Lower Extremity Orthoses II
 Terminology and historical background

     The word orthosis has derived from the Greek "Ortho" meaning straight, upright or correct.
Perhaps the oldest known of all devices to splint the knee joint existed as early as (2625 – 2730 BC).
Andre Pare` a pioneer in the art of orthosis making (father of modern surgery ) who first published his works in 1575, made a prefabricated steel orthosis for the correction of scoliosis and an ankle – foot orthosis to correct club foot.
Before the 1970, orthoses such as those used for the knee and ankle were fabricated by small orthotic shops on an individual need basis. Due to the growing population and growing need, specialized manufacturing companies began to appear.
Definition:

There are two definitions for orthoses as following:

1 – A lower limb orthosis is an external device applied or attached to a lower body segment to improve function by controlling motion, providing support through stabilizing gait, reducing pain through transferring load to another area, correcting flexible deformities and preventing progression of fixed deformities.
2 – An orthosis is an orthopedic appliance used to support, align, prevent or correct deformities of a body part or to improve the function of moveable part of the body.

* Brace is synonymous with orthosis.

*A splint is a temporary orthosis.

Some of the other common terms that denote particular orthotic design are include sling, corset, pressure garment and cuff.
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Historically orthoses were often named for the designer for example (Thomas ring), the place of origin (Milwaukee brace) or impairment for example (wrist drop splint).

The Committee on Prosthetics Orthotics Education (CPOE) has simplified terminology or generic designation in orthotics.

Common acronyms used in orthotics are as follows:

FO: Foot orthosis

AFO: Ankle – Foot orthosis

AO: Ankle orthosis
KAFO: Knee – Ankle – Foot Orthosis

KO: Knee Orthosis

HKAFO: Hip – Knee – Ankle – Foot Orthosis

THKAFO: Thoracic – Hip – Knee – Ankle – Foot Orthosis
In this categorize the orthoses generally are named by the body regions that they involve.

All orthoses apply forces to the body. The therapeutic benefit of the force application may be to resist or assist motion, transfer force, or protect a body part.
Functional classes of orthoses
There are four functional classes of orthoses:

1 – Stabilizer or supportive orthoses

2 – Motorized or functional orthoses

3 – Corrective or surgical orthoses

4 – Protective orthoses
A – Supportive orthoses:

These orthoses permit the patient to control an otherwise uncontrollable segment or an entire limb. They stabilize a joint by preventing excessive motion or unwanted motion and they stabilize a limb for weight – bearing. Such devices are used in the presence of flaccid paralysis, spastic paralysis, painful joints.
B – Functional orthoses:
Orthoses can provide mechanical assistance of weak or paralyzed muscle to enable the wearer to perform a specific function. For example a man who has drop foot, in this case an orthosis that has a plastic or metal spring in the ankle joint will compensate for the impairment by assisting foot dorsiflexion during the swing phase.

C – Corrective orthoses:
These orthoses are in many respects, surgical tools. They are characterized by simplicity of design and complexity of use. In order to correct or realign parts of a limb, forces, which exceed the strength of the part, are imposed. The tissues tolerate these forces when the application is periodic and in the proper direction. In addition, the deformity must be one that will respond to external force.
D – Protective orthoses:

These devices, which protect or maintain alignment of a diseased or injured limb. For present purpose, however this category consists essentially of weight relieving orthoses. Examples for these types of orthoses are ischial weight bearing and PTB brace.
Orthoses Functions
Lower limb orthoses have many functions include: 
1 – Correct deformity 

2 – Prevent deformity 

3 – Protect a weakened or painful musculoskeletal segment 

4 – Unload a joint or limb

5 – Rest and immobilization

6 – Provide feedback 

7 – Enhance gait

8 – Alleviate pain

9 – Promote osteogenesis

An orthosis worn over a malaligned body segment can exert force to correct or reduce the deformity, if the anatomic joint bears to passive force.

If the deformity cannot be reduced passively, then the orthosis must accommodate the malalignment.

Orthotic classification:

Three main types of orthoses are available:

1 – Prefabricated orthoses:

Prefabricated or (off the shelf) or (over the counter) orthoses are manufactured in variety of sizes and offer immediate application

reduced cost and are simple. They are generally used as evaluative tools or for temporary use because the fit/function and the durability of these products are limited.

 2 – Custom – fitted orthoses:
These types of orthoses require a more involved measurement and fitting procedures to obtain better fit and function. This type used for moderate involvement, and are prescribed on both a temporary and definitive basis.

3 – Custom orthotic designs:

These designs are the most sophisticated, requiring extensive measurement, casting, fitting and follow – up procedures from a skilled orthotist. Most often prescribed on a permanent (definitive) basis, a custom orthotic design is made to specifically fit each individual person and is therefore more expensive to manufacture. The result however is a more intimately fitting device with greater joint control, limb stability and improved function and mobility.
Purpose and basic function
The four basic functions of an orthosis are support and alignment, prevention or correction of deformity, substitution for function, and reduction of pain. An orthosis is designed to address any or all of these basic functions.
Additional indications for lower extremity orthotic intervention are:

1 - Relief of pain

2 - Rest or immobilization of affected joint or joints

3 - Support of weakened muscles
4 - Contracture management

5 - Support of body weight 

6 - Correction or prevention of joint deformity

7 - Limitation, restriction or enhancement of available joint motion 

8 - Control of planar motion

9 - Control of joint instability
10 - Control of undesirable or ineffective motions

11 - Improvement of body activities of daily living (ADL)

12 - Reduction of metabolic cost of walking 

Biomechanical principles
All orthoses apply forces to the body. The therapeutic benefit of the force application may be to resist or assist motion, transfer force, or protect a body part. The amount of force and the area of the body subjected to the force influence the comfort of the orthosis.
Resist motion:
Orthoses are used to control excessive or unwanted motion. For example a woman who has quadriceps paralysis may wear a KAFO that has a mechanical lock to stabilize the knee.

A man who has sustained spinal cord injury may be fitted with THKAFO that support him, immobilizing the hips, knees and ankles so he can stand.

In addition to resisting motion, orthoses can maintain a particular alignment. A hip orthosis can keep the femoral head in the acetablum for a boy with Legg – Calve`- Perth's disease. 
Assist motion:

Orthoses can provide mechanical assistance of weak or paralyzed muscle to enable the wearer to perform a specific function, for example, a man who sustained laceration of the preoneal nerve is likely to drag his foot during the swing phase of gait, risking a tripping accident.

An orthosis that has a plastic or metal spring near the ankle will compensate for the impairment by assisting foot dorsiflexion during the swing phase.

Transfer force:

Orthoses can be designed to transfer forces from one portion of the body to another. For example a foot orthosis that shift load from heel spure to the forefoot. Load transfer is often used in FOs.
An orthosis that incorporates an ischial seat and a patten bottom, transfer weight bearing stress from the pelvis to the distal end of the orthosis, by passing the skeleton of the lower limb.

Protect body part:

Some orthoses protect body areas, preventing deformity or injury. For example, patients with burns need to protect newly grafted skin from secondary trauma. Similarly, the individual with an insensitive and unstable ankle secondary to neurophatic disease will be more stable with a protective AFO.
Comfort:

Regardless of its purpose, the orthosis must be comfortable; otherwise, the patient is unlikely to wear it. If an uncomfortable orthosis is worn, it may be irritate or injure the skin and under lying structures.

A major element in ensuring comfort is minimizing pressure by maximizing the area covered by the orthosis.

Another way to improve comfort is provide sufficient leverage through which the longitudinal segments of the orthosis apply force.

The ways to improve comfort are:

A – Minimizing pressure

B – Snug fit

C – Sufficient leverage

1 – Maximizing area:

The greater the portion of the body that the orthosis covers, the lower the unit pressure,  for example the plastic shell of an AFO, which contacts the entire posterior portion of the leg is likely to be more comfortable than an upholstered metal cuff band an AFO, which contacts only a 5cm strip on the proximal leg.

Covering a large portion of the body however may be uncomfortable because the skin under the orthosis cannot dissipate heat quickly.

Consequently, the patient should wear a cotton garment under the orthosis because perspiration that accumulates beneath the orthosis can lead to skin maceration.

The amount of subcutaneous fat and muscle tissue influences orthotic fit. The individual who has atrophy of the torso (trunk) will need an orthosis that covers more area than dose the person who has a normal amount of soft tissue.

2 – Snug fit:

Regardless of material or design, some portion of an orthosis must be touching the body. The contact should be snug, rather than constricting. An excessively tight band will compress superficial blood vessels and cause pain and abrasions.
Equally, the contact should not be loose, for example, an AFO that has an overly loose calf band will irritate the skin as the individual passes through the stance phase of gait.

3 – Leverage:

The longer the longitudinal segment of an orthosis, the less pressure exerted at each end to provide the same functional benefits. In a WHO (wrist hand orthosis), a relatively long forearm bar applies less pressure on the proximal forearm than a shorter bar. Excessive length however may impinge on the antecubital fossa causing discomfort. 


 Orthotic Effectiveness
Although comfort is a prime essential of all orthoses, the therapeutic benefit of the device will be performed only if the device applies force effectively.

An orthosis worn over a malaligned body segment can exert force to correct or reduce the deformity, if the anatomic joint bears to passive force. If the deformity cannot be reduced passively, then the orthosis must accommodate the malalignment.

For example, a patient may have a knee that rests in a position of genu valgum. When the orthotist applies appropriate manual force, the knee achieves a straighter alignment.

In such an instance, the patient would benefit from a corrective orthosis that will maintain the improved position.

Pressure systems:

There are three types of pressure system:

1 – Three – point force system

2 – Four – point force system

3 – Circumferential total contact pressure 
Supportive systems involve a series of forces and counter forces, which are known as pressure systems. The basic pressure system for an orthosis is the three – point force system.
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Three point force system:

The system consist of a principal force acting in one direction and two counter forces acting in the opposite direction located proximal and distal to the principal force. For example, trunk flexion is controlled by an anteriorly directed force from the mid portion of posterior uprights in a LSO(principal force) and posteriorly directed counter forces applied by the sternal plate and supra public plate.

Similarly the patient who has genu valgum will have the deformity controlled by wearing a KAFO, which exerts laterally directed force on the medial aspect of the knee   and medially directed counter force on the lateral aspect  of the thigh and leg.

Four-point force system:

Some orthoses exert a four – point force system. The parapodium a THKAFO applies posteriorly directed forces from the chest band and the anterior leg bands, and applies anteriorly directed forces from the dorsolumbar band and the back of the shoe supports.
Circumferential pressure:

In a few instances, the orthosis surrounds the body segment, applying circumferential total contact pressure. For example, the patient recovering from third – degree burns to the arm may be fitted with an elastic sleeve that distributes pressure over the greatest area.
Floor Reaction:

The force exerted on the body in response to the force that the person exerts on the floor is called the floor or ground reaction force.

It is equal in amount and opposite in direction to the force applied by the patient. When one walks, the floor reaction is the resultant of the vertical force, which represents the interaction of gravity acceleration, the horizontal force that represents the tendency of the foot to slide forward, and the rotational force, which prevents the torsional movement of the leg.
At the time of the heel contact, the floor reaction normally passes behind the ankle, exerting a plantar flexion moment of force. Usually, contraction of the dorsiflexors controls ankle plantar flexion in response to this external force.

All wearers of lower limb orthoses must contend with floor reaction while standing or during the stance phase of gait.
Materials

Contemporary orthoses are constructed from a variety of materials. Orthoses often contain plastic and metal components and a few have leather, rubber or cloth elements. The physical and cosmetic properties of each material influence orthotic design, durability and cost as well as the patient's acceptance of the device.

Materials differ in strength, flexibility, ease of forming, weight and appearance.

Strength:

Strength is the ability of a material to resist forces.

Stress:

Stress is the measure of force per unit area. Surface stress is called pressure. Greater force over a small area causes high stress and high pressure.

Orthoses must have sufficient strength to control stresses imposed by the wearer, and tissues must have good integrity to resist the pressure exerted by orthosis.
Types of stresses:

There are three types of stresses include:
1 – Compressive 2 – Tensile 3 – Shear
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1 – Compressive stress:

Stress may be compressive, where by force squeeze the material for example, an inflatable splint to stabilize a radial fracture.

2 – Tensile stress:

Tensile stress also known as distraction, involves pulling apart a material. Example include a coil spring in an AFO that provides dorsiflexion assistance by pulling the shoe upward during the swing phase of gait or a turnbuckle orthosis that passively stretches the joint capsule to reduce contracture.

3 – Shear stress:

The third type of stress is shear, which is the horizontal sliding of one plane of the material over another.

Orthotic applications of shear are clear in the components of an over lapping joint in a WHO, that exerts shear stress on one another or a knee orthosis that  resists anterior gliding of tibia over the femoral condyles or in trunk bracing to control a scoliotic curve.

Strain

Stress may result in strain that is the change in the shape of a material.

Stiffness 

The amount of stress that must be applied to a material to cause strain is known as stiffness. Some orthoses utilize strain as part of their design. For example, the posterior leaf spring AFO is constructed from plastic that bends in response to ground reaction forces and resumes its original shape when force is removed.

The solid construction of the orthosis with no mechanical joint allows the patient with weak dorsiflexors to achieve normal motion in both swing and stance phases of walking. Strain applied to metal upright can shape it to fit the contours of a leg that has tibia varum.

Material failure:
Excessive strain can deform an orthosis to the point where its clinical value is negated. For example, constant prolonged strain on a low temperature plastic orthosis may change its shape so much that is no longer controls the body part for which it was made.

A brittle material, breaks when relatively low force is applied. Metal becomes more brittle when cold, therefore more brace damage occur in the winter.

Other properties:

Other properties of material used in orthoses include:

1 – Elasticity 

2 – Plasticity 

3 – Malle ability        
4 – Corrosion resistance

Elasticity:

Elasticity is the ratio of stress to strain, the ability of a material to recover its original dimensions, for example rubber – reinforced canvas in a corset accommodates to changes in contour of the torso as the patient moves from standing to sitting.

Plasticity:

Plasticity is characterized a material that changes shape without cracking. Plasticity is clear in a malleable material such as a polyethylene foam resilient insole that reshapes under compression.

Corrosion resistance:

Corrosion resistance refers to the extent to which materials deteriorate when exposed to chemicals. For some patients orthoses are sensitive to urine and perspiration, which attack the structure of the material, particularly certain metal and some fabrics.

"Line & Center of Gravity"

Gravity is a predictable force. The line of gravity (LOG) or action line is always vertical, pointing toward the center of the earth.

The point of application for gravity is a hypothetical point in the center of mass of the object. The point where gravity appears to act is called the center of gravity (COG). The geometric center of a symmetric object is the COG. The total mass of the body can be considered concentrated at one point called the center of gravity. The center of mass is located in the midline, just anterior to the second sacral vertebra while the individual is standing and walking. The center of mass changes with the configuration and function of the body.
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The line of gravity is a line passing through the center of gravity to the center of the earth. This line arises from the supporting surface between the ball and heel of the foot, then passes in front of the ankle and knee joint and slightly behind the hip joint to the center of gravity, then through the lumbosacral junction and behind the lumbar vertebra bodies to intersect the spine at the thoracolumbar junction, then continues in front of the thoracic vertebral bodies and through the cervicothoracic junction, and lastly travels behind the cervical vertebral bodies to the occipitocervical junction.

When the center of gravity dose not falls through the area of support, it is unstable at that moment.

Posture:

Posture is the alignment of the body segment in space. We can look at posture statically (maintaining a position) or dynamically.

Dynamic posture refers to posture in which the body or its segments are moving. In either case, to maintain upright posture the body must counter act the effect of gravity or other forces acting upon it.

The internal forces that are the pull of muscles, ligaments, and capsules, other soft tissue and bone pushing on bone typically counter the effect of gravity on the body. The nervous system also plays a critical role.  The nervous system must be capable of receiving, processing and interpreting information to provide and appropriate out put. An intact nervous system provides a sense of proprioception and muscles contracting with   the appropriate pattern and timing.
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Base of support

For the best stability, the LOG should be passing through the base of support. The larger the base of support, the more stables the person. The larger base of support gives the LOG more freedom to move without exceeding the limits of the base.

The base of support can be increased by changing the position of the feet or by adding a cane or crutches.
In ambulation, a wide base of support is more stable, but there are other consequences in terms of efficiency of movement and energy costs.
Normal Gait 
Before a practitioner can select an appropriate orthosis to facilitate ambulation for an individual or correct accompanying gait deviation, the orthotist must first have a good understanding of normal gait; secondly, an understanding of common gait deviations and their causes is very important.

Gait can be defined as the translation of the body from one point to another by way of bipedal motion.

In both walking and running there is a rhythmic displacement of body parts that maintain the person in constant forward progression.

Gait can be described from both a kinematic and kinetic standpoint.
"Kinematics of Gait"

Kinematically speaking we can use distance variables, time variables, the sequence of events, the functional significance of the events, and joint angles or range of motion to describe gait.

Distance variables:

First, we will look at the definitions of the distance variables.
Distance variables are:

1 – Stride length 

2 – Step length

3 – Width of base of support

4 – Toe – out

Stride length:

This is the linear distance between the point of initial contact by one foot to the next point of initial contact of the same foot.

In normal gait, typically the distance from heel contact to ipsilateral heel contact is measured. Therefore, there is a right stride length and left stride length in normal gait.   

Normal stride length average (1.41m), with men having a higher average (1.46m) than women (1.28m) do.
Children reach nearly an adult stride length about 11years of age.
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Step length:

Step length is the distance between the sequential points of initial contact by opposite feet. Again, there is a right and left step length.

 The width of the base of support:

It is the linear distance from the center of the heel of one foot to the center of the other heel. The normal width of the base of support ranges between 1 and 5 inches, averaging (3inch).

Toe – out:

This is the angle formed by the line of progression of the foot and the inter section of a line drawn from the second toe to the center of the heel. The normal toe – out is about 7 degrees at normal walking speed. The angle decreases as the speed of walking increases.

Time variables: 
The time variables are:

A – The time it takes to complete a stride

B – The step duration

C – Cadence

Cadence:

Cadence is defined as the number of steps per unit of time (either a second or minute). If the steps are shorter, the cadence increases at a given velocity. The average cadence for men is about 100 steps per minute and for women about 116 steps per minute.
When the cadence reaches about 180 steps per minute, it represents running rather than walking.

The velocity of walking can be defined as the speed of walking in designated direction. Practically speaking, the velocity and the speed of gait are the same, since typically we walk in a forward direction. This rate of linear forward motion is equal to the step length, or the distance walked per unit time. The speed of gait is measured in centimeter per minute and increased by either increasing the cadence or increasing the step length. 

Speed of gait = cadence .  step length
The normal, comfortable walking speed is referred to as free speed. Slow speed and fast speed are just that, slower than the free speed and faster than free speed, respectively.
As the right limb is going through the gait cycle, the left is going through its own gait cycle. There is a period of time when both lower extremities are in contact with the ground.

 This represents double support or double stance. Double stance occur during loading response on one side and preswing on the other. Each of these phases equals 10% of the gait cycle, so the total time in double stance equal 20% of the gait cycle.

Single stance or support, is the time when only one extremity is on the ground. In single stance the opposite limb is in swing, so single stance must also equal 40% of the gait.

Functional significance of events:

Perry refers to three basic tasks of gait:

1 – Weight acceptance

 2 – Single – limb support
3 – Limb advancement

The primary accomplishments during weight acceptance are stability forward progression, and shock absorption. Weight acceptance includes the phases of initial contact and loading response. During these phases, the body pivots over the heel, the heel rocker.

Single – limb support:

Single limb support includes mid stance and terminal stance. During these phases, the body pivots over the ankle, the ankle rocker continuing the forward progression.

Limb advancement:

Preswing and all of the swing phases constitute limb advancement. In preswing the body pivots over the forefoot, the forefoot rocker. The rockers assist the progression of the body over the supporting foot. During swing limb advancement, in addition to moving the forward, the major accomplishment is foot clearance.
Other factors affecting gait:

Many factors besides joint mobility can affect normal gait.

Among these are:

Age, anthropometrics, strength, cardiovascular status, habit, psychological status, type of clothing, and footwear.

Age

The effect of age is clear when comparing the unsteady gait of a body first learning to walk with the mature gait of young adult. Young children have a higher cadence than adults, and many geriatric adults have slower free speed.

Psychological statues

Psychological state including depression and the fear of falling is known to affect gait. Both of these states tend to cause a decrease in speed.

Clothing

The effect of clothing on gait is most obvious in the limited step length when a woman wears a tight skirt.

Slippery soles on shoes alter the step length and heavy boots increase the energy cost.

Anthropometric features

Anthropometric characteristics such as height and size may affect the stride length and other variables of gait. Height, size and distribution of mass also affect the location of the COG.

Movement of the center of gravity

As the body moves through space, the COG describes a sinusoidal path in both the sagittal and horizontal planes.

In the vertical plane, the COG is at a low during the two double – stance phases and at a high at right midstance and again at left midstance. Total of this displacement is 5cm.

Horizontally COG is farthest right at right midstance, in the middle during the two double – stance phases and farthest left at left midstance. The COG in a typical adult male displaces about 2.3cm in each direction for a total 4.6cm displacement.
Ankle joint and Foot
  When one stands, all body weight is transmitted through the ankle joint to the foot and from the foot to the ground. The foot not only provides a base for standing, but also transmits to the ground powerful muscular forces that propel the body in walking, running, jumping and climbing.

Foot functions:

The foot has two important functions:
1 – Support
 2 – Propulsion
Foot is united with the leg at ankle joint. With in the foot itself are the seven tarsal bones. Two of the joints in this region are sufficient importance to the special attention.

These are subtalar and midtarsal joints, midtarsal joint including the talonavicular and calcaneocuboid articulations.

Ankle joint:

Ankle joint consist of:

1 – Syndesmosis between the distal tibia and fibula

2 – A diarthodial mortise between the distal tibia, fibula and talus.

The ankle mortise is a uniplanar hinge joint. The axes of movement are along a line just distal to the palpated tips of the medial and lateral malleoli.
In the horizontal plane, the ankle axis projects from antromedial to posterolateral, in the coronal plane, from medial head to lateral end.

Dorsiflexion of the ankle results in eversion of the foot and plantar flexion in inversion.
The axes of rotation change depending on whether the ankle is in dorsiflexion or plantar flexion. These instant centers vary depending on the joint position, different individuals, direction of motion and weight bearing status.

Ankle joint stability:

Ankle stabilizers are as following:

1 – Shape of talus

2 – Interosseous membrane

3 – Ant. & Post. Talofibular ligaments

4 – Calcaneofibular ligament

5 – Ankle joint capsule
The ankle axis must consider as horizontal at the level of the distal tip of the medial malleolus and in about 25* degrees of external rotation with the knee axis, when the knee axis is in the frontal plane.

Subtalar joint:

This is the joint between the underside of the talus and the upper and anterior aspects of the calcaneus or heel bone.

Motion between talus and calcaneus consists of rotation about a single oblique axis. Subtalar motion has been modeled as screw – like with calcaneal inversion (varus) and forward translation.

 The axis of subtalar rotation passes in the plantar and lateral direction from the neck of the talus through the sinus tarsi to the lateral wall of the calcanus. Subtalar motion always has components occurring simultaneously in all three reference planes. It is a gliding joint, limited motion takes place in all direction. The basic motions are inversion and eversion.

Deformities of the ankle and foot

These deformities may be due to congenital malformation, trauma, muscular imbalance or weakness of structural elements due to disease. The initial stages of a deformity are usually characterized by increased stress on ligaments and muscles, as these tissues attempt to maintain the best possible dynamic alignment under the circumstances.

As long as the foot remains flexible, external forces applied by braces and shoe corrections, can help to restore and maintain the structural members in good alignment or at least, can prevent progression of the deformity. If the deformity is fixed, then counter forces applied by, orthosis or shoe can help to obtain an optimum distribution of weight on the foot, but may be unable to realign the structures themselves.
Foot and ankle deformities are:

1 – Equines 2 – calcaneus 3 – valgus 4 – varus 5 – cavus
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Equinus:

With a simple equinus deformity, the foot assumes a position of plantar flexion. Unbalanced forces acting around the ankle joint produce the deformity. During the development of the deformity, the moment of force tending to produce rotation at the ankle in direction of plantar flexion, is habitually greater than the counter torque resisting plantar flexion. 

Force may be unbalanced because the dorsiflexor muscles are weak or the dorsiflexors may be have normal strength, but the counter forces applied by the calf muscles and soft tissues on the back of leg are greater than normal.
For example, a patient might walk on his toes to compensate for a shortened limb. Initially, the equinus position would be maintained by active contraction of the gastro – suleous, but as the deformity developed, it would be maintained to a large degree by the contracture of the Achilles tendon and other soft tissues.
The equinus position significantly changes the weight distribution on the foot. The heads of the metatarsal are subjected to greater than normal pressure. When weight is chronically borne on equinus foot, the photomechanical condition may involve not only the foot but also the knee joint as well since the floor reaction passes a greater than normal distance in front of the knee joint during part of stance and tends to force the knee in genurecurvatum.

In some cases, only slightly assistance is needed to restore dynamic balance of dorsiflexion – plantar flexion moment of force. A spring assistive device on an orthosis can frequently accomplish this.

In other cases, a spring is not strong enough for the task, and a stop on the orthosis is used to limit or prevent motion in plantar flexion. The mechanical effect of the stop is similar to that obtained in surgical arthrodesis for equinus deformity.
Calcaneus 

With this deformity, the toes are elevated and most of weight is on the heel. The forces acting around the ankle joint are unbalanced, usually due to paralysis of the calf muscles. The related pathomechanics and mechanical assistance may be provided with specific effects of weakness or paralysis of the gastro – soleus.

Valgus

With this deformity, the sole of the foot turns outward and the patient walks on the inner border of his foot.

The basic pathomechanics in this condition consist of unbalanced moments of force that rotate the hind foot.
Shoe wedges can assist in providing a counter force to the medial plantar aspect of the foot. By applying a force in the direction in medial side an orthosis by means of a strap (T – strap) can help in maintaining alignment of the leg and foot. This helps to prevent progression of the deformity.

Varus

With this deformity, the sole of the foot turns inward and the patient walks on the outer border of his foot. Unbalanced forces rotate the foot on the subtalar axis toward adduction and supination.

When an orthosis supplies a counter force in the lateral direction, it helps to maintain better alignment and to reduce stress on the structures of the foot. A strap is frequently used to apply the force. Shoe corrections that exert a counter force on the lateral plantar aspect of the shoe also help to resist progression of the deformity.

Cavus

The cavus deformity is indicated by excessive elevation of the longitudinal arch, accomplished by shortening of the extensor tendons of the toes. The pathomechanical condition is essentially one in which the muscles and fascia on the plantar aspect of the foot exert greater than normal force because of tendinous and fascial contracture.

  Shoe modifications may be used to provide mechanical assistance to the cavus foot. A longitudinal arch support helps to distribute the weight over a greater area of the foot, and thus reduce pressure on the metatarsal heads. A metatarsal bar or pad can help to reduce forces that tend to dorsiflex the toes at MTP joint as the patient walks.
The knee
The knee joint is the biggest joint in the body. Although the knee joint may look like a simple joint, it is one of the most complex joints.

Moreover, the knee is more likely to be injured than is any other joint in the body; it is subject to severe stresses and strains, in its combined functions of weight bearing and locomotion.

To take care of the weight bearing stresses the knee has massive condyles, to facilitate locomotion it has a wide range of motion, to resist the lateral stresses due to the great lever effect of the long femur and tibia, it is reinforced at the sides by strong ligaments, to resist the downward pull of gravity and to meet the demands of such violent locomotor activities as running and jumping, it is provided by powerful musculature. 

Although the knee is classified as a hinge joint, its bony structure resembles two ovoid or condyloid joints lying side by side, yet not quite parallel. The lateral flexion permitted in a single ovoid – joint is not possible in the knee joint because of presence of the second condyle.
The knee is a freely moveable joint constructed like a modified hinge. A true hinge joint only allows flexion and extension. The modified hinge at knee permits the tibia and femur to rotate longitudinally with respect to each other as the joint flexes and extends. Rotation is due to differences in the size of the femoral condyles. The axis of movement changes continually and is referred to as an instant axis of rotation; this is in contrast to the axis of a simple hinge joint, such as the ankle or the mechanical knee joints often used in orthoses.
Meniscus:

The knee joint also has a structure made of cartilage, which is called the meniscus or meniscal cartilage. The meniscus is a c – shaped piece of tissue, which fits into the joint between the tibia and the femur. It helps to protect the joint and allows the bones to slide freely on each other. They deepen the articular facets of the tibia and the same time serve in a shock – absorbing capacity.
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The lateral meniscus:
This meniscus forms an incomplete circle, conforming closely to the nearly round articular facet. Its anterior and posterior horns that almost meet at the center of the joint are attached to the intercondyloid eminence.
Medial meniscus:

The medial meniscus is shaped like a large letter C, border toward the rear than in front. Its anterior horn tapers off to a thin fiber attached to the anterior inter condyloid fossa. It is not as freely moveable as the lateral cartilage because of its secure anchorage to the tibial collateral ligament at the medial side of the knee. Largely because of point of attachment, the medial cartilage is more frequently injured than the lateral.

Ligaments of the knee:

Patellar ligament:

This is a strong and flat ligament connecting the lower margin of the patella with the tuberosity of the tibia. Passing over the front of the patella, the super facial fibers are continuations of the central fibers of the quadriceps femoris tendon.

Collateral tibial ligament:

This is a flat membranous band on the medial side of the joint. It is attached above to the medial epicondyle of the femur below the adductor tubercle, and below to the medial condyle of the tibia. It is firmly attached to the medial meniscus. This fact should be noted because of its significance in knee injuries. It serves to control extension and to prevent motion laterally. 

Collateral fibular ligament:

This is a strong cord attached above to the back of the lateral epicondyle of the femur and below to the lateral surface of the head of fibula. It controls extension and prevents motion medially.

Oblique popliteal ligament:

This is a flat ligament, covering the back of the knee joint. It is attached above to the upper margin of the intercondyloid fossa and posterior surface of the femur and below to the posterior margin of the tibia. Medially it combines with the tendon of the semimembranosus muscle and laterally with the lateral head of the gastrocnemius.

The cruciate ligaments:

There are two cruciate ligaments located in the center of the knee joint. The anterior cruciate ligament (ACL) and the posterior cruciate ligament (PCL) are the major stabilizing ligaments of the knee. 

They are called cruciate from the fact that they cross each other and are further designated anterior and posterior, according to the their attachments to the tibia. They control certain movements at the knee joint. They limit extension and prevent rotation in the extend position. They also control the forward and backward sliding of the femur on the tibia, thus they provide antroposterior stability of the knee.

Anterior cruciate ligament:
This ligament passes upward and backward from the anterior intercondyloid fossa of the tibia to the back part of the medial surface of the lateral condyle of the femur.

Posterior cruciate ligament:

This is a shorter and stronger ligament than the anterior. It passes upward and forward from the posterior intercondyloid fossa of the tibia to the lateral and front part of the medial condyle of the femur.

Transverse ligament:

This is a short, cord like ligament, connecting the anterior convex margin of the lateral meniscus to the anterior end of the medial meniscus.

The ilio - tibial tract:

The ilio – tibial tract is said to act like a tense ligament that connects the iliac crest with the lateral femoral condyle and the lateral tubercle of the tibia. At the knee joint, the tract serves as a stabilizing ligament between the lateral condyle of the femur and the tibia. The attachment to the femoral condyle is than a fixed point and the distal end moves forward in knee extension and backward in knee flexion.  
Knee movements
Movements:

The movements that occur at the knee joint are primarily flexion and extension. A slight amount of rotation can take place when the knee is in the flexed position and the foot is not supporting the weight.

Flexion and extension:
The movement of flexion and extension at the knee are not as simple as are those of a true hinge joint. This can be demonstrated in the classroom by holding a disarticulated femur and tibia together in a position of extension and then, holding the tibia stationary, flexing the femur on tibia as through the individual were assuming a kneeling or sitting position.
If no other adjustment is made, the femoral condyles will rollback completely off the top of the tibia. What prevents this in real life is the fact that as the condyles roll backward they simultaneously glide forward and thus remain in contact with the menisci throughout each phase of the movement.

Conversely, when the femur extends on the tibia, the forward roll of the femoral condyles is accompanied by a backward glide.
Because the femoral condyles are not quite parallel and differ in size, a slight degree of rotation occurs during the initial phase of flexion and the final phase of extension.
Because of the inequality of the two condyles, the medial condyle continues to roll forward after the lateral condyle has finished its movement. The inward rotation of the femur that accompanies the finishing of extension is commonly known as locking the knees.

  When the leg is flexed or extended in a non – weight-bearing position, the tibia rotates on the femur, instead of pervious way.

 The final phase of extension is followed by slight lateral rotation of tibia. At the beginning of flexion, the tibia rotates inward until the mid position is achieved. The rotation that happens in the final stage of extension and initial phase of flexion is inherent part of these movements and should not be confused with the voluntary rotation that can be performed when the leg is not bearing weight and the knee is in a flexed position.
Internal and external rotation in the flexed position:

In spite of the fact that the knee joint is classified as a hinge joint, its condylar structure accommodates movement other than just flexion & extension, under certain conditions. When the leg has been flexed at the knee, the collateral ligaments become loose and it is possible to rotate the leg on the thigh through a total range of about 50*degrees. This can happen, however only when the leg is not bearing the body weight.

  It is impossible, for instance to rotate either the leg or the thigh in this manner when the body is in a bending position.
Taut collateral ligaments prevent rotation when the leg is extended at the knee, either in weight bearing or in non - weight-bearing position. Inward or outward movements of the foot in the extended position are due to rotation at the hip joint.

Muscles of the knee joint

The muscles acting on the knee joint are classified as anterior or posterior according to the relation of their distal tendons to the transverse axis of the joint.

Anterior: Quadriceps femoris group:

1 – Rectus femoris

2 – Vastus intermedius
3 – Vastus medialis
4 – Vastus lateralis

Posterior: 
1 – Hamstring group:

a – Biceps femoris

b – Semimembranosus
c – Semitendinosus
2 – Sartorious
3 – Gracillis

4 – Popliteus
5 – Gastrocnemius
Quadriceps femoris group:

This group consists of the rectus femoris and vasti. 
Among of these, only the rectus femoris, the most superficial of the four, crosses the hip joint.

Vastus intermedius:

The vastus intermedius lies posterior to the rectus and is completely covered by it. The distal portions of the four muscles unite to form a single broad, flat tendon that attaches to the base of the patella.
All four muscles extend the leg at the knee joint.
The vastus lateralis and vastus medialis with their fibers combining toward the patella together with the vastus intermedius and rectus femoris, with their longitudinal approach serve to stable the knee joint in weight bearing positions and to maintain a balanced tension on the patella.

There is very little activity from these muscles however in relaxed standing. Because the three vasti are one joint muscles, they are powerful knee extensors, regardless of the position of the hip joint. Their greatest activity is during the last part of knee extension.

The vastus medialis is the most active of the three throughout the greatest range of knee extension. Its lower portion is also important in preventing lateral dislocation of the patella.

The rectus femoris extends the knee and flexes the hip joint.

Hamstring group:

Although the biceps femoris constitutes the lateral hamstring, its long head lies approximately along the midline of the posterior aspect of the thigh, as far down as the popliteal space. It is an important flexor of the knee.

When the knee is flexed and not bearing weight, the biceps can rotate the lower leg outward.

The semimebranosus and semitendinosus

These muscles constitute the medial hamstrings. Like the biceps femoris, they flex the knee joint.
The hamstrings are useful in preventing hyper extension at the knee, and in unlocking the knee, when one is returning from a position in which the line of gravity falls in front of the knee joint.(for example trunk forward without bending the knees)

Sartorius:

This is a long muscle superficially located and directed 

obliquely downward and medial ward cross the front of the thigh. Its action at the knee joint is generally flexion; it also assists in inward rotation of the tibia when the knee is flexed.
Gracilis:

This is a long muscle situated on the medial aspect of the thigh. Its action at the knee is flexion, it also is slightly active in internal rotation of the tibia when the knee is in a flexed position and the foot is not bearing weight.

Popliteus:

This muscle rotates the tibia inward and helps to flex the knee.

In a subject who is standing, it unlocks the knee joint before flexion. It also helps to protect and stabilize the knee joint from forward dislocation of the femur when squatting position is assumed and maintained. During walking, it is active throughout most of the weight-bearing phase.
Gastrocnemius:

This large calf muscle although originally is a muscle of the ankle joint, has an important function at the knee joint. It is in a position to help flex the knee and dose so when the leg is not bearing weight. However its most important function at the knee is serving as a posterior ligament to protect the joint in movements involving violent extension as in running and jumping.
When the foot is fixed in weight bearing the gastrocnemius can help to maintain knee extension. The wearing of high heels increased the frequency of subjects whose muscles were active.
It should be remembered that when the weight is born by the feet and the knees are allowed to flex, as in bending the knee, flexors are not responsible for the movement.

The flexion is produced by the force of gravity and is controlled by the extensor muscles that are contracting eccentrically that are in lengthening contraction.

The knee deformities

A number of mechanical causes can contribute to angular deformities involving the knee joint. Depending upon the condition, the mechanical factors can be related primarily to ligaments, to muscle or to bony structures.
Genu valgum:
In genu valgum or knock – knee, there is an abnormal curvature or angulation of the lower limb with the apex of the convexity disposed medially at the level of the knee.

Although usually bilateral, knock – knee may occur in only one leg.
The mechanical axis of the lower limb passes near the center of the knee and through the femoral head. The anatomic axis of the femur and tibia has angulation about 7* or 8* degrees. The medial femoral condyle is slightly longer than the lateral, thus maintaining the horizontal plane of the knee joint despite the inward obliquity of the femur.

  Valgus deformity of the knee exceeding this normal 7* is seen frequently in children between the ages of 2 and 4 years and may be considered physiologic. It usually corrects spontaneously.
Gnue valgum is an acquired deformity and it can be unilateral or bilateral.

Injury or septic destruction of the lateral half of the lower epiphyseal plate, results in arrested growth of the lateral condyle of the femur.

The continued growth of the medial condyle results in unilateral genu valgum.
Bilateral genu valgum can result from conditions causing bone softening as in rickets, osteomalacia and rheumatoid arthritis. 
The degree of genu valgum is measured by the distance between the medial malleoli (inter malleolar distance) at the ankle when the child stands or lies down with the knees touching each other.

 In children, injuries to the lateral side of either the proximal tibial or distal femoral growth plates can cause a progressive valgum deformity.
In adults, malunion of fractures, specially fracture of the lateral tibial plateau, may result in genu valgum. A progressive knock – knee deformity may develop from destruction of the articular cartilage on the lateral side of the knee joint in degenerative or other forms of arthritis.
Genu valgum result in secondary flat foot. Excessive genu valgum often causes outward dislocation of the patella. 

Unless the degree of valgum is slight, the individual with genu valgum has a rather awkward gait pattern. His knees rub together and there is increased side-to-side movement of the pelvis and trunk.

 The increased compressive stress on the lateral aspect of the knee joint and the increased tension on the medial aspect can lead to chronic synovitis or other undesirable reaction of the tissues. This stress can be reduced by application of restraining forces by means of bracing or shoe correction, or both. 
 Treatment:

No treatment is required for slight or moderate genu valgum in children 3 to 7 years old, their knock – knee is physiologic and undergoes spontaneous correction in the next few years.
When treatment seems advisable for young children, a 1/8 inches raise of the medial border of the heel sole is helpful.

In mild cases of genu valgum in young children, where the inter – malleolar distance is less than 5cm, wearing of boots with medial heel raised (wedges) by 3/8 inches and elongated forward (Robert Jones heel) corrects the deformity.
When the deformity is moderate (inter malleolar distance being 5 to 10cm) correction is achieved by an orthosis consisting of boots with long outside bar (lateral upright) up to the level of greater trochanter and knee straps. 
Any active rickets should be controlled by vitamin D therapy. 
In case with severe deformity, a supra condylar osteotomy of the femur (McEwen's osteotomy) is done to correct the deformity.

The Genu varum (Bowleg):

Genu varum is deformity where in there is lateral bowing of the legs at the knee. Such a bowing at the tibia is called Tibia varum.
Bowleg is usually bilateral, and is commonly seen in conditions like Rickets and Paget's disease. In osteoarthritis of knee a severe degree genu varum develops.

The degree of the deformity is measured by the distance between the two medial femoral condyles when the patient stands or lies down with the ankle together.

In genu varum, the floor reaction is shifted medially with respect to the knee. Because of this, the medial condyles are subjected to relatively greater compressive stress while the ligaments on the lateral aspects of the knee are subjected to relatively greater tensile stress.

  When an individual with genu varum stands with his feet together, his knees are separated and there is a downward and inward inclination of the tibia. This affects the mechanics of the ankle joint. The abnormal alignment of the tibia places the talus in a position corresponding to inversion.
Since partial compensation can be made in the subtalar and midtarsal joints, in some cases the sole of foot can rest flat on the ground. But the extent of this compensation is limited. In all but the milder cases, the individual with genu varum will walk with his toes turned in to some degree and he will exhibit a waddling type of gait.
Treatment:

Mild degrees of deformity can be corrected by wearing an orthosis consisting of boots with a long inner rod (medial upright) extending to the groin and leather straps across the tibia and the knee, to gradually correct the bowing.

Severe degree of deformity will need corrective osteotomy operation.
An orthosis that is used for the patient with genu varum applies a medially directed force at the knee. The force may be a strap or by a pressure pad.

Lateral wedges on the heel and sole of the shoe will tend to thrust the knee toward the midline. In fixed deformities, wedges applied to the medial portion of the heel and sole will apply no corrective force to the knee, but will help to improve weight distribution on the foot.
Tibia varum (Blount's disease):

Blount's disease is a condition presenting as lateral bowing the tibia in children. It is due to a local dysplasia of the postromedial part of the proximal epiphysis of the tibia. It is usually bilateral and progressive. 
To differentiate tibia varum from genu varum the following test is done:

With the child lying on the back, the knee is flexed fully. In tibia varum, the deformity becomes more obvious, but in genu varum, the deformity disappears.

   Radiology shows breaking of the metaphysis medially and defect in medial side of epiphysis. 

Severe cases need corrective tibial osteotomy. 
Genu recurvatum (Back knee):

  Genu recurvatum is a backward bowing of the knee. It can be congenital or acquired. In the congenital form, it is due to arthrogrypotic contracture of the quadriceps with or without congenital dislocation of the knee.
When the weight line passes in front of the axis of rotation of the knee as it dose in standing, walking and in the performance of many activities, a moment of force is generated that tends to produce hyperextension at the knee.

Hyperextension of the knee is resisted by:

1 – Both collateral ligaments

2 – Both cruciate ligaments

3 – The oblique popliteal ligament
4 – The posterior aspect of the capsule of knee joint

5 – The menisci

6 – The hamstring and gastrocnemius

7 – The configuration of the condyles

The greater moment of force tending to produce hyperextension, the greater will be the tensile stress in the knee ligaments.
In addition, the anterior aspects of both menisci are increasingly compressed between the femoral and tibial condyles when hyperextension increases. 

The common cause of acquired genu recurvatom is weakness of the quadriceps due to poliomyelitis. This can also be secondary to walking on a fixed equinus contracture. 

The other causes are:

Trauma to growth plate

Malunited fracture

Neuropathic joint 

It also follows quadriceps fibrosis following repeated injection into the thigh in children. 

Treatment:

Treatment depends on the causative factor; recurvatom due to quadriceps contracture is corrected by quadriceps plasty operation. In cases of poliomyelitis, an above knee orthosis prevents worsening of the deformity. 

Severe cases need soft tissue or bony correction.

An orthosis usually applies the required restraint to backward moment of the knee by means of a shallow thigh band and calf band located close to the knee. Stabilizing forces are applied by the antro – proximal aspect of the thigh and by posterior ankle stop of the orthosis.

Quadriceps fibrosis:

Quadriceps fibrosis is a contracture of one or more heads of quadriceps muscle. It occurs usually in children.

The most common cause of quadriceps fibrosis is a post injection fibrosis following repeated injection or infusions into the thigh, in infants, suffering from gastrointestinal disorders and respiratory infections.

There is also a congenital type found in association with congenital genu recurvatom as part of a generalized arthrogryposis multiplexia.

Treatment: 

In milder cases, the knee flexion could be increased by passive stretching.

In severe cases, surgery has to be done to lengthen the muscle by quadriceps plasty.

Goals and Methods of Treatment
The specific goals in the treatment of neuro – musculo – skeletal disorders in the lower limbs are:

1 – The elimination of pain

2 – The support of body weight

3 – The achievement of locomotion 

The techniques available to achieve these goals are collected in the fields of orthopedic surgery and rehabilitation medicine.
Surgical methods:

Surgical methods consist of open and closed surgery.

Closed surgery:
Closed surgery means the application of forces, which will permanently alter structure. Closed procedures include corrective casts and certain treatment splints, which use the patient's own activity to achieve many manipulations daily.  

These closed surgical procedures, as in the cast treatment of metatarsus varus and clubfoot and the splint treatment of congenital hip dislocation, are true surgical procedures and must be applied with great care to avoid overstress and local tissue breakdown.

Open surgery:

Open surgery consists of various operations to realign skeletal segments:

A – To release contracted tendons, joints and fascial structures
B – To transfer available functional elements to new locations
Surgical procedures include:

1 – Arthrodesis; the fusion of joints to eliminate motion and correct deformity
2 – Osteotomy; the transection of bone to realign the skeleton 

3 – Tendon releases, such as Achilles tendon and hamstring lengthening

4 – Capsulotomy and fasciotomy, used to correct deformity. 

5 – Tendon and muscle translocations to eliminate deforming forces or replace lost motor elements.

The use of orthotic devices is a treatment technique of all the disciplines involved in therapy. Surgery may eliminate the need for external support or contrarily, may be required to permit proper bracing.

Often bracing is used as an alternative to surgery. Occasionally improper bracing leads to increasing deformity that requires surgical correction. 
Functions of braces:

An orthosis is a mechanical appliance, which imposes forces on a limb. As such its functions can be analyzed in terms of force vectors that is the direction, intensity and duration of applied forces. 

While a particular orthotic design may be used for different purposes on different patients, there tends to be a variation in mechanical components corresponding to function. Hence, it is clearly of value for the physician to identify the purpose for that an appliance is prescribed.
Evaluation of the orthosis also requires a clear understanding of this purpose, as modification of the appliance may be necessary if goals are not being met.

Stabilizing or supportive orthoses:
These orthoses permit the patient to control an otherwise uncontrollable segment or an entire limb. They stabilize a joint by preventing unwanted motion and they stabilize a limb for weight – bearing. Such devices are used in the presence of flaccid paralysis, spastic paralysis painful joints and architectural insufficiencies produced by variety of diseases, traumatic, incidents and congenital abnormalities.
Functional orthoses:

Functional orthosis is indicated by a motor or contracted element designed to give active function to an otherwise paralyzed or paretic limb segment.

Though it may have stabilization as a primary goal, it also replaces a lost motor. The most frequently used motor element is a coil or leaf spring, which is dynamically loaded by active muscles and body weight and gives its power during the unloading phase.
The primary use of functional orthoses is in flaccid paralysis.

Corrective orthoses:
There are in many respects surgical tools. They are indicated by simplicity of design and complexity of use. In order to correct or realign parts of a limb forces, which exceed the strength of the part are imposed. The tissues tolerate these forces when the application is periodic and in the proper direction. In addition, the deformity must be one, which will respond to external force.
Corrective orthoses rarely if ever achieve significant results past infancy. They have been used successfully in congenital clubfoot, congenital dislocation of the hip and tibial torsion. In developmental bowlegs, attempts have been made to use corrective devices but the value of this approach is questionable.
Many difficulties, which develop during the use of stabilizing orthoses arise from the improper attempt to use supportive devices to correct deformities. Stabilization orthoses must usually accommodate deformities.
Protective orthoses:
These devices, which protect or maintain alignment of a diseased or injured limb, vary from the simplest wooden slab or gutter splints to the Boehler frame, the Jones splint and other complex traction – suspension apparatus. For present purposes, however this category consists essentially of weight relieving orthoses for example PTB brace and ischial weight bearing brace.
Such appliances are used in the treatment of fractures, infections complicating trauma and disorders of the hip specially necrosis. 
In the bracing process, there are signs and symptoms that are considered danger.

Signals include:

1 – Pain

2 – Anesthesia

3 – Absent peripheral pulse

4 – Severe edema

5 – Fixed deformity

These danger signs may indicate fractures, nerve damage, tissue exposure to pressure and difficult treatment problems requiring brace modifications or other treatment modalities.
A team approach to the prescription and evaluation of orthoses is often necessary since the patient who needs an orthosis may present multiple deficiencies.
Orthotic intervention is based on the needs of the patient at a specific time. Foe example a patient may need an orthosis for weight bearing and transfer in the early rehabilitation phases but a more functional orthosis for ambulation activities in later rehabilitation phases.

Factors in prescription:
These different factors are as following:

1- Clinical team, 2 – Prescription goals, 3 – Physical examination,           4 – Duration, 5 – Place of use, 6 – Finances, 7 – Cognitive abilities,
8 - Psychological subjects, 9 - Orthotic experience, 10 - Probable compliance. 

1 – Clinical team:

The central purpose of the clinical team is to formulate a prescription for an orthosis, evaluate its fit and assess the wearer's function while wearing it.

 The larger objective is to manage the patient's rehabilitation, which usually includes training with the orthosis.

As each patient is presented, team members provide key information that may affect prescription, and then consider the range of possible designs and materials.

2 – Prescription goals:

A reasonable starting point for prescription is when the clinic team established logical goals for orthotic use. The team may need to set priorities for the patient who has multiple needs. For example a person with hemiplegia needs to stand to prevent contractures and disuse osteoporosis, to transfer from bed to chair and move safety in the community. Although an orthosis may help the patient in maintaining a stable standing position and transfer from bed to chair.

3 – Physical examination:

Examination and evaluation should identify the pathomechanical disorders that disturb the individual's function. Abnormal skeletal and articular alignment can interfere with the patient's stability.
Muscular weakness places excessive stress on joint capsules and compromises the individual's gait. Examination of the condition of the skin and subcutaneous tissue is essential for prescription. Scar tissue, unhealed wounds, edema and atrophied areas affect orthotic selection.

4 – Duration:

The patient should be told the duration of orthotic use, both from the point of view of periods during the day when the device is to be worn and with regard to the time of reevaluation of the orthosis weeks or months later. If the orthosis is intended for long – term use, stronger materials and components are essential.

5 – Place of use:

Orthotic prescription should reflect the places in, which the patient is most likely to use the orthosis. Is the person's home large enough to permit the individual to engage in an orthotically assisted gait? In school, the child's primary activity is sitting with relatively short periods available for standing and walking.

6 – Finances:

The one potential contraindication to every prescription option is insufficient money. Either the prescription must be altered to keep with financial limitations or adequate funding must be obtained social service agencies play a critical role in this regard.

7 – Psychological subjects:
Although an orthosis may be viewed as advice supporting a body segment the individual's cognitive, emotional and social status are critical factors in selecting and orthosis that the patient will accept.
8 – Cognitive abilities:

The clinical team should consider the patient's cognitive abilities, particularly the patient's ability to understand donning, using and maintaining the orthosis.

9 – Orthotic experience:

An important component of prescription is the patient's orthotic experience. If the patient has previously worn an orthosis, what features were acceptable? What aspects of design, material and appearance were disliked?
10 – Probable compliance:

Some people do not understand the importance of frequent doffing of the orthosis when it is first delivered in order to check the condition of the skin and other soft tissues. The patient who does not or cannot understand the importance of wearing shoes of appropriate design will benefit more from a lower limb orthosis that is riveted to suitable shoe. If the orthosis is to be worn in school or at work, its appearance is a major subject. 

Some patients such as those with athletic injuries may express the desire to have an appliance that is brightly colored to highlight their encounters with danger or match their exercise clothes. Children may favor pictures of cartoon characters imbedded in the shells of the orthosis. 
Lower limb orthotic components

From the knee down, the components are the same as below knee (AFO) orthosis, except that the uprights extend upward to the knee joint. 

Stirrups and calipers:

The distal component of the leather-metal AFO is either a stirrup or caliper.
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Stirrups are manufactured in solid and split models.

Solid stirrup:

Solid stirrup is a U - shaped piece of steel that is riveted to the sole and steel shank of a durable shoe at a point corresponding to the anterior aspect of the calcaneus. Bilateral or unilateral uprights rise from the side portion of the stirrup and are bent so that the mechanical ankle joint of the orthosis is aligned with the anatomical 
Split stirrup:

The split stirrup has three pieces:

A steel plate with a transverse slot and two flat L-shaped upright that fit into the slot. The plate is riveted to the sole and shank of shoe. Donning is facilitated because the patient can remove the shoe from the proximal portion of the orthosis.

The split stirrup option is heavier, thicker and less durable than the solid stirrup and is contraindicated for patients who have several torsional motions (movements).
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Caliper:

An alternative to the split stirrup is the caliper. It consists of a steel tube placed in the shoe's heel. Round L-shaped uprights are inserted into the medial and lateral end of tube. 

Benefits of the caliper design include ease in donning and doffing and the relatively low cost. The major disadvantage of this design is that the orthotic joint axis is considerably distal to the anatomical axis (at the level of the shoe heel).

This arrangement results in the proximal portion of the AFO sliding up and down on the calf, causing skin irritation. The extent of pistoning is proportional to the motion occurring at the anatomical ankle joint.

Shoe insert:

Instead of attaching, the orthosis directly to the shoe by means of a stirrup or caliper may be incorporated in a shoe insert that successively fits into the shoe. This insert may be made of plastic, metal or metal with leather but, plastic is better because of the precision of fit that it provides.

The insert gives better control of the foot. The joints are well matched and interchange of shoe is simple.

Ankle joints:

To permit talocrural motion, orthoses usually have plastic or steel ankle joints. The durable metal joints are indicated for adults and active children. Ankle joints can be attached to metal stirrups and to plastic shoe inserts.

Steel ankle joint have a single axis that can provide control for plantar flexion and dorsiflexion or both motions.
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The stirrup with combination with the shoe and uprights provides mediolateral and rotational control. If only mediolateral and rotational control is required, the orthosis can have a free motion joint, which offers no resistance to sagittal plane motion.

Ankle stops:

Mechanical ankle joints ordinarily have stops to limit ankle motion to a fixed range. A plantar flexion stop has a projection on the posterior section within the joint that limits plantar flexion. A dorsiflexion stop has an anterior projection that limits dorsiflexion.

A limited motion stop has projections on both the anterior & posterior section of the joint, thus limiting motion in both directions.

Adjustable ankle joint:

If the condition at the ankle is expected to change, then an adjustable ankle joint, which allows the ankle to be easily set at different angles to accommodate the altered pattern, may be employed. The joint utilizes serrated interlocking discs to provide a clinically adjustable stop. It is generally used as a positioning device to be worn during the night, rather than for daytime ambulation.

Solid ankle:

If rigid control of the ankle is desired, a solid ankle may be necessary. It is quite strong, but not adjustable, should the situation at the ankle change.

Ankle joint assists:

As the name indicates, some mechanisms assist ankle may be substituting for weak or paralyzed muscles. Motion at the ankle may be provided by the action of a spring, elastic strap or the springiness of the material (plastic or wire) of which the orthosis is fabricated.
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A dorsiflexion assist consist of a spring inside the mechanical ankle joint. A top screw maintains the desired compression of the coil. The spring compresses during weight acceptance when the ankle plantar flexes. The spring recoils to assist dorsiflexion when load is removed from the limb. The action of the spring controls plantar flexion during loading response and preswing, as well as prevents toe pull during swing phase. Because the forces involved are relatively small, a dorsiflexion spring assist need only be strong enough to counteract the weight of the foot and the shoe.

No spring can substitute for the action of the plantar flexor muscles yet be suitably small. Instead, clinicians sometimes use the bichannel adjustable ankle lock (BiCAAL) joint, which has anterior and posterior springs.
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    Once the desired ankle alignment is achieved, the top screws are tightened so that the joint can resist all sagittal motion. BiCAAL joint, permits adjusting the alignment of the upright to suit the body configuration and extent or muscular control of the patient.

Mediolateral control:

To prevent the foot from supinating or pronating excessively, a varus or valgus correction strap can be added to metal leather AFO. The strap is T-shaped with distal aspect of the strap attached to the shoe on one side and the proximal components fastening around the opposite upright.
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 A varus correction strap is sewn into the lateral side of the shoe and secured around the medial upright.

 Where considerable pressure is required to prevent deviations a pad attached to the medial or lateral joint may be indicated.

Above – Knee components and orthoses

[image: image39.emf]
The above-knee orthosis may be used to support the body weight or to prevent and correct abnormal motion at the knee.

From the knee down the components are same as the below knee orthosis, except that the uprights extend upward to the knee joint.

Some type of kneepad is usually employed to further assist in knee control. The thigh uprights are shaped to the contour of the thigh, and are held together by one or two thigh bands. If control is needed at the hip, a pelvic band and hip joint may be added to uprights. 

Plastic – metal KAFO:

Most KAFOs have both plastic and metal components. Polypropylene is often used for the calf and thigh shells and the shoe insert.
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Metal such as aluminum, magnesium, titanium or steel is used for the uprights. Joints are usually made of steel, which tolerates friction well.

Plastic-metal orthoses with an insert foundation are easier to done than older leather-metal designs, which included a stirrup riveted to the shoe.

Plastic metal orthoses are considerably lighter in weight than metal leather types, resulting in faster walking at lower energy cost.

Shells:

The distal aspect of the contemporary KAFO is usually a plastic AFO with a continuous calf shell with a shoe insert and a solid or hinged ankle. The most common proximal component is a plastic shell that covers the posterior thigh. The thigh shell is usually held on the limb with hook-and-pile straps.

The shells create an efficient, from fitting contour that most patients prefer to older designs. Occasionally the KAFO includes a plastic bivalved circumferential component that encircles the thigh. 

The bivalved version reduces unit pressure on the anterior thigh but is more cumbersome to don and retains body heat. 

  Regardless of the type of shell, the individual should wear stockinet or other cloth between the skin and the shell.

Uprights:

Most KAFOs have bilateral metal uprights. For individuals who need control only in the frontal plane or who object to the obviousness of bilateral uprights, a unilateral upright may be enough. The stress at the distal end of a unilateral upright however is considerable.
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Knee joints:

Orthotic knee joints are either single axis or polycentric. Because the anatomical knee joint has a changing axis of rotation, mechanical joints, which have a fixed axis cannot move in complete harmony with it. Therefore some shifting of the orthosis with respect to the limb occurs during flexion and extension of the knee, but this can be minimized by proper placement of the mechanical knee joint.
Single axis joints:

This joint offer a simple, inexpensive way of permitting motion at the knee when the wearer sits. They also permit motion at the knee during gait for some patients.
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Active patients may find the single axis knee joint inadequate because it allows pistoning, which can be irritative. The anatomical knee joint has a moving axis of rotation that cannot be followed with a single axis orthotic joint.   

Polycentric knee joint:

Polycentric knee joints offer a better approximation of natural knee motion thereby avoiding pistoning and providing a better fit at all points in the knee flexion range. 
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A secondary benefit of the polycentric knee joint is greater stability, so it does not always require a lock. The polycentric joint has more moving parts, requires more maintenance and is heavier, bulkier and more expensive than the single axis joint.

The joint can be locked or unlocked. An unlocked joint provides mediolateral and rotational stability. It can be set straight within the uprights or can be offset posteriorly to increase knee stability.

For offset knee joints to be effective, the wearer must have no flexion contractures at the hip or knee and must walk on a level floor.

A new unlocked knee joint features a microcomputer-controlled mechanism that stabilizes the knee during early stance.

Free knee joint:

If the individual can control his knee against flexion but has a tendency toward mediolateral instability or recurvatum, a free knee joint may be used. Like other units, the free knee prevents recurvatum, but since it permits the knee to flex during swing phase, it allows for a more natural gait than the locked knee.
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Knee locks:

Most patients who need control in all planes require a knee joint with a lock. The most commonly used knee lock to control flexion is the drop ring lock. The lock is usually located on the lateral bar but may be placed medially if there is involvement of the upper limb on the same side as the orthosis. 

When the mechanical knee joint is in full extension, the ring drops over the joint manually or by gravity. The lock is simple and durable but has a tendency to secure in the presence of spasticity.

Modifications:

Modifications of the drop lock include the addition of a spring-loaded holding button to prevent the ring from dropping accidentally and a thigh-level spring release that the patient can use to raise the ring to flex the knee during the sitting motion.

Spring loaded pull rod:

In spring loaded pull rod, the spring drives the drop lock down automatically so that the individual need not bend to lock or unlock the joint.
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Internal or plunger lock:

An internal or plunger lock, which consists of a spring loaded pull rod with a cable attached to its lower end, may be prescribed in place of the external drop lock. When the knee is fully extended, the plunger snaps into a notch on the proximal end of the lower uprights and the knee joint is automatically locked. As the notch wears, the plunger drops further down, alleviating any potential play within it and resulting in a secure lock.

Pawl lock:

For individuals who cannot use a drop ring easily, perhaps because of hand weakness or poor balance, an alternative is pawl lock with a bail release. When the presses the bail against a chair or other rigid surface or lifts the bail with one hand the bail unlocks the medial and lateral knee joints so that the patient can flex the knee. The pawl lock with bail release provides simultaneous locking and unlocking of both uprights.

Cam lock:

A cam lock may be used in cases of severe spasticity because it is easier to release than the plunger or drop lock when a flexion or extension force is applied to the knee joint. The cam lock consists of a spring loaded, cam-shaped part, which fits into a similarly shaped break when the knee joint is fully extended. In the extended position, the spring maintains the cam in the rest, locking the knee.
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The cam lock is easier to release than the other locks, when forces are exerted on the knee joint, because the curved surface of the cam minimizes any necessary action that resists movement of the cam out of the locking container. A bail, which is a type of lever, is used to unlock both sides simultaneously. On some units, a thigh level release may be incorporated on one side only.

All of these locks require that the anatomical knee have full passive extension. A pawl lock or an ordinary drop ring lock cannot be engaged in the presence of knee flexion contracture. Special locks have been designed to stabilize the flexed knee. These locks provide for adjustment so that the clinician can match the angle of the anatomic knee. 

Occasionally an adjustable lock is used therapeutically to reduce the contracture.

Fan lock:

The simplest adjustable lock is the fan lock, which provides five positions for angling the uprights; one inserts a screw in the appropriate hole to angle the uprights. The lock is secured with a drop ring.

Dial lock:

The dial lock may be set to limit flexion or extension but it permits free motion in the opposite direction. Since it is constructed with a long curved slot, motion is limited in one direction according to the placement of the locking screw, while allowing free travel along the rest of the arc.

Serrated lock:

An alternative for dial lock is serrated lock, which includes a serrated disk on the distal upright and a dropping lock. One can alter the alignment of the distal upright through a 360*degrees range.

Although more efficient than the fan lock, the serrated lock may be contraindicated in the presence of knee laxity. The lock displaces the angulation of the uprights several inches below the knee joint, imposing a posteriorly directed force on the anatomical knee.

Ratchet lock:

A ratchet lock, such as the step lock is another option. The locking projection lodges in a depression in the ratchet to secure the joint. This component is bulkier and more expensive than, fan or serrated locks.

Offset knee joint:

If the mechanical knee joint is placed posterior to the uprights, as in the case of the offset knee joint, the knee will tend to extend when weight is transmitted through the bars. In this way, the knee is stable without a lock during stance phase, and is free to bend during swing phase, allowing a more natural gait.
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However, this type of knee joint cannot be used where there is knee flexion plasticity. In order for the offset joint to be effective, it is necessary for weight to be transmitted through the uprights.

This is difficult to achieve without the addition of a thigh corset or quadrilateral cuff, both of which add bulk and weight to the orthosis.

Single axis, polycentric and offset joint designs refer to the pivoting motion and alignment of the mechanical joints.

A single axis joint functions as it is named is same with a single hinge action.

Polycentric joints produce a shifting axis in an attempt to simulate the functional motion of the knee joints.

Offset knee joint designs shift the mechanical axis. This provides improved stance phase stability and resistance to anterior knee collapse.

Size, weight, function and durability are important factors in knee joint selection. 
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Knee bands and pads:

In addition to some type of knee lock, the patient with knee extensor paralysis requires an anterior component near the knee. These components are:

1 - Rigid suprapatellar shell

2 - Rigid pretibial shell

3 - Leather kneepad

Rigid suprapatellar or pretibial shells impose a posteriorly directed force to stabilize the knee. They do not interfere with sitting and are relatively easy to don.

A leather kneepad usually has four straps fastened to the medial and lateral uprights above and below the knee joint. Strap tension is adjustable but the component blocks knee flexion, when the wearer tries to sit, is cumbersome and takes a longer time to don.

Hip joints and pelvic band:

The movement of the anatomical hip joint may be controlled by attaching a hip joint and a pelvic band to the lateral uprights of the above-knee orthosis.

Unilateral pelvic band:

The metal pelvic band encloses the pelvis on the involved side below the iliac crest and above the greater trochanter and continues around the opposite side in the form of a flexible belt.

 Bilateral pelvic band:

Each side of the bilateral pelvic band begins at the point just posterior to the anterior superior iliac spines, midway between the greater trochanter and the iliac crests. It then curves downward and posteriorly to contact the most prominent portion of the buttocks and continues slightly upward, to overlie the sacrum. The proximal uprights of the hip joints attach to the pelvic band slightly anterior to the lateral midlines of the body.

Double pelvic band (pelvic girdle):

 For maximum hip control, a double pelvic band may be used. It is difficult to fit and requires the making of a body cast, which increase the cost, time and skill necessary for fabrication. They are usually made of the thermoplastic materials.

Hip joints:

The pelvic band and the lateral upright of the orthosis are connected by the hip joint. Most hip joints have a single axis, allowing for flexion and extension, but limited hyperextension. The single axis hip joint may include a lock similar to those used at the knee joint, such as a drop lock or a cam lock to prevent flexion while standing.

Two position hip lock:

This hip joint provides a locking function at 90*degrees of hip flexion, as well as in full extension, are particularly useful with individual who have difficulty marinating the sitting position because of spasticity of the hip muscles. Whether it is locked or unlocked, the single axis hip joint controls mediolateral motion (Abduction & Adduction).

Double axis hip joint:

In a few cases, where mostly adduction and rotation control is desired a double axis hip joint, which allows for lateral motion in addition to flexion, extension may be used.
Weight-bearing devices:

Weight bearing can be provided in an orthosis by the use of an ischial ring or quadrilateral brim.

Ischial ring (Thomas ring):

The Ischial ring (Thomas ring) is simpler to fabricate but dose not give as good weight relief as does the quadrilateral brim, since the weight bearing surface is quite small and there is little counterforce to maintain the ischial tuberosity on the ring.

Quadrilateral brim:

A plastic-laminated quadrilateral brim, designed with the same features as the proximal portion of the quadrilateral socket for amputees minimize the problems presented by the ischial ring.

For complete avoidance of weight bearing on the leg, a patten bottom may be added to the orthosis with a quadrilateral brim so that the foot dose not touches the ground. Weight is transmitted directly by the orthosis from the ischial tuberosity to the patten bottom. The ankle joint is eliminated and the lateral uprights, which extend distal to the shoe, are attached to the weight-bearing bottom.

Spinal attachments to lower limb orthoses:

Conditions such as spinal cord injury, poliomyelitis, spina bifida and muscular dystrophy may require the attachment of a spinal extension to above knee orthoses.

The spinal orthosis is used to control trunk motion, maintain or modify spinal alignment and promote usage of intra-cavitary pressure to reduce loads on the spine.

Major components used in spinal orthoses are the pelvic and thoracic bands, posterior and lateral uprights, and abdominal support.

These components are made of materials, which are generally heavier and more rigid than those used for spinal orthoses to be used without above knee orthoses.

Knee – Ankle – Foot Orthoses:

Structurally KAFOs continue proximally by bridging the knee joint and containing the thigh tissues. Most KAFOs are custom made from measurements or casts and are fabricated from metal and leather, thermoplastic or laminate materials. Hybrid designs incorporate a variety of material to achieve the desired orthotic control.

Biomechanical function:
KAFOs are successful in improving stability and functional mobility for persons with lower limb involvement. KAFOs are designed for persons with significant genu valgum, genu varum, genu recurvatom and genu flexion. Because of structural bridging of the knee joint improved control and sagittal plane control are achieved. 

Transverse plane control is determined distally by the footplate design. Skeletal joint alignment of the knee is achieved by applying corrective forces through the soft tissue structures of the thigh.

Therefore, a well-molded and well-fitted thigh shell is an important component of the orthotic design.

Excessive gapping reduces the mechanical effect of the design and reduces potential stability and function.
General indications:
When an AFO is ineffective in maintaining the knee over the base of support throughout the gait cycle, consideration of KAFO application is required. The knee is identified as the primary joint of instability usually in combination with any number of neuromuscular involvements or functional deficiencies. Ideally, externally applied forces realign the knee over a stable base of support and normal joint motion is provided through mechanical joint structures.
In some cases, however full correction or ideal alignment is not possible because of the long-standing nature of the deformity. Bony changes and musculoskeletal contractures at the hip, knee and ankle present unique challenges for orthotic intervention. Donning and doffing abilities as well as functional activities must be evaluated to develop the most appropriate orthotic prescription.
Specific applications:
Genu recurvatum is a common involvement for KAFO application. Specifically, knee joint laxity allows the anatomical knee center to move posteriorly during weight bearing. This usually an acquired deformity that develops secondary to weakness of the quadriceps or posterior calf muscle groups. It may also develop secondary to a plantar flexion contracture at the ankle. With associated muscle weakness, anterior collapse of the knee would occur; therefore, the person learns to compensate by maintaining the knee posteriorly and shifting the body weight anteriorly through hip flexion and anterior trunk bend. The effect is to place the body weight in front of the knee joint to prevent collapse and falling.
Frontal plane control:

Most KAFOs are prescribed for patients with knee extensor paralysis who need sagittal plane control. Orthoses are sometimes useful for individuals with soft tissue laxity such as occur in severe arthritis. These devices control the knee in the frontal plane and occasionally in the transverse plane as well.
For the adults with genu valgum for example the KAFO may have an extension of the plastic calf shell on the medial side. A mild frontal plane deformity can be controlled with an AFO with an extended calf shell. 
Alternative methods are less satisfactory. For genu valgum for example the leather kneepad, having a medial extension with a buckled around the lateral upright to provide a laterally directed force.
The additional strap increases donning time and the posterior portion of the strap tends to stay uncomfortably in the popliteal fossa when the wearer sits.
   Sometimes in same deformity, an upholstered disk attached to the medial upright near the knee joint. The disk also applies a laterally directed force. Although the disk dose not interferes with donning or with sitting comfort, it imposes high pressure on the medial side of the knee when the wearer stands.
Knee Orthoses

Knee injuries are prevalent in sports, industrial accident and motor vehicle injuries. An estimated 989,000 people used knee orthoses in 1994. 

Making it is the second most popular anatomic assistive following spinal orthoses. Knee orthoses are the most popular anatomic assistive device used by younger patients. 70% of all knee orthoses were used by persons 44 years and younger. 
Knee orthoses may be divided into seven categories. There are as follows:

1 – Prophylactic (preventive)

2 – Postoperative or rehabilitative

3 – Functional

4 – Patellar

5 – Valgus control

6 – Orthoses for osteoarthritis (unloader)

7 – Other types
1 – Prophylactic knee orthoses:
Prophylactic knee orthoses are those designed to eliminate or reduce the severity of damage to the knee joint caused by contact and non-contact injuries. Football linemen to minimize an injury first wore these orthoses. Prophylactic orthoses were developed to dissipate the force of a lateral blow to the knee, decreasing the valgus force and resulting ligamentous damage.
The most effective prophylactic knee orthoses are those stiff enough to prevent an external force from causing orthosis hinge joint contact with knee tissues. The correct sizing and fitting of prophylactic knee orthoses is critical to their effectiveness. Improvements are needed in the ability of prophylactic knee orthoses to fit each individual's leg without the expense of custom-molding procedures.
2 – Postoperative or rehabilitative knee orthoses:
Postoperative or rehabilitative knee orthoses are those prescribed after a surgical prouder, usually ligament reconstruction, to limit range of motion while soft-tissue structures are allowed to heal. For example, some postoperative protocols initially allow only 30*of flexion to full extension. The knee may be unlocked to allow motion such as in sitting to prevent joint contracture and scarring in the intracondylar notch. The medial and lateral uprights of the postoperative rehabilitive knee orthosis contain hinges that may limit ROM. postoperative rehabilitive knee orthoses have soft foam liners that compress the thigh and calf. These liners provide adjustability for edema and comfort over incision sites.
These orthoses are prefabricated, usually come disassembled and must be put together by an orthotist. Once assembled the patient may apply and remove the orthosis easily. 
3 – Functional knee orthoses:

Functional knee orthoses are designed to provide mechanical stability to the chronically unstable or reconstructed knee joint. Individuals who have returned to activity, specially a type of activity involving quick turns or cutting, wear them. Most functional knee orthoses control medial and lateral stability, anterior tibial translation and recurvatum. The Lenox-Hill was the first derotational sports knee orthosis. Functional knee orthoses often use a four-point force system to restrict joint motion in unwanted directions comfortably. This motion control is accomplished by contacting and controlling the tibia and by use of hinge that will not interfere with normal knee joint kinematics. The molded tibial shell is the anchor of the functional knee orthosis and reduces anterior tibial translation. The thigh straps stabilize the entire orthosis on the lower extremity. The most commonly used hinges are polycentric and single axis. 

Many types of functional knee orthoses are presently available. They are most commonly constructed of carbon-graphite, aluminum or titanium materials. 
Functional knee orthoses, like AFOs, may be custom made to the patient's leg or prefabricated as an off-the-shelf item. Whether to prescribe a custom-made or prefabricated orthosis depends on the following factors:
1- Degree of instability

2 - Level of sports championship

3 - Length of time on is expected to wear the orthosis

4 – Size and shape of the leg

5 - Willingness to wear the orthosis for an extended period of time

A typical measurement for prefabricated knee orthoses is circumferential measurement 6inches above the midpatella, at the midpatella and 6inches below the midpatella.
4 – Orthoses for patellofemoral disorders:
The patellofemoral joint is a source of knee pain, frequently due to damage, subluxation, dislocation, extensor mechanism malalignment, lateral patellar compression syndrome or patellofemoral chondrosis. Patellar orthoses or tapping attempts to centralize the patellar within the trochlear groove through a mechanical support or by decreasing patellar movement.
The taping used to control patellar motion, relieve patellar tendonitis, or unload the fat pad.

Three types of patellar orthoses are described below:

1 – Static sleeve with silicone or felt buttress
2 – Dynamic sleeve with lateral buttress and medial pull strap

3 – Infrapatellar strap
Static sleeve with silicone or felt support:

This orthosis consists of a three-dimensional compression knit with silicone ring that circles the patella. There is a trapezoidal contour in the popliteal area to bunching and the patella is covered to avoid window edema. Patient compliance is high because of the Genutrain's comfort and patellar silicone ring support.

Dynamic sleeve:

The dynamic sleeve with lateral support and medial pull strap type of patellofemoral orthosis allows the wearer to position and apply appropriate tension to enhance proper patellar tracking. Patients with a history of patellar dislocation and chronic patellar subluxation often use these orthoses. One example of this type of orthosis is the Bios kin Q orthosis. 
Inferapatellar straps:

Inferapatellar straps apply pressure to the patellar tendon, which causes the patella to be elevated. These straps are used for conditions such as patellar tendinitis and patellofemoral chondrosis. Inferapatellar straps have no effect on mediolateral ligament of tracking. Common infrapatellar straps include the Chopat and Levine straps. One inferapatellar strap is the FLUK. The FLUK does not restrict knee function and can be adjusted quickly during activity. It is especially popular in jumping sports such as basketball in, which patellar tendonitis is common.

These orthoses may alleviate pain through increased sensory feedback, by warmth, or by applying medial force to the lateral aspect of the patella in-patient with tracking problems. Patellofemoral orthoses by means of compression may increase the contact area between the patella and trochlea. This increasing in contact area could decrease stress, since forces are distributed over a greater surface area.

Valgus control functional knee orthoses:

It is estimated that 6 to 22% of collegiate athletes will be injured each year of the injuries sustained, the MCL is one of the most common, with incidence as high as 73%.

Injuries to the MCL of the knee usually recover without surgery. If the MCL can heal in its normal position, without valgus stress, there will be no residual elongation and instability. A hinged MCL valgus control functional knee orthosis may allow an individual to function with less pain and return to work or sport in a shorter time. These orthoses are usually made of neoprene or Drytex material with heavy-duty hinges on the medial and lateral sides of the knee. Drytex is a good hypoallergenic option.

Most hinges have extension and flexion stops that are easily adjusted for each individual patient. Various options exist such as popliteal opening, patellar opening and warp around.
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Orthoses for osteoarthritis (unloader):

Orthoses for osteoarthritis (OA) were first developed in 1989 to unload the medial femoral and tibial condyles.  Other patients who may benefit from this orthosis are those who have a history of meniscotomy, ACL tears, genu varum or valgum, failed total knee, or high tibial osteotomy. Often in these conditions joint surface pressures become unequal, leading to articular cartilage destruction.

OA is most commonly present in the medial compartment. Approximately 60 to 80% of the loads across the knee are transmitted to medial compartment. These orthoses are designed to distract joint surfaces of either the medial or the lateral compartments of the knee. Use of three-point force system to create a varus or valgus correction unloads the joint.    
There are two types of unloader knee orthoses, thrust and prestressed.

Thrust unloaders are single hinged and functions in one of two ways, either pneumatic condyle pads are inflated or condyle pad thickness is increased until a bending moment is achieved. The unilateral joint of this orthosis is placed on the same side as the compartment being unloaded. For example to unload the medial joint surfaces, the hinge is placed on the medial side.      
Prestressed unloader orthoses have bilateral hinges and incorporate angular corrections in the frame of the orthosis. The bilateral uprights of the orthosis align the anatomic knee joint to a neutral alignment, helping to reduce the compression on the affected compartment.
Knee Immobilizers

The KAFO or KO can be designed without a mechanical knee joint to hold the knee in full extension. Immobilizer splints are usually made of Canvas with vertical metal stay for additional rigidity. Those that cover most of the thigh and leg are used for immediate management of trauma and hemophiliac hemorrhage.
Swedish knee cage:

This KO helps to stabilize the knee when an individual is first learning to walk after a stroke. It has no moving parts, so it is durable and easy to use. It has metal uprights, anterior thigh and shin bands, and a posterior pad for the popliteal region. The thigh and calf bands are made of webbing or heavy elastic. During stance phase, this KO prevents the knee from hyperextending.

As the patient walks faster, the lake of mechanical knee joint causes the KO to slip or rotate and its stabilizing function decreases. 
Like the supracondylar AFO, the proximal edge of the Swedish knee cage protrudes when the wearer is seated. 
Contracture – Reducing KOs:

For individuals with knee contractures, a variety of KOs can help restore range of motion. Most have bilateral uprights and apply a constant force to the knee. For nonambulatory patients, an adjustable hinged knee joint allows incremental increase in joint rang of motion. Some KOs have knee joints with springs, which exert more tensile force on the anatomic knee as compared with knee units that lack springs.  More force can be applied and easier adjustments made with turnbuckle mechanism, as greater range is achieved. KOs for contracture management have thigh and calf bands made of fabric, metal or plastic. 
One design has two air bladders behind the knee that can be inflated to maximize pressure distribution. These designs can be used to reduce either flexion or extension contractures. 
Other joints have an elastic component in the form of a coiled spring or elastic band that provides tensile stress across the joint. 
Fracture orthoses:
An alternative to immobilizing a fractured limb in plaster or fiberglass is a fracture orthosis. It is indicated specially for distal femoral or tibial plateau fractures that are treated either operatively or nonoperatively.

The mass-produced orthoses have polyethylene thigh and calf shells with hook-and-pile fasteners. The shells compress the limb to maintain bony alignment and minimize edema. Unlike casts, fracture orthoses enable inspection of the limb. They can be fitted with a variety of orthotic knee joints depending on the extent of knee excursion desired. The foot and ankle component can be solid ankle shoe insert to prevent ankle and foot motion or an insert that allows dorsiflexion and plantar flexion while restraining midfoot motion. 
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Supracondylar KAFO:

 Supracondylar KAFO stabilizes the knee, ankle and foot. The proximal portion encases the knee to provide support in all three planes. The anterior proximal shell and the foot segment impose posteriorly directed forces that counteract the anteriorly directed force exerted by the calf band. The three-point pressure system resists genu recurvatum during stance phase while permitting knee flexion during swing phase and during sitting.
The distal portion of the orthosis immobilizes the ankle, hind foot and mid foot in slight plantar flexion, so a knee extension is generated during the stance phase of gait. By encircling the foot and ankle, the orthosis prevents foot motion, which further stabilizes the knee. 

Consequently, no mechanical knee lock is needed. The more efficient design is cosmetically pleasing, although the edge of the proximal shell projects above the thigh when the patient sits, so the orthosis cannot be worn under tight trousers or a snugly fitting skirt. The shoe should have a rocker bar to maintain forward momentum during walking. A mechanical knee joint can be added to allow knee flexion to improve sitting appearance, but the joint adds bulk, weight, cost and breakability.
The Supracondylar KAFO is contraindicated in the presence of alternating edema because the patient cannot adjust the snugness of the orthosis.
Hip orthoses
Hip orthoses are prescribed for problems associated with the femoral head or acetabulum of the pelvis. Custom-fitted and custom orthoses consist of a pelvic section, shoulder strap, hip joint and thigh cuff to control range of motion and alignment. They may be designed to provide unilateral or bilateral control and are most often used on a temporary basis during growth or to promote healing postoperatively.
Biomechanical function:

The hip joint is a universal ball and socket joint with available motion in all three planes. Abduction/adduction, flexion/extension and internal/external rotation control may be needed in the orthotic design. Congenital hip disorders require proper positioning to encourage normal bony development.

Acquired or degenerative disorders may require effective positioning and control to decrease pain and limit excessive forces transferred through the joint. As the hip joint is the dynamic link between the trunk and leg segments, misalignments and dysfunctions at this joint affect prepositioning of the limb for stance as well as worsen large trunkal deviations throughout the gait cycle.
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General indication and contraindications:

Hip orthoses may be used for congenital, dysplastic, traumatic, degenerative or post surgical procedures.

The Pavlik harness, Ilfeld orthsis, Von Rosen orthosis and Frejka pillow are used for developmental problems associated with dysplastic hip joints. These designs are used to realign the femoral head in the acetabulum to prevent continued dislocation and developing laxities.

Legg-Perthes disease is a disorder presenting with osteochondrosis of the head of the femur and several orthotic designs have been developed to treat the affected pediatric population.

Hip orthoses may also be used post operatively after total hip replacement to control range of motion and often to serve as effective reminders to maintain proper positioning during daily activities.  

Pediatric and adult populations require different orthotic approaches. In pediatrics, orthoses are designed to maintain good alignment during the normal growth processes of bone modeling. Controlled forces through the hip joints promote normal development of the head of the femur and the acetabulum.

Hip orthoses for adults often manage with the degenerative effects of bone remodeling where limited range of motion is most beneficial after total hip joint replacement. 

Specific application:

Although recurrent hip joint dislocation after surgical repair is rare, occasionally external support may be required for complicated procedures, corrections or poor surgical outcomes. The joint of the hip orthosis is designed to provide variable alignment options as the person progresses through the rehabilitation process.

Usually, the joint is aligned to maintain the hip in 10 to 20 degrees of abduction. This helps to hold the head of femur in the acetabulum. Flexion and extension ranges are limited to prevent anterior or posterior dislocation while still allowing the person to sit and walk.    
Internal and external rotation control is limited to some degree by grasping the soft tissue of the thigh.

 Proper fitting and adjustment and proper donning of the orthosis are critical to maximize function and effect. A shoulder strap helps to suspend the orthosis and maintain proper mechanical and anatomical joint congruency. 
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Hip dislocation (CDH):
Infants with congenital hip dislocation are often placed in an orthosis that maintains the femoral head in the acetabulum. The most popular of these devices is Pavlik harness, a webbing chest harness with extensions to the feet. The physician adjusts buckles on the harness so that the hips are kept abducted, flexed and externally rotated.  The pavlik harness consists of washable materials for a shoulder harness, stirrups for the legs and booties to hold the feet.

 The anterior leg straps allow hip flexion but limits extension.

The posterior leg straps allow hip abduction but limits hip adduction. The harness does not limit the baby from kicking and moving about.

Legg-Calve-Perthes Disease:

Dysplastic joints in the pediatric population present in varying degrees of severity. Legg-perthes disease occurs more commonly in young boy and is identified as osteochondrosis of the femoral head. In the beginning of the disease, process stoppage of blood supply to the head of the femur promotes necrosis. Revascularization finally occurs within the plastic bone, however the bony contouring of the femoral head does not develop normally. 

Continued weight bearing stresses increase the deformation of the hip joint and can result in permanent disability. 
Ratio of this disease in children is 10:1 boys to girls. The patient usually has limping and pain in affected side.

The orthotic treatment is intended to keep the child ambulatory while protecting the femoral head as it goes through the degeneration and regeneration phases of the disease. 

     There are two approaches to treat the Legg perthes as following:
A - The more common approach is to permit weight bearing through the affected limb while protecting the hip. Two orthoses fulfill this purpose, namely the Atlanta (sometimes called Scottish Rite) and the Toronto orthoses.

Atlanta hip orthosis:

The Atlanta hip orthosis (HO) consists of a pelvic band and thigh cuffs. The cuffs are attached to the pelvic band by means of heavy metal hip joints, which restrict abduction, adduction and rotation. The orthesis can be worn under clothing.
Toronto orthosis:
The Toronto orthosis is more cumbersome. It has a pair of locked KAFO joined by a bar at the soles of the shoes. In the middle of the bar is a ball joint, which permits motion in all directions.

The orthosis must be worn over trousers. The Toronto orthosis protects the wearer's knees while the Atlanta HO acts primarily at the hips.
B – Less common is the orthotic approach that prevents weight bearing through the affected limb.
Tadjian brace:

The trilateral (Tadjian unilateral abduction brace) is a KAFO that has a thigh cuff, which is triangular in cross-section. The distal lateral portion of the cuff is absent so that the orthosis applies no adducting force on the thigh.  

The uprights incorporate a locked knee joint. The distal end of the orthosis terminates in a patten-hoof-like plate form.  
The shoe is placed laterally and is located so that no portion of the shoe touches the ground. The child must wear a contra lateral shoe with a high lift so that the pelvis remains level.

All the orthotic approaches enable the child to walk without an assistive device.

Hip control orthoses:

Children who have deficient hip control because of cerebral palsy or septic arthritis may benefit from a HO that limits motion in one or more planes. The simplest such HO has a pelvic band to, which two leg cuffs are joined by single-axis hinges. The HO permits hip flexion and extension but limits motion in the frontal and transverse planes. For the nonambulatory child with a hip dislocation a hip abduction KAFO can hold the joint in place while healing occurs. A newer design is the Standing-Walking-And-Sitting-Hip (SWASH) orthosis. Its hinges permit sagittal motion and abduction. 
Another way to control hip rotation involves fitting the child with a pair of KAFOs to, which rotation-control straps are buckled. To control internal rotation, two straps are secured to the posterior midline of a Dacron waist belt. The end of each strap is attached to the lateral upright of the KAFO. Tightening the straps causes the legs to rotate externally. To control external rotation, a Dacron strap is looped anteriorily from the right lateral upright to the left. Both the internal and external rotation control straps do not restricts frontal and sagittal hip motion and are less cumbersome than a rigid pelvic band with hip joints.

Post operative orthoses:

Most orthotic manufactures offer a range of HOs that limit the excursion of hip joint in one or more planes. The orthoses typically include a pelvic band and thigh cuff. The hip joint has an adjustable mechanism, enabling the clinician to select the appropriate range of motion and to alter the excursion as necessary. These HOs are usually designated for adults who have arthroplasty or similar surgery. 

Primary total joint replacements of the hip and knee are reliable operations and are usually successful in restoring function to patients with severe arthritic conditions. Although orthoses are infrequently needed after these procedures, some external support may be needed in cases involving revision surgery, surgical complications, or unusual primary pathology.

Orthoses after hip replacement:

Dislocation of a prosthetic hip is a difficult clinical problem and an effort to determine its cause is necessary before one can make a reasonable treatment plan. If there is significant malposition of either the femoral or the acetublar components, surgical revision is usually indicated.

Once reduced, a total hip can be stabilized with an orthosis until sufficient repair tissue forms a psedudocapsule around the joint. 

This usually prevents further dislocations, provided that the components are well positioned. In the past, hip spica casts have also been shown to be useful for this purpose. 

 Currently, orthoses offer several advantages over casts as follow:

Orthoses weightless that makes them easier to tolerate during ambulation. 

An orthosis may be carefully removed, providing access for wound care and hygiene. In a adjustable, prefabricated models, which makes application a straight forward process. 

The usual orthosis used to treat a dislocated total hip has an adjustable pelvic waistband that may be supported, when necessary, by shoulder strap.
A snug-fitting thigh cuff is connected to the waistband by a laterally placed, adjustable metal hinge, which holds the hip in 10 to 20 degrees of abduction. The hinge may also be adjusted so the flexion and extension can be limited to the desired degree.

Usually these orthoses used for 6 to 12 weeks after the initial dislocation. Long periods of orthotic protection are indicated for patients with impaired soft tissue healing and recurrent dislocation or patients who are noncompliant. Occasionally, permanent bracing is necessary.
Evaluation procedures for lower limb orthoses
An orthosis that is not well constructed may be less attractive and is likely to injure the patient and malfunction too soon.

Consequently, orthotic evaluation is an essential part of rehabilitation. The orthosis should be evaluated when it is delivered to the patient and before the individual wears it on a regular basis. 

Deficiencies in fit, mechanical componentry or construction should be identified and corrected, otherwise the patient risks developing skin irritation or incorrect postural or gait habits to compensate for orthotic insufficiencies.

  The orthosis should be reevaluated when the patient about to be discharged. At this point, the individual has worn it for several weeks and developing deficiencies may become apparent. These problems should be corrected before the patient leaves the close supervision of the rehabilitation department.
Evaluation of the adequacy of a particular orthosis for a given patient involves a static and a dynamic examination.

Static evaluation:

Static evaluation consists of observing the orthosis on the patient as the individual stands and sits, as well as examining the device off the patient.

Dynamic evaluation:

Dynamic evaluation is performed while the patient walks.

Considerations for all orthoses:
The patient's opinion regarding whether the orthosis has satisfactory weight, comfort, function and appearance is principal. A person who is unsatisfied about the appearance of the orthosis will not wear it even if the orthosis meets all objective standards. The patient is the only individual who can evaluate the comfort of the orthosis, regardless of whether or not the clinic team is satisfied with the shape and alignment of the orthosis.
A critical aspect of evaluation is the ease in which the patient is able to don the orthosis. 
The patient must be able to sit comfortably in chair with hips, knees and ankles at approximately 90*degrees while wearing the orthosis. 
Comfort in sitting requires that the calf band not impinge into the popliteal fossa. A sharp superior margin of the calf band compromises sitting comfort.

 With a KAFO, the proximal margin of the calf band and the distal margin of the distal thigh band should be equal in distance from the knee joint axis to minimize the risk of soft tissue being pinched posteriorly. The orthotic knee axis should lie near the anatomic knee axis, slightly above the tibial plateau (18mm). 

Too low or two high an axis interferes with knee flexion and extension. 

Too tight a kneepad in a KAFO also makes sitting uncomfortable.

At the conclusion of the static and dynamic evaluation, the orthosis should be removed so that the orthotist can evaluate the construction of the orthosis. During the time it takes to examine the orthosis, the patient should be resting. Any skin indurations, blanching or redness should decrease within 10 minutes. Mechanical joints or uprights that press on the skin will finally irritate the skin and may lead to ulceration.
Screws and rivets should lie flat on the surface of uprights. 

Knee and hip locks and other mechanisms should operate easily and securely.
Ankle – foot orthosis inspection:

When the pressure that the orthosis applies to the body is tolerable, the patient is likely to be comfortable. Bands and shells should apply uniform contact to the skin, rather than concentrate pressure on a small area. A plastic band or shell should be molded to conform to the shape of the patient's leg.

Bands should apply equal pressure at their upper and lower margins. The shell or band should not press on the fibular nerve (common proneal nerve). Either the component should terminate below the head of fibula or the material should be shaped to provide a slight concavity at the bony prominence.

A metal ankle joint should be set at the level of the distal tip of the medial malleolus, the approximate site of the anatomic ankle axis. Medial and lateral joints should lie on the same axis, so that the orthosis may move smoothly. Markedly displaced ankle joints cause the calf band to slid up and down on the leg, particularly if the orthosis allows dorsiflexion.

Uprights should lie on the medial and lateral midline of the leg and thigh. Uprights that are too far posterior reduce the effectiveness of the forces applied by the calf and thigh bands. 

Upright placement that is too far anterior causes the calf and thigh band to be excessively deep.
Knee – Ankle – Foot orthosis inspection
In addition to examining the shoe and distal components of the orthosis, orthotist should inspect proximal elements of the KAFO and higher orthoses:

- Medial upright terminates below the perineum.

- Lateral upright terminates below the greater trochanter.
- Knee and hip orthotic joint match with anatomical counterparts.
- Trunk components are comfortable.

The medial and lateral uprights contribute to control of the knee and thigh. Excessively high uprights are uncomfortable; uprights that are too low reduce the leverage that is needed for control and thus impose high forces at the proximal end of the uprights.
The orthotic knee joint should lie alongside the lateral femoral epicondyle. Although the anatomical knee has an instant center of rotation that changes as the knee is flexed, the zone of rotation is located within the epicondyle. A displaced orthotic joint may interfere with sitting comfort. The orthotic hip joint should be anterior and superior to the greater trochanter (6mm) to order to coincide with the anatomic hip. 
Dynamic evaluation:

Assuming the orthosis fits well, the orthotist should proceed to the dynamic phase of evaluation during which the patient walks with the orthosis. If the person is not yet able to walk, then the dynamic portion of initial evaluation will have to be delayed.
One should observe the patient walking along a walkway that permits at least five strides, approximately 8 meters. The most efficient way of performing observational gait analysis is to focus attention only on the foot and ankle as the patient walks for several passes along the walkway.

Gait analysis should be related to the purpose for which the orthosis was prescribed. For example, if the patient exhibits foot drop during swing phase without an orthosis then the orthosis should correct this problem either by assisting dorsiflexion or by preventing plantar flexion.
Similarly, if the patient has knee stability during early stance without an orthosis, then the orthosis should restrict knee motion. A mechanical knee lock that does not engage would expose the patient to the risk of falling because of accidental knee flexion.

A second consideration in dynamic evaluation is recognizing gait disorders that can be refer to the orthosis. Some disorders must be accepted, for example, a KAFO with a knee lock will impose a stiff-legged gait, which is most obvious during swing phase.  

Patient management is thus compromised in favor of stability during stance at the expense of knee immobility during the swing phase.   
The gait deviation can be lessened somewhat by the addition of a 1cm heel and sole lift on the contralateral shoe, assuming a unilateral KAFO.
In addition to visual observation of gait, one should also  listen to the patient as the individual walks. Noise may arise from an orthosis that is malaligned or that has loose parts. Both situations may indicate early failure of the orthosis and, in the case of malalignment and skin abrasion.

Gait deviation:

A – Sagittal plane deviations: (observe from the side of the patient)

1 – Foot slap

2 – Toe contact

3 – Flat foot contact

4 – Excessive knee flexion

5 – Hyper extended knee

6 – Anterior trunk bending

7 – Posterior trunk bending

8 – Inadequate transition

9 – Toe drag (drop)

10 – Steppage

11 – Lordosis

B – Frontal and Transverse plane deviations: (observe from the behind or front of the patient)

1 – Lateral trunk bending to affected side

2 – Lateral trunk bending to unaffected side
3 – Wide walking base

4 – Excessively narrow walking base
5 – Circumduction

6 – Hip hiking

7 – Vaulting

8 – Knee adduction

9 – Knee abduction

10 – Excessive medial/lateral foot contact

11 – Internal/external hip rotation 

I – Gait disorders during early stance:

1 – Foot slap: forefoot slaps the ground quickly and noisily

A-Anatomical factor: weak dorsiflexors

B-Orthotic factors: inadequate dorsiflexion assist
                               Inadequate plantar flexion stop

2 – Toe contact: initial floor contact is with the forefoot; tip toe posture may or may not be maintained throughout the stance phase.

A-Anatomical factors: short leg, pes equinus, extensor spasticity, weak dorsiflexors, heel pain, knee and/or hip flexion contracture
B-Orthotic factors: inadequate heel lift, inadequate dorsiflexion assist, inadequate plantar flexion stop, inadequate relief for heel pain

3 – Flat foot contact: entire foot contacts the floor at initial floor contact (heel strike).

A-Anatomical factor: poor balance
B-Orthotic factors: inadequate traction from shoe sole,

                               Patient requires a walking aid, such as

                               a cane,

                               Inadequate dorsiflexion assist,

                               Inadequate plantar flexion stop. 

4 – Excessive medial/lateral foot contact: medial/lateral border of the foot contacts the floor at initial contact, also hyper pronation/hyper supination is seen.
A-Anatomical factors: weak invertors/evertors

                                     Pes valgus/varus

                                     Genu valgum/varum

B – Orthotic factor: transverse plane malalignment.

5 – Excessive knee flexion: knee collapses when the foot contacts the floor.

A-Anatomical factors: weak knee extensors

                                    Short contralateral leg

                                    Knee pain

Knee and/or hip flexion contracture

                                    Flexor synergy

                                    Pes calcaneus

                                    Weak plantar flexors

  B – Orthotic factors: inadequate knee lock
                                  Inadequate dorsiflexion assist

                                  Inadequate plantar flexion stop

                                  Inadequate cotralateral heel lift

Requires AFO with anterior band and solid ankle
                                  Require elastic or beveled heel

6 – Hyper extended knee: patient with genu recurvatum exhibits hyper extension as weight is transferred to leg.

A-Anatomical factors: weak knee extensor,
Laxity of knee ligaments (specially collateral and ACL)

                                    Extensor spasticity
                                    Pes equinus

                                    Short contralateral leg

Contralateral knee and/or hip flexion contracture

B – Orthotic factors: genu recurvatum inadequately controlled by plantar flexion stop,

                                 Excessively concave calf band

                         Pes equines uncompensated by a contralateral shoe lift,

                                 Inadequate knee lock.

7 – Anterior trunk bending: patient leans forward as weight is transferred to the stance leg.

A-Anatomical factors: weak knee extensors
                                    Hip flexion contracture

                                    Knee flexion contracture

B – Orthotic factors: inadequate knee lock

                                 Requires AFO with anterior band

                                 Requires elastic or beveled heel

8 – Posterior trunk bending: patient leans backward as weight is transferred to the stance leg.

A-Anatomical factors:

Hip extensor weakness

Knee ankylosis

Hip extensor spasticity 

B – Orthotic factors:

Inadequate hip lock

Inadequate knee lock

9 – Lateral trunk bending: patient leans toward the affected stance leg as weight is transferred to it. Also note whether the patient bends the trunk toward the unaffected side. Pelvis may drop or retract in response to the same factors as following:

A-Anatomical factors:

Hip abductor weakness (Trendelenburg sign)

Hip abduction contracture

Hip dislocation, coxa vara and slipped capital femoral epiphysis

Hip pain 

Poor balance

Short ipsilateral(affected side) leg

 B – Orthotic factors:

- Excessive height of the medial upright of the KAFO

- Excessive abduction of the hip joint of the HKAFO

- Insufficient heel lift

- Patient requires a walking aid such as a cane

- Compensation for abducted gait

10 – Abnormal walking base: heel centers are more than 10cm apart. Also, note whether the walking base is excessively narrow, less than 5cm.

A-Anatomical factors:

- Abduction contracture of hip (wide base)

- Adduction spasticity of hip muscles (narrow base)

- Poor balance

- Short contralateral leg

- Genu valgum

- Genu varum

- Perineal pain
B – Orthotic factors:
- Excessive height of the medial upright of the KAFO

- Excessive abduction of the hip joint of the HAFO

- Insufficient heel lift

- Patient requires a walking aid (cane)

 II - Gait disorders during mid and late stance:

1 – Inadequate transition: delayed transfer of weight over the forefoot.

A-Anatomical factors:

- Weak plantar flexors

- Achilles tendon sprain or rupture

- Pes calcaneus
- Forefoot pain

B – Orthotic factors:
- Inadequate plantar flexion stop

- Inadequate dorsiflexion stop

2 – Knee adduction/abduction: knee increases valgus or varus alignment.

 A-Anatomical factors:

- Ligamentous laxity
- Weak medial/lateral quadriceps and/or hamstrings

- Arthritic changes

B – Orthotic factors:
- Malalignment of uprights of KAFO

- Need for medial/lateral calf shell extension

  3 – Lordosis: the lumbar curvature is exaggerated during weight bearing on the involved limb. The upper trunk may also displace posteriorly.
A-Anatomical factors:

- Hip flexion contracture
- Hip extensor or abdominal weakness or both

B – Orthotic factors:
In ischial weight bearing orthosis, an improperly fitting cuff or a narrow ischial ring
III - Gait disorders during swing phase:

1 – Toe drag: toes contact the floor

A-Anatomical factors:

- Weak dorsiflexors
- Extensor spasticity

- Pes equinus

- Weak hip flexors

- Knee and/or ankle ankylosis

B – Orthotic factors:
- Inadequate dorsiflexion assist

- Inadequate plantar flexion stop

2 – Stappage: hip flexion is exaggerated in excursion and/or duration.

A-Anatomical factors:

- Weak dorsiflexors

- Pes equinus

- Ankle ankylosis

B – Orthotic factors:
- Inadequate dorsiflexion assist

- Inadequate plantar flexion stop
3 – Circumduction: leg swing outward in semicircular arc.
A-Anatomical factors:

- Weak dorsiflexors
- Weak hip flexors

- Hip extensor spasticity

- Pes equinus

- Knee and/or ankle ankylosis

- Short contralateral leg

- Inadequate weight shift

- Contralateral knee and/or hip flexion contracture

B – Orthotic factors:
- Inadequate dorsiflexion assist

- Inadequate plantar flexion stop

- Knee lock

4 – Hip hiking: pelvis elevates to enable the limb to swing forward.

A-Anatomical factors:

- Ipsilateral length because of: Hip flexor weakness, knee ankylosis, pes equinus or dorsiflexor weakness
- Contralateral shortness due to: hip or knee flexion contracture, skeletal shortening

- Hip flexor spasticity

- Hamstring weakness in slow walking

 B – Orthotic factors:

- Mechanical lock at the hip joint

- Mechanical lock at the knee joint

- Plantar flexion stop or weak spring in dorsiflexor assist.

5 – Vaulting: Exaggerated plantar flexion of the contralateral leg enables the ipsilateral limb to swing forward.

A – Anatomical factors: 
- The involved limb is relatively longer

- Hip flexor weakness

- Hamstring weakness in slow walking

B – Orthotic factors:

- Mechanical hip lock 
- Mechanical knee lock 

6 – Internal/external hip rotation: Excessive or inadequate rotation, either internal or external of the entire limb.
A – Anatomical factors: 

Internal rotation:
- Biceps femoris weakness
 - Pes varus
- Peronal muscles weakness

- Spasticity

External rotation:

- Quadriceps weakness

 - Inner hamstring weakness
- Spasticity

- Pes valgus

- Plantar flexor weakness

B – Orthotic factors:

- Uneven wear of the shoe heel
- Insufficient accommodation of the orthosis to tibial torsion or toe-out or both

- Orthotic ankle joint malaligned in the frontal plane.

Spinal cord injury (SCI)

Spinal cord injury is an injury to the spinal cord resulting in a change, either temporary or permanent, in its normal motor, sensory or autonomic function. Most traumas to the spinal cord cause permanent disability or loss of movement (paralysis) and sensation below the site of the injury.
Peripheral nerves carry motor commands to the muscles and internal organs, and they carry sensations from these areas and from the body's surface. (Sensory data from the head, including sight, sound, smell, and taste, do not pass through the spinal cord and are not affected by most SCIs.)

 Damage to the spinal cord interrupts these signals. The interruption damages motor functions that allow the muscles to move, sensory functions such as feeling heat and cold, and autonomic functions such as urination, sexual function, sweating, and blood pressure.

Spinal cord injuries most often occur where the spine is most flexible, in the regions of C5-C7 of the neck, and T10-L2 at the base of the rib cage. Several physically distinct types of damage are recognized. Sudden and violent moves to nearby tissues can jar the cord. This jarring causes a temporary spinal concussion. Concussion symptoms usually disappear completely within several hours. A spinal contusion or bruise is bleeding within the spinal column. The pressure from the excess fluid may kill spinal cord neurons. Spinal compression is caused by some object, such as a tumor, pressing on the cord.

 Lacerations or tears cause direct damage to cord neurons. Lacerations can be caused by bone fragments or missiles such as bullets. Spinal transection describes the complete severing of the cord. Most spinal cord injuries involve two or more of these types of damage.

The extent to which movement and sensation are damaged depends on the level of the spinal cord injury. Nerves leaving the spinal cord at different levels control sensation and movement in different parts of the body. The distribution is roughly as follows:

· C1-C4: head and neck. 

· C3-C5: diaphragm (chest and breathing). 

· C5-T1: shoulders, arms and hands. 

· T2-T12: chest and abdomen (excluding internal organs). 

· L1-L4: abdomen (excluding internal organs), buttocks, genitals, and upper legs. 

· L4-S1: legs. 

· S2-S4: genitals and muscles of the perineum.

Damage below T1, which lies at the base of the rib cage, causes paralysis and loss of sensation in the legs and trunk below the injury. Injury at this level usually does no damage to the arms and hands.

 Damage above T1 involves the arms as well as the legs. Cervical or neck injuries not only cause quadriplegia but also may cause difficulty in breathing. Damage in the lower part of the neck may leave enough diaphragm control to allow unassisted breathing.

 Patients with damage at C3 or above, just below the base of the skull, require mechanical assistance to breathe.
The following terminology has developed around classification of SCI:

1 – Tetraplegia: (quadriplegia) Paralysis of all four limbs is called quadriplegia or tetraplegia and is injury to the spinal cord in the cervical region with associated loss of muscle strength in all extremities.

2 – Paraplegia: Paralysis of the legs is called paraplegia and is injury to the spinal cord in the thoracic, lumbar, or sacral segments, including the cauda equina and conus medullaris.

Spinal shock:

Spinal shock is a state of temporary physiological reflex depression of cord function below the level of injury with associated loss of all sensory motor functions.

An initial increase in blood pressure is followed by hypotension. Flaccid paralysis, including of the bowel and bladder, is observed, and sometimes-sustained priapism (sexual dysfunction) develops.

This symptom tends to last several hours to days until the reflex arcs below the level of the injury begin to function again (bulbocavernosus reflex, muscle stretch reflex).
Neurogenic shock:

Neurogenic shock is demonstrated by the threesome of hypotension, bradycardia (Abnormally slow heartbeat), and hypothermia.

Shock tends to occur more commonly in injuries above T6, secondary to the disruption of the sympathetic outflow from T1 – L2 and to unopposed vagal (pneumogastric) tone, leading to decrease in vascular resistance with associated vascular dilatation.
Signs and symptoms

The signs and symptoms of a spinal cord injury depend on two factors:

The location of the injury:

 In general, injuries that are higher in the spinal cord produce more paralysis. For example, a spinal cord injury at the neck level may cause paralysis in both arms and legs and make it impossible to breathe without a respirator, while a lower injury may affect only the legs and lower parts of the body. 

The severity of the injury:

 Spinal cord injuries are classified as partial or complete, depending on how much of the cord width is damaged. In a partial spinal cord injury, which may also be called an incomplete injury, the spinal cord is able to convey some messages to or from the brain. So people with partial spinal cord injury retain some sensation and possibly some motor function below the affected area.

A complete injury is defined by complete loss of motor function and sensation below the area of injury. However, even in a complete injury, the spinal cord is almost never completely cut in half. Doctors use the term "complete" to describe a large amount of damage to the spinal cord. It's a key distinction because many people with partial spinal cord injuries are able to experience significant recovery, while those with complete injuries are not. 

Symptoms also depend on the extent of spinal cord injury. A completely severed cord causes paralysis and loss of sensation below the wound.

 If the cord is only partially severed, some function will remain below the injury. Damage limited to the front portion of the cord causes paralysis and loss of sensations of pain and temperature. Other sensation may be preserved.

Spinal cord injuries of any kind may result in one or more of the following signs and symptoms:

1 - Pain or an intense stinging sensation caused by damage to the nerve fibers in the spinal cord 

2 - Loss of movement 

3 - Loss of sensation, including the ability to feel heat, cold and touch 

4 - Loss of bowel or bladder control 

5 - Exaggerated reflex activities or spasms 

6 - Changes in sexual function, sexual sensitivity and fertility 

7 - Difficulty breathing, coughing or clearing secretions from the lungs 

Emergency signs and symptoms
Emergency signs and symptoms of spinal cord injury after a head injury or accident may include:

*Fading in and out of consciousness 

*Extreme back pain or pressure in the neck, head or back 

*Weakness, incoordination or paralysis in any part of the body 

*Numbness, tingling or loss of sensation in the hands, fingers, feet or toes 

*Loss of bladder or bowel control 

*Difficulty with balance and walking 

*Impaired breathing after injury 

*An oddly positioned or twisted neck or back 
Damage to the center of the cord may spare the legs but paralyze the arms. Damage to the right or left half causes loss of position sense, paralysis on the side of the injury, and loss of pain and temperature sensation on the opposite side.

Motor strengths and sensory testing:

The extent of injury is defined by the American Spinal Injury Association (ASIS). Impairment scale, using the following categories:

1 – Complete: no sensory or motor function is preserved in sacral segments (S4 – S5).

2 – Incomplete: Sensory, but not motor, function is preserved below the neurologic level and extends through sacral segments (S4-5).

3 – Incomplete: Motor function is preserved below the neurologic level, and most key muscles below the neurologic level have muscle grade less than 3.

4 – Incomplete: motor function is preserved below the neurologic level, and most key muscles below the neurologic level have muscle grade greater than or equal to 3.

5 – Normal: Sensory and motor functions are normal.

Definitions of complete and incomplete SCI are based on the ASIA definition with sacral – sparing as following:

Complete: Absence of sensory and motor functions in the lowest sacral segments.

Incomplete: Preservation of sensory and motor function below the level of injury, including the lowest sacral segments.

Sacral – sparing:

Sacral – sparing is evidence of the physiologic progression of spinal cord long tract fiber with the sacral fibers located more at the edge of the cord. Indication of the presence of sacral fibers is significance in defining the completeness of the injury and the potential for some motor recovery.

This finding tends to be repeated and better defined after the period of spinal shock.

Other classifications of SCI include the following:

1 – Central cord syndrome:

Central cord syndrome often is associated with a cervical region injury leading to greater weakness in the upper limbs than in the lower limbs with sacral sensory sparing.

2 – Brown – sequard syndrome:

This syndrome often is related with a hemi section lesion of the cord, causing a relatively greater ipsilateral proprioceptive and motor loss with contralateral loss of sensitivity to pain and temperature.

3 – Anterior cord syndrome:

This syndrome often is related to a lesion causing variable loss of motor function and sensitivity to pain and temperature, while proprioception is preserved.

4 – Conus medullaris syndrome:

Conus is associated with injury to the sacral cord and lumbar nerve roots  leading to areflexic bladder, bowel and lower limbs, while the sacral segments occasionally may show preserved reflexes.

5 – Cauda equina syndrome:

Cauda equina syndrome is due to injury to the lumbosacral nerve roots in the spinal canal leading to areflexic bladder, bowel and lower limbs.

Muscle strength always should be graded according to maximum strength attained, no matter how briefly that strength is maintained during the examination. The muscles are tested with the patient supine.

The following key muscles are tested in patients with SCI, and the corresponding level of injury is indicated:

C 5: Elbow flexors (biceps, brachialis)

C 6: Wrist extensors (extensor carpi radialis longus and brevis)

C 7: Elbow extensors (triceps)

C 8: Finger flexors (flexor digitorum profundus) to the middle finger

T 1: Small finger abductors (abductor digitiminimi)

L 2: Hip flexors (iliopsoas)

L 3: Knee extensors (quadriceps)

L 4: Ankle dorsiflexors (tibialis anterior)

L 5: Long toe extensors (extensor hallucis longus)

S 1: Ankle plantar flexors (gastrocnemius, soleus)

Sensory testing is performed at the following levels:

C 3: supraclavicular fossa

C 6: Thumb

C 7: Middle finger

C 8: Little finger 
……..
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Sensory scoring is for light touch and pinprick, as follows:

"0"- Absent

"1"- Impaired or hyperesthesia

"2"- Intact

A score of zero is given if the patient cannot differentiate between the point of a sharp pin and the dull edge.
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 Motor level:

Motor level determined by the most caudal key muscles that have muscle strength of 3 or above while the segment above is normal (5).

Motor index scoring:

Using the 0 – 5 scoring of each key muscle with total points being 25/extremity and a total possible score of 100.

Sensory level:

Most caudal dermatome with normal score of 2/2 for both pinprick and light touch

Neurologic level of injury:

Most caudal level at which both motor and sensory level are intact, with motor level as defined above and sensory level defined by a sensory score of 2.

Skeletal level of injury:

This is level of greatest vertebra damage on radiograph.

Causes:

Traumatic injury: 
A traumatic spinal cord injury may stem from a sudden, traumatic blow to spine that fractures, dislocates, crushes or compresses one or more of vertebrae. It may also result from a gunshot or knife wound that penetrates and cuts spinal cord. Additional damage usually occurs over days or weeks because of bleeding, swelling, inflammation and fluid accumulation in and around spinal cord.

Nontraumatic injury:
 Nontraumatic spinal cord injury may be caused by arthritis, cancer, blood vessel problems or bleeding, inflammation or infections, or disk degeneration of the spine.

Whether the cause is traumatic or nontraumatic, the damage affects the nerve fibers passing through the injured area and may impair part or all of corresponding muscles and nerves below the injury site. Spinal injuries occur most frequently in the neck (cervical) and lower back (thoracic and lumbar) areas. 

A thoracic or lumbar injury can affect leg, bowel and bladder control, and sexual function. A cervical injury may affect breathing as well as movements of your upper and lower limbs.

The spinal cord ends at the lower border of the first vertebra in lower back - known as a lumbar vertebra. So injuries below this vertebra actually don't involve the spinal cord. However, an injury to this part of back or pelvis may damage nerve roots in the area and may cause some loss of function in the legs, as well as difficulty with bowel and bladder control and sexual function.

Epidemiology:

SCI due to trauma is not a common condition, but it has a major effect on the injured person's functional, medical, financial and psychosocial well – being.

The most common causes of SCI include the following:

1 – Motor vehicle accidents (44.5%) are the major cause of SCI in the United States.

2 – Falls (18.1%) are most common in persons aged 45 years or older.

3 – Violence (16.6%) is the most common cause of SCI and has resulted from violent encounters, primarily involving gunshot wounds. 

4 – Sport injuries (12.7%) cause many cases of SCI. Diving is the sport in which SCI occurs most commonly.

Other causes of SCI include the following:

1 – Vascular disorders

2 – Tumors

3 – Infectious conditions

4 – Spondylosis

5 – Developmental disorders
Sex:

The male – to – female ratio of individuals with SCI United States is 4:1.

Age:

More than 50% of all cases of SCI occur in persons aged 16 – 30 years. Traumatic SCI is more common in persons younger than 40 years, while nontraumatic SCI is more common in persons older than 40 years.
Risk factors:

Although a spinal cord injury is usually the result of an unexpected accident that can happen to anyone, some groups of people have a higher risk of sustaining a spinal cord injury. These include:

Men:

 Spinal cord injury affects a disproportionate amount of men. In fact, women account for only about 20 percent of spinal cord injuries in the United States. 

Young adults and seniors:

 People are most often injured between ages 16 and 35. But there is another peak in people older than 60. Motor vehicle crashes are the leading cause of spinal cord injury for young people, while falls cause most injuries in older adults. However, in some cities, acts of violence - such as gunshot wounds, stabbings and assaults - are a major cause of spinal cord injury. 

People who are active in sports:

 Sports and recreational activities cause 13% of spinal cord injuries in the United States each year. High-risk athletic activities include football, rugby, wrestling, gymnastics, diving, surfing, ice hockey and downhill skiing. 

People with predisposing conditions:

 A relatively minor injury can cause spinal cord injury in people with conditions that affect their bones or joints, such as arthritis or osteoporosis.

When to seek medical advice:

Spinal cord injury isn't always obvious. Numbness or paralysis may result immediately after a spinal cord injury or gradually as bleeding or swelling occurs in or around the spinal cord. In either case, the time between injury and treatment is a critical factor that can determine the extent of complications and the level of recovery.

Anyone who has experienced significant trauma to the head or neck needs immediate medical evaluation for the possibility of spinal cord injury. In fact, it's safest to assume that trauma victims have a spinal cord injury until proved otherwise.

Screening and diagnosis:

Paramedics and emergency workers are trained to treat people who have suffered a traumatic head or neck injury as if they have a spinal cord injury or an unstable spinal column, until a thorough screening and diagnosis can be completed. A key step in the initial treatment is immobilizing the spine.

Immobilizing the spine can prevent injury to the spine or prevent worsening of any injury that is already present. For this reason, emergency personnel receive training in handling an injured person without moving the neck and back. They use rigid collars around the injured person's neck and place the injured person on a rigid board, until a complete evaluation can take place.

In the emergency room, a doctor may be able to rule out spinal cord injury by carefully inspecting an injured person, testing for sensory function and movement, and asking some questions about the accident. But if the injured person complains of neck pain, isn't fully awake, or has obvious signs of weakness or neurological injury, emergency diagnostic tests may be needed.

These tests may include:

X-rays:

 Medical personnel typically order these tests on all trauma victims suspected of having a spinal cord injury. X-rays can reveal vertebral problems, tumors, fractures or degenerative changes in spine. 

Computerized tomography (CT) scans:

 A CT scan may provide a better look at abnormalities seen on an X-ray. This scan uses computers to form a series of cross-sectional images that can define bone, disk and other problems. 

Magnetic resonance imaging (MRI):

 MRI uses a strong magnetic force and radio waves to produce computer-generated images. This test is extremely helpful for looking at the spinal cord and identifying herniated disks, blood clots or other masses that may be compressing the spinal cord. But MRI can't be used on people with pacemakers or on trauma victims who need certain life-support machines or cervical traction devices. 

Myelography:

 Myelography allows doctor to visualize spinal nerves more clearly. After a special dye is injected into spinal canal, X-rays or CT scans of vertebrae can suggest a herniated disk or other lesions. This test is used when MRI isn't possible or when it may yield important additional information that isn't provided by other tests. 

If doctor suspects a spinal cord injury, he or she may prescribe traction to immobilize spine, as well as high doses of the corticosteroid drug methylprednisolone (Medrol). There is some controversy about the use of this medication due to the small benefits noted in research studies and the possible risks. However, there are no other medications available at this time. So, methylprednisolone is generally given as soon as possible, and it must be given within eight hours of injury.

Diagnosis doesn't stop there, though. A few days after injury, doctor will conduct a neurological exam to determine the severity of the injury and to predict the likely extent of recovery. This may involve more X-rays, MRIs or more advanced imaging techniques.

It's often impossible for doctor to make a precise prognosis right away. Recovery typically starts between a week and six months after injury, if it occurs, with the majority of recovery taking place within one year. Doctors generally regard any impairment remaining after 12 to 24 months as likely to be permanent.
Paraplegia and the orthotic prescription

[image: image75.emf]
The orthopedic surgeon performs a neurologic evaluation on a repeated basis to determine what muscle groups are functional. With this knowledge, she/he can predict the long – term ambulatory potential and orthotic needs of the individual.

Obviously, this has important implications for the orthotist, and therefore, he/she should have a basic understanding of the concepts of neuro segmental level when dealing with the paraplegic patient.

The neuro segment level is the lowest functional motor level as determined by specific muscle testing and clinical observation, not only does the muscle group need to be present but its power must be sufficient to be of functional use to the patient.

In the thoracic level paraplegic, there is complete motor loss in the lower extremities. Because many of these individuals have poor abdominal muscles, unassisted sitting can be a problem, and any orthotic prescription will require stabilizing the torso, pelvis, hips, knees and ankles.

The upper lumbar paraplegics (L1 – 2) have strong hip flexor and adductor functions. Their orthotic needs demand stabilizing the lower extremities to the pelvis because they lack abduction and extension to control upright stance. 

These patients are ideal candidates for the RGO system because they have powerful hip flexors that can be used to power the RGO system.

The alternative orthotic prescription is the HKAFO utilizing the swing – to and swing – through gait. This has two significant disadvantages in comparing it to the RGO. It is more energy consuming and does not permit independent standing. These patients will be household ambulators at best, but the use of RGO system is attractive to them because it will enable them to walk about the house, school and workplace and to stand for long periods at a bench or table.   
The lower lumbar paraplegic (L3, L4 &L5) has strong quadriceps muscles. A normal quadriceps muscle (L4, 5) which extends and stabilized the knee, is the predictor of effective long-term ambulation.

The individual with good, but not normal quadriceps (L3) will often need HKAFOs, or floor reaction AFOs and crutches to be a good ambulator. With normal, powerful quadriceps, muscles (L4, 5) he/she usually can function with AFOs and no crutches are necessary.
The sacral levels (S1&below) have little or no significant motor loss. Ambulation without orthoses depends on the strength of the gastrosoleus muscle group that flexes the ankle and foot.

If strong plantar flexion is present, then they can ambulate without an orthosis, but if a weak plantar flexion exists, a calcaneus gait will result without the use of AFOs to prevent dorsiflexion of the ankle.

Ambulation:

Walking ability or ambulation for paraplegics is customarily divided into four groups. These groups define the functional ambulatory status or potential of the paraplegic. These are including following:

1 – Community ambulators

2 – Household ambulators

3 – Therapeutic ambulators

4 – Non ambulators 

1 – Community ambulators:

They have the ability to walk in the community. This means they can go up and down low curbs, and have the speed to cross the street during normal change of traffic (requiring a velocity of 1.5 miles per hour).

2 – Household ambulators:

They can walk only on level terrain both indoors and outdoors and can transfer with little or no assistance.

3 – Therapeutic ambulators:

They walk only during therapy sessions and walk a few steps during transfers.

 4 – Non ambulators:

They are those individuals who use the wheelchair exclusively.

Standing position

The individual with spinal cord disorder, typically a child with spinabifida or a man with a spinal cord injury, who wishes to walk, must have a means of achieving a secure standing position and a way of moving from place to place in a energy – efficient manner.

Orthoses designed for standing apply a four – point force system to the wearer, namely posteriorly directed forces at the mid-chest and mid-leg and anteriorly directed forces from the dorsolumbar region and feet.

The patient must have sufficient control of the upper torso, neck and head in order to stand. Control can be achieved by voluntary muscular control, operative fixation of the cervical and upper thoracic spine, or a cervical orthosis.

The standing orthosis must also provide a stable base. The base may be an orthotic foundation, either a pair of plastic shoe inserts or steel stirrups each with an ankle control that restricts mediolateral and posterior motion and may also limit anterior motion. An alternative base is a foundation to which shoes are secured.

Standing benefits:

Standing has many benefits, for it stresses the skeleton, reducing the risk of discuses osteoporosis.

Upright posture also promotes digestion, respiration, urinary drainage and is associated with fewer fractures and decubitus ulcers. Psychologically the patient is now at eye level with peers.
Standing frames:

Most commercial standing frames are manufactured in sizes of fit children. The geometry of a child with paraplegia differs from that of an adult with a comparable spinal cord disorder.

As compared with adults, children are shorter, have a lower center of gravity, weight less, and have proportionately larger feet in comparison with their height. Thus, less force is required to maintain upright posture, so the orthosis can be lighter than and not as hardy as one needed by an adult.

L – Standing frame:

The simplest standing frame resembles a capital "L" when viewed from the side. It consists of a broad wooden board approximately as long as the child is tall. 

A footboard is attached to the lower end of the main board. Chest and knee straps complete the frame. Sometimes castors are secured to the rear of the footboard so that the caregiver can roll the child from place to place. The "L" frame can be made easily.

"A" – Standing frame:

The A – standing frame is more efficient. It resembles a capital "A" when viewed from the back. The posterior support consists of two angled metal uprights with a transverse dorsolumbar band. The child's feet are strapped into footplates. The frame has a chest strap and a knee strap.
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Orthoses designed for ambulation

Ankle foot orthoses:
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Vannini – Rizzoli Stabilizing Boots:

A different orthotic approach for patients with paraplegia involves custom – made orthoses. The least encumbering orthoses are AFOs known as Vannini – Rizzoli stabilizing AFOs or boots. Intended for adults, each AFO features a flat shoe sole with the foot placed on a wedge. An essential element is an anterior strap located just below the knee.

The boots prevent all foot and ankle motion. Knee and hip stabilization is achieved when the patient leans the torso backward. People with spinal cord injury who have sensory loss at the level of knee and below do not experience the discomfort that would otherwise be associated with the tendency to genu recurvatum. Absence of bracing over the knee makes sitting very easy. Ambulation requires the use of a walker or similar assistive device.

Stabilizing boots are contraindicated in the presence of hip or knee flexion contracture or marked spasticity or obesity.

Knee – Ankle – Foot – Orthoses

Patients with lumbar lesions may manage with KAFOs. Whether the orthoses are AFO – SA or have steel stirrups adjusted to limit motion, the speed of walking is not significantly different. 

Craig – Scott orthoses:

One of the most common orthotic designs for adults with paraplegia is known as the Craig – Scott KAFO. 

Each leather – metal KAFO consists of a bichannel ankle lock stirrup riveted to a shoe that has a reinforced sole. The stirrup supports bilateral upright that support a locking knee joint and an anterior calf band. The uprights terminate at a thigh strap. The distal portion of each KAFO may be either a metal stirrup or an AFO – SA, the latter version for example the plastic KAFO usually requires the use of high quarter shoe, but a sturdy low quarter shoe may suffice. Shock - absorbing inner or outer soles reduce the impact during walking. Craig – Scott KAFOs are somewhat more expensive than other versions of KAFOs.

Spreader Bar:

Some patients have such severe adductor spasticity that their balance is unstable. They may find a steel spreader bar attached to both medial uprights near the ankle to be a useful device. The bar prevents may hip adduction or rotation. It also limits the patient's ambulatory options to the swing – to or swing – through gaits, rather than the four – or two – point patterns.

Medially linked KAFOs:

A version of KAFOs for patients with juvenile and adult paraplegia was invented at the Royal North Shore Hospital, Sydney Australia, known as walk – A – Bout or the Up and About; it has a ball bearing reciprocating linkage joining the proximal ends of the two medial uprights.

The linkage limits step length to the distance that the wearer can control. When the right leg is advanced, the left leg is prevented from flexing or extending unreasonably. Some patients add a lumbosacral corset with inguinal straps to assist stability and leg control. The wearer must use crutches or similar assistive devices.

Energy demand of ambulating with the Walk – A – Bout appears to be greater than that of the isocentric reciprocating gait orthosis, although rising and sitting are somewhat easier. A quick – release mechanism enables detaching the linkage, thus facilitating donning the orthosis.

KAFOs are not suited to patients who have hip or knee flexion contracture, marked spasticity or obesity.

Hip – Knee – Ankle – Foot Orthoses:

HKAFOs are sometimes prescribed for patients with paraplegia, particularly children born with spina bifida. The pelvic band with hip joints blocks hip abduction, adduction and rotation. 

If drop ring locks are added to the hip joints, the orthosis also eliminates hip flexion and extension.

Trunk – Hip – Knee – Ankle – Foot Orthoses:

Rigid THKAFO:

The most conservative approach for adults and children with paraplegia is a custom – made Trunk – Hip – Knee – Ankle – Foot Orthosis. The device usually consists of a pair of plastic solid ankle orthoses and thigh shells with lateral uprights, which incorporate locking knee joints and hip joints attached to a trunk orthosis. 

Some THKAFO have bilateral uprights. When the patient stands with hips and knees locked, the THKAFO provides sufficient stability so that the wearer is unlikely to fall, assuming the person is supported by parallel bars or other assist. The hip joints restrict all hip motion so that any adductor spasticity cannot upset balance. 

A few well – coordinated and highly motivated patients learn to perform a swing – to or swing – through gait while wearing THKAFO. Gait requires the use of parallel bars or crutches. Although many patients are fitted with THKAFOs during their rehabilitation, long – term usage is minimal. The orthosis is very difficult to don, is relatively heavy and does not provide any means of aiding leg motion needed for four-point ambulation. Moving to and from a chair is effortful.

Other devices that provide the physiological and psychological benefits of standing, joint movement and functional mobility are available.
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Reciprocating Gait Orthoses:

An articulated THKAFO may allow a child or adult with paraplegia to ambulate with a four – or two – point crutch gait. The reciprocating gait orthosis (RGO) was invented at the Ontario Grippled Children's Center and refined at Louisiana State University.   

It consists of a pair of KAFO with solid ankles and locking knee joints.

The RGO includes anterior leg and thigh straps. The KAFOs are attached to a pelvic band unit having hip joints, which permit only limited hip flexion and extension. Uprights that terminate in a rigid dorsal band and an anterior thoracic strap get over the pelvic band.

The significant feature of RGOs is a steel cable or other assembly that joins the two hip joints and limits step length. 

When the wearer advances the right leg by rotating the torso, cable tension controls flexion of the left leg. Consequently, during the double support phase of gait, the reciprocal link prevents bilateral hip collapse. Once the individual shifts weight to the forwardly placed right leg, the wearer can advance the left leg.

Gait is the relatively stable four – or two – point pattern that requires a walker or similar assistive device. A mechanism enables the wearer to unlock the hip and knee joints for sitting.

ARGO:

The advanced RGO is a streamlined version designed for children and adults. It has neither medial thigh uprights nor thigh cuffs, thus it is less ready to interfere with perineal hygiene and donning. Patients can rise and sit more easily with this orthosis as compared with other RGOs because springs mounted in the thigh uprights assist hip extension during standing and control hip flexion during sitting. Knee-lock cables connect the hip and knee joints.

Gas-filled struts provide knee extension force aid when standing. The patient leans forward until the knee-lock cables tighten to unlock the knee joints. Upper limb force on a walker or other aid enables the individual to rise. As the hip joints straighten, the knees lock automatically. 

Rather than a steel cable, the advanced RGO has an efficient low-friction push/pull drive cable. A hip abduction lock is an option. An adjustable assessment orthosis is available to enable evaluating patients before prescribing a custom-made appliance. 

Isocentric RGO:

An alternative for children and adults is the isocentric RGO, which substitutes a centrally pivoting bar and tie rod arrangement for the original cable assembly. Lake of cable reduce friction increases durability and presents a efficient appearance.

An abduction hip joint is an option that increases frontal plane stability and eases perineal care. The physiologic cost index, obtained by dividing the difference between walking and resting heart rate by velocity, was lower with the isocentric RGO than with the basic RGO.

RGOs do not prevent progression of scoliosis in children who have been wearing them for several years.

Para walker:

A variation of the THKAFO developed in England is the para walker. It originated as the Hip Guidance orthosis and was originally designed for children with spinabifida.

The para walker is the version fitted to adults with paraplegia. Rather than having a cable joining the hips, the para walker has exceptionally sturdy hip joints that have an adjustable feature, enabling the orthotist to determine the arc of hip motion. The orthosis has shoe plates with limited ankle motion joints to which considerably heavier and more rigid than RGO.
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As with other orthosis for paraplegia, the wearer needs an assistive device for ambulation.
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Crutch gaits

Four-point crutch gait:
· The appropriate sequence is left crutch, right foot, right crutch, left foot. Then repeat. 

· Advantages 

· Stability 

· Always have at least 3 points in contact with the ground

· Disadvantages 

· Difficult to learn 

· Relatively slow walking gait

· Indication - Patients with weakness in lower limbs or poor coordination (ataxic)

     Three-point gait (non–weight-bearing gait): 
· The appropriate sequence is first both crutches and the weaker lower limb, then the stronger or unaffected lower limb. Repeat. 

· Advantage - Eliminates all weight bearing on the affected lower limb 

· Indications - Lower limb fractures, amputations, or pain 

· Requires good balance and coordination

    Two-point crutch gait: 
· The proper sequence is the left crutch and right foot, then the right crutch and left foot. Repeat. 

· Advantages 

· Provides stability 

· Faster than the 4-point gait 

· Reduces weight bearing to both lower limbs

· Indication - Patients with weakness in lower limbs or poor coordination (ataxic)

· Swing-through gait: 
· The sequence involves both crutches, moving both lower limbs past the crutches. 

· Advantage - Fastest gait (faster than normal walking gait) 

· Disadvantage - Very energy-consuming gait that is difficult to learn 

· Requires strong functional abdominal and upper limb muscles and good trunk balance

    Swing-to gait: 
· The proper sequence includes both crutches; the patient moves both lower limbs almost to the crutches. 

· Advantage - Easy to learn 

· Indication - Patients with paraplegia 

   Drag-to (tripod) gait: 
· An alternate sequence involves using the left crutch, the right crutch, and then dragging both lower limbs to the crutches. 

· Simultaneous sequence involves both crutches. The patient should drag both lower limbs to the crutches. 

· Indication - Used as the initial gait pattern during gait training for patients with paraplegia 

· Patients could advance to swing gait once they improve their balance. 

· Advantage - Provides good stability 

· Disadvantage - Very energy-consuming and slow gait

Gait training and perambulation exercises

At a minimum, gait training should include the following: 

· Aerobic conditioning exercises 

· Coordination and balance exercises 

· Range of motion of both upper and lower limbs 

· Muscle strengthening of both upper and lower limbs

Performing upper limb strengthening exercises is one of the most important components of the perambulatory exercise program. 

Important muscle groups targeted include the following: 

· Shoulder depressors 

· Latissimus dorsi 

· Lower trapezius 

· Pectoralis minor 

· Shoulder flexors 

· Elbow and wrist extensors 

· Finger flexors 

· Trunk (deep back) muscles to help improve balance and endurance
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