needle. A low value is
associated with an interrupted or
diffuse (blurred) depiction of the
needle surface. In this case there
would be no clear border between
media and needle in the image.

ree of artifact
re scattering,

choes. “Shadowing”

A low value is rated as good. A high
value is associated with marked
decreased depiction of the vicinity.

ree of shadows.
s an artifact, this
interest: especially
wing can
of the scan and
of the puncture

A low value is rated as good (good
visibility dorsal of the needle). A high
score describes a pronounced
extinction dorsal of the needle.

of the needle
n is of special

nd safety of the
rocess relies on
ND the

A high value means good visibility.
Scores of 7 or higher are regarded
as acceptable. A low value
characterizes a needle which is very
hard to see and to distinguish from
the surrounding media.

spects of the needle and the ultrasound scan. All criteria were
ore D

riteria

ality of

the sur
uscles

odel). T
us imp
nt ultr
and in

the ne

d deg
tifacts a
ltiple e

d deg
wing” i
linical
shado

spects
safety

piction
criterio

cess a
cture p
edle A
eedle (Fig 4). Seven needles displayed low artifact
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ormation in the longitudinal and the axial view
score approximately 4 or lower): Havel’s (Cincinnati,
H) Chiba type, Pajunk Uniplex Nanoline, B. Braun
lexufix, Portex Prolong, Polymedic (te me na, Car-
ières sur Seine, France) UPM, Vygon (Aachen, Ger-
any) Locoplex, and Arrow (Erding, Germany)

timuquick. Artifact formation was greater at the tip
s compared with the needle shaft in 5 needles:
avel’s Chiba type, Panjunk Uniplex Nanoline, B.
raun Plexufix, Vygon Locoplex, and Polymedic US
eedle. The score of Arrow’s Stimuquick needle was
qual (VS 3.8) for artifact formation in the longitudi-
al view of the shaft and the axial view of the needle
ip.

Needles with strong artifact formation in the an-
mal model were associated with a high shadowing
core (Pajunk Plexolong UPS, B. Braun Stimuplex
, B. Braun Stimuplex D [both 15-degree and 30-
egree bevel]; Fig 5). Low artifact formation was
ssociated with a low shadowing score (VS of 4 or
ess: Havel’s Chiba type, Pajunk Uniplex Nanoline,
. Braun Plexufix, Portex Prolong, Arrow Stimu-
uick; Fig 5).
We found no significant impact of the ultrasound

ig 1. Visibility score (VS) of all 6 criteria differentiated by
egrees). Each column represents data points of all needles
olumns: investigator B. Results are presented as mean and
ystem on the visibility scores for all criteria. The US r
ystem had marginal effect on image depiction for
he single criterion “consistency of the needle sur-
ace” (Table 2, criterion 3), using either media at the
angles (�2 test, nonsignificant; Fig 6). In contrast,

he test media had a large impact on image quality.
e compared the water bath versus the animal
odel with regard to the image quality of the dif-

erent needle scans (criteria 1 and 6, Table 2). At an
ngle of 45 degrees, image quality was significantly
ower for all 3 parts of the needle in the animal

odel (P � .001). At 0 degrees, no significant dif-
erences in imaging quality were found between
he 2 models with the exception of the needle shaft
n the axial view (P � .001).

iscussion

Requirements for the ideal needle for ultrasound-
uided RA would include: (1) good needle visibility—
n particular its tip; (2) suitability for all kinds of
issue; (3) good visualization at all angles; (4) sharp
epiction of the rim of the needle; (5) low artifact
ormation; (6) no shadowing; and (7) extremely
ood detection and differentiation from the sur-

investigators (within the animal model at an angle of 45
ll ultrasound systems. Gray columns: investigator A; white
ard deviation (bars). Differences are nonsignificant.
the 2
and a
ounding area. Such an ideal needle does not exist.
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ig 2. Visibility score (VS) of the criterion detection and distinction of the needle from the surrounding of all tested needles within
he animal model. Differentiation of the 2 angles: gray columns, 0 degrees and white columns, 45 degrees. Each column
epresents data points of 2 investigators and 3 ultrasound machines. Results are given as mean and standard deviation (bars).

ignificant differences are marked with an asterisk (P � .05). Manufacturer information for each product is given in Table 1.
ig 3. Visibility score (VS) of the criterion detection and distinction from the surrounding media of 12 tested needles within the
ater bath model differentiated between 2 angles. Each column represents data points of 2 investigators and 3 ultrasound

ystems. Gray columns: evaluation at 0 degrees; white columns: evaluation at 45 degrees. Results are given as mean and

tandard deviation (bars). Differences are nonsignificant. Manufacturer information for each product is given in Table 1.
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ig 4. Visibility score (VS) of the criterion artifact formation of the tested needles of 2 different aspects of the needle within
he animal model. Gray columns: longitudinal scan of the shaft; white columns: axial view of the tip. Results are given

s mean and standard deviation (bars). Manufacturer information for each product is given in Table 1.
ig 5. Visibility score (VS) of the criterion degree of shadowing of 2 scan aspects of the needle within the animal model.
ray columns: longitudinal scan of the shaft, white columns: axial view of the tip. Results are given as mean and standard

eviation (bars). Manufacturer information for each product is given in Table 1.
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owever, good needle depiction is usually expected
n hypoechogenic tissue (similar to water) or when
he ultrasound plane is perpendicular to the needle.
ur data and data from other groups show that
eedle visibility is reduced at steeper insertion
ngles.3 Unfortunately, not every target can be
eached with optimal ultrasonic depiction of the
eedle and there is general complaint about de-
reased needle visibility with ultrasound at small
steep) angles.4-6

Because needle visibility (in particular its tip) is
ighly dependent on the physician’s ability to co-
rdinate the ultrasound plane and needle position
n parallel, physicians should additionally consider
he ultrasonic characteristics of different needles for
egional anesthesia for specific procedures. In our
pinion, of special interest for clinical use is the crite-
ion “difference and detection of the needle from the
urrounding area.” Recommendations for specific
eedles are based on these criteria and are as follows.
hoice of needles (best 3): Of the tested needles only 3 (in
ur opinion) are acceptable for US-guided RA (VS of
or higher) when puncture angles other than 0 de-

rees are necessary: Pajunk Plexolong UPS, B. Braun
timuplex A and B, Braun Stimuplex D with 15-
egree bevel. Because needle visibility and the ability
o differentiate needle from tissue is crucial for safe
nd successful US-guided RA, we suggest that 6 nee-
les are not suitable for puncture procedures at an
ngle of 45 degrees (VS of 5 or lower): Pajunk Uniplex

ig 6. Visibility score (VS) of the criterion consistency of th
epiction of the ultrasound system. Differentiation betw
olumns), and 2 angles. Each column represents data po
ean and standard deviation (bars). Ultrasound systems:
saote® Biomedica GmbH, Halbergmoos, Germany; Titan
anoline, B. Braun Plexufix, Portex Prolong, Poly- p
edic UPM, Vygon Locoplex, and Arrow Stimuquick.
owever, when performing RA with an US plane
erpendicular to the needle 11 of 12 needles were
ufficient for ultrasonic depiction.

This study was not designed to answer the ques-
ion of why needles of different manufacturers have
different ultrasonic appearance. However, the dic-

um “every light has its shadow” becomes true for
eedles with strong artifact formation, because
hese were associated with a high degree of shad-
wing. Many phantoms have been used (gelatine,
urkey breast, wet sponge, liquids, etc.) to address the
equirements of needle testing and there are several
echniques to quantify and qualify needle visibility
including ours). A universally accepted model and
echnique does not exist. Visibility in the water bath
as superior, where overall needle visibility and de-

ection and distinction from the surrounding media
as significantly reduced in a model mimicking hu-
an tissue. We, like other authors,7 feel that the

nterpretation of US scans of needles in a water bath
rovides limited clinical information. So, the question
f how needles can be optimized is a challenging one:
anufacturers will have to consider test media and

ifferent insertion angles in addition to special char-
cteristics of the needles’ materials.
In summary, needles for RA have different ultra-

onic appearances. None of the tested needles was
ptimal for every aspect of ultrasonic depiction and
nly a few needles were acceptable for puncture

le surface as a surrogate parameter for the quality of the
ater bath model (gray columns), animal model (white
the 2 investigators and all needles. Results are given as
500, GE Healthcare®, Solingen, Germany; MyLab® 25,

noSite® GmbH, Erlangen, Germany.
e need
een w
ints of
Logic®
rocedures at an angle of 45 degrees. Because good
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eedle visibility is such a crucial component for safe
ltrasonic procedures, the authors strongly recom-
end manufacturers improve their needles for use
nder ultrasound guidance.
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