Rehabilitation Of the Spine: Post-Isometric Relaxation Techniques: Lower Back and Lower Extremities.
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Learning  Objectives

Upon completion of this video and “hand-on” course work, you should be able to:

1. Evaluate muscle length of muscles prone to tightness.

2. Identify key trigger point referred pain patterns.

3. Treat trigger points or muscle length deficits with Postisometric Relaxation (PIR).

4. Correlate from a history the sources of repetitive strain from activities of daily living, job demands, and health club activities.

5. Correlate postural analysis, gait analysis, and movement pattern tests with trigger points and muscle length changes.

6. Identify key perpetuating factors of trigger points.

Introduction

Manual resistance techniques (MRTs) have a broad application in the treatment of neuromusculoskeletal disorders. Some of the uses of these techniques are for the following conditions:

1. Muscle relaxation

2. Muscle or fascia stretch

3. Joint mobilization

4. Joint traction

5. Muscle facilitation

History

The original manual resistance techniques (MRTs) arose from the Proprioceptive Neuromuscular  Facilitation (PNF) philosophy of physical therapy and the Muscle Energy Procedures (MEP) of osteopathy. These techniques involve manual resistance of a patient’s isometric or isotonic muscular effort. This resisted effort typically is followed by stretching tight or tense muscle. MRTs are used primarily to relax overactive muscles or to stretch shortened muscles and their associated fascia.  Many different methods have been developed, depending on the clinical goal. To achieve these positive clinical effects, MRTs take advantage of two physiological phenomena, postcontraction inhibition and reciprocal inhibition (RI). MRTs are invaluable workhorses in the rehabilitation of the motor system.

  MRTs also are used to facilitate or train an inhibited or weak muscle. Manual resistance allows for the precise patient positioning that machines do not allow. Since the doctor or therapist provides the resistance, the movement can be controlled to a degree not  possible with machines, or even free weights.  Manual contacts also allow for proprioceptive stimulation to facilitate an inhibited muscle during active resistance. The value of clinician control  over resistance exercise can not be underestimated especially when improved coordination is as important a goal as strengthening.

In the late 1940s, publications about the use of PNF to facilitate neurologically weak muscles appeared. 1  Publications that  followed reported that spasticity responded as well.2 This led to the development of various forms of PNF (i.e., hold-relax, contract-relax, etc.), which could be used for orthopedic as well as neurological problems.  The osteopaths primarily used MEPs to mobilize joints. They also developed a variety of applications that could be used to stretch shortened muscular and connective tissues, and strengthen weak muscles. 3

Manual medicine practitioners in Europe were close behind in incorporating these new methods. Lewit and Gaymans4 wrote of their success using these techniques for joint mobilization using specific eye movements and respiratory synkinesis to enhance the physiological effectiveness of the procedures. Later, Lewit5 focused on a gentle muscle relaxation technique he termed postisometric relaxation (PIR) (similar to hold-relax), which was applied to the contractile portion of an overactive muscle.

Janda, another European, used hold-relax (HR) with significantly greater forces for treating true muscular and connective tissue shortening. 10This adaptation, termed post-facilitation stretch (PFS), is for chronically shortened muscles. The patient performs a maximal contraction with the tight muscle from a mid-range position. Upon relaxation, the doctor quickly stretches the muscle, taking out all of the slack. 

Today, Evjenth and Hamberg’s work stands as the most authoritative manual for these muscles stretching  procedures11. For each joint and muscle they show the exact doctor and patient positions for performing HR. Others have also used MRTs, including Holt12----Scientific Stretching for Sport (3 S Stretching);Calliet13 – modified rhythmic stabilization; and Leibenson14,15 – active muscle relaxation techniques. 

Neurophysiology

There are two aspects to MRTs: (1) their ability to relax an overactive muscle (increased neuromuscular tension or “spasm”),  and  (2)  the ability to enhance stretch of a shortened muscle or its associated fascia when connective tissue or viscoelastic changes have occurred. When using MRTs, it is important to relax the neuromuscular (contractile) component before attempting any aggressive stretching maneuver. Often a “release phenomena” occurs so that a length change occurs automatically after merely relaxing excessive neuromuscular tension.  In such cases, treatment serves as a diagnostic test, sorting out  a neuromuscular problem (contractile) from a connective tissue (noncontractile) problem. Even if noncontractile pathologic changes have occurred, it is still wise to relax the neuromuscular apparatus before stretching. This will inhibit the stretch reflex and allow the patient to tolerate more vigorous stretching. 

There are two fundamental neurophysiologic principles that are the basis of success for these techniques. The first is post-contraction inhibition, which states that after a muscle is contracted it is automatically in a  relaxed state for a brief, latent period. The second is reciprocal inhibition (RI), which states that when one muscle is contracted, its antagonist is automatically inhibited. For instance, if the quadriceps are contracted, the hamstrings will be inhibited, thus allowing for easier stretching of the hamstring. This takes advantage of  Sherrington’s  Law of reciprocal inhibition. RI’s  purpose is to allow an agonist (i.e., biceps) to be able to achieve its action (flexion) unimpeded by its antagonist (i.e., triceps). In the past, different explanations have been proposed for how the effects of MRTs are achieved. While only post-contraction inhibition and RI have been validated, other suggested mechanisms include autogenic inhibition, golgi tendon organ stimulation, reciprocal innervation, presynaptic inhibition of Ia afferents, resting of the gamma system, and postsynaptic inhibition.

It has been demonstrated that the receptors responsible for this inhibition are intramuscular and not in the skin or joints. 6Measurements of the Hoffman reflex activity (representative of the excitability of the motor neuron pool) show that it is inhibited for up to 25 to 30 seconds after an agonist or antagonist contraction, whereas during static stretching this inhibition only lasts about 10 seconds. 7This effect has been found to be neurologically mediated and not a result of any mechanical effect.8

The Five Types of  Functional Hypertonicity of Muscle

When MRTs are used for  muscle relaxation or stretching,  the diagnosis is based on the identification of a shortened muscle (decreased normal resting length) or a trigger point. Muscles can be hypertonic for a variety of reasons. It is important to determine the cause of hypertonicity before choosing the correct treatment.

Limbic System Dysfunction

Limbic system dysfunction is caused by psychological stress. It is characterized by increased muscle tone over the shoulder-neck area, low back, and pelvic floor muscles. It can lead to headache, LBP, dysmenorrhea, dyspareuria, and urinary frequency. The affected muscles will be tender to the touch and the whole area will be involved with a sharp line of transition between the dysfunctional area and the normal area. Trigger points  (TrPs) may develop in these muscles.

Interneuron  Dysfunction

The  interneuron is the most delicate part of the reflex arc. It can become disrupted by aberrant afferent information being sent to it due to spinal or peripheral joint dysfunction. This causes hypertonicity of muscles that are segmentally related. These muscles will be predisposed to the development of TrPs and their “antagonists” will become reciprocally inhibited and  hypotonic.  This imbalance of activity can lead to faulty movement patterns because the CNS will tend to over activate the hypertonic muscles in the patterns that they are involved in and under activate the hypotonic ones. As movements are carried out in this dysfunctional state, the faulty patterns become reinforced.

Myofascial Trigger Points

This is an area of local congestion within the muscle that comes about as a result of sustained shortening of a fascicle of muscle fibers. Trigger points are common pain generators and should be thought of not as disorders that alter function, but as results of dysfunction. 

The definition of a trigger point, from Travell and Simons (see references), is: hyperirritable spot, usually within a taut band of skeletal muscle or in the muscle’s fascia, that is painful on compression and that can give rise to characteristic referred pain, tenderness and autonomic phenomena.

Reflex Spasm

This is muscle spasm as a response to nociception.  It frequently acts as a splinting mechanism; e.g., antalgia due to LBP, abdominal “rigidity” due to appendicitis. Once the underlying pain process resolves, the muscle hypertonicity often remains and must be treated. Reflex spasm can lead to a TrP or faulty movement pattern development, and continuous spontaneous EMG activity also is seen.

Overuse Muscle Tightness
This is a myopathological and neuropathological state in which the muscle becomes hyperactive and shortened, most commonly due to overuse, especially in a postural function. The antagonist of the tight muscle can become reciprocally inhibited, thereby setting up an imbalance of activity. This imbalance of activity leads to the development of faulty movement patterns because the tight muscle is readily activated by the CNS and tends to dominate the movement patterns in which it is involved. In turn, the inhibited muscle tends to be left out of the movement patterns are carried out, the hyper- and hypoactivity is reinforced. This can also be a cause of joint dysfunction because of the altered distribution of pressures that is created on each side of the joint.

Treatment For Five Types of Functional Hypertonicity

· Limbic system dysfunction – Meditation, psychologic counseling, relaxation strategies.

· Interneuron dysfunction – PIR and/or  adjustment

· Trigger points – PIR, ischemic compression, spray and stretch.

· Reflex spasm – Treat the underlying cause, but be aware that there are times when the spasmed muscles may remain hypertonic and require treatment with PIR after the acute episode has resolved.

· Muscle Tightness – PFS, perpendicular muscle folding.

The Barrier Phenomenon And PIR

Manipulation of joint, muscle or soft tissues involves meeting and releasing what has been termed by Lewit “the barrier of resistance.” A chiropractic adjustment is directed at restricted mobility in a joint (end feel). Similarly, PIR, when applied to a muscle, is designed to address a restriction in motion or end feel of a muscle or its surrounding fascia. The common denominator of manipulative procedures is that they release a barrier (Fig. 1). 
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Figure 1. Barrier phenomenon: anatomic,  physiologic, and pathologic barriers. Reprinted with permission from: Liebenson, BL, Rehabilitation of the Spine: A Practitioner’s Manual. Baltimore: Williams & Wilkins, 1995, p. 198.

 The barrier must be identified by careful palpation and its release is not so difficult if our analysis is performed with expertise.

Fundamental principles of achieving a release phenomena in a “pathological” barrier are clinician and patient comfort, barrier palpation, latency, sensing release, use of minimum force, and use of inhibitory techniques. Both the clinician and patient should be relaxed. This means that the patient should be fully supported and the clinician should use as little force as possible in holding the patient up or maintaining his or her own proper position against gravity.

Palpatory literacy is crucial to finding the barrier. Slow palpation with steadily increasing pressure is best. The moment resistance is encountered pressure stops, the barrier has been found. By merely waiting at the barrier after some latency, the barrier may release spontaneously. This should always be tried first. When release of tissue tension is sensed the barrier will “melt” before the fingers and the release should be followed to the muscle’s new resting length. Little or no force is required to take out this new slack. If a contraction of any kind is required, the force should always start at the minimum. Inhibitory techniques include isometric contraction of agonist or antagonist, respiratory synkinesis, and visual synkinesis.

Principles of PIR

1. Patient positioning – the patient should always be placed in a position of maximum comfort. The muscle being treated should be in a relaxed state and not contracting against gravity. The muscle should also be placed in a position that is most advantageous for the recruitment of motor units to that muscle. During patient positioning, the order in which the slack is taken up may be altered to improve isolation of the target tissue (e.g., flexion, contralateral side bending, and ipsilateral rotation for the upper trapezius). This is called “winding-up” the muscle. 

2. Engaging the barrier – the muscle should be elongated so that the full resting length is attained. The barrier is the point at which further lengthening would cause the muscle to go into a stretch reflex.  It is important to carefully engage this barrier and not go beyond it. 

3. Use of isometric contraction – the isometric contraction is either gentle or hard, depending on whether the condition being treated is hypertonicity/trigger points of tightness. A good rule of thumb is “as little force as possible or as much as necessary.”  The gentler contraction is always tried first since the trigger point being the most sensitive part of the muscle is isolated by a light contraction. The position of the patient and the treated muscle should be such that the doctor or therapist can maintain stability and control at all times. The duration of the contraction is usually 4 to 10 seconds. This may be increased up to 30  seconds if little or no release is achieved with a 4- to 10 second effort.

4. Use of breathing and eye movements – most muscles become facilitated with inhalation and inhibited with exhalation. Also, certain muscles are facilitated when the eyes are moved in a certain direction and are inhibited when the eyes move in the opposite direction. These physiological reflexes can be used to maximize the effectiveness of the manual resistance procedures.

5. Feeling the release --- after the isometric contraction is let go and the patient breathes out and engages in inhibitory eye movements, it is important to wait to feel for the tension in the muscle to release. It is at this point that the muscle should be slowly guided to lengthen. This is not a stretch! Guide the muscle until a new barrier is engaged, at which time a second isometric contraction is begun and the process is repeated. 

Summary – How to Improve Results

· Lengthen relaxation time with respiratory synkinesis.

· Use visual synkinesis.

· “Wind-up” muscles to maximize isolation.

· Lengthen contraction time

· Adjust restricted joints first.

Types of Manual Resistance Techniques

Postisometric Relaxaion

This is used primarily for trigger points and hypertonicity due to interneuron dysfunctin. It takes advantage of the principle of relaxation of a musscle following  its isometric contraction,  as well as facilitation and inhibition of muscles that accompanies breathing. Eye movements are also used, especially with cervical and trunk muscles. 

First, the slack is taken up in the muscle – it is moved  to the maximum length that it will allow without tensing or eliciting a stretch reflex. The patient must be completely relaxed. The patient then performs a minimal isometric contraction while slowly breathing in. The contraction phase lasts from 4 to 10 seconds, depending on the muscle being  treated. The patient is then asked to stop pushing, let the breath out, and lwt the muscle go. When , and only when, the doctor senses the relaxation or “release” of the muscle, it is gently  guided into lengthening. This is repeated 3 to 5 times. If relaxation is not achieved after the first time, extend the isometric phase for 15 or 20 seconds. It is often advantageous to add a resisted isometric contraction of the antagonist muscles at the completion of PIR. This is performed with a slow on/off resistance and usually held for 5 to 8 seconds.

This technique is taught by Karel Lewit and is a variation on hold-relax from the PNF school. 

Postisometric Relaxation Summary

· Patient positioning

· “Wind-up” the muscle (taking up the slack)

· Engage the barrier

· Isometric contraction

· Eye movements

· Breathing

· Wait!

· Feel the release

· Guide into lengthening

Postfacilitation Stretch  (PFS)

This is used specifically for muscle tightness. It is not appropriate when trigger points or hypertonicity due to interneuron or limbic system dysfunction is present in the absence of true muscle tightness. It is requires a maximum or near maximum isometric contraction followed by complete relaxation and a quick, vigorous stretch. This must be done with great care and precision. The doctor and patient position often can be the same as for PIR. Maximum contraction is used to recruit as many motor units as possible to create a maximum inhibition of as many motor units as possible during the relaxation phase. The muscle is first held somewhere in the mid-range of its functional excursion (i.e., no slack is taken up and no barrier is engaged).  The patient is then asked to contract the muscle maximally for 10 seconds, then to completely relax the muscle as it is stretched quickly. The stretch position also is held for 10 seconds, after which the muscle is placed in a neutral position and allowed to rest for 20 seconds. The procedure is then repeated two more times. This treatment may be slightly painful at first and the muscle may feel somewhat weak afterward, but this generally passes.

This technique is taught by Vladimir Janda.

Postfacilitation Stretch Summary

· Start from mid range

· Doctor position essential

· Maximum or near maximum contraction

· Total relaxation

· Fast stretch

· Hold

· Return to mid range

Contract-Relax-Agonist Contract (CRAC)

This is an intermediate technique that involves reciprocal inhibition from the antagonist muscle.

Eccentric MEP

This is an alternative to PFS and is generally less intense. A gentle lengthening contraction has the potential to lengthen noncontractile elements such as fascia or fibrous adhesions in the muscle. This is a procedure taught by osteopaths as part of muscle energy procedures.

Safety Rules with MRTs

· Stretch over the largest, most stable, least painful joint.

· Joints should be “loose packed.”
· Avoid uncoupled movements if possible.
· Do not stretch nerves if irritated.
The Role of Muscle Imbalance in Joint Stability

Muscles work to produce and control movement or maintain posture. Agonists produce movement, synergists and antagonists control movement, and together they maintain posture. The two most influential factors in dysfunction of the muscle system are (1) the neurodevelopmental sequence of an infant’s progress towards vertical posture, and (2) modern environmental strain from prolonged, constrained sedentary postures at work and in our lifestyles.

An infant’s neurodevelopmental progress can be charted by achievement of certain crucial stability landmarks. In the first month of life the infant learns to hold its head up without full reclination of the cervicocranial junction. This allows the eyes to function in the horizontal plane. Stability of the head/neck region is not simply a result of extensor activity, but of agonist/antagonist activity that not only raises the head, but maintains stability of the cervico-cranial junction.

Further development of the infant is toward achieving the vertical posture. Weight must be borne on the elbows and hips before crawling can occur. This allows verticalization of both the thighs and upper arms. Once again, cocontraction of agonist/antagonist muscles is necessary to maintain scapular and pelvic stability before this developmental sequence can be accomplished.

The lesson from early motor development is that without stability, locomotion cannot occur. Stability results from coordinated cocontraction of agonist/antagonist muscles, which by proximally stabilizing a key region, facilitate distal movement. In other words,  proximal stability for distal mobility. This model of stability can be generalized to adult locomotor system behavior in that without appropriate coordination of agonists and antagonists, chronic overuse and injury can be expected. A sign of instability, or decompensation, is the presence of trigger points in overloaded or fatigued muscles.

The importance of agonist/antagonist muscles activity is brought out by the neurodevelopmental sequence. An additional factor in precipitating muscle imbalances between agonists and antagonists is due to environmental factors. Janda has proposed that prolonged static activity in a constrained posture will overactivate muscles with a posture role and underactive those with a phasic role. Thus, from both a developmental and environmental perspective, predictable muscle imbalances form between agonists and antagonists that perpetuate pain syndromes, overstress joints, and alter movement patterns.

Muscles overactive in sedentary postures

1. Gastrosoleus Complex

2. Hamstrings
3. Adductors
4. Rectus Femoris
5. TFL/ITB
6. Iliopsoas
7. QL
8. Longissmus Thoracis
9. Pectoralis Major
10. Upper Trapezius
11. Levator Scapulae
12. SCM
13. Suboccipital
14. Muscles of Mastication (jaw closing)
Muscles underactive in sedentary posture

1. Quadriceps

2. Gluteus maximus

3. Gluteus medius

4. Rectus abdominus

5. Iliocostalis lumborum

6. Deltoid

7. Supraspinatus

8. Deep Neck Flexors

9. Lower Trapezius

10. Serratus Anterior

As a result of muscle imbalance, a typical patient presents with rounded shoulders, increased thoracic kyphosis, head forward posture, and decreased lumbar lordosis. This is common in anyone who sits for long periods and works at a desk. Brugger has described how the sternum and symphysis are approximated in this posture and many pain syndromes, including lumbar disc syndromes, can result.

Janda has shown how the typical muscle imbalance involves muscles with a postural function and those with a phasic function. There is a constant pattern with “postural” muscles tending toward overactivity and “phasic” muscles tending toward inhibition. Typical chains occur between agonist, antagonist, and synergist muscles, which affects the proximal stability of key joints. If, for instance, the iliopsoas is tight and the gluteus maximus is inhibited, then hip extension movements will be achieved with an anterior pelvic tilt and lumbar hyperlordosis. Overactivity of the synergist erector spinae will compensate for the agonist/antagonist hip dysfunction, but the result will be that the lumbar spine is not stabilized in a “neutral range,” but moves to end range extension with each and every hip extension during gait.

CONCLUSION

PIR is an ideal semi-active technique to be used to transition patients from passive to active care. PIR is used to relax muscles housing trigger points or those that are overactive. Trigger points are identified in the classic means – twitch sign, referred pain pattern, taut band. Overactive muscles generally appear shortened on postural inspection and cause faulty movement patterns during dynamic testing. PIR techniques should be considered front line rehabilitation methods for restoring function in the locomotor system. They are simple to perform and time efficient. The key to success with PIR is correct isolation of the pathological barrier in the muscle. This requires far less force than typically is used and this, in fact, is one reason why patients prefer this method to other neuromuscular techniques such as ischemic compression or spray and stretch. 
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