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Abstract
Purpose  Failed needle-tip positioning in an ultrasound-guided infraclavicular block can be due to improper needle inser-
tion point and steep needle insertion angle. Needle pre-curving enables the user to pass the needle with different curved 
trajectories on approaching the brachial plexus. Aim of the study was to compare curved and non-curved needles as regards 
the time needed to perform the lateral sagittal infra-clavicular block.
Methods  Sixty-nine patients undergoing surgery distal to the elbow were randomly allocated to two groups: group A (n = 35), 
which received ultrasound-guided infraclavicular block using the curved needle; and group B (n = 34), which received the 
infraclavicular block using the non-curved needle. The primary outcome measure was the time needed to perform the infra-
clavicular block. Anesthetist’s experience with the curved vs. non-curved needle was noted.
Results  Mean (SD) recognition time (120 ± 48 vs. 179 ± 72 s, P = 0.0002) and injection time (54 ± 23 vs. 88 ± 36 s, 
P = 0.0001) were shorter in group A compared to group B. Median (IQR) procedure pain score was less in group A 2 (1–2) 
than in group B 2 (2–3); P = 0.001. Median (IQR) satisfaction score was higher with regards to the curved needle 4 (4–5) 
than non-curved needle 3 (3–4) in performing infraclavicular blockade; P = 0.001.
Conclusion  The use of a curved needle reduces the time required to perform the lateral sagittal infraclavicular block. The 
curved needle provides less procedure pain and higher satisfaction levels among anesthetists than the non-curved needle.
Trial registration  The trial was registered (04/26/2016) with the ClinicalTrials.gov ID: NCT02799576. Approval Number: 
#2543. Board Name: Research Ethics Committee. Board Affiliation: Suez Canal University, Faculty of Medicine, Suez Canal 
University hospital, Ismailia, Egypt, 41522.
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Introduction

Infraclavicular brachial plexus block provides reliable sur-
gical anesthesia and offers expanded dermatomal coverage 
in patients undergoing elbow, forearm, and hand surgeries 
[1]. The position of the neurovascular bundle relative to the 
coracoid process is critical for performing the lateral sagittal 
infraclavicular block. The transducer is typically placed on 
the medial aspect of the coracoid process in the parasagittal 

plane so that the plexus can be scanned transversely [2, 3]. 
It is crucial to correctly identify the position of the brachial 
plexus cords [4]. However, the accurate placement of the 
block needle might be challenging.

The positioning of the clavicle and its related curvatures 
may offer less flexibility to decide on the optimal needle 
path to the target brachial plexus. The failed needle-tip posi-
tioning in an infraclavicular block under ultrasound guid-
ance is due to less flexibility on needle insertion point and 
needle path because of the insufficient space between the 
transducer and the clavicle, leading to the need for steep 
needle insertion angle. The block needle might shift due to 
the anatomical obstacle from friction along the needle shaft 
beside the clavicle. The cranial displacement of the clavicle 
with arm abduction [5] might be viewed as disappointing 
by the patient if severe pain is experienced by positioning 
the fractured limb. The prominent humerus may hinder the 
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accurate maneuverability of block needle in the patient with 
a deep deltopectoral groove [6].

The needle designs may play an integral role in determin-
ing the needle insertion angles and the planned needle trajec-
tory routes. The straight needle only moves in one direction; 
namely forward–backward movement. The straight block 
needle must be withdrawn subcutaneously in order to change 
the needle path to reach the target structures.

Needle pre-curving has the potential to improve the infra-
clavicular block procedure by allowing increased accuracy 
through more control of the needle tip path and acquisi-
tion of targets not accessible by straight-line trajectories. 
The needle curvature can create enough windows between 
the clavicle and the block needle to work. The curved nee-
dle form can be used to improve the target accessibility by 
avoiding clavicle away from the needle path. The operator 
can easily change the needle path either from superficial 
to deep or from side to side by manipulating the proximal 
needle end. The adjustment of the curved needle path can 
be accomplished by stepwise needle rotation (clockwise or 
anticlockwise) around its long axis.

The primary endpoint of the study was to compare the 
curved and non-curved needles as regards the time needed 
to perform the lateral sagittal infra-clavicular block. Other 
studied endpoints included the procedural pain and anesthe-
tist’s satisfaction with the use of a curved needle vs. non-
curved needle on performing the nerve blockade.

Methods

The study was approved by the Institutional Review Board, 
Suez Canal University hospital (reference no: 2543) and 
written informed consent was obtained from each patient 
participating in the trial. The trial was registered prior to 
patient enrollment at ClinicalTrials.gov (NCT02799576, 
Principal investigator: Tarek F. Tammam, Date of registra-
tion: 04/26/2016). Sixty-nine patients between the ages of 
18 and 60 years with American Society of Anesthesiolo-
gists (ASA) physical status I–III, scheduled for elective sur-
gery distal to the elbow were enrolled in the prospective 
randomized observer blinded clinical trial. The study was 
conducted from July 2016 to October 2017. Patients who 
had coagulopathies, local infections or neuropathies were 
excluded from the study. Patients with history of allergy to 
local anesthetics, receiving chronic analgesic therapy or by 
reason of refusal were also excluded.

Patients were randomly assigned into one of two groups 
in a one-to-one ratio; group A in whom ultrasound-guided 
infraclavicular block was performed using a curved needle 
(Fig. 1a–c), and group B in whom the ultrasound-guided 
infraclavicular block was performed using a non-curved 
needle. Randomization was performed outside the study 

center using a computer-generated random number table. 
Group allocation was concealed in a sealed opaque enve-
lope that was not opened till the last practical moment.

The lateral sagittal infraclavicular blockade [7] was 
performed in the block room under complete aseptic con-
ditions. All the infraclavicular blocks were performed 
under ultrasound guidance. The block procedures were 
performed behind an opaque screen so that patients could 
not see which needle was being used. The linear array 
transducer (6–15 MHz) (M-Turbo, HFL50x; Fujifilm Son-
osite, Bothell, WA) was placed below the clavicle and just 
medial to the coracoid process. A parasagittal scanning of 
the infraclavicular region was performed with adjustment 
of the depth, frequency and gain; to determine the best 
short-axis view of the axillary artery and its surrounding 
brachial plexus cords.

Fig. 1   a–c Pre-curving the block needle using a template to process 
the needle in a standardized way and get the same needle contour (a, 
b); the needle curvature starts beyond the distal end needle point and 
increases gradually and smoothly toward the periphery. The com-
pound curved needle is in one plane. The inner side surface of the 
curvature always faces the bevel opening (c)
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A local infiltration with 2 ml of lidocaine (10 mg/ml) 
was made at the cephalad aspect of the ultrasound probe. 
An 80 mm, 22-gauge, insulated, short-bevel (curved or non-
curved) needle (SonoPlex Stim cannula NanoLine® 001185-
71, Pajunk®, Germany) was attached to the nerve stimulator 
delivering a current of 1.2 mA at a frequency of 2 Hz. The 
block needle was inserted just inferior to the clavicle and 
directed toward the posterior aspect of the axillary artery 
(i.e., the 6 o’clock position). The needle was advanced in-
plane until it was in close proximity to the target; confirmed 
by obtaining a motor response of the posterior cord (finger 
or wrist extension) [8] with a current intensity of 0.5 mA or 
less. The ultimate goal is to achieve a U-shaped distribution 
of local anaesthetic solution with anterior displacement of 
the axillary artery [9, 10]. It was based on imaging feedback 
and confirmed by multiple test injections of 1 ml 5% dex-
trose solution. Thirty millilitres of local anaesthetic mixture 
(1% lidocaine and 0.25% bupivacaine, 1:1 ratio) was incre-
mentally injected after negative aspiration under real-time 
ultrasound imaging.

The curved needle was prepared before the commence-
ment of block procedure by an anesthetist (Tammam TF) 
not involved in the block administration or further follow-up 
after the procedure. The needle was curved using a template 
to process the needle in a standardized way (Fig. 1a–c). The 
needle end placed within the body tissue is considered the 
distal end, while the other end remaining outside the body 
is the needle proximal end.

The anatomic relationship of the brachial plexus and 
the axillary artery to the clavicle leads to characteristics 
of the compound curved needle (length, shape, and degree 
of curvature). The brachial plexus and the axillary artery 
are typically identified at a depth of 3–5 cm underneath the 
patient’s skin in average size patients [11]. If the brachial 
plexus is 4 cm in depth, and the approach equals 45°, the 
site of needle entry must be around 5.66 cm from the target 
(Pythagoras’ theorem). The use of the curved needle with 
8 cm would be sufficient to reach the brachial plexus. We 
used a triple curve of 20° at 2 cm from the needle tip (first 
curved configuration), 25° at 4 cm from the needle tip and 
another 15° at 6 cm. Although these curves are continuous 
mathematical objects, they must nevertheless be represented 
in discrete forms. The needle curvature is smoothly formed 
to maintain the internal and external diameter of the needle. 
The needle should be flushed and checked for patency before 
the procedure. The compound curved needle has a maximum 
central curvature point at 4 cm corresponds to the depth of 
brachial plexus. Therefore, the anesthetist can easily keep 
the needle in the posterior aspect of the axillary artery and 
achieve a U-shaped distribution of the anesthetic solution. 
The proximal needle curvature was designed to avoid fric-
tion with the clavicle and assists in making needle move-
ments easier. Additionally, the compound curved needle is 

in one plane. The inner side surface of the curvature always 
faces the bevel opening.

All block procedures were performed preoperatively by 1 
of 6 anesthetists, who have the same substantial expertise (at 
least 5 years) in the ultrasound-guided infra-clavicular block. 
The anesthetists had at least 20 successful infraclavicular 
blocks, using the curved needle, before participating in the 
study. They were not involved in the patient’s evaluation.

Primary outcome included the time required to perform 
the lateral sagittal infra-clavicular blockade. The perfor-
mance time was defined as the sum of recognition time 
and anesthetic injection time. The recognition time was 
defined as the time interval from the first needle contact 
with the skin to the achievement of proper motor response. 
The anesthetic injection time was defined as the time from 
proper motor response to completion of anaesthetic injec-
tion. Secondary outcomes included the number of needle 
attempts required to elicit the proper motor response. The 
initial needle insertion counted as one needle attempt. New 
attempt was defined as needle reinsertions through a separate 
skin puncture. The number of needle redirections required 
to complete the blockade was also noted. Needle redirec-
tion was defined as drawing back a needle at least 10 mm 
and subsequent forward needle movement if no proper nerve 
response could be elicited. The distance from the skin to the 
posterior wall of the axillary artery in the anterior–posterior 
direction was used to measure the depth of brachial plexus. 
However, the distance from the puncture site on the skin to 
the posterior wall of the axillary artery was used to measure 
the depth of needle insertion.

All patients were asked to rate their pain during the per-
formance of the block, using the verbal rating scale (VRS: 0, 
no pain; 10, the worst pain). We also recorded if the patients 
would accept the same anesthetic again in the future (if 
required). The patient survey was administered at the time 
of discharge from the block room by an observer who was 
blinded for group allocation.

The sensory blockade was evaluated every 2 min in the 
distribution of radial (lateral aspect of the dorsum of hand), 
median (the volar aspect of the index), ulnar (the volar 
aspect of the fifth finger), and musculocutaneous (lateral 
aspect of the forearm) nerves. The patient’s response to the 
stimulus (blunt 23-gauge needle) was observed and com-
pared with the contra-lateral side. The sensation was scored 
as follows: 0, normal sensation; 1, diminished sensation; 
and 2, no sensation. The motor blockade was also tested 
every 2 min for the radial (wrist extension), median (thumb-
fifth finger opposition), ulnar (fifth finger abduction), and 
musculocutaneous (elbow flexion) nerves. The rating was 
undertaken using the following scale: 0, normal strength; 1, 
weakness; 2, no movement.

A successful infraclavicular blockade was defined as 
complete loss of pinprick sensation (radial, median, ulnar, 
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and musculocutaneous nerves) within 30 min of anesthetic 
administration. A partial successful block was defined as 
inadequate sensory blockade after 30 min of anesthetic 
administration and if supplementation (anesthetic infiltra-
tion or IV analgesic; fentanyl) was needed to complete the 
surgical procedure. A failed block was defined as inadequate 
sensory blockade after 30 min of anesthetic administration 
and if general anesthesia was required to complete the pro-
posed surgery.

Patient demographics, type and duration of surgery, 
tourniquet time, and the patient’s ASA physical status were 
recorded. The procedure-related adverse effects and com-
plications (blood aspiration, hematoma, infection, and neu-
ropathies) were recorded for the first 48 h postoperatively by 
an investigator blinded to the aim of the study. The patients 
were questioned by phone for any delayed complication 
after discharge. If complications occurred, they were fol-
lowed up at the outpatient clinic and noted for the study. The 
research personnel conducting the post-block assessments, 
data collection, and data analysis were blinded to the treat-
ment allocation.

A written questionnaire was used to evaluate the anes-
thetists’ experience of using the curved and the non-curved 
needle for the infraclavicular block placement. A pilot study 
for the clarity of the questionnaire was carried out on a small 
group prior to selection of the target population. Each anes-
thetist was interviewed at the end of block procedure by an 
assessor blinded to the group allocation. The anesthetist was 
asked to rate how easy was it to obtain favorable needling 
window, handle and guide the block needle to the desired 
target, readjust the needle path; if needed, to reach the target, 
achieve adequate needle visualization during blockade, repo-
sition of the needle tip to maximize the anesthetic spread 
around the brachial plexus, and recapture the needle tra-
jectory once the operator loses visualization of the block 
needle. The answers were based on a five-point Likert scale 
[12] (never/ seldom/ sometimes/ often/ almost always) with 
1 being “never”, 3 being “sometimes” and 5 being “almost 
always”. Anesthetists also reported Likert scales for: How 
likely is it that anesthetist would recommend the same 
used needle to practice a colleague in the future (not at all/ 
slightly/ moderately/ very/ extremely: where 1 is not at all, 3 
is moderately, and 5 is extremely), and how was his overall 
experience with using the block needle (very poor/below 
average/average/above average/excellent: where 1 is very 
poor, 3 is average, and 5 is excellent).

The sample size was calculated using Stata® version 13 
programs. The primary outcome of this study was time to 
perform the lateral sagittal infraclavicular block. Based 
on an alpha error of 0.05, a beta error of 0.2 and an ear-
lier pilot study in 24 patients (It showed that the perfor-
mance time was 3.9 ± 2.0 min with the conventional non-
curve needle, while it was estimated to be 2.5 ± 1.91 min 

with the curved needle); the required sample size was 32 
patients per group. Thirty-five patients were enrolled per 
group to allow for dropouts and protocol violations.

Statistical analysis

Data were analyzed using Statistical Package for the Social 
Sciences (SPSS) program, version 20.0 (SPSS Inc, Chi-
cago, IL). The data were presented as mean ± standard 
deviation (SD) for normally distributed continuous vari-
ables, median and interquartile range (IQR) for non-nor-
mally distributed continuous quantitative or ordinal vari-
ables, and counts and percentages for nominal variables. 
Normality of data was tested using Kolmogorov–Smirnov 
test. Student’s t test or Mann Whitney test was used for 
group comparisons as appropriate. Categorical variables 
were statistically analyzed by Chi square analysis or Fish-
er’s exact test. A p value of less than 0.05 was used to 
define statistical significance.

Results

Sixty-nine patients were recruited in the study. One patient 
was excluded from analysis in the group B because of 
missing data (flow study diagram) (Fig. 2). There were no 
significant differences between the groups with respect to 
patient characteristics, depth of brachial plexus, duration 
of surgery and tourniquet time; P > 0.05 (Table 1). 

The mean recognition time (120 ± 48 vs. 179 ± 72 s, 
P = 0.0002) and the injection time (54 ± 23 vs. 88 ± 36 s, 
P = 0.0001) were significantly shorter in the group A com-
pared to the group B (Table 2). The median (IQR) number 
of needle attempts required to elicit the targeted motor 
response was significantly less in the group A than in the 
group B [1 (1–1) vs. 1 (1–2), P = 0.029] (Table 2).

The group A required fewer needle redirections 2 
(1–2) than the group B 3 (2–3); P = 0.0001 (Table 2). The 
patients in the group A reported less pain 2 (1–2) dur-
ing the performance of blockade compared with those in 
the group B 2 (2–3); P = 0.001 (Table 2). There were no 
significant complications and no recorded cases of nerve 
palsy related to the curved and non-curved needle.

Assessments of the difficulty level on the block pro-
cedure by operators are shown in Table 3. The anesthe-
tists were more satisfied with the curved needle than the 
non-curved needle in the infraclavicular block placement 
(Table 3). There were no significant differences in the 
onset time of sensory and motor blockade between the two 
groups; P = 0.367 and P = 0.548, respectively (Table 4).
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Discussion

The curved block needle makes the lateral sagittal infracla-
vicular block easier to perform compared to the non-curved 
needle. The curved needle allowed less recognition time and 
less anesthetic injection time in comparison with the non-
curved needle. The use of the curved needle reduced the 
numbers of needle passes and needle redirections required 
to perform the block. The curved needle form provided less 

procedure pain and higher satisfaction levels among anes-
thetists than the non-curved needle.

The lateral sagittal infraclavicular approach necessitates 
proficiency in tracking the block needle advancement rela-
tive to the brachial plexus [13]. The infraclavicular block 
is performed at the level of plexus cords within the infra-
clavicular fossa [10, 14]. The three brachial plexus cords 
are closely arranged around the axillary artery and vein 
[2]. The failed needle-tip positioning under ultrasound can 

Fig. 2   CONSORT flow diagram
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be due to the improper needle insertion point, the steep 
needle insertion angle, and the needle deflection as it trav-
els through soft tissues.

Using the curved block needle offers a wide range of ben-
efits compared to the straight needle.

The user can pass the curved needle at different angles to 
the skin. The curved needle has the potential to avoid ana-
tomical obstacles like the clavicle on approaching the bra-
chial plexus. Due to its curved design, the block needle trav-
erses a path somewhat different from the straight needle. It 
comes to the vicinity of the target plane by a circuitous route 
rather than a linear one [15]. Clear needle visibility is an 
essential point for the success of peripheral nerve blockade. 
The conventional straight needles are less visible at steep 
insertion angles [16, 17]. The valuable role of the curved 
needle in performing the infraclavicular brachial plexus 
block is that the distal portion of the needle advances almost 
perpendicularly to the ultrasound beam, resulting in better 
needle visibility (Fig. 3a, b). By providing proper insertion 

Table 1   Patient demographics and clinical characteristics

Values are expressed as mean ± standard deviation or absolute num-
bers as indicated. No statistically significant differences among 
groups for all baseline characteristics. Group A, block needle is 
curved and group B, block needle is non-curved
BMI, body mass index; ASA, American Society of Anesthesiologists

Parameters Group A (n = 35) Group B (n = 34)

Age (years) 42 ± 11 40 ± 13
Male/female 20/15 21/13
BMI (kg/m2) 24.9 ± 3.7 25.4 ± 4.5
ASA grade I/II/III 24/10/1 24/9/1
Brachial plexus depth (cm) 3.75 ± 0.25 3.84 ± 0.35
Needle insertion depth (cm) 5.73 ± 0.45 5.91 ± 0.51
Tourniquet time (min) 75 ± 19 72 ± 16
Surgery: hand/wrist/forearm 10/8/17 11/8/15
Surgery time (min) 80 ± 23 81 ± 21

Table 2   Block performance 
characteristics

Values are presented as mean ± SD or median (IQR [range]) as indicated
*Mann–Whitney test
**Fisher’s exact test
† Student t test. Group A, block needle is curved and group B, block needle is non-curved

Parameters Group A (n = 35) Group B (n = 34) P value

Performance time (s) 174 ± 76 267 ± 112 0.0001†

Recognition time (s) 120 ± 48 179 ± 72 0.0002†

Injection time (s) 54 ± 23 88 ± 36 0.0001†

Number of attempts 1 (1–1 [1–2]) 1 (1–2 [1–3]) 0.029*
Number of needle redirections 2 (1–2 [1–3]) 3 (2–3 [1–4]) 0.0001*
Current intensity (mA) 0.44 ± 0.06 0.45 ± 0.07 0.528†

Procedure pain (VRS) 2 (1–2 [1–3]) 2 (2–3 [2–5]) 0.001*
Patients can accept the same nerve 

block again in the future
33 (94.3%) 27 (79.4%) 0.08**

Table 3   Impact of curved vs. non-curved needle on the technical characteristics of nerve block

Values are presented as median (IQR [range])
*Mann–Whitney test. Group A; block needle is curved and group B; block needle is non-curved

Measurement items Group A (35) Group B (34) P value

How easy was it to
 Obtain favorable needling window 4 (3–4 [2–5]) 3 (2–4 [1–4]) 0.02*
 Handle and guide block needle to the target 4(4–5 [3–5]) 3 (3–4 [2–4]) 0.001*
 Readjust the needle path; if needed, to reach the target 4 (4–5 [3–5]) 3 (3–4 [2–4]) 0.001*
 Achieve adequate needle visualization 4 (3–4 [2–4]) 3 (2–4 [1–4]) 0.013*
 Reposition the needle tip to maximize anesthetic spread around brachial plexus 4 (3–5 [3–5]) 3 (3–4 [2–4]) 0.001*
 Recapture needle trajectory once the operator loses its visualization 4 (4–5 [3–5]) 3 (3–4 [1–4]) 0.0001*
 How was the overall experience with using the block needle 4 (4–5 [3–5]) 3 (3–4) (2–4]) 0.001*
 How likely is it that anesthetist would recommend the same used needle to practice a 

colleague
4 (4–5 [4, 5]) 3 (3–4) (2–4]) 0.001*
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angle and optimal needle path trajectory, the curved needle 
offered less time to complete the infraclavicular block when 
compared with the non-curved needle.

The moving distance of the curved needle tip is not 
shorter than the non-curved needle tip towards the brachial 
plexus. However, changing the curved needle’s path in mid-
course can be accomplished without having to withdraw the 
block needle back to the skin. The needle curvature can be 
utilized to correct for needle misalignment by needle rota-
tion. By rotating its base, the curved needle tip orientation 
can be changed, allowing the block needle to reach the bra-
chial plexus easily. The broad ranges of curved needle move-
ments can lead to avoiding unnecessary manipulation of the 
block needle into the brachial plexus. The needle-related 
procedure pain can be consequently reduced by minimiz-
ing needle manipulation error and soft-tissue trauma. The 
curved needle showed less patient discomfort, reflecting the 
lesser time spent in refining the position of the block needle 
close enough to the brachial plexus.

The design features of each block needle could have 
an impact on the capacity to control the needle advance-
ment towards a target. Due to the lack of validated scales 
for performance characteristics of the block needles in the 
literature, the Likert scaling method [12] was employed to 
measure the impact of needle pre-curving on the technical 
parameters of the infraclavicular blockade. In the current 
study, the anesthetists were, in general, more satisfied with 
the use of curved needle than non-curved needle in perform-
ing the lateral sagittal infraclavicular block. The anesthe-
tists can obtain a favorable needling window to approach 
the brachial plexus easily. The needle curvature enables the 
user to pass the needle at different insertion angles through 
the underlying soft tissues. The curvature enables the user 
to pass the needle with different curved trajectories on 
approaching the brachial plexus. The angle of needle inser-
tion and the needle path can be optimized according to the 
depth of brachial plexus.

In the current study, there are no significant complica-
tions and no recorded cases of nerve palsy related to the 
use of the curved and non-curved needle. The ultrasound 
guidance may provide the benefits of real-time imaging of 
the targeted structures and safety in terms of injury to the 

Table 4   Outcome variables of 
the nerve blockade

Values are presented as mean ± SD or absolute numbers as indicated
*Student t test
**Fisher’s exact test. group A; block needle is curved and group B; block needle is non-curved

Variables Group A (n = 35) Group B (n = 34) P value

Onset of sensory blockade (min) 16.5 ± 5.8 17.8 ± 6.1 0.367*
Onset of motor blockade (min) 19.4 ± 6 20.3 ± 6.4 0.548*
Successful block (n), % 32 (91.4%) 31 (91.2%) 1.0**
Partial successful block (n), % 3 (8.6%) 3 (8.8%) 1.0**

Fig. 3   a, b The block needle was advanced in-plane and directed 
toward the posterior aspect of the axillary artery. Due to its curved 
design, the distal portion of the curved needle is advanced almost 
perpendicularly to the ultrasound beam (a) compared to the straight 
needle (b), resulting in better needle visibility in performing the 
infraclavicular brachial plexus block
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adjacent anatomical structures [18]. The in-plane ultrasound 
imaging has the advantage of showing the block needle as 
it progresses towards the target. If the curved block needle 
lies outside of the ultrasound plane, experienced anesthetists 
can recapture the distal needle portion and its trajectory by 
slight needle rotation and probe adjustment. Clinical train-
ing is highly required to develop and strengthen the skills 
necessary to use the curved needle in the peripheral nerve 
blockade. Proper training allowed the anesthetists to cross 
the steep initial curve of learning before venturing to the 
real-time clinical scenario. It has helped to mitigate this 
limitation when conducting the study.

The limitation of the study is that the anesthetists, who 
did all blocks, as well as the observer evaluating the block 
techniques, could not be blinded to the group allocation. 
Therefore, they were not involved in further follow-up after 
the block procedure.

In conclusion, the use of the curved block needle is asso-
ciated with a shorter performance time and fewer needle 
redirections to complete the infraclavicular blockade when 
compared with the non-curved needle. The curved needle 
provides less procedure-related pain and higher satisfaction 
levels among anesthetists than the non-curved needle.

Acknowledgements  The authors thank Youssef Tammam who helped 
us in preparation the template to process the needle in a standardized 
way and get the exact same needle contour curvature.

Author contributions  TFT: Role: This author described and recom-
mended the curved needle for technically easier infraclavicular block 
performance. The author was involved in the design of the study; analy-
sis, interpretation of data and preparation of the manuscript. GAK: 
Role: This author was involved in the design of the study; analysis of 
data and preparation of the manuscript.

Funding  The authors have no sources of funding to declare for this 
manuscript.

Compliance with ethical standards 

Conflict of interest  The authors declare no conflicts of interest.

References

	 1.	 Gürkan Y, Hosten T, Solak M, Toker K. Lateral sagittal infracla-
vicular block. Clinical experience in 380 patients. Acta Anaesthe-
siol Scand. 2008;52:262–6.

	 2.	 Greher M, Retzl G, Niel P, Kamholz L, Marhofer P, Kapral S. 
Ultrasonographic assessment of topographic anatomy in volun-
teers suggests a modification of the infraclavicular brachial block. 
Br J Anaesth. 2002;88:632–6.

	 3.	 Sauter AR, Dodgson MS, Stubhaug A, Halstensen AM, 
Klaastad O. Electrical nerve stimulation or ultrasound guid-
ance for lateral sagittal infraclavicular blocks. A randomized, 
controlled, observer-blinded, comparative study. Anesth Analg. 
2008;106:1910–5.

	 4.	 Neal JM, Brull R, Chan VW, Grant SA, Horn JL, Liu SS, McCart-
ney CJ, Narouze SN, Perlas A, Salinas FV, Sites BD, Tsui BC. The 
ASRA evidence-based medicine assessment of ultrasound-guided 
regional anesthesia and pain medicine: executive summary. Reg 
Anesth Pain Med. 2010;35:S1–9.

	 5.	 Bigeleisen P, Wilson M. A comparison of two techniques for ultra-
sound-guided infraclavicular block. Br J Anaesth. 2006;96:502–7.

	 6.	 Sinha C, Kumar A, Singh AK, Bhadani UK. Retroclavicular 
approach of brachial plexus block: Here to stay. Saudi J Anaesth. 
2017;11(4):519–20.

	 7.	 Klaastad O, Smith H, Smedby O, Winther-Larssen EH, Brodal 
P, BreiviK H, Fosse ET. A novel infraclavicular brachial plexus 
block: the lateral and sagittal technique, developed by magnetic 
resonance imaging studies. Anesth Analg. 2004;98:252–6.

	 8.	 Bowens C Jr, Gupta RK, O’Byrne WT, Schildcrout JS, Shi 
Y, Hawkins JJ, Michaels DR, Berry JM. Selective local anes-
thetic placement using ultrasound guidance and neurostimu-
lation for infraclavicular brachial plexus block. Anesth Analg. 
2010;110(5):1480–5.

	 9.	 Porter JM, McCartney CJ, Chan VW. Needle placement and 
injection posterior to the axillary artery may predict successful 
infraclavicular brachial plexus block: a report of three cases. Can 
J Anaesth. 2005;52:69–73.

	10.	 Bloc S, Garnier T, Komly B, Asfazadourian H, Leclerc P, Mer-
cadal L, Morel B, Dhonneur G. Spread of injectate associated with 
radial or median nerve type motor response during infraclavicular 
brachial plexus block: an ultrasound evaluation. Reg Anesth Pain 
Med. 2007;32:130–5.

	11.	 Hadzic A. Hadzic’s peripehral nerve blocks and anatomy for 
ultrasound-guided regional anesthesia. 2nd ed. New York: 
McGrawHill; 2012.

	12.	 Likert R. A technique for the measurement of attitudes. Arch Psy-
chol. 1932;22(140):55.

	13.	 Marhofer P, Greher M, Kapral S. Ultrasound guidance in regional 
anesthesia. Br J Anaesth. 2005;94:7–17.

	14.	 Dingemans E, Williams SR, Arcand G, Chouinard P, Harris P, 
Ruel M, Girard F. Neurostimulation in ultrasound-guided infra-
clavicular block: a prospective randomized trial. Anesth Analg. 
2007;104:1275–80.

	15.	 Nebab EG, Florence IM. An alternative needle geometry for alter-
native needle geometry for interruption of the ganglion impar. 
Anesthesiology. 1997;86:1213–4.

	16.	 Song HS, Kim DY, Yoon KS. Intervention using ultrasonography. 
J Korean Orthop Assoc. 2013;48:342–9.

	17.	 Maecken T, Zenz M, Grau T. Ultrasound characteristics of needles 
for regional anesthesia. Reg Anesth Pain Med. 2007;32:440–7.

	18.	 Tammam TF, Kamhawy GA. Ultrasound-guided regional block-
ade for lipoma excision: a new approach to an old technique. Acta 
Anaesthesiol Scand. 2017;61(10):1325–33.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Use of a curved needle to facilitate lateral sagittal infraclavicular block performance: a randomized clinical trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




