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Introduction

The lower leg divides into three fascial compartments:

e Anterior
e [ateral

e Posterior

These compartments are formed and separated via divisions by the anterior and posterior intermuscular septa, and the
interosseous membrane.[1] Each compartment contains its distinct set of muscles, vasculature, and innervation:

e The anterior compartment musculature functions to primarily dorsiflex the foot and ankle
e The lateral compartment musculature functions to plantar flex and evert the foot

e The posterior compartment musculature functions to plantarflex and invert the foot

The posterior compartment of the leg (often referred to as the "calf") further divides into distinct superficial and deep
compartments by the transverse intermuscular septum. The larger, superficial compartment of the lower leg contains
the gastrocnemius, soleus (GS) and plantaris muscles.

The deep layer of the leg's posterior compartment contains the popliteus, flexor digitorum longus, flexor hallucis
longus, and tibialis posterior muscles. The various muscles of the posterior compartment primarily originate at the
two bones of the leg, the tibia, and the fibula. The tibia is a large weight-bearing bone, often referred to as the "shin
bone," and articulates with the femoral condyles superiorly and the talus inferiorly.[2] The fibula articulates with the
tibia laterally at proximal and distal ends; however, it has no involvement in weight bearing.[3]

Structure and Function

The divisions of the lower leg are made up by intermuscular septa that are extensions of the overlying fascia. Within
the posterior compartment of the leg, an additional septum further separates the compartment into two additional
layers; superficial and deep. It was traditionally felt that the fascia overlying specialized organs and tissues within the
body are irrelevant and only served to hold in place a particular tissue type.[4][5] However, current thinking realizes
that fascia, such as that of the posterior leg compartment, are not only involved in creating osteofascial compartments
for muscles but also provide protective tunnels for neovascular bundles irrespective of limb positions, facilitate
venous return, act as protective sheaths, dissipate external pressures, and are clinically significant in the spread or
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containment of infections.[4]

The three muscles within the superficial posterior compartment include the gastrocnemius, soleus, and

plantaris muscles. Together these three muscles form the triceps surae.[1] The gastrocnemius is involved in plantar
flexion of the ankle, while the knee is in extension, and also is involved in flexing the leg at the knee joint. The soleus
is involved in plantar flexion of the ankle, irrespective of knee position. The plantaris, a muscle that is thought to be
absent in 10% of the population, is also involved in plantar flexion of the ankle but plays a limited compared to the
other two superficial posterior muscles. The deep posterior compartment muscles include the flexor hallucis longus,
flexor digitorum longus, tibialis posterior and popliteus muscles.[1] The flexor hallucis longus is primarily involved
with flexing the big toe while also having limited contribution to plantar flexion of the ankle. Additionally, it supports
the medial longitudinal arch of the foot. The flexor digitorum longus is involved in flexion of the other four toes of
the foot, plantarflexion of the ankle as well, and also maintains the lateral and medial longitudinal arches of the foot.
The tibialis posterior is primarily involved in ankle plantar flexion as well as inversion of the foot. The popliteus
muscle controls weak flexion of the knee and medial rotation of the tibia. Independent activation, as well as
coordination amongst the seven muscles of the posterior leg, is crucial in maintaining balance, facilitating gait, and
allowing actions such as stair climbing, jumping, and landing.

Gait is most commonly subdivided into a stance phase and a swing phase (although additional phases can exist
depending on clinical scenario).[6] The stance phase of gait can further divides into a heel strike (where initial contact
is made with the ground), a loading response (where the weight of the body is accepted), a midstance (where the knee
stabilzation occurs), and a terminal stance (where mass is accelerated forward). During midstance and terminal stance,
in particular, the plantar flexors of the ankle play a pivotal role as they eccentrically control dorsiflexion, and
concentrically allow acceleration of the foot.[7]

Embryology

Limb development in the human embryo originates from mesenchymal tissue, derived from the lateral plate of the
mesoderm, encased within ectoderm.[8] Outgrowths of the lateral plate mesoderm, referred to as limb buds, arise in
the middle of the 4th week in utero under the influence of signaling from mTORCI1.[9] The exact morphogenesis of
these limb buds is dependent upon several transcription factors, and each limb bud develops a positional value in
respect to the proximo-distal, anteroposterior and dorsoventral axes of the fetus.[10] Dependent on its position, a slew
of specific transcription factors may be expressed, including retinoic acid, fibroblast growth factor, sonic hedgehog,
and hoxc6, allowing for the development of the particular upper or lower limb.[11]

Blood Supply and Lymphatics

The posterior compartment of the leg receives vascular supply from the posterior tibial artery.[12] This artery is a
continuation of the popliteal artery, with the latter arising from the femoral artery. The posterior tibial artery supplies
various muscles of the posterior compartment via its muscular branches and also supplies the tibial bone via the
nutrient artery of the tibia. The posterior tibial artery provides a fibular artery as well.[13] The fibular artery not only
provides blood supply via muscular branches to specific posterior compartment muscles, but it also provides the
nutrient artery of the fibula. The posterior tibial artery continues towards the foot where it divides into the medial and
lateral plantar arteries. The posterior tibial artery travels deep to the triceps surae muscle within the intermuscular
septum and travels along with the tibial nerve.

Nerves

The tibial nerve provides innervation of the posterior leg compartment.[14] This nerve is the larger branch of the
sciatic nerve which divides into the tibial nerve and common fibular (peroneal) nerve at the popliteal fossa. The tibial
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nerve continues along the length of the leg and into its terminal branches known as the medial and lateral plantar
nerves. Both the common fibular nerve and the tibial nerve innervate various muscles of the posterior leg. The tibial
nerve provides the medial sural cutaneous nerve, which unites via the sural communicating branch from the common
fibular nerve to create the sural nerve. The sural nerve supplies skin overlying the lateral and posterior leg.

Muscles
Muscles of the posterior compartment are in two subdivisions: a superficial and deep layer.[1]
Superficial Posterior Muscles:

The gastrocnemius muscle is made up of separate lateral and medial heads.[1][15] The medial is the larger of the
two. The medial head originates at the femur and the medial femoral condyle whereas the lateral head originates at the
femur and lateral femoral condyle. The gastrocnemius directly overlies the soleus muscle, and together these two
muscles blend into a calcaneal (Achilles) tendon (AT), which inserts into the tuberosity of the calcaneus. Between

the AT and the overlying superficial fascia is a sub-calcaneal bursa that allows for frictionless motion between skin
and tendon.

A deep calcaneal bursa between the tendon and bone facilitates frictionless gliding of the tendon over the bone. The
soleus muscle originates on the posterior surface of the fibula as well as the soleal line on the tibia. As a unit, the
gastrocnemius and soleus muscles form the triceps surae.[1]

Deep to the triceps surae lies the plantaris muscle. This muscle originates on the lateral supracondylar line of the
femur and inserts onto the tuberosity of the calcaneus adjacent to the AT. The plantaris muscle is commonly a source
for grafting material. The triceps surae muscles provide for plantar flexion of the foot. However, the gastrocnemius
muscle itself can also facilitate flexion of the knee. The plantaris muscle allows minor plantar flexion as well.[1]

Deep Posterior Muscle

The most superior muscle of the deep posterior compartment of the lower leg is the popliteus muscle.[16][17] The
popliteus has its origin at the lateral condyle of the femur and inserts onto the posterior tibial surface superior to the
soleus muscle. The popliteus muscle facilities unlocking of the knee joint via internal rotation.[18][17]

The flexor hallucis longus (FHL) originates from the posterior surface of the fibula and inserts into the base of the
great toe's distal phalanx. The FHL tendon travels below the sustentaculum tali and is held in place by the annular
ligament. The FHL muscle plantarflexes the talocrural joint and the metatarsophalangeal and interphalangeal joints of
the great toe.

The flexor digitorum longus (FDL) muscles originate from the posterior surface of the tibia and inserts onto the distal
phalanges of the 2nd to 5ith digits in the foot. The FDL muscle crosses both the talocrural joint and
metatarsophalangeal joints, serving as an active plantar flexor of both joints. The FDL also plantarflexes the
metatarsophalangeal and interphalangeal joints of the 2nd through 5th toes.

An accessory FDL muscle is said to be present in 15% of the population.[19] Finally, the tibialis posterior muscles
originate on the interosseous membrane and inserts onto the navicular tuberosity and cuneiform bones of the foot. Its
tendon travels through the tarsal tunnel. The tibialis posterior muscle provides for plantar flexion across the talocrural
join and inversion of the subtalar joint.

Surgical Considerations

Acute compartment syndrome (ACS)
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Compartment syndrome develops when pressures within a closed compartment (i.e., the lower leg) exceeds the
perfusion pressure of the vessel, leading to tissue ischemia, nerve compression, and subsequent pain out of proportion
on exam.[20][21] The syndrome falls into classifications of acute or chronic, with the former more associated with
trauma, and the latter more associated with athletic exertion.[22]

ACS commonly presents in patients sustaining blunt trauma from motor vehicle accidents. Young patients suffering
from tibial fractures of the diaphysis are at higher risk for developing compartment syndrome and must be monitored
accordingly.[23]

Four compartment fasciotomy

Current management of compartment syndrome involves releasing all four lower leg compartments.[24] Common
complications of the procedure include:

e neurovascular injury

e soft tissue injury

Pediatric considerations

Tibial fractures are among the most common fractures sustained by the pediatric population.[25] Delayed diagnosis of
tibial fractures, especially secondary to high energy trauma, can include collateral vascular lesions, neurovascular
compromise, and the development of ACS.[26] Typical management utilizes closed reduction and casting; however
surgical intervention may include external fixation, intramedullary nailing, and open reduction internal fixation
(ORIF) with plates/screws.

Indications for lower extremity amputations include the presence of lower extremity ischemia from arterial occlusion
(including critical limb ischemia), distal extremity infection, or presence of a malignant tumor.[27][28] Surgical
techniques for below the knee amputations (BKA) can be utilized, with the posterior flap being most common.
Complications may arise postoperatively, with infections rates varying secondary to various factors such as the use of
skin clips over sutures, and use of suction drains.[29]

Achilles tendon rupture

The Achilles tendon is the strongest tendon, and susceptible to injury and rupture.[30][31] Achilles tendon ruptures
commonly occur in athletes (e.g., sprinters), but there is a well-recognized predilection for the recreational athlete (the
so-called "weekend warrior"). The latter occurs secondary to acute paroxysmal stress sustained by an already
weakened tendon after even mild degrees of tendinopathy. Degenerative Achilles tendinopathy can occur over time
and presents clinically as recurrent pain and swelling over the Achilles tendon insertion, or at various levels proximal
to its insertion.[32]

Treatment

Nonoperative management options include[31]

e Rest/activity modification
e NSAIDs

e Physical therapy (e.g., eccentric exercises)

Though tendinopathy management is generally with nonoperative treatment modalities, acute AT ruptures may
require surgical intervention. A common repair technique for tears located near the musculotendinous junction
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includes a direct end-to-end repair (open versus percutaneous techniques). Direct repairs are most amenable to
healing within six weeks out from the injury date. The data remains controversial regarding the outcome following
surgery compared to nonoperative management (i.e., functional bracing/rehab protocols).

Gastrocnemius tears

Tearing of the gastrocnemius muscle is a common injury in patients over the age of 40 years, and 1s often referred to
as tennis leg, because of its prevalence within the sport.[33] Its most common presentation is pain localized to the
posterior leg, accompanied by a palpable defect on the belly of the gastrocnemius. This is accompanied by loss of
strength on plantar flexion and decreased range of motion. Typically, the medial head of the gastrocnemius is
involved, however, an injury to the plantaris tendon or soleus tendon may also present similarly. Diagnosis is typically
made clinically; however, ultrasound may also be useful in assessing the injury and differentiating it from other
pathology. Conservative treatment includes the limitation of activity, crutch walking, rest, ice, compression, and
elevation. However, medical and surgical management may be necessary in cases of a hematoma or acute
compartment syndrome.[33]

Clinical Significance

Accessory muscles of the posterior leg compartment may be present in patients and lead to potential sequelae.
Reported accessory muscles have included an additional muscular tissue connecting the lower flexor hallucis longus
and the tibialis posterior muscle. There are cases where this muscle crosses the posterior tibial artery and may be a
source of entrapment. Additional accessory muscles have been said to originate in the interosseous membrane, near
the tibia, and insert into connective tissue surrounding the posterior tibial vessels. These situations also serve as a
potential source of compression for the vasculature.[34]

Aside from anatomical compressions of neurovascular bundles, injury may also take place iatrogenically. For
example, fibular graft harvests, tibial osteotomies, and fasciotomy are all procedures in which there is an increased
risk of tibial nerve injury. Knowledge of the branching points of the tibial nerve into the specific muscles of the
posterior leg is essential to avoid such injuries and subsequent motor loss.[35]

Focal myositis is a rare inflammatory pseudotumor that may present in the posterior leg compartment. Diagnosis is
difficult as clinicians may often misinterpret the tumor for other neoplastic processes and inflammatory myopathies.
However specific histopathological changes that should be noted include B cell and dendritic plasmacytoid cell
lesions, without any viral or molecular infectious source. Additionally, the presence of IgG4 and fibrosis has also
been associated with focal myositis.[36][37]

Physiologically, the pressure of surface veins in the leg decreases when a person is ambulatory.[38] This pressure
decrease occurs because the muscles of the posterior leg compartment can compress deeper veins via contraction.
When said muscles relax, these deep veins will increase the amount of blood they accept from the surface veins, thus
decreasing pressure in the surface veins. However, patients may have venous abnormalities in which the surface vein
pressures do not adequately decrease, causing ambulatory venous hypertension. Such insufficiencies arise from
destruction, incompetence, or embolization of the veins, which in turn leads to reflux that leads to inadequate
reduction in venous pressure. This venous hypertension, in turn, leads to hyperpigmentation, fibrosis, and ulceration
in the leg. It is hypothesized that there is a deficiency in the nutrition and oxygenation sent to the cells which affect
their functionality. Treatment of chronic venous insufficiency varies from compression therapy to sclerotherapy or
radiofrequency ablation.[38]

Restless leg syndrome is characterized by spontaneous, nocturnal leg movements and has a prevalence of about 2-9%
in elderly patients.[39] The sensorimotor activation of the leg occurs at rest and most commonly at night, leading to
severe sleep disturbance.[40] The condition most commonly affects the calf muscles. However, the genetic basis and
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pathophysiology are not well known. Patients with iron deficiency may be at increased risk for restless legs
syndrome.[41] Typical management includes the use of dopamine agonists.

Leg cramps are characterized by involuntarily, episodic, skeletal muscle contractions of the calf muscles, associated
with pain, and typically occurring at night.[42] Though the etiology of leg cramps is not well understood, associations
exist with electrolyte imbalances, renal disease, polyneuropathy’s, myopathies, and administration of certain drugs.
Additionally, trauma and deep venous thrombosis also have associations.[43] A third of the general population over
the age of 50 is affected by nocturnal leg cramps, with the incidence increasing with age. Like restless leg syndrome,
leg cramps may lead to sleep disturbances and subsequent sequelae. Quinine was historically prescribed for control of

nocturnal leg cramps, but it has fallen out of favor after an FDA-issued warning regarding potentially dangerous side
effects.[44]

Questions

To access free multiple choice questions on this topic, click here.
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Figures

Leg Compartments

Tibia (shinbone)
Anterior Compartment

Lateral Compartment
Fibula
Deep Posterior Compartment

Fascia Encloses the Compartments

Superficial Posterior Compartment

The leg is divided in 3 compartments by the interosseous membrane
between the interosseous borders of the tibia and fibula and the
anterior and posterior intermuscular septa.

Lateral - contains the perineal group of muscles
Anterior - contains the extensor group of muscles
Posterior - contains the flexor group of muscles

Leg Compartments, Tibia (shinbone), Anterior Compartment, Lateral Compartment, Fibula, Deep Posterior

Compartment, Fascia Encloses the Compartments, Superficial Posterior Compartment. Contributed Illustration by
Beckie Palmer
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