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Abstract

Background: Brachial plexus block is a preferred regional anesthetic technique for upper limb surgeries.
Among the various approaches, supraclavicular and axillary methods are commonly employed for forearm
procedures. However, comparative evidence regarding their efficacy and safety remains inconclusive.
Objective: To compare the clinical effectiveness, block characteristics, success rate, and complication profile of
supraclavicular versus axillary brachial plexus block techniques in patients undergoing forearm surgeries.
Methods: A prospective observational study was conducted on 100 adult patients undergoing elective forearm
surgery under regional anesthesia at Darbhanga Medical College and Hospital. Patients were randomly allocated
to either the supraclavicular group (Group S, n=50) or axillary group (Group A, n=50). Both groups received 30
ml of 0.5% bupivacaine using a paresthesia-guided technique. Parameters including onset, completion, and
duration of sensory and motor blocks, success rates, and complications were recorded and statistically analyzed.
Results: The demographic characteristics and types of surgical procedures were comparable between groups
(p > 0.05). Both techniques exhibited similar sensory and motor block onset times (Group S: 6.46 = 1.05 min vs.
Group A: 6.38 + 1.12 min; p > 0.05) and block durations (Group S: 194.2 + 10.36 min vs. Group A: 192.8 +
9.65 min; p> 0.05). The axillary block had a significantly higher success rate (92.59%) compared to
supraclavicular (86.21%) (p < 0.05). Complications were more common in Group S (10.34%) than Group A
(7.40%), with pneumothorax occurring only in the supraclavicular group.

Conclusion: Both supraclavicular and axillary approaches are effective for forearm surgeries. However, the
axillary block demonstrated a higher success rate and fewer complications, making it a safer and more reliable
choice, especially in settings without imaging guidance.

Keywords: Brachial Plexus Block, Supraclavicular Approach, Axillary Approach, Regional Anesthesia,
Forearm Surgery, Block Success, Complications.
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Introduction

The incidence of trauma-related orthopedic injuries
affecting the upper limb forearm has increased
substantially during the last few decades because of
modern society's rising mechanization and
vehicular  traffic and  lifestyle  hazards.
Anesthesiologists assume a critical position to
deliver effective perioperative pain control and
surgical anesthesia for upper limb procedures as the
patient burden increases. The practice of surgical
anesthesia has changed toward regional anesthesia
because these methods demonstrate enhanced
safety and cost benefits together with better
postoperative outcomes[ 1,2].

Regional anesthesia, especially brachial plexus
block, offers numerous clinical advantages over
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general anesthesia. Regional anesthesia delivers
better patient stability along with reduced vomiting
and nausea frequencies and better respiratory
outcomes and superior postoperative analgesia and
shorter recovery times. The risks associated with
general anesthesia are minimized when regional
techniques are used to treat patients who have
diabetes mellitus, hypertension or hepatic, renal or
cardiac disorders.

Brachial plexus block functions as the primary
regional anesthetic method for upper limb surgical
procedures. A single injection through this
technique enables anesthesia coverage of the entire
surgical area extending from the arm to the elbow
and forearm and hand. Multiple methods exist for
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performing brachial plexus block through the
interscalene approach and supraclavicular method
and infraclavicular approach and axillary method.
The supraclavicular and axillary approaches
represent the preferred techniques when performing
procedures on the forearm([3,4].

Historical Perspective: The history of brachial
plexus block techniques began when William
Halsted performed the first supraclavicular cocaine
injection at Johns Hopkins Hospital during upper
limb surgeries in 1884. Kulenkampff published his
description of the supraclavicular approach in
1911, and this technique has become a standard
method for blocking the brachial plexus at its distal
trunk and proximal division level. The brachial
plexus reaches its most compact state at this level
which enables quick blockade onset using minimal
anesthetic solution.

The axillary approach to brachial plexus blockade
gained popularity after Halsted described it in 1884
because of its perceived safety and simple
administration method. The terminal branches are
the focus of the axillary block procedure because
targeting these branches reduces the risk of
pneumothorax compared to the supraclavicular
approach which blocks the plexus at a higher
level[5,6].

Anatomical Basis: The brachial plexus develops
from anterior rami of spinal nerves C5 to T1 and
occasionally includes C4 and T2. The roots develop
into superior middle and inferior trunks that further
split into anterior and posterior divisions. The
upper limb terminal nerves emerge from three
cords that form after the divisions reorganize based
on their position relative to the axillary artery.

The supraclavicular block delivers anesthesia to the
trunks of the plexus above the clavicle which
results in quick and extensive upper limb
numbness. The axillary block  requires
administration at the terminal branch level inside
the axillary region. The block procedure provides
safer pneumothorax protection but may fail to
reach the musculocutaneous nerve unless an
additional blocking technique is used[5,6].

Clinical Relevance of Supraclavicular Block:
Medical practitioners consider the supraclavicular
block as the "spinal of the arm" because it provides
excellent anesthesia for procedures involving the
arm and elbow and forearm. The dense nerve fiber
organization at this block level enables a
concentrated anesthetic delivery to produce a tight
and small block area. Research has demonstrated
good block success rates yet pneumothorax (0.5%—
6%) along with hematoma and inadvertent vascular
injection continue to pose challenges during this
procedure[7,8].
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The success rate reached 97.2% in a study by
Franco and Vieira which included 1000
supraclavicular ~ blocks  while  experienced
practitioners performed the blocks without any
reported cases of clinical pneumothorax. The
challenge of performing supraclavicular blocks
extends from their complicated learning phase to
their closeness to the pleural cavity especially when
used by surgeons who are new to this
procedure[9,10].

Clinical Relevance of Axillary Block: The
axillary block represents the preferred technique for
hand and forearm surgeries because it provides
easy access along with a safe outcome. The
procedure takes place with patients lying supine
while keeping their arm abducted to show the
axilla. The simplicity of the axillary block does not
guarantee musculocutaneous nerve blockade so
additional infiltration near the coracobrachialis
muscle might be needed[11].

The research by Brand and Papper showed that
axillary blocks achieved success in 91.5% of cases
without any significant complications or
pneumothorax occurrences. The success rate of
axillary block procedures below the elbow was
confirmed by De Jong who reported matching
results to those of Brand and Papper.

Rationale for the Study: The selection between
supraclavicular and axillary approaches depends
primarily on anesthesiologist experience together
with patient anatomy and institutional protocols.
The literature contains unclear evidence about
which technique provides better outcomes when
performing  forearm  procedures  especially
regarding block duration and onset time and
complete block success rates and complication
risks.Upper limb operations in orthopedic practice
see forearm surgeries as one of their most common
procedures.

The current literature contains conflicting results
about these two brachial plexus block techniques so
a direct comparison should be performed to help
clinicians choose better methods and achieve better
patient outcomes.

The research goal focused on assessing the
effectiveness between supraclavicular and axillary
brachial plexus block techniques for patients
requiring forearm surgical procedures. The study
examined how long it took for sensory and motor
blockades to begin and finish and how long the
anesthesia lasted and which technique succeeded or
failed. The research examined complications that
developed from both approaches to brachial plexus
block by evaluating procedural safety and efficacy.

This study creates controlled clinical data to help
anesthesiologists select the most suitable regional
anesthesia method for forearm surgical procedures.
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The approach holds significance particularly in
healthcare settings which lack access to ultrasound
or advanced imaging equipment because
anatomical landmarks serve as the main practice
method.

Materials and Methods

Study Design and Setting: The research team
conducted this prospective observational study at
the Department of Anaesthesiology and Critical
Care within Darbhanga Medical College and
Hospital from June 2015 until January 2018. The
study received institutional ethical approval before
starting while all participants provided written
informed consent.

Study Population and Criteria: The study
enrolled 100 adult patients who underwent elective
orthopedic or soft tissue surgeries of the forearm.
The study participants were distributed evenly
between Group S and Group A with 50 patients
receiving supraclavicular brachial plexus block and
50 patients receiving axillary brachial plexus block.
The study included adult patients who were
between 20 and 60 years old with body weights
between 40 to 80 kg and belonged to ASA Physical
Status I or II. The study excluded patients with
progressive  neurological disorders, bleeding
tendencies, severe hepatic or renal dysfunction, site
infections or local anesthetic allergies and those
who refused study participation.

Preoperative Evaluation and Preparation: A
complete  pre-anesthetic  evaluation included
systematic tests and laboratory screenings which
included complete blood count along with bleeding
time and clotting time and prothrombin time and
INR and blood sugar and blood urea and serum
creatinine and serum electrolytes and urine analysis
for sugar and albumin. The testing for HIV and
HBsAg took place while chest radiograph and ECG
were ordered when medically necessary. The
surgical team provided patients with procedural
information followed by emotional support to
reduce preoperative anxiety. The patients received
glycopyrrolate 0.2 mg through intramuscular
injection 30 minutes before the scheduled
procedure.

Technique of Brachial Plexus Block: Patients in
Group S received supraclavicular block while lying
supine without a pillow and their head faced
opposite to their body while their shoulders rested
posteriorly. The surgeon cleaned  the
supraclavicular fossa area while palpating the
subclavian artery. A 23G, 32 mm needle was used
for the brachial plexus approach through the classic
landmark technique. The practitioner injected 30
ml of 0.5% bupivacaine after confirming negative
aspiration and after paresthesia was elicited.
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Patients in Group A received axillary block under
supine positioning with their arm in a 90°
abduction and elbow flexed. The healthcare
provider stabilized the axillary artery against the
humerus while palpating it. The procedure required
a 2 cm 25G needle to detect paresthesia from the
radial, median and ulnar nerve paths while injecting
30 ml of 0.5% bupivacaine in small increments.
The musculocutaneous nerve received separate
infiltration when necessary either inside the
coracobrachialis muscle or at the lateral aspect of
the antecubital fossa.

Intraoperative Monitoring and Block
Assessment: Standard non-invasive monitoring
techniques included ECG, non-invasive blood
pressure, pulse oximetry, and respiratory rate for all
patients. The healthcare team measured these
parameters every 5 minutes during the initial 30
minutes and then every 15 minutes until reaching
180 minutes. The sensory blockade assessment
involved testing dermatome sensitivity with a 25G
needle pinprick method at the radial, ulnar, and
median nerve areas at three-minute intervals during
the first 30 minutes followed by thirty-minute
testing until complete recovery. The assessment of
sensory blockade used three grades: Grade 0 for no
sensation loss and Grade 1 for touch sensation
without pain and Grade 2 for complete anesthesia.

The six-grade scale served to evaluate motor
blockade through upper limb movement assessment
ranging from normal (Grade 5) to complete
paralysis (Grade 0). The block was classified as
adequate when patients received Grades 0 to 2
while block failures at Grades 3 to 5 required
general anesthesia.

Outcome Measures: The main study outcomes
consisted of sensory blockade onset and completion
times and motor blockade duration as well as block
success rates.

The study evaluated complications including
pneumothorax together with local hematoma and
bradycardia and restlessness and inadequate
analgesia.

Statistical Analysis: The researchers utilized
Microsoft Excel together with appropriate
statistical software to collect and analyze all
recorded data. The data analysis included mean +
standard deviation for continuous variables with
Student’s t-test for comparison. The Chi-square test
analyzed categorical variables which were
presented through counts and percentages. The
research used a p-value threshold of 0.05 to
determine  statistical  significance. = Flowchart
illustrating the progress of participants through the
phases of the study, including eligibility
assessment, randomization, group allocation, and
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final analysis of supraclavicular and axillary
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brachial plexus blocks.
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Figure 1: Consort Flow Diagram

Result

Demographic Parameters: To ensure baseline
comparability between the supraclavicular (Group
S) and axillary (Group A) brachial plexus block
groups, key demographic variables including age,

sex, body weight, and ASA physical status were
assessed. No statistically significant differences
were observed across the groups, confirming well-
matched cohorts for valid clinical
comparison(tablel).

Table 1: Baseline Demographic Characteristics of the Study Population (N = 100)

Parameter Group S (n =50) Group A (n =50)
Age (years) 41.10+£10.86 39.46 + 10.83

Sex [Male / Female] 30 (60%) / 20 (40%) 27 (54%) / 23 (46%)
Body Weight (kg) 64.18 +8.70 62.68 = 7.98

ASA Physical Status I/I1

32 (64%) / 18 (36%)

34 (68%) / 16 (32%)

Data are presented as mean + standard deviation or
number (percentage). Statistical significance
assessed using Student’s t-test for continuous
variables and Chi-square test for categorical
variables.

There was no statistically significant difference in
age, sex, body weight, or ASA physical status
between the two groups (p > 0.05). This confirms
demographic equivalence,  validating  the
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comparability of subsequent clinical and procedural
outcomes between supraclavicular and axillary
block techniques.

Surgical Procedures and Duration of Surgery:
Patients in both supraclavicular (Group S) and
axillary (Group A) groups underwent a variety of
orthopedic and soft tissue surgeries involving the
forearm. The types and frequencies of procedures
were  distributed similarly across  groups.
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Additionally, the mean duration of surgery was
comparable between both groups with no
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statistically significant difference shown in (table

2).

Table 2: Distribution of Surgical Procedures and Duration of Surgery (N = 100)

Surgical Procedure Group S (n =50) Group A (n =50)
Laceration with Excision (LU EXCI) 5 (10%) 4 (8%)

Open Reduction Internal Fixation - Ulna (ORIF-U) 13 (26%) 11 (22%)

ORIF - Radius (ORIF-R) 2 (4%) 3 (6%)

ORIF - Radius + Ulna (ORIF-RU) 15 (30%) 17 (34%)

Radius Head Excision (RH EXC) 4 (8%) 6 (12%)

Skin Grafting (S GRAFT) 7 (14%) 5 (10%)

Tendon Repair (TEN REP) 4 (8%) 4 (8%)

Mean Duration of Surgery (min) 70.98 +£11.54 72.41+£12.54
p-value (Duration) >0.05

Data are expressed as number (percentage) for
procedure types and mean =+ standard deviation for
duration. Statistical comparison for duration was
done using Student’s t-test.

The distribution of surgical procedures was broadly
similar between the two groups, with ORIF-RU
being the most commonly performed operation in
both. The mean surgical duration was 70.98 +
11.54 minutes for Group S and 72.41 + 12.54
minutes for Group A, showing no significant

complexity of surgeries were comparable across
groups, allowing unbiased evaluation of block
effectiveness.

Block Characteristics: Onset, Completion, and
Duration: The onset, completion, and duration of
sensory and motor blocks were evaluated in both
groups. No statistically significant differences were
noted between supraclavicular (Group S) and
axillary (Group A) approaches. Both techniques
showed similar time profiles in achieving and

difference (p> 0.05). Thus, the type and maintaining adequate anesthesia shown in (table 3).
Table 3: Comparison of Block Characteristics Between Study Groups (N = 100)

Parameter Group S (n =50) Group A (n =50) p-value
Onset of Sensory Block (min) 6.46 +1.05 6.38+1.12 >0.05
Onset of Motor Block (min) 6.34+1.08 6.42+£1.02 >0.05
Completion of Sensory Block (min) 15.36 £2.12 15.42+£2.18 >0.05
Completion of Motor Block (min) 15.29+2.16 15.39+2.10 >0.05
Duration of Sensory Block (min) 194.2+10.36 192.8 +£ 9.65 >0.05
Duration of Motor Block (min) 195.6 £ 11.04 193.4+10.44 >0.05

Data are presented as mean + standard deviation.
Statistical analysis was performed using Student’s
t-test.

The onset, completion, and duration values for both
sensory and motor blockades were statistically
comparable across the two groups (p > 0.05). This
indicates that both supraclavicular and axillary
approaches provide equivalent efficacy in terms of
block dynamics and anesthetic coverage duration.

Effectiveness and Success Rate of Blockade:
Block effectiveness was evaluated based on the
completeness of sensory and motor blockade, with
failures defined as incomplete blocks requiring
conversion to general anesthesia. A statistically
significant higher success rate was observed in the
axillary block group (Group A) compared to the
supraclavicular group (Group S) shown in table 4
and figure 2.

Table 4: Effectiveness of Blockade: Success vs Failure (N = 100)

Outcome Group S (n =58) Group A (n =54) Chi-square p-value
Successful Blockade 50 (86.21%) 50 (92.59%) 3.985 <0.05
Failed Blockade 8 (13.79%) 4 (71.41%)

Success = complete sensory and motor blockade without need for general anesthesia; statistical analysis using

Chi-square test.
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Figure 2: Success vs. Failure Rate in Supraclavicular and Axillary Blocks

(Bar chart to be created showing % of success and
failure for both groups: Group S — 86.21% success,
13.79% failure; Group A — 92.59% success, 7.41%
failure).

The axillary block demonstrated a significantly
higher success rate (92.59%) compared to the
supraclavicular block (86.21%), with a statistically
significant difference (p < 0.05). This suggests a
clinical preference for axillary block in terms of
consistency and reliability in achieving effective
anesthesia for forearm surgeries.

Complications and Adverse Events: Both
supraclavicular and axillary block groups were

monitored for procedural and post-procedural

complications
formation,

including pneumothorax, hematoma
restlessness,  bradycardia,  and

inadequate pain control.

Complication

rates were slightly higher in the

supraclavicular ~ group, with  pneumothorax

observed only

However, mo

in this group.

st adverse effects were minor and

manageable, and the overall complication incidence
remained low in both techniques shown in
(tableS)and figure 3.

Table 5: Comparison of Complications Between Study Groups (N =100)

Complication Group S (n =58) Group A (n =54)
Pneumothorax 2 (3.45%) 0 (0%)

Local Hematoma 1 (1.72%) 1 (1.85%)
Restlessness/Disorientation 2 (3.45%) 1 (1.85%)
Bradycardia requiring Atropine 1 (1.72%) 1 (1.85%)
Incomplete Pain Relief 2 (3.45%) 1 (1.85%)

Total Patients with >1 Complication 6 (10.34%) 4 (7.40%)

Data expressed as number (percentage). Frequencies were compared descriptively due to low incidence.
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Figure 3: Distribution of Complication Types by Block Group
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Figure 3 showing the Distribution of
Complications in supraclavicular (Group S) and
axillary (Group A) blocks. It highlights that
pneumothorax occurred only in Group S, while
other complications were minimal and similar
across groups.

The supraclavicular block group reported a slightly
higher overall complication rate (10.34%)
compared to the axillary group (7.40%). Notably,
pneumothorax  occurred exclusively in the
supraclavicular group (3.45%), reinforcing the need
for anatomical caution with this approach.

Other  complications, including hematoma,
bradycardia, and disorientation, occurred at low
and comparable rates in both groups. These
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findings underscore the slightly better safety profile
of the axillary approach.

Sensory and Motor Block Grading: Grading of
sensory and motor blocks was performed to assess
the depth and quality of anesthesia achieved by the
two block techniques. Sensory block was evaluated
using a verbal analogue scale with Grades 1 and 2
considered adequate for surgical anesthesia. Motor
block was assessed using a six-point scale, where
Grade 0 represented complete motor paralysis, and
Grades 1-2 represented partial block. Patients
exhibiting Grades 3—5 were deemed block failures
and excluded from final analysis shown in table 6
and figure 4.

Table 6: Grading of Sensory and Motor Block Between Study Groups (N =100)

Block Type Grade Description Group S (n =50) Group A (n =50)
Sensory Grade 0 No loss of sensation 0 (0%) 0 (0%)
Block
Grade 1 Analgesia (touch felt, no sharp | 22 (44%) 24 (48%)
sensation)
Grade 2 Anaesthesia (no touch or pain 28 (56%) 26 (52%)
sensation)
Motor Block | Grade 0 Complete motor paralysis (no 33 (66%) 36 (72%)
movement)
Grades 1— | Partial block (flickering / 17 (34%) 14 (28%)
2 gravity only)
Grades 3— | Failure (movement against | Excluded Excluded
5 resistance or more)

Both groups achieved high-quality sensory and motor blockade with no Grade 0 sensory blocks and a majority
achieving Grade 2 (complete anesthesia). Motor block was complete in 66% (Group S) and 72% (Group A)
patients. Slightly higher complete motor blockade was observed in the axillary group, though the difference was

not statistically significant.
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Figure 4: Comparison of Mean Duration of Sensory and Motor Block.
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Figure 4, illustrating the Comparison of Mean
Duration of Sensory and Motor Blocks in Group S
and Group A. Both block types showed similar
durations across the groups, reinforcing their
equivalency in providing sustained anesthesia.

Discussion

This study evaluated the effectiveness and onset
time as well as duration and success rate and
complication rates between Supraclavicular (Group
S) and Axillary (Group A) brachial plexus block
techniques when using 0.5% bupivacaine (30 ml)
for forearm surgeries. The study analyzed 100
patients through two groups containing 50
successful cases after excluding 14 failed blocks.

Demographics and Baseline Characteristics: The
age, sex and weight characteristics between Group
S and Group A remained equivalent. The subjects
in Group S had a mean age of 41.10 + 10.86 years
while Group A participants had a mean age of
39.46 = 10.83 years. The patients in Group S
weighed 64.18 + 8.70 kg while those in Group A
weighed 62.68 + 7.98 kg without any significant
statistical differences between groups (p > 0.05).
This demonstrates proper randomization and
similar baseline characteristics[12,13].

Onset, Completion, and Duration of Blocks: The
time needed for sensory blockade onset was 6.46 +
1.05 minutes in Group S and 6.38 £ 1.12 minutes in
Group A while the onset of motor block showed no
significant difference (6.34 + 1.08 vs. 6.42 + 1.02
minutes; p > 0.05). The data indicates that both
blocks established anesthesia quickly after
administration. The time required for sensory block
(15.36 £ 2.12 vs. 15.42 + 2.18 minutes) and motor
block (1529 + 2.16 vs. 15.39 + 2.10 minutes)
completion showed no significant differences
between both groups. The duration of sensory
block was longer in Group S (194.2 + 10.36 min)
than Group A (192.8 + 9.65 min) yet the difference
was not statistically significant. The duration of
motor block was 195.6 = 11.04 minutes in Group S
and 1934 + 10.44 minutes in Group A.The
research findings matched those of Brand and
Papper and De Jong who discovered equivalent
onset times and duration lengths between these two
techniques[14,15].

Success Rate and Quality of Blockade: The
Axillary block technique achieved success in
92.59% of cases while the Supraclavicular block
technique succeeded in 86.21% of cases. The
statistical analysis showed an important difference
in reliability between the axillary block and the
supraclavicular block (Chi-square = 3.985, p <
0.05). The success rates from previous research by
Brand & Papper and De Jong showed axillary
block achieved 91.5% success compared to 84.1—
86.2% success for supraclavicular block[16,17]

Choudhary et al.
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Most patients in both groups reached Grade 2
sensory block together with Grade 0 motor block
status. The analysis showed that complete motor
block occurred in 66% of patients in Group S and
72% in Group A and Grade 2 sensory block
reached 56% in Group S and 52% in Group A.

Complication Profile

The study showed that complications occurred
rarely in both treatment groups. The patients in
Group S developed 6 complications affecting
10.34% of cases while pneumothorax occurred
twice (3.45%) and hematoma developed once
(1.72%). The safer profile of Group A became
evident through its 7.40% complication rate which
consisted of only minor issues without
pneumothorax cases. Literature supports the
findings that supraclavicular blocks result in
pneumothorax rates between 0.5-6% but axillary
blocks show nearly zero  pneumothorax
incidence.The pneumothorax rates documented in
Miller’s Anesthesia for supraclavicular block
match previous findings which support the
selection of axillary block as a safer alternative for
pleural injury prevention[18,19].

Clinical Implications: The surgical procedures for
forearms received adequate anesthesia from these
two techniques. The axillary approach proved
superior to supraclavicular blocks because it
delivered better success rates and reduced
complications while maintaining equivalent onset
times and duration. This makes it the preferred
method particularly for situations requiring
minimal risk of pneumothorax. The combination of
ultrasound guidance with nerve stimulators and
catheter techniques would lead to better results for
both techniques by increasing their safety and
effectiveness[20].

Conclusion

The research examined the surgical block
effectiveness between supraclavicular and axillary
approaches for patients requiring forearm
procedures. The techniques displayed similar times
to onset and block duration and achieved successful
surgical anesthesia through effective blockade.

The axillary block achieved a statistically superior
success rate of 92.59% while presenting fewer
complications and zero pneumothorax incidents
which makes it an optimal and secure procedure for
patients who face elevated thoracic complication
risks. The supraclavicular block delivered effective
anesthesia but its potential risk of pneumothorax
requires medical practitioners to exercise caution.

Both blocks demonstrate clinical usefulness, yet the
axillary approach stands as the preferred method in
situations where safety and ease of use matter most
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especially when imaging or nerve stimulation is
unavailable.
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