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PNF in gait:

Contents

1. Basics of normal gait:
2. Gait analysis: Visual observation and manual evaluation

3. Use of basic principles and techniques in gait:
Approximation for stance; Stretch-stimulus for swing.
4. Practical gait training inside and outside the p-bars:
4.1 Preparatory phase: wheelchair, sitting upright, scooting, leaning forward
4.2 Standing up and sitting down 

4.3 Standing:

Weight acceptance and stabilization

One-leg standing

Stance leg and swing leg

Weight shift forward and backward, side to side
4.4 Walking:



Walking forward
Walking backward, sideward, braiding.

4.5. Introduction to ascending and descending stairs

1. Basics of Normal Gait

Walking is a major goal for most patients. Walking is a skill that must become automatic so that the person can turn his or her attention to the requirements of the environment, such as traffic or maneuvering around obstacles.  For walking safely the individual must be able to recover optimal balance. Knowledge of  components in normal gait cycle will help to better analyze pathological gait and to plan therapeutic exercises.

The Gait Cycle : The gait cycle repeats a basic sequence broken down in eight phases, as best described by Dr. Jacqueline Perry  from Rancho Los Amigos. This system offers a good overview to evaluate normal gait,  as well as understand pathological gait patterns (Perry 1992, 2010; Kirsten Götz-Neumann 2006). The gait cycle starts with Initial Contact (the heel strike) of one leg and ends when the same foot strikes the ground again. It is divided in two major phases: the stance phase (60%) and the swing phase (40%).
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(Adler, 2013; Perry 2010)

According to Perry there three are major tasks to be accomplished during a gait cycle:

1. Weight acceptance: Initial Contact and Loading response
2. Single Limb Support: Mid Stance and Terminal Stance

3. Limb Advancement: Pre-Swing, Initial Swing, Mid Swing and Terminal Swing

The stance phase can be divided into  Initial Contact (IC), Loading Response (LR), Mid Stance (MSt), Terminal Stance (TSt), and Pre Swing (PSw). Stance starts with the tasks of weight acceptance during Initial Contact and Loading Response.  Loading Response begins immediately after the first foot contact. The body weight shifts onto the stance foot in preparation for the contralateral  leg to begin its swing phase. During this time the stance leg must not only accept the body weight but also maintain the forward motion of the body. 

Mid Stance  is the next  part of stance phase and is one part of single limb support. Mid Stance (early)  begins when the other foot leaves the floor and continues to (late) Mid Stance as the swing leg moves to the front and the body weight is shifted and centered over the foot of the stance leg. Terminal Stance begins when the heel begins to rise and continues until the other foot contacts the ground. During this phase the body weight is in front of the supporting foot.

The final portion of the stance phase is Pre Swing. Hip and knee are flexing, the ankle is plantar flexed and the toe is still in contact with the floor. The contralateral leg is now in contact with the ground and accepting the body weight. This is a double limb support phase and is part of the limb advancement together with the subsequent three swing phases.
The swing phases are Initial Swing (ISw), Mid Swing (MSw) and Terminal Swing (TSw).
During Initial Swing the foot of the swinging limb is lifted to clear of the floor, increasing flexion in hip and knee, and a movement of the ankle into a neutral direction. The foot is following the moving thigh until it is in the frontal plane with the stance leg. At the end of Initial Swing is the moment of maximal flexion in the knee. During Mid Swing the limb advances forward (from its position opposite the stance limb) increasing hip flexion and decreasing flexion in the knee. At the end of this phase the tibia is vertical to the floor, and the ankle has dorsiflexed to a neutral position. In Terminal Swing the leg completes its  forward motion by increasing extension in the knee. The swing phase ends when the heel contacts the ground.

Trunk and Lower Extremity Joint Motion in Normal Gait

The center of gravity (CG) of the walking person is located in the pelvic area. During walking the CG moves both up and down, and right and left. Trunk and pelvic motions are also very important for an efficient gait pattern. During Swing phase, the ipsilateral pelvis rotates 4-5° forward. By the end of stance the ipsilateral pelvis has rotated back by the same 4-5°. The rotation of the shoulder girdle and the arm swing is opposite to the direction of rotation of the pelvis. During stance the contralateral pelvis drops down.
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(Adapted from Götz-Neumann K, 2006)
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At Initial Contact the ipsilateral pelvis is rotated forward, the hip is in 25–30° flexion. The knee is extended and the ankle is in neutral. For shock absorption during Loading Response an eccentric contraction of the ankle dorsiflexor muscles lowers the forefoot to the floor and the knee moves into 15–20° flexion with eccentric activity of the three vasti. To maintain a proper alignment of the leg, proximal stability of the hip is required and archieved by activity of extensors, abductors and external rotators.

During Mid Stance the hip, the knee, and the ankle move into 0°(early MST). As the body continues to progress forward the tibia is creating 4° dorsiflexion . Following through to Terminal Stance, the hip reaches a relative 15–20° extension, partially due to the backward rotation and anterior tilt of the pelvis. During Pre Swing,  hip and knee flexion happen as a response to the momentum of  forward movement in preparation of swing. At the same time the ankle moves from 15° dorsiflexion at the start of Pre Swing to 20° plantar flexion at toe off. During Initial Swing phase  knee flexion increases to 60° to reach the necessary clearance of the foot. At the beginning of Mid Swing  the knee is in its maximum flexion of 60°, the hip is in 15° flexion and the ankle is in neutral. 

In Terminal Swing hip flexion is up to 25°. During the deceleration of the leg, the pelvis is rotated forward and is descending while the knee is fully extended and the ankle remains in neutral.
Muscle Activity During Normal Gait 

The trunk flexor and extensor muscles work throughout the gait cycle both to stabilize the trunk and to give the hip muscles a solid base for their demand. The abdominals and the back extensor muscles (mutifidii and rotators) and the quadratus lumborum are stabilizing the trunk in all planes. The contra-lateral trunk extensor muscles are more active after Initial Contact to stabilize the trunk during weight acceptance; erector spinae are also active during heel off. The abdominals help to introduce the swing phase.
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( Drawings of hip, knee and foot function by Westerholt F., with permission)

Hip extensor muscles are active from the end of the swing phase to decelerate the moving limb. Their activity continues through the Initial Contact and Loading Response as stabilizers of the hip and provide lower extremity alignment. The hip abductor muscles are active to stabilize the pelvis in the frontal plane preventing excessive pelvic drop on the swing side. The abductor group is primarily active during Initial Contact  and the early stance phase. The tensor fasciae latae contracts more during the second part of stance.
The quadriceps and hamstring muscles are active from the end of swing through the beginning of stance. The hamstrings in their function as hip extensors also assist the gluteus maximus in hip extension during Loading Response and early Mid Stance, whereas the short head of m biceps femoris contracts as main flexor for the knee at the beginning of Initial Swing. Hamstring decelerate the lower leg at the end of the swing phase.

The quadriceps are active from the end of swing and through the period of Loading Response as shock absorbers and to counteract the flexion torque during the Loading Response. Knee control during late Mid Stance is managed by the gastro-soleus complex. The rectus femoris becomes active at the end of the stance phase in Pre Swing together with the iliopsoas to introduce the forward swing of the limb.
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The pre-tibial muscle group (dorsi-flexors) works concentrically during swing to raise the foot, to neutral (0°) and then switch to work eccentrically to lower the forefoot to the floor during Loading Response. 
The plantar flexor muscles begin to work as soon as the foot is flat. First the soleus acts eccentrically to control the forward motion of the tibia. The tibial control provides passive knee extension and assists in hip extension.  The gastrocnemius contracts along with the soleus to control the forward progression of the body over  the fixed stance foot. At the end of stance phase, all the plantar flexor muscles work to stabilize the ankle and allow the heel to rise up. This ankle restraint also supports the hip and knee flexion motion. With normal walking speed, the triceps surae is minimally active to propel the body forward, but becomes much more involved with running or going uphill.


2. Gait Analysis: Observation and Manual Evaluation
There are different ways and methods for gait analysis. Truly objective measurements is only collected  in a gait lab setting. While simple, visual gait analysis may be subjective, it provides clinically relevant information which can provide a basis for our treatment interventions. 

Gait Analysis start with a visual inspection in all three planes. In standing, look for the alignment of the head and neck, shoulders and upper trunk, lumbar spine and pelvis, hips, knees and feet. Gait analysis is not limited to observation of motion of the lower extremities but also takes into account  the symmetry of the leg and pelvic motion, the rotation of the upper trunk, and the arm swing. Notice whether the patient can walk independently. If necessary, observe your patient with walking aids such as walkers, canes, orthoses or prostheses, and look for normal wear patterns on the shoes. Also note the velocity and endurance.
Watch the patient’s gait from the front, from behind and from both sides. If possible have the patient walk backward and sideways as well as forward. In the sagittal plane look for asymmetrical step length and abnormal flexion/extension in the trunk, the hip, the knee and the ankle. In the frontal plane look for asymmetry between the left and right sides: lateral trunk movement, pelvic tilting, trunk rotation, the arm swing, the width of the gait base, abduction, adduction or circumduction of the hip and medio-lateral stability of the knee and ankle.
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(All pictures adapted from Adler S., PNF in practice, 2013 with permission)

For a manual evaluation of gait, place your hands on the person’s pelvis and feel what is happening during unimpeded walking. Gait analysis also includes an evaluation of posture control, for example, equilibrium reactions and fall reactions. We should always assess  whether the patient is performing at a high level.  Have they mastered the skill to allow for more complex tasks? Is it automatic enough to turn his or her attention completely to the environment and to carry out a variety of double tasks? Integration of double tasks should always be a part of gait evaluation and training.

Integration of gait-tests is necessary for objective evaluations. (See hyperlink http://www.strokengine.ca )
3.  Basic principles and techniques in gait training.

We use all the basic procedures and many of the techniques when working with our patients in standing and walking. As a therapist we should allow patients to solve problems and correct mistakes on their own. Alternate resisted gait training with independent walking during a treatment session. After an activity is mastered, resisted work is used for strengthening.

Proper placement of the hands allows the therapist to control the position of the patient’s pelvis, moving it toward an anterior or posterior tilt as needed. When pelvic motion and stability are facilitated the legs can function more efficiently. Our hands can also be on the shoulder and on the head for stabilizing or facilitating trunk rotation.

Resistance to balance and motion is most effective when given in a diagonal direction. The therapist controls the direction of resistance by standing in the chosen diagonal. Resisted gait activities are exaggerations of normal motions. During walking the pelvic motions are larger and the steps are higher. Resistance to the large motions helps the patient gain the strength and skill needed to stand and walk functionally.
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Approximation in stance



Stimulus for swing
Approximation facilitates contraction of the extensor muscles of the legs and promotes trunk stability. To approximate, place the heel (carpal ridge) of each hand on the anterior crest of the ilium, above the anterior superior iliac spine (ASIS). Your fingers point down and back in the direction of the force. Apply the approximation sharply and maintain it while adding resistance. Give approximation in a downward and backward direction to the stance leg at or just after heel strike to promote weight acceptance. Give resistance immediately to the resulting muscle contractions. Approximation with resistance through the shoulder girdle places more demand on the upper trunk muscles.

The PNF techniques are useful when working with the patient in gait. Rhythmic Initiation, Replication   and Combination of Isotonics  help the patient to learn a new motion or to move to a position. Use of Stabilizing Reversals and Rhythmic Stabilization to facilitates stability. Using Dynamic Reversals will reduce fatigue and promote coordination. Use Relaxation techniques to improve functional mobility. The stretch response facilitates contraction of the abdominal muscles with overflow to the flexor muscles of the swing leg. This stretch stimulus enhances also the opposite abductor/extensor muscles. Correct timing of the stretch is when all the weight is off the foot (just before toe off).

4. Practical Gait Training: outside and inside the p-bars
4.1 Preparatory phase: wheelchair, sitting upright, scooting, leaning forward.

It is necessary for the patient to be able to sit upright and move in a chair. Stretch and resistance at the pelvis can guide the patient into the proper erect posture. Approximation and resistance at the scapula and head teaches and strengthens trunk stability. Use stretch reflex and resistance to the appropriate pelvic motions to teach the patient to move forward and backward in the chair.
Use Combination of Isotonics with resistance at the head and shoulders to get the upper trunk into an erect position. Use Rhythmic Initiation and stretch at the pelvis to achieve an anterior tilt. Use Stabilizing Reversals at the head, at the shoulders, at the pelvis or combinations of all of these. Use Repeated Stretch, Rhythmic Initiation, and Dynamic Reversals for pelvic anterior elevation and  moving forward. Use posterior elevation for moving backward.
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Stabilization in sit




Scooting forward

4.2 Standing up and sitting down 

For standing up the patient needs to lean forward with trunk control. To increase the patient’s ability to stand up, place your hands on the patient’s iliac crests, rock or stretch the pelvis into a posterior tilt, and resist or assist as it moves into an anterior tilt. Rhythmic Initiation works well with this activity. Guide the pelvis up and into an anterior tilt as the patient moves toward standing. Assist the motion if that is needed, but resist when the patient can accomplish the act without help.
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Stand up 





Sitting down: patient with hemiplegia.


Sitting down: Use resistance at the pelvis or shoulders for eccentric control. When the patient is able, use Combination of Isotonics by having the patient stop part way down and then stand up again.

4.3 Standing:
Stand in a diagonal in front of the leg that is to take the patient’s weight initially. Guide the patient to that side and use approximation and stabilizing resistance at the pelvis to promote weight-bearing on that leg. With symmetrical stance on both legs, stand directly in front of the patient.

Weight acceptance and stabilization: Combine approximation through the pelvis on the weaker side (knee blocked if necessary) with stabilizing resistance at the pelvis.  Place hands on the shoulders or  the head, for the upper and lower trunk  
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One-leg standing: Use this activity to promote weight-bearing in stance and to facilitate pelvic and hip motion in swing. The patient stands on one leg with the other hip flexed. The range in the flexed hip may vary depending on your goal.

Emphasis on Stance Leg : by approximation through the pelvis. Use Combination of Isotonics with small motions or Stabilizing Reversals at the pelvis to resist balance in all directions.
Emphasis on  Swing Leg : by using  Repeated Stretch with resistance to facilitate anterior elevation of the pelvis on that side. Use Combination of Isotonics to facilitate hip flexion.
Weight shift  There are different ways to shift weight: From side to side, forward, backward, diagonal and repeated stepping.
4.4 Walking:

After weight shifting and repeated stepping, it is time to put all the parts together and let the patient walk. Adapt your grips, resistance or support on patients needs. When the objective is to strengthen and reeducate, use approximation, stretch, and resistance as you did with weight shift and repeated stepping.

Walking forward:  When standing in front of the patient, use the same procedures and techniques as you used for stance leg and swing leg. Stretch for swing, resistance for weight shift and approximation for weak extensors in stance. 

When standing behind the patient, stand low with your fingers on the iliac crest. Your hands and forearms form a line that points down through the ischial tuberosities towards the patient’s heels. This position is useful when the patient is much taller than you are, when he needs vision or a walker.
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Walking backward: Stand behind the patient. Place the heel of your hand (thenar) at the posterior superior iliac crest and give pressure down and forward. The patient must maintain an upright trunk. 
Walking sideways and braiding:  Stand best so the patient walks toward you. Give approximation, stretch, and resistance through the pelvis. If the upper trunk needs stabilizing, place one hand on the lateral aspect of the shoulder. If the hip abductors need facilitation, one hand can be on the femur.

Braiding:  can be done by crossing steps forward or backward. Stand in the best diagonal so the patients walks with the correct leg pattern toward you.

4.5 Ascending and descending stairs:
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Navigating stairs is important for the patients’ independence. A good preparation can be done by practicing on curbs. Ask about the home situation, such as the handrail position, how many stairs, height, etc. Start with going up the stairs. Select the best or safest way: forward, backward or sideways. The therapist is always standing below the patient. Use the procedures and techniques that are appropriate for each situation. The hands can be on the pelvis or on knee or foot or any combination. Always start with guidance or assistance before adding any resistance. Rhythmic Initiation, Combination of Isotonics or Stabilizing Reversals are useful for the stance phase and the extensor muscles. Stretch stimulus can facilitate the swing phase.
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