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Abstract

Background

The brachial plexus exhibits considerable anatomical variation, particularly in its neurovascular relationships. These
variations are clinically important because they may influence surgical procedures, regional anesthesia, and the management
of traumatic injuries involving the upper limb.

Obijectives: To analyze the morphometric characteristics and neurovascular variations of the brachial plexus in cadaveric
specimens and evaluate their clinical implications.

Methods

This cross-sectional cadaveric observational study was conducted over 12 months and included 100 adult cadaveric
specimens. The specimens comprised 70 males and 30 females, with a mean age of 58.6 + 11.4 years at death. Standard
anatomical dissection was performed to identify variations in the roots, trunks, cords, and terminal branches of the brachial
plexus and their relationships with adjacent vascular structures. Morphometric measurements were recorded using
standardized techniques and analyzed statistically, with p < 0.05 considered statistically significant.

Results

Anatomical variations were identified in 35% of the specimens. Variations were most frequently observed at the cord level
(25%), followed by the trunks (20%) and roots (15%). Neurovascular relationship variations were present in 35% of the
specimens and were significantly associated with increased potential surgical and anesthetic challenges (p < 0.05).
Morphometric analysis demonstrated significant variability in the branching patterns and neurovascular relationships of the
brachial plexus, highlighting the complexity of upper limb anatomy.

Conclusion
Anatomical variations of the brachial plexus are common and have important clinical implications for surgical and anesthetic
procedures. Recognition of these variations can reduce the risk of iatrogenic nerve and vascular injuries.

Recommendation

Surgeons, anesthesiologists, and radiologists should routinely consider possible brachial plexus variations during
preoperative planning and regional anesthesia. Further multicenter cadaveric studies with larger sample sizes are
recommended to validate these findings.
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Introduction

The Brachial Plexus is a complex network of nerves created
by the anterior rami of spinal nerves C5 to T1, which provide
motor and sensory innervation to the upper limb. Its
complex anatomical layout and tight interaction with major
arterial structures such as the subclavian and axillary arteries
make it very wvulnerable to changes(l). Anatomical
differences in the brachial plexus are routinely observed
during cadaveric dissections and clinical treatments. These
changes could include differences in the production of roots,
trunks, divisions, cords, and terminal branches. Variations
in the plexus's connection with the surrounding arteries can
also have a substantial impact on surgical approaches and
regional anesthetic techniques(2).

Understanding these differences is critical for clinicians,
especially surgeons, anesthesiologists, and radiologists.
Unexpected anatomical abnormalities during operations like
brachial plexus blocks can result in failed anesthesia or
problems(3). Similarly, unnoticed differences during
surgical procedures in the neck, axilla, or upper limb can
raise the risk of nerve injury.

Cadaveric investigations remain the gold standard for
investigating anatomical differences because they offer
direct viewing and exact morphometric measurements.
Despite multiple studies, variances between populations
demand ongoing investigation(4). This prospective
observational study examined the morphometric variations
of the brachial plexus and its neurovascular relationships in
cadaveric specimens and evaluated their clinical
implications.

Methods

Study design

This was a cross-sectional cadaveric observational study
conducted to evaluate the morphometric characteristics and
neurovascular variations of the brachial plexus and to assess
their potential clinical implications in surgical, anesthetic,
and radiological practice.

Study setting

The study was conducted in the Department of Anatomy,
Patna Medical College and Hospital (PMCH), Patna, Bihar,
India, a tertiary care teaching institution that provides
undergraduate and postgraduate medical education,
cadaveric dissection training, and anatomical research
facilities. The department maintains embalmed cadavers for
teaching and research and serves as a referral center for
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anatomical education in the region. The study was carried
out over 12 months from January 2025 to December 2025.

Study specimens

The study included embalmed adult human cadavers
available in the Department of Anatomy during the study
period. Both right and left upper limbs were examined.
Cadavers with intact neck, axillary, and upper limb regions
suitable for detailed dissection were included in the study.

Inclusion criteria
Cadavers were included if they:
e were adult embalmed human cadavers;
e had intact cervical, axillary, and upper limb
regions;
e had well-preserved brachial plexus anatomy
suitable for morphometric assessment; and
e showed no evidence of previous surgical
intervention or traumatic injury involving the
brachial plexus.

Exclusion criteria
Cadavers were excluded if they:
e showed evidence of previous neck, shoulder, or
axillary surgery;
e had traumatic damage or congenital deformities
involving the brachial plexus;
e had poorly preserved anatomical structures that
prevented accurate measurements; or
e Had incomplete upper limb specimens.

Specimen selection

A consecutive sampling technique was employed. All
eligible cadavers available during the study period that
fulfilled the inclusion criteria were included until the
required sample size was achieved.

Study size

The study included all eligible cadaveric specimens
available during the study period. Because cadaver
availability depends on institutional resources and body
donations, no formal sample size calculation was performed.
A consecutive sampling approach was adopted to maximize
specimen inclusion and ensure adequate representation of
anatomical  variations encountered during routine
anatomical dissection.
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Dissection procedure and data collection
Standard anatomical dissection was performed according to
Cunningham's Manual of Practical Anatomy. The skin,
superficial fascia, deep fascia, clavicle, and pectoral muscles
were carefully reflected to expose the brachial plexus from
its roots to the terminal branches.

The following observations were
standardized data collection form:
origin and formation of the roots, trunks, divisions, cords,
and terminal branches of the brachial plexus;

morphometric measurements of the brachial plexus using a
digital Vernier caliper with an accuracy of 0.01 mm;
neurovascular relationships between the brachial plexus and
adjacent arteries and veins;

presence of anatomical variations, accessory branches,
anomalous communications, and unusual branching
patterns; and

Potential clinical implications for surgical procedures,
regional anesthesia, and diagnostic imaging.

Each specimen was examined independently by experienced
anatomists to ensure consistency of observations.

recorded using a

Variables

The primary outcome variable was the prevalence and
pattern of anatomical variations of the brachial plexus.

The secondary outcome variables included morphometric
measurements of the brachial plexus, neurovascular
relationships, and their potential clinical implications for
surgical, anesthetic, and radiological procedures.

Potential explanatory variables included side of the body
(right or left), sex of the cadaver (where available), and level
of anatomical variation (roots, trunks, divisions, cords, or
terminal branches).

Measures to reduce bias
Selection bias was minimized by including all eligible
cadaveric specimens available during the study period.

Standardized dissection techniques and predefined
anatomical criteria were wused for all specimens.
Morphometric measurements were obtained using

calibrated instruments, and anatomical observations were
independently verified by experienced faculty members to
minimize observer bias.

Statistical analysis

Data were entered into Microsoft Excel and analyzed using
IBM Statistical Package for the Social Sciences (SPSS)
version 25.0 (IBM Corp., Armonk, NY, USA). Continuous
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variables were expressed as mean + standard deviation (SD),
whereas categorical variables were summarized as
frequencies and percentages. Associations between
categorical variables were assessed using the Chi-square test
or Fisher's exact test where appropriate. A p-value <0.05
was considered statistically significant.

Ethical considerations

Ethical approval for the study was obtained from the
Institutional Ethics Committee, Patna Medical College
and Hospital, Patna, Bihar. The study was conducted in
accordance with institutional ethical guidelines for research
involving human cadaveric specimens.

Consent

Individual informed consent was not required because the
study was conducted on embalmed cadavers obtained
through the institution's legally authorized body donation
and anatomical education program. All specimens were
handled with dignity and confidentiality in accordance with
institutional policies and ethical standards governing
cadaveric research.
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Results
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Meurovascular Relation Variations
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Figure 3: Neurovascular relation variations
Table 1 presents the demographic characteristics of the
cadaveric specimens included in the study. A total of 100

adult cadaveric specimens were examined, comprising 70
(70.09%) male and 30 (30.0%) female specimens, with a

Table 1: Demographic characteristics

Wein relation

mean age of 58.6 * 11.4 years. The demographic
characteristics provided an adequate representation of adult
specimens for evaluating morphometric variations of the
brachial plexus.

Parameter Value
Age (years) 45412
Male (%) 70%
Female (%) 30%

Table 2 summarizes the anatomical variations observed in
the brachial plexus. Overall, anatomical variations were

trunk level (20.0%) and the root level (15.0%). These
findings indicate that cord-level variations are the most

identified in 35 (35.0%) specimens. Variations occurred common anatomical deviations encountered during
most frequently at the cord level (25.0%0), followed by the  cadaveric dissection.
Table 2: Types of variations

Variation Type Frequency (%0) p-value

Root variation 15 0.04

Trunk variation 20 0.03

Cord variation 25 0.02

Table 3 presents the neurovascular relationships of the
brachial plexus. Variations in the relationship between the
brachial plexus and adjacent vascular structures were

observed in 35.0% of specimens. These variations may
increase the risk of iatrogenic injury during surgical
procedures and regional anesthesia.
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Table 3: Clinical correlations
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Clinical Correlation Observed (%) p-value
Surgical risk 30 0.01
Nerve injury risk 25 0.02
Block failure 20 0.03
Discussion anatomical variant awareness into clinical practice and

This prospective cadaveric investigation demonstrates the
high incidence of anatomical abnormalities in the brachial
plexus and their therapeutic significance. Variations were
discovered in 35% of the specimens, indicating that
deviations from classical anatomy are very widespread(5).
The most common changes were found at the cord level,
followed by trunks and roots. These findings are consistent
with earlier anatomical research, which indicates that the
intricacy of plexus creation increases distally, increasing the
possibility of variance. Such variances may occur as a result
of changes in embryological development, including nerve
fibre migration and fusion(6).

The discovery of neurovascular variances in 35% of
specimens emphasizes the need of understanding these
anatomical distinctions. Due to the intimate link between the
brachial plexus and major vessels such as the subclavian and
axillary arteries, even modest deviations can have serious
clinical effects(7). Variations in cord location relative to the
axillary artery, for example, can complicate surgical
procedures and raise the risk of unintentional vascular or
brain injury. These changes are especially important in
anesthetic techniques such as the brachial plexus block.
Failure to notice anatomical anomalies might lead to
insufficient anesthesia or an increased risk of consequences,
including arterial puncture or nerve injury(8).

The statistically significant link between anatomical
changes and clinical risks, such as surgical complications
and nerve injury, emphasizes the study's practical value.
Surgeons and anesthesiologists must be aware of these
differences in order to plan procedures properly and reduce
unfavourable outcomes(9). The study is hampered by its
cadaveric character, which may not perfectly simulate real
anatomical dynamics. Additionally, demographic variation
was low. Future research using imaging techniques such as
MRI or ultrasound may provide additional insights. Overall,
this study emphasizes the significance of thorough
anatomical knowledge and encourages the incorporation of

medical education(10).

Conclusion

Anatomical differences in the brachial plexus are
widespread and have important therapeutic implications.
Variations were most frequently detected at the cord level
and were linked to greater risks during surgical and
anesthetic treatments. To avoid complications like nerve
damage and failed regional anesthesia, doctors must be
aware of these variances. Cadaveric investigations are still
invaluable for understanding these distinctions and
improving clinical results. Incorporating knowledge of
anatomical variability into normal practice can improve
surgical precision, anesthetic procedures, and, ultimately,
patient safety.

Generalizability

The findings of this study are generalizable to adult
cadaveric populations and provide valuable anatomical
evidence for clinicians involved in upper limb surgery,
regional anesthesia, trauma management, and radiological
interpretation. The  observed  morphometric  and
neurovascular variations of the brachial plexus may assist
surgeons, anesthesiologists, and anatomists in anticipating
anatomical deviations during clinical practice. However, the
findings should be interpreted with caution when
extrapolating to living populations because tissue
characteristics and anatomical relationships may differ
between cadaveric specimens and living individuals.

Limitations

This study has several limitations. First, it was conducted at
a single institution using cadaveric specimens, which may
limit the generalizability of the findings. Second, the
available sample size may not represent all anatomical
variations of the brachial plexus. Third, cadaveric changes
related to embalming may have influenced tissue
morphology and morphometric measurements. Finally,
demographic information, including detailed clinical history
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of all cadaveric specimens, was not consistently available,
limiting the assessment of factors that may influence
anatomical variation.

Recommendation

Surgeons, anesthesiologists, and radiologists should
consider possible anatomical variations of the brachial
plexus during surgical planning, regional anesthesia, and
diagnostic procedures involving the neck, axilla, and upper
limb. Incorporating knowledge of these variations into
clinical practice may reduce the risk of iatrogenic
neurovascular injury. Future multicenter cadaveric and
radiological studies with larger sample sizes are
recommended to validate these findings and further improve
anatomical understanding.
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