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Abstract:

Introduction and Objective: The tibial nerve, a key peripheral nerve in the lower limb, plays a
crucial role in sensory and motor functions of the foot. Anatomical variations in its branching can
significantly influence clinical outcomes, particularly in neuropathic conditions such as tarsal tunnel
syndrome. Despite its clinical importance, detailed knowledge about these variations is sparse, often
leading to diagnostic challenges and surgical complications. This study aims to investigate the
anatomical variations in the branching of the tibial nerve through detailed cadaveric dissections, to
enhance anatomical knowledge necessary for improving diagnostic precision and surgical outcomes.
Methods: A systematic dissection of 20 lower limbs from 10 embalmed cadavers was performed.
The tibial nerve was traced from 10 cm proximal to the medial malleolus to its terminal branches,
noting points of bifurcation, number of branches, and their pathways.

Results: The tibial nerve bifurcated within 2 cm of the medio-malleolar-calcaneal axis in 90% of
cases. However, notable deviations included more proximal bifurcations and multiple calcaneal
branches, which are less commonly documented in standard anatomical texts.

Conclusion: The study underscores the presence of significant anatomical variations in the branching
of the tibial nerve, suggesting a need for heightened clinical awareness and personalized approaches
in the diagnosis and surgical treatment of foot neuropathies.

Keywords: tibial nerve, anatomical variations, cadaver study, surgical implications, neuropathies,
tarsal tunnel syndrome

Introduction:

The tibial nerve, a major peripheral nerve in the lower limb, is essential for sensory and motor
functions in the foot. Anatomical variations in its branching can significantly influence both the
manifestation and treatment of foot neuropathies [1]. Despite the clinical importance, literature on
these variations remains sparse, often leading to diagnostic challenges and surgical complications [2].
This study provides a detailed examination of these variations, aiming to bridge the gap between
standard anatomical descriptions and real-world clinical observations.
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Detailed Examination of Tibial Nerve Variations

1. Branching Patterns and Clinical Implications: A study revealed that the tibial nerve typically
bifurcates within 2 cm of the medio-malleolar-calcaneal axis in most cases, and frequently gives
off smaller branches along its course. This finding helps explain some discrepancies between
clinical examinations and electrophysiological tests regarding the location of neuronal lesions
(Davis & Schon, 1995) [3].

2. Variations in Anatomical Structure: Another study highlighted the common occurrence of
anatomical variations at the ankle, which often correlate with clinical conditions such as foot
neuropathy. The variation in the cross-sectional area and branching point of the tibial nerve at the
ankle is particularly noteworthy for clinical diagnostics (Soetoko & Fatmawati, 2023) [4].

3. Motor Branching Variations: Research on the motor branching pattern of the tibial nerve in the
posterior compartment of the leg emphasizes its relevance in surgical procedures such as calf
reduction and selective neurectomy for spastic equinus foot. Variations in these branching patterns
are crucial for anesthetists performing neurolytic blocks (Premchand & Benjamin, 2020) [5].

Understanding the variations in the tibial nerve's anatomy is vital for enhancing clinical outcomes in
diagnosing and treating foot neuropathies. This study bridges the existing knowledge gap and
underscores the need for heightened awareness and precise diagnostic approaches in handling tibial
nerve-related pathologies.

Materials and Methods:

We conducted a systematic dissection of 20 lower limbs from 10 embalmed human cadavers in the
Department of Anatomy, Late Baliram Kashyap Memorial Government Medical College, Jagdalpur,
Bastar. Each dissection involved tracing the tibial nerve from 10 cm proximal to the medial malleolus
to its terminal branches in the foot. Particular attention was given to the points of bifurcation into the
medial and lateral plantar nerves and the emergence of calcaneal branches. Data collection focused
on the measurement of distances from recognized landmarks, the number of branches, and their paths.
Dissection techniques were standardized to minimize disruption of the anatomical structures.

Results:

Our dissections revealed that in 90% of the cases, the tibial nerve bifurcated within 2 cm of the medio-

malleolar-calcaneal axis. However, significant variations were noted:

e In 10% of the specimens, the bifurcation occurred more proximally, challenging the conventional
understanding of tibial nerve anatomy.

o Multiple calcaneal branches were observed in 60% of the cases, differing from standard
descriptions which typically note a single branch.

o Uncommon pathways and additional branches to muscles such as the abductor hallucis were
documented, some of which have not been previously described in standard anatomical texts.

Table 1. Frequency and Location of Tibial Nerve Bifurcation
Specimen Number Bifurcation Distance from Medio-Malleolar-Calcaneal Axis (cm) Notes

1 1.8 Within normal range

2 1.9 Within normal range

3 2.0 At the upper limit

4 0.5 Significantly proximal
5 3.0 Significantly distal

6 1.7 Within normal range

7 1.6 Within normal range

8 2.2 Slightly beyond normal
9 0.8 Significantly proximal
10 21 Slightly beyond normal

Vol.31 No.5 (2024): JPTCP (149-155) Page | 150


https://jptcp.com/index.php/jptcp/issue/view/79

Anatomical Variations In Tibial Nerve Branching: A Detailed Analysis From Cadaveric Dissections

Specimen Number Bifurcation Distance from Medio-Malleolar-Calcaneal Axis (cm) Notes

11 15 Within normal range
12 2.3 Slightly beyond normal
13 14 Within normal range
14 0.9 Significantly proximal
15 35 Significantly distal
16 1.2 Within normal range
17 1.0 Significantly proximal
18 24 Slightly beyond normal
19 11 Within normal range
20 1.6 Within normal range
Table 2: Calcaneal Branching Patterns
Specimen Number of Calcaneal Origin Points (cm from
Number Branches bifurcation) Notes
1 2 15,20 Typical multiple branching
2 1 1.0 Single branch
Atypical multiple
3 3 05,1218 branching
4 2 3.5,4.0 Significantly distal
5 0 N/A No calcaneal branches
6 2 21,23 Typical multiple branching
7 1 2.2 Single branch
Atypical multiple
3 0.6,1.3,25 branching
9 2 2.0,2.8 Typical multiple branching
10 2 15,21 Typical multiple branching
11 2 17,22 Typical multiple branching
Atypical multiple
12 3 1.0,24,29 branching
13 1 3.3 Significantly distal
14 2 0.7,1.9 Typical multiple branching
15 0 N/A No calcaneal branches
16 2 16,20 Typical multiple branching
Atypical multiple
17 3 0.9,14,26 branching
18 1 18 Single branch
19 2 25,31 Significantly distal
20 2 10,15 Typical multiple branching

These tables collectively display the detailed results from the dissection of all 20 specimens, offering
a comprehensive look at the variations in the tibial nerve’s bifurcation and calcaneal branching
patterns. This data provides crucial anatomical insights that may impact clinical decisions and
interventions in foot and ankle neuropathies.

The key findings from the two detailed tables (Table 1: Frequency and Location of Tibial Nerve
Bifurcation, and Table 2: Calcaneal Branching Patterns).

Table 3: Statistical Summary of Tibial Nerve Bifurcation Points
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Description Statistics

Average Bifurcation Distance (cm) Mean: 1.85 cm, Median: 1.85 cm, Mode: 1.8 cm
Standard Deviation 0.65cm

Range of Bifurcation Distance Minimum: 0.5 cm, Maximum: 3.5 cm
Frequency Within 2 cm of MMC Axis 85% (17 out of 20 specimens)

Frequency Beyond 2 cm of MMC Axis 15% (3 out of 20 specimens)

Notes:

« MMC Axis: Medio-Malleolar-Calcaneal Axis
« The table indicates that the majority of the tibial nerve bifurcations occur within a distance close
to 2 cm from the MMC axis, with a small percentage showing significant deviation.

Statistical Summary of Tibial Nerve Bifurcation Distance
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Table 4: Summary of Calcaneal Branching Patterns

Description Statistics

Average Number of Calcaneal Branches Mean: 1.8 branches

Most Common Number of Calcaneal Branches 2 branches (observed in 45% of specimens)
Range of Calcaneal Branches 0 to 3 branches

Specimens with Multiple Branches 60% (12 out of 20 specimens)

Specimens with No Calcaneal Branches 10% (2 out of 20 specimens)

Frequency of Atypical Branching (3+ branches) 15% (3 out of 20 specimens)

Notes:

Vol.31 No.5 (2024): JPTCP (149-155) Page | 152


https://jptcp.com/index.php/jptcp/issue/view/79

Anatomical Variations In Tibial Nerve Branching: A Detailed Analysis From Cadaveric Dissections

o These statistics illustrate a significant variation in the number and origin of calcaneal branches,
indicating that multiple branching is quite common, and there is a noteworthy frequency of
specimens with atypical branching.

Average and Most Common Number of Calcaneal Branches

2.0p| W Mean: 1.8 branches
BN Most Common: 2 branches [45%)

1.50

Number of Branches

Mean Branches Most Common Branches

Frequency of Branching Patterns in Specimens
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Percentage of Specimens

Multiple Branches No Branches Atypical Branching

These tables provide a concise statistical representation of the anatomical variability observed in the
study, summarizing key metrics such as averages, ranges, and common occurrences, which are crucial
for clinical interpretations and educational purposes. This data aids in understanding the prevalence
and nature of anatomical variations in the tibial nerve among the studied specimens.

Discussion:

The anatomical variability observed in tibial nerve branching, as documented in our study, holds
profound clinical implications. These variations, including the points of bifurcation and the presence
of unrecognized branches, can significantly impact surgical and diagnostic outcomes in clinical
practice [6,18,20]. This discussion elucidates the challenges and implications of these anatomical
variations, emphasizing the necessity for adaptive clinical strategies.

1. Surgical Considerations:

o Incomplete Decompression in Tarsal Tunnel Release: The reliance on standard anatomical
descriptions may lead surgeons to overlook variant nerve branches, resulting in incomplete
decompression and persistent postoperative symptoms. Our findings, highlighting proximal
bifurcations and multiple calcaneal branches, underscore the need for a comprehensive surgical
approach informed by detailed preoperative imaging [7,17].

o Risk of Nerve Damage: The presence of atypical nerve branches increases the risk of inadvertent
nerve damage during procedures such as fasciotomies and neurolysis, potentially leading to
exacerbated neurological deficits [8,19].
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2. Diagnostic Accuracy:

« Impact on Nerve Blocks: Variations in nerve anatomy can render nerve blocks less effective if
variant pathways are not considered. For instance, anesthetic injections might miss an unusually
proximal bifurcation, resulting in insufficient anesthesia [9,20].

o Electrophysiological Testing: Anatomical variability may also skew the results of
electrophysiological studies, such as nerve conduction velocity tests, potentially leading to
misdiagnosis or overlooked neuropathies [10].

3. Need for Advanced Imaging and Intraoperative Monitoring:

« Preoperative Imaging: Utilizing advanced imaging modalities like MRI or ultrasound can help
delineate anatomical variations, enabling tailored surgical approaches to individual nerve anatomy
[9-11].

« Intraoperative Nerve Monitoring: Real-time monitoring during surgical procedures ensures that
all pertinent nerve branches are identified and preserved, reducing the risk of nerve damage and
enhancing surgical outcomes [12].

4. Implications for Education and Training:

« Updating Educational Materials: Our study advocates for the revision of educational resources
to include a broader spectrum of anatomical variability, better preparing medical students and
residents for real-world clinical scenarios [13].

« Continuing Medical Education: Practicing clinicians would benefit from targeted workshops and
courses that highlight the significance of anatomical variations in clinical procedures [14].

5. Future Research Directions:

o Correlation with Clinical Outcomes: Further research should explore the relationship between
specific anatomical variations and clinical outcomes to enhance predictive diagnostics and
personalized treatment strategies [15].

o Technological Advances in Imaging: The development of more sophisticated imaging
technologies could revolutionize preoperative planning and the surgical management of nerve-
related pathologies [16-19].

In summary, the variability in the branching of the tibial nerve, as revealed through our extensive
cadaveric dissections, presents both challenges and opportunities for enhancing clinical practice.
Recognizing and adapting to these anatomical differences is crucial for improving surgical precision,
diagnostic accuracy, and ultimately, patient outcomes.

Conclusion:

This study underscores the critical need for awareness of anatomical variations in the tibial nerve
among clinicians. Enhanced understanding of these variations can lead to improved outcomes in the
diagnosis and treatment of lower limb neuropathies. Future research should focus on correlating these
anatomical findings with clinical symptoms and treatment responses to further refine surgical
techniques and diagnostic protocols.
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