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Background: Peripheral nerve blocks (PNBs) have an increasingly important role in ambulatory anesthesia and have many characteristics of 
the ideal outpatient surgical anesthesia with prolonged postoperative analgesia, and facilitated discharge. Objectives: The aim of our study is to 
compare brachial plexus block performed by the Axillary and the Coracoid  infraclavicular routes using a peripheral nerve stimulator as regard 
block performance time, onset of sensory block, motor block intensity, block duration and success and failure rates. Subjects and Methods: 
Our study comprised 40 adult patients of either sex t divided into two groups each 20 patients: Coracoid group and Axillary group were 
included. A 40 ml mixture of equal parts of 0.5% bupivacaine and 2% lidocaine was used as the local anesthetic material for all the patients of 
both groups. Results: The axillary approach to the brachial plexus using four injections of the local anesthetic material resulted in a faster 
onset and fewer incomplete blocks than the coracoid approach using two injections. The axillary approach was also less painful and more 
comfortable to the patient and resulted in more intense motor block and provided a longer duration of block allowing for longer duration of 
anesthesia and postoperative analgesia. The coracoid approach had an advantage over the axillary that it can be done with the arm in the neutral 
position, which is important for patients with an arthritic or stiff shoulder joint. Conclusion: The axillary approach to the brachial plexus using 
four injections technique resulted in a faster onset of block and a better spread of analgesia and longer duration of anesthesia than the coracoid 
approach using two injections technique. 
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Introduction 

 
Techniques of peripheral neural blockade were developed 
early in the history of anesthesia. The american surgeons 
Halsted and Hall described injection of cocaine into 
peripheral sites,[1,2] including the ulnar, musculocutaneous, 
supratrochlear, and infraorbital nerves, for minor surgical 
procedures in the 1880s. James Leonard Corning 
recommended the use of an Esmarch bandage in 1885 to 
arrest the local circulation,[3] prolong the cocaine-induced 
block, and decrease uptake of local anesthetic from tissues. 
This concept was furthered by Heinrich F. W. Braun,[4] who 
substituted epinephrine, a “chemical tourniquet,” in 1903. 
Braun also introduced the term conduction anesthesia in his 
1914 textbook on local anesthesia,[5] which described 
techniques for every region of the body. In 1920, the French 
surgeon Gaston Labat was invited by Charles Mayo to teach 
innovative methods of regional anesthesia at the Mayo 
Clinic. During his appointment there, Labat authored 
Regional Anesthesia: Its Technic and Application.[6] The 

book was considered to be the definitive text on regional 
anesthesia for at least 30 years after its publication. Labat's 
textbook focused on the management of patients undergoing 
intra-abdominal, head and neck, and extremity procedures 
under infiltration, peripheral, plexus, and splanchnic 
blockade; neuraxial techniques were not widely applied at 
the time. Recently regional anesthesia has been developed 
with the available technology. The improvement of the 
nervous location through an electrical current has allowed 
knowing the different motor responses from peripheral 
nerves, and to offer to anesthetic procedures and analgesics 
insurances, reliablity and effectiveness. The neurostimulation 
has been a technique of nervous location based on the 
anatomy.[7] A major publication in this story is that of Hadzic 
et al.[10] who tells us about the characteristics and lack of 
refinement of the current neurostimulators. There was no 
needles of atraumatic design and high levels of current was 
required to produce a stimulation of motor response when 
this technology appeared. Stimulation of motor activity was 
not very specific and the needle tip to the proximity of the 
nerve could be quite distant and the unsuccessful block was 
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common. But this has changed and developed with the 
advent of more refined, focused and sophisticated 
technology. Regional anesthesia, in developing countries, has 
been conducted under the real economy framework that these 
techniques developed with no alternative in the absence of 
other resources. Now, however, regional anesthesia has taken 
other paths. We stand at the door of a new era; 
neurostimulation or selective location of peripheral nerves 
and there is no return.[7] 
Successful regional anesthesia of the upper extremity 
requires knowledge of brachial plexus anatomy from its 
origin, where the nerves emerge from the intervertebral 
foramina, to its termination as the peripheral nerves. Brachial 
plexus is a somatic nerve plexus formed by 
intercommunications among the ventral rami of the lower 
four cervical nerves (C5- C8) and the first thoracic nerve 
(T1). The plexus is responsible for the motor innervation to 
all of the muscles of the upper limb with the exception of the 
trapezius and levator scapula. Brachial plexus communicates 
with the sympathetic trunk by gray rami communicates that 
join all the roots of the plexus and are derived from the 
middle and inferior cervical sympathetic ganglia and the first 
thoracic sympathetic ganglion.[9] 
The aim of our study is to compare brachial plexus block 
performed by the Axillary and the Coracoid  infraclavicular 
routes using a peripheral nerve stimulator as regard block 
performance time, onset of sensory block, motor block 
intensity, block duration and success and failure rates. 
 

subjects and Methods 

 
This study was carried out in the Department of 
Anaeshtesiology, Sri Shankaracharya Medical College and 
hospital, Bhilai, Durg, Chhattisgarh, over 40 adult patients of 
both sex in the period of six months march 2019 to 
September 2019. All patients were scheduled for elective 
surgery of the hand, wrist, or forearm. Informed written 
consent was obtained from every included patient.  
Patients with diseases affecting sensory or motor functions of 
the upper extremity, pregnant woman, patients with allergy 
to local anesthetics and uncooperative patients were excluded 
from the study. 
Preparation: Upon arrival in the operating room a wide bore 
I.V. cannula was inserted and infusion of I.V. fluids was 
started, blood pressure cuff and a pulse oximetry probe were 
attached to the non-involved arm and 3 ECG electrodes over 
the patient’s chest. An electrode was placed over the 
patient’s acromion and connected to the positive lead (anode) 
of the nerve stimulator. 
Premedication: All patients received intravenous fentanyl in 
a dose of 1µg/kg 5 min before the block performance. 
Patients were assigned to one of the following two groups 
(20 patients each):  

* Group 1: infraclavicular coracoid approach.  
* Group 2: Axillary approach. 

For local anesthetia a mixture of equal parts of 0.5% 
bupivacaine and 2% lidocaine was used with a total volume 
of 40 ml was used. 
All blocks were done using a nerve stimulator and an 
insulated needle (50mm and 22-gauge). The stimulating 

current set to 1.5 mA and the stimulus frequency to 1 Hz and 
the impulse duration to 0.1 ms. 
The needle insertion site was identified 1 cm medial and 1 
cm caudal to the cracoid process and marked by a pen and 
infiltrated with local anesthetic using a 25-gauge needle. The 
local anesthetic was infiltrated a bit deeper into the pectoralis 
muscle to decrease the discomfort during needle insertion as 
well as soreness after the completion of the block procedure. 
Needle insertion: A 10-cm long, 22-gauge insulated needle, 
was attached to the negative lead (cathode) of the nerve 
stimulator and inserted directly perpendicularly to the skin 
and advanced until motor responses were observed in the 
muscles supplied by one of the four nerves (median, 
musculocutaneous, radial or ulnar) in synchrony with the 
stimuli The stimulating current was set to 1.5 mA, the 
stimulus frequency to 1 Hz and the impulse duration to 0.1 
ms. The current was gradually decreased, while the needle-
tip approached the stimulated nerve. The needle is withdrawn 
subcutaneously and re-inserted more cephalad or more 
caudal until a motor response from the muscles supplied by 
another nerve was obtained. Satisfactory positioning of the 
needle was obtained when stimulation by 0.3–0.5 mA 
elicited visible muscle contractions in the muscles supplying 
each nerve. 
A local twitch of the pectoralis muscle was typically elicited 
as the needle advanced beyond the subcutanous tissue. Once 
the pectoralis twitches disappear, the needle advancement 
should be slow while looking for the twitches of the brachial 
plexus. 
Satisfactory positioning of the needle was obtained when 
stimulation by 0.3–0.5 mA elicited visible muscle 
contractions. Each of the two sites was injected with half of 
the selected dose of the local anesthetic material (20 ml). 
 
Interpreting responses to nerve stimulation: 
• Pectoralis muscle - direct muscle stimulation- Arm 

adduction  
• Latissimus dorsi - Arm adduction  
• Axillary nerve - Deltoid muscle 
• Musculocutaneous nerve - Biceps twitch 
 
(Group 2) Axillary Approach: 
Technique: After a thorough skin preparation, the pulse of 
the axillary artery was palpated high in the axilla. Once the 
pulse was felt, it was straddled between the index and the 
middle finger and firmly pressed against the humerus to 
prevent "rolling" of the axillary artery during block 
performance. The axillary artery was marked by a pen and 
the subcutaneous tissue overlying the artery was infiltrated 
with local anesthetic using a 25-gauge needle.  
Needle insertion: A 10-cm long, 22-gauge insulated needle, 
attached to the negative lead (cathode) of the nerve 
stimulator and inserted above the axillary artery and 
advanced until motor responses from the median and the 
musculocutaneous nerves were consecutively obtained. The 
needle is withdrawn and reinserted below the artery until 
motor responses from the ulnar and radial nerves were 
obtained. Each of the four nerves is injected with 1/4th of the 
selected volume of the local anathetic material (10 ml) after 
obtaining the maximum response by the stimulating current 
of 0.3–0.5 mA. Injections were made slowly, while 
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repeatedly aspirating the needle. 
Measurements: The time to perform the block was defined as 
the time from the initial insertion of the needle to its 
removal. 
The sensory onset time of the block was assessed in all the 
upper limb areas every 5 min until 30 min after the last 
injection; axillary nerve (lateral side of the upper arm), 
musculocutaneous nerve (lateral side of the forearm), radial 
nerve (dorsum of the hand over the 2nd metacarpophalangeal 
joint), median nerve (thenar eminence), ulnar nerve (little 
finger), medial cutaneous nerves of the arm (medial side of 
the upper arm) and of the forearm (medial side of the 
forearm). 
Motor block was assessed every 5 min until 30 min for 4 
motor nerves the radial (thumb abduction), median (third 
finger flexion), ulnar (fifth finger flexion), musculocutaneous 
(elbow flexion), and axillary (arm abduction) nerves and then 
compared to the contralateral arm. Motor block was scored 

0= no motor block; 1= minor movements; 2 = no movement.  
 

Adverse effects were recorded (e.g) occurrence of local 
anesthetic toxicity, nausea or vomiting. Duration of the block 
and success and failure rates was recorded. 
Statistical presentation and analysis of the present study was 
conducted, using the mean, standard deviation (student’s‘t’ 
test), and chi-square test by SPSS V.16. 
 

Results 

 
The present study was carried out on 40 patients scheduled 
for surgery on the upper limb (forearm or hand). 
Patients were classified into two groups:  

*Group (1): Infraclavicular coracoid approach.  
*Group (2): Axillary approach. 

Each of the two groups contains 20 patients. 

 
Table 1: Patients' demographic data 
NO. Age Wt. Sex 
 Coracoid group Axillary group Coracoid group Axill ary group Coracoid group Axillary group 
Range 22 - 69 21 - 70 60 - 80 58 - 86 M=17 M=15 
Mean + SD 37.60 + 12.22 38.30 +14.20 70.25 + 5.74 70.60 +6.34 F=3 F=5 
t. test 0.167 0.183 0.625 
p. value 0.868 0.856 0.429 

 
As seen in [Table 1], there was no much diference in the age, 
weight of the patients of both groups, which was statistically 
non significant (P- value= 0.868). The male to female ratio in 
the coracoid group was 17:3 (85% males and 15% females) 
while in the axillary group the ratio was 15:5 (75% males 
and 25% females) (P- value = 0.429). 
 
Table 2: Comparison between coracoid and axillary groups as 
regard block performance time in both groups 
Block performance 
time (minutes) 

Coracoid 
group 

Axillary 
group 

Range 3 - 8 3 - 8 
Mean + SD 5.86 + 1.30 5.80 + 1.39 
t. test 0.658 
P. value 0.963 

 
Above table showed that there was no statistically significant 
difference in the time needed to perform the block in both 
group (P- value = 0.963). 
 
Table 3: Comparison between coracoid and axillary groups as 
regard sensory onset time in both groups 
Sensory  onset 
time in minutes 

Coracoid 
group 

Axillary 
group 

Range  25 - 35 16 - 22 
Mean + SD 30 + 3.61 19.05 + 1.93 
t. test 11.952 
P. value 0.001* 

The results were statistically significant. So, patients of the 
axillary group were sooner ready for surgery than patients of 
the coracoid group. (P-value = 0.001) 
 
Table 4: Comparison between coracoid and axillary groups as 
regard the intensity of motor block after 30 minutes in both 
groups 
  Motor block intensity  

Good Satisfactory Poor  Total 
Coracoid % 30 50 20 100 
Axillary % 75 20 5 100 
P-value 0.016* 

As demonstrated in [Table 4], motor block was assessed 
every 5 min from the end of the block until 30 min in the 
distribution of the motor nerves. Motor block was scored: 0= 
poor block, 1= satisfactory block, 2= good block.  
Motor block was significantly more intense in the axillary 
group than the coracoid group and resulted in a better quality 
of motor block. (P-value=0.016). 
 
Table 5: Comparison between coracoid and axillary groups as 
regard the total block duration (in minutes) in both groups 
Block 
duration 
(min)s 

Coracoid Axillary 

Range 35 - 60 40 - 81 
Mean + SD 48.50 + 8.53 58.15 + 1.60 
t. test 2.836 
p. value 0.002* 

 
As demonestated in [Table 5], the duration was significantly 
longer in the axillary group. This allows for a longer duration 
of surgery and longer duration of post-operative analgesia in 
patients of the axillary group than patients of the coracoid 
group (P- value =0.002). 
 
Table 6:  Side effects and complications in both groups 
 Coracoid % Axillary  % p.value 
Vascular 
puncture 

1 5 3 15 0.041 * 

Tourniquet 
pain 

1 5 4 20 0.039 * 

Muscle pain 
at injection 
site 

2 10 0 0 0.001* 
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Other 
symptoms 

0 0 0 0 -- 

 

Vascular puncture and hematomas were observed in two 
patients in the axillary group after performance of the block 
and they did not require treatment (P-value = 0.041). 
Tourniquet pain was reported by one patient in the coracoid 
group and four patients in the axillary group (P-value = 
0.039). Muscle pain at the site of injection occurred in two 
cases of the coracoid group (P-value= 0.001). 
 
Table 7: Success rate of both approaches 
No. Coracoid Axillary 
% 60% 85% 
Chi-square  3.097 
P.value  0.049  * 

 
As shown in [Table 7], axillary block was significantly more 
successful than the coracoid block and resulted in more 
complete blocks (85% of cases) than the coracoid block 
(60% of cases) (P-value = 0.049). 
 

Discussion 
 
As ambulatory surgery continues to grow, more invasive and 
painful surgeries are being performed. The challenge for 
ambulatory anesthesiologists is to provide anesthesia that 
achieves home readiness within hours of surgery concurrent 
with prolonged postoperative analgesia. The use of rapid 
acting anesthetics has facilitated the efficient discharge of an 
alert outpatient.[30] 
Peripheral nerve blocks (PNBs) possess many characteristics 
of the ideal outpatient anesthetic. They provide site-specific 
surgical anesthesia and minimize the need for general 
anesthesia (GA). By providing dense analgesia, opioid 
requirements are reduced as well as opioid-related side 
effects. A comfortable, symptom free patient can be 
discharged home in a timely fashion.[31] 
Regional anesthesia for upper limb surgery can be performed 
by brachial plexus block via several approaches.14 
Perivascular axillary brachial plexus block is a popular 
technique owing to its low complication rate and ease of 
performance. This technique can provide good surgical 
conditions at the hand, forearm and arm.[31,32]  

The coracoid infraclavicular block is performed at the level 
of the divisions and cords of the brachial plexus where they 
envelope the subclavian artery.[33,34] The coracoid 
infraclavicular brachial plexus block is a relatively new 
technique for which the coracoid process is the anatomic 
point. With this approach, it is possible to cover all sensory 
territories of the distal part of upper limb.[35,36]  

The terminal nerves of the brachial plexus are contained with 
the axillary artery in a common sheath.[37] The artery is easily 
palpable and serves as a useful landmark for the axillary 
block. The axillary approach to the brachial plexus block has 
a great popularity in providing anesthesia for hand and 
forearm surgery. The procedure is relatively safe and if 
dosage limits are adjusted, complications are 
uncommon.[31,38] 
The axillary approach is a relatively simple technique with a 
low incidence of complications, no effect on the phrenic 
nerve, and an extremely low risk of pneumothorax.[31] It 

usually provides good anesthesia and analgesia for 
procedures distal to the elbow However, its application may 
be difficult in patients with limited movement of the shoulder 
or arm, as in those with painful injury.[33,36] 

In our study we compare brachial plexus block performed by 
the axillary and the coracoid infraclaviular routes using a 
peripheral nerve stimulator as regard block performance 
time, onset of sensory block, motor block intensity, block 
duration and success rate. 
The result of the present study is the finding that the axillary 
approach to the brachial plexus using four injections of the 
local anesthetic material resulted in a faster onset and fewer 
incomplete blocks than the coracoid approach using two 
injections. The axillary approach was also less painful and 
more comfortable to the patient with little side effects. 
The coracoid approach had the following advantages over 
the axillary: the coracoid approach can be done with the arm 
in the neutral position, which is important for patients with 
an arthritic or stiff shoulder joint, and the coracoid process is 
easily palpable even in obese patients. The local anaesthetic 
is injected above the head of the humerus, avoiding the 
limitations reported in axillary block and ensures proximal 
spread of local anaesthetic.[39] 

However, our results indicate that injection at the cord level 
using the coracoid approach did not improve block 
effectiveness. In spite of the use of a double injection 
technique; only 60% of patients in the coracoid group had 
complete analgesia distal to the elbow, compared with 85% 
in the axillary group using a quadraple injection technique. 
The relationship between number of injections and block 
effectiveness is in concordance with a study of Bouaziz et 
al.[28] who obtained 54% success after double injection 
axillary block and 88% after quadruple injection midhumeral 
block, and with the study of Koscielniak-Nielsen11 in which 
double injection resulted in 62% and quadruple injection in 
88% success. 
The low effectiveness of the coracoid approach may be 
explained by insufficient spread of a local anaesthetic to the 
medial cord, from which the ulnar and the medial cutaneous 
nerves arise. Thompson and Rorie showed that the axillary 
neurovascular sheath is divided by connective tissue 
septae,[19] which limit diffusion of local anaesthetic to the 
terminal nerves. Results of our study indicate that similar 
septa may also exist at the cord level, and the double 
injection technique is not enough to ensure a high success 
rate.[19] 
One may argue that the volume of the local anesthetic 
material used in our study (40 ml) was insufficient to ensure 
spread to the three cords. Whiffler,[39] reported 93% success 
using up to 60 ml of local anaesthetic. On the other hand, Raj 
et al.[34] had over 95% success using 20–30 ml. As much as 
80 ml injected at one site into the axillary neurovascular 
sheath resulted in only 54% success.[41] These contradictory 
results indicate that the volume of local anaesthetic is not a 
major determinant of success. 
In our study, we observed that the block performance time 
did not differ between the two groups, ranged in both groups 
(3-8 minutes), despite double the number of nerves 
stimulated in the axillary group (four nerve stimulations) 
compared with double nerve stimulations in the coracoid 
group, and was similar to other studies of axillary block 
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using multiple electrolocations.[23,42] This may be explained 
by the deeper position of the cords in the coracoid block. In 
another study, Koscielniak-Nielsen,[11] compared the 
coracoid infraclavicular and axillary techniques with the use 
of peripheral nerve stimulator and did not find a difference in 
terms of the duration of performance of the block between 
the groups. 
Our results show that, shorter block latency in the axillary 
group was partly caused by the more uniform analgesia 
below the elbow. Therefore, the total time to complete block 
was shorter using axillary rather than coracoid approach and 
the readiness for surgery was faster with the axillary 
approach than with the coracoid approach. Whiffler39 also 
had obtained similar results and concluded that the thick 
axillary sheath was probably responsible for this effect.[29] In 
contrast, Kilka,[33] observed a rapid onset time (median of 
13.5 min) following infraclavicular brachial plexus block and 
in agreement with the study of Sims, who noticed an onset 
time of 15 min.[43] 
In our study motor block was significantly more intense in 
the axillary group than the coracoid group and resulted in a 
better quality of motor block. In the study of kilka,[33] who 
compared axillary and infraclavicular approaches, the motor 
block was not significantly different between the two groups. 
In our study, the duration was significantly longer in the 
axillary group than the coracoid group. This allows for a 
longer duration of surgery and longer duration of post-
operative analgesia in patients of the axillary group than 
patients of the coracoid group. In the study of kilka,[33] who 
compared axillary and infraclavicular approaches, the 
duration of sensory block was not significantly different 
between the two groups. Also the study of Kapral,[45] who 
compared axillary and infraclavicular approaches, the 
duration of sensory block was not significantly different 
between the two groups. 
In our study, the incidence of vascular puncture was more in 
the axillary group (four patients) than the coracoid group 
(one patient). The anatomical study by Wilson,[43] 
demonstrated that the posterior cord lies dorsal to the 
subclavian artery, which is therefore in the path of a needle 
in the coracoid approach and can predispose to vascular 
injury. This point may have important consequences 
considering that the intravenous administration of local 
anesthetics may potentially increase the risk of systemic 
toxicity.  Whiffler,[39] did not observe any haematomas 
despite a 50% incidence of arterial puncture during coracoid 
block. Haematomas, which developed immediately after 
block performance and were seen as swelling and 
discolouration of the puncture site. Although neither patients 
nor surgeons were disturbed by them, the inability to 
compress the source of bleeding is a disadvantage of the 
coracoid approach. 
In our study, the coracoid group patients experienced 
significantly more pain during block performance than 
axillary group. Patients mostly reacted during subcutaneous 
infiltration and subsequent needle insertions. Only a few 
patients described the electrical stimulation as painful. 
Infraclavicular approach to the brachial plexus had a number 
of advantages: the block can be performed with the arm on 
the side or abducted, and it is unlikely to accidentally 
puncture central neuroaxial structures or pleura. In the study 

of Kilka,[33] the complications related to infraclavicular 
brachial plexus block were venous puncture and temporary 
Horner’s syndrome. They did not observe arterial puncture or 
pneumothorax. In the study of Salazar,[15] it was reported that 
the infraclavicular technique was more effective and had a 
lower complication risk than the axillary technique. In our 
study, Horner syndrome or pneumothorax did not develop in 
any of the patients. 
Symptoms of systemic toxicity from local anesthetic agents 
didn’t occur in any of patients of the two groups. The studies 
by both Stan,[24] and Koscielniak-Nielsen40 they reported 
that the symptoms of intra-arterial injection were transient 
and disappeared without sequelae.   
Only few studies have compared the coracoid infraclavicular 
approach with the axillary approach for brachial plexus 
block. Kapral et al.[45] compared the two techniques in their 
study and showed that it was easier to obtain motor and 
sensory block on the musculocutaneous nerve area by the 
infraclavicular technique. They also demonstrated that it was 
easier to obtain block of the thoracodorsal, axillary and 
median nerves by the infraclavicular approach compared 
with the axillary approach.[45] 
In the study of Kapral,[45] the success rates of the 
infraclavicular and axillary approaches were 100% and 85%, 
respectively. In contrast, technical success rates in our study 
were 60% for the infraclavicular block and 85% for the 
axillary block. 
 

Conclusion 
 
Peripheral nerve blocks (PNBs) have an increasingly 
important role in ambulatory anesthesia and have many 
characteristics of the ideal outpatient surgical anesthesia with 
prolonged postoperative analgesia, and facilitated discharge.  
The result of our study showed that the axillary approach to 
the brachial plexus using four injections of the local 
anesthetic material resulted in a faster onset and fewer 
incomplete blocks than the coracoid approach using two 
injections. The axillary approach was also less painful and 
more comfortable to the patient and resulted in more intense 
motor block and provided a longer duration of block 
allowing for longer duration of anesthesia and postoperative 
analgesia, symptoms of systemic toxicity from local 
anesthetic agents didn’t occur in any of patients of the two 
groups. The coracoid approach had an advantage over the 
axillary that it can be done with the arm in the neutral 
position, which is important for patients with an arthritic or 
stiff shoulder joint. 
So we conclude that the axillary approach to the brachial 
plexus using four injections technique resulted in a faster 
onset of block and a better spread of analgesia and longer 
duration of anesthesia than the coracoid approach using two 
injections technique. 
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