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Below Knee Amputation Anatomy: Understanding the Key Structures and Considerations

Below knee amputation anatomy is a critical area of study for healthcare professionals involved
in surgical procedures, rehabilitation, and prosthetic fitting. This type of amputation, also known as
transtibial amputation, involves the removal of the lower leg below the knee joint but preserves the
knee itself. Understanding the intricate anatomy involved is essential not only for surgeons
performing the amputation but also for therapists and patients navigating the recovery and
adaptation process.

In this article, we will explore the anatomical landmarks, muscles, nerves, blood vessels, and bones
involved in below knee amputation. We will also discuss the functional implications and important
considerations for successful outcomes. Whether you are a medical student, practitioner, or a
curious reader, gaining a comprehensive understanding of below knee amputation anatomy can
deepen your appreciation for the complexity of limb preservation and rehabilitation.

Overview of Below Knee Amputation

Before diving into the specific anatomical structures, it’s important to understand what a below knee
amputation entails. This procedure typically removes the distal portion of the leg from a point below
the knee joint, preserving the femur and the knee itself. This preservation is crucial because
retaining the knee joint allows for better mobility and easier prosthetic use compared to above knee
amputations.

The surgery is often performed due to trauma, peripheral vascular disease, diabetes complications,
infections, or tumors. Each case requires careful preoperative planning, with detailed knowledge of
the anatomy guiding the surgical approach to optimize healing, maintain limb length, and preserve
function.

Key Anatomical Structures in Below Knee Amputation

Bones Involved

The two long bones of the lower leg, the tibia and fibula, are the primary skeletal structures involved
in below knee amputation anatomy.

- **Tibia:** The tibia, or shinbone, is the larger and weight-bearing bone. During amputation,
surgeons typically create a bone cut approximately 10-15 cm below the knee joint, depending on the
level needed for healthy tissue and proper prosthetic fitting.

- **Fibula:** The fibula is a thinner bone running parallel to the tibia on the lateral side. It provides
lateral stability and serves as an attachment for muscles. In below knee amputations, the fibula is
cut slightly shorter than the tibia to prevent pressure points and facilitate better prosthetic socket



fit.

Muscle Groups and Their Importance

Muscles play a significant role in below knee amputation anatomy, influencing both the surgical
approach and postoperative rehabilitation.

- **Anterior Compartment:** Includes muscles such as the tibialis anterior, extensor hallucis longus,
and extensor digitorum longus. These muscles are primarily responsible for dorsiflexion (lifting the
foot).

- ¥*Posterior Compartment:** Contains the gastrocnemius, soleus, and plantaris muscles, which are
powerful plantar flexors (pointing the foot downward).

- **Lateral Compartment:** Houses the fibularis longus and brevis muscles, which contribute to foot
eversion.

During amputation, muscles are carefully dissected and often sutured to the bone or other muscles
to create a stable and well-padded residual limb. This process, called myodesis or myoplasty, helps
maintain muscle tension and improves limb control during prosthetic use.

Nerves to Consider

Below knee amputation anatomy also involves critical nerve structures that must be managed
carefully to reduce postoperative pain and phantom limb sensations.

- **Tibial Nerve:** Runs posteriorly, innervating the posterior compartment muscles and providing
sensation to the sole of the foot.

- **Common Peroneal (Fibular) Nerve:** Wraps around the fibular neck and innervates the muscles
in the anterior and lateral compartments, as well as sensation to parts of the lower leg and foot.

Surgeons typically identify and gently handle these nerves, often performing nerve traction and
burying techniques to minimize neuroma formation, which can be a source of chronic pain.

Vascular Structures

Maintaining adequate blood supply to the residual limb is vital for healing and long-term viability.

- **Popliteal Artery:** Located behind the knee, this artery branches into the anterior tibial artery
and the posterior tibial artery, which supply blood to the lower leg.

- **Anterior Tibial Artery:** Supplies the anterior compartment.

- **Posterior Tibial Artery:** Supplies the posterior compartment.

During amputation, these vessels are ligated and carefully managed to prevent excessive bleeding
and promote optimal healing of the stump.



Functional Implications of Below Knee Amputation
Anatomy

Preserving the knee joint and a sufficient length of the tibia allows for better prosthetic control,
balance, and energy efficiency compared to higher amputations. The muscle attachments and nerve
preservation influence how well the patient can control the residual limb and adapt to prosthetic
devices.

Muscle Stability and Residual Limb Shape

Proper management of muscles during amputation affects the shape and function of the residual
limb. A well-contoured stump with balanced muscle tension provides a better interface for prosthetic
sockets, reducing the risk of pressure sores and discomfort.

Nerve Management and Sensory Feedback

Though sensation is lost distal to the amputation site, preserving nerve length and preventing
neuromas can improve residual limb comfort and reduce phantom limb pain—a common challenge in
amputees.

Rehabilitation Considerations Linked to Anatomy

Understanding below knee amputation anatomy is essential for designing effective rehabilitation
protocols. Physical therapists and prosthetists rely on anatomical knowledge to tailor exercise
programs, fit prosthetic devices, and address potential complications.

Muscle Strengthening and Range of Motion

Strengthening the remaining muscles around the knee and residual limb enhances stability and
prosthetic control. Maintaining knee joint range of motion is critical, as stiffness can severely limit
mobility.

Skin and Soft Tissue Care

Since the skin and soft tissues form the interface with the prosthesis, their health is paramount.
Anatomical awareness helps clinicians identify pressure points and areas vulnerable to breakdown,
guiding socket design and cushioning.



Advanced Anatomical Insights in Below Knee
Amputation

Modern surgical techniques emphasize preserving as much viable tissue as possible, adapting the
amputation level based on vascular and nerve status. Innovations like targeted muscle reinnervation
(TMR) and regenerative peripheral nerve interfaces (RPNI) are grounded in detailed anatomical
knowledge, aiming to improve nerve function and reduce pain.

Targeted Muscle Reinnervation (TMR)

TMR involves rerouting amputated nerves to remaining muscles to improve prosthetic control and
reduce neuroma pain. This procedure requires precise identification of nerve and muscle anatomy.

Osseointegration

An emerging technique where the prosthesis is directly anchored to the residual bone, bypassing the
need for a socket. This approach demands thorough understanding of the tibial bone’s structural
properties to ensure safe and effective implantation.

Below knee amputation anatomy is a fascinating and complex subject that combines skeletal,
muscular, neural, and vascular elements. Each component plays a vital role in surgical success and
the patient’s journey toward regaining mobility. A deep appreciation of these anatomical details can
enhance clinical outcomes and improve quality of life for individuals undergoing this life-changing
procedure.

Frequently Asked Questions

What anatomical structures are involved in a below knee
amputation?

A below knee amputation involves the removal of the lower leg below the knee joint, including the
tibia, fibula, muscles, blood vessels, nerves, and skin.

Which bones are transected during a below knee amputation?

The tibia and fibula bones are transected during a below knee amputation.

How is the blood supply managed in below knee amputation
surgery?

The major arteries, including the popliteal artery and its branches, are ligated and sealed to prevent
bleeding, while preserving adequate blood flow to the remaining limb.



What nerves are typically affected or severed during a below
knee amputation?

The tibial nerve, common peroneal nerve, and saphenous nerve are commonly severed during a
below knee amputation and require careful management to reduce neuroma formation.

Why is preserving the knee joint important in below knee
amputation?

Preserving the knee joint allows for better prosthetic function, improved mobility, and a more
natural gait compared to above knee amputations.

What muscles are typically preserved or removed during a
below knee amputation?

Muscles of the lower leg such as the gastrocnemius and soleus may be partially removed, while
residual muscles are preserved and shaped to create a functional and well-padded stump.

How is the residual limb shaped anatomically after a below
knee amputation?

The residual limb is shaped by smoothing bone edges, reattaching muscles to cover bone ends
(myodesis), and creating adequate soft tissue padding to allow for prosthetic fitting.

What is the significance of the myodesis technique in below
knee amputation?

Myodesis involves anchoring muscles to bone to stabilize the residual limb, improve muscle function,
and reduce skin breakdown and pain.

How does below knee amputation anatomy affect prosthetic
fitting?

The length and shape of the residual limb, as well as the condition of soft tissues and nerve endings,
directly influence prosthetic fitting, comfort, and functionality.

What are common anatomical complications following below
knee amputation?

Common complications include neuroma formation, skin breakdown, bone spurs, infection, and poor
muscle coverage, which can affect healing and prosthetic use.



Additional Resources

Below Knee Amputation Anatomy: An In-Depth Exploration

below knee amputation anatomy represents a critical area of study within surgical and
rehabilitative medicine, encompassing the structural, neurological, and vascular considerations
essential for successful limb removal and subsequent prosthetic integration. Understanding the
intricate anatomy involved in a below knee amputation (BKA) is paramount for clinicians, surgeons,
and rehabilitation specialists aiming to optimize patient outcomes, minimize complications, and
facilitate functional restoration.

Below knee amputation, also known as transtibial amputation, involves the removal of the lower limb
below the knee joint while preserving the knee itself. This distinction is vital, as retaining the knee
joint offers significant advantages in mobility and prosthetic control compared to more proximal
amputations. The anatomy underlying this procedure is complex, involving the tibia and fibula
bones, an array of muscles, neurovascular bundles, and soft tissues that must be carefully managed
during surgery.

Anatomical Considerations in Below Knee Amputation

The success of a below knee amputation hinges on an in-depth understanding of the anatomy of the
leg below the knee, which includes bones, muscles, nerves, arteries, veins, and skin. Each
anatomical component plays a crucial role in both the surgical procedure and postoperative
rehabilitation.

Osseous Structures: Tibia and Fibula

The tibia and fibula form the skeletal framework of the lower leg. The tibia, or shinbone, is the
primary weight-bearing bone, while the fibula serves as a lateral stabilizing bone. In below knee
amputation, the tibia is typically transected approximately 12-15 cm distal to the knee joint to
preserve adequate stump length for prosthetic fitting, while the fibula is cut slightly shorter to
prevent bony prominence that could cause discomfort or skin breakdown.

Surgeons must ensure smooth bone edges and appropriate beveling to reduce pressure points within
the residual limb. Proper alignment of the bones is essential for load distribution and to facilitate
effective prosthetic socket fitting, which directly influences gait and mobility post-amputation.

Muscular Anatomy and Myoplasty Techniques

The lower leg contains several muscle groups divided into anterior, lateral, and posterior
compartments. Major muscles include the tibialis anterior, gastrocnemius, soleus, and peroneal
muscles, all of which contribute to foot and ankle movement.

During below knee amputation, the management of these muscles is critical. Myoplasty or myodesis
procedures are performed to stabilize muscles over the bone ends, improving stump contour and



function. For example, the gastrocnemius and soleus muscles from the posterior compartment are
often sutured to the anterior compartment muscles to provide a cushion over the tibial bone,
enhancing soft tissue coverage and reducing the risk of pressure sores.

Neurovascular Anatomy

The neurovascular bundle includes the tibial and common peroneal nerves, as well as the anterior
and posterior tibial arteries and accompanying veins. Preservation and careful handling of these
structures are vital to prevent neuroma formation and ensure adequate blood supply to the residual
limb.

The tibial nerve runs posteriorly along the leg and is often the largest nerve encountered during
amputation. Surgeons employ nerve transposition and traction-release techniques to minimize
postoperative neuropathic pain. The arterial supply, primarily from the posterior tibial artery, must
be ligated meticulously to avoid excessive bleeding while maintaining as much perfusion to the
remaining tissues as possible.

Skin and Soft Tissue Flaps

The design of skin flaps is a fundamental aspect of below knee amputation anatomy. The common
approach involves creating a long posterior myocutaneous flap that incorporates the gastrocnemius
muscle, providing ample soft tissue padding to cover the tibial bone end. This flap not only protects
the stump but also enhances wound healing and prosthetic comfort.

The anterior skin flap is typically shorter and sutured to the posterior flap. The thickness and
viability of these flaps directly impact the risk of wound complications such as dehiscence or
infection. Hence, preoperative assessment of skin perfusion and soft tissue condition is critical,
especially in patients with peripheral vascular disease or diabetes.

Physiological and Functional Implications

Understanding the below knee amputation anatomy extends beyond the surgical field into functional
rehabilitation. Preservation of the knee joint allows for more natural gait patterns and energy-
efficient locomotion. Studies indicate that individuals with transtibial amputations expend
approximately 20-40% more energy during walking compared to able-bodied individuals, whereas
transfemoral amputees (above knee) may expend up to 60% more, underscoring the functional
benefits of below knee amputation.

The residual limb’s anatomical integrity influences the choice and design of prosthetic components.
Factors such as stump length, muscle volume, and nerve integrity determine socket fit, suspension
methods, and the type of prosthetic foot appropriate for the patient’s lifestyle and physical demands.



Comparative Anatomy: Below Knee vs. Above Knee Amputation

A key consideration in the anatomy of amputations is the level at which the limb is amputated. Below
knee amputations preserve the knee joint and surrounding musculature, which facilitates better
proprioception and control during ambulation. Conversely, above knee amputations require more
complex prosthetics with artificial knee joints, leading to increased rehabilitation time and energy
expenditure.

The anatomical preservation in below knee amputation also supports better vascular and sensory
function in the residual limb, reducing complications such as phantom limb pain and stump skin
issues. However, the choice of amputation level depends on several factors including infection
spread, vascular status, and trauma severity.

Clinical Relevance and Surgical Challenges

Below knee amputation anatomy presents unique challenges in surgical planning and execution.
Surgeons must balance the need to remove diseased or damaged tissue with the imperative to
preserve as much functional limb length and soft tissue as possible.

Complications such as ischemia, infection, and poor wound healing are common in patients with
peripheral arterial disease, diabetes, or neuropathy. Detailed anatomical knowledge enables
surgeons to tailor flap designs and nerve handling techniques accordingly.

Moreover, advances in surgical methods, such as targeted muscle reinnervation and
osseointegration, rely heavily on precise anatomical understanding to improve prosthetic control and
reduce post-amputation complications.

Postoperative Anatomical Considerations

Post-amputation care focuses on maintaining the residual limb’s anatomical integrity to promote
healing and prepare for prosthetic fitting. Monitoring for edema, skin breakdown, and neuroma
development is essential.

Physical therapists and prosthetists collaborate to optimize residual limb conditioning, leveraging
knowledge of muscle groups and nerve pathways to guide desensitization and strengthening
exercises. Proper anatomical alignment during prosthetic socket fitting prevents excessive pressure
on vulnerable areas, enhancing comfort and function.

Below knee amputation anatomy continues to be a dynamic field of study, integrating surgical
innovation, biomechanical analysis, and rehabilitative science to improve patient quality of life. As
prosthetic technology evolves, the detailed understanding of residual limb anatomy remains
foundational, ensuring that surgical interventions translate into meaningful functional outcomes.
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