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PROPRIOCEPTIVE NEUROMUSCULAR ELECTRICALLY STIMULATED FACILITATION
INTEGRATING NMES INTO YOUR PNF PRACTICE

Cindy Wederich" ?

Abstract : Both Proprioceptive Neuromuscular Facilitation (PNF) and Neuromuscular Electrical
Stimulation (NMES) use the same underlying physiological principles to evoke a motor response.
Therapists can utilize NMES to tap into these principles when manual techniques alone are not enough
to elicit an optimal motor contraction. While many PNF techniques depend on the patient's ability to
voluntarily contract a muscle, NMES does not require voluntary effort. Like manual contacts, electrodes
can be thought of as 'electrical contacts' that increase the therapists' ability to maximize proprioceptive
facilitation. The stronger the muscle contraction, the stronger the facilitation, and NMES provides the
ability to induce stronger contractions, and thus, greater facilitation in the weak patient.

With advances in the understanding of neural plasticity, the brain is now often the target of treatment,
rather than muscles. NMES has traditionally been used to reduce secondary peripheral impairments, but
it can also be used to help reactivate existing neural pathways in the brain that were temporarily
rendered inaccessible, or to encourage cortical reorganization in the case of permanent brain damage.
While NMES can be used alone, when combined with PNF, the two together are better able to drive the
behavioral signals that are thought to promote neural plasticity and result in increased function.

This paper begins by reviewing NMES principles to provide the basis for discussing the combined use
of NMES and PNF. The paper then presents: 1) the use of NMES to manage peripheral dysfunction to
address secondary impairments; 2) the use of NMES integrated with PNF procedures and techniques
to manage central issues; 3) research on combining PNF and NMES; 4) augmenting PNF manual therapy
with NMES; and finally, 5) a description of neuroplasticity research and its application to integrating
PNF and NMES.

Key words : Proprioceptive Neuromuscular Facilitation (PNF), Electrical Stimulation (NMES), Neural
Plasticity.

1) CEO PT Services, Long Beach, California, USA.
2) Adjunct Faculty, Division of Biokinesiology and Physical Therapy of University of Southern California, Los Angeles, California,
USA.

PNFUH—F 15%1%5 201543 H



Introduction

As their names imply, the goal of both Proprioceptive Neuromuscular Facilitation (PNF) and
Neuromuscular Electrical Stimulation (NMES) is to affect the neuromuscular systeml'z). PNF
facilitates the neuromuscular system indirectly to produce movement primarily through the use of
proprioceptive techniques and procedures. NMES, on the other hand, facilitates or stimulates nerves
directly using electrical current that results in movement. Integrating NMES into PNF practices can
result in a better patient outcome than each intervention alone, especially when the principles of
neural plasticity are incorporated to maximize the results. One way to think about incorporating the
two is to consider electrical current as another tool, like quick stretch, to bias the motor neuron pool
to facilitate a motor response. Electrically-driven PNF, however, is able to provide both direct as well
as indirect drive to the neuromuscular system, enabling elicitation of a stronger motor response in
weak patients for whom PNF techniques alone are not sufficient to generate improved motor
function.

Sir Charles Sherrington's neurophysiology research laid the foundation for early pioneers, like Kabat
and Knott, in the development of PNF. Sherrington used NMES to demonstrate the principles that are
still used in PNF today, such as reciprocal innervation and afterdischarge®. This makes those trained
in PNF especially good candidates to understand how to use NMES to enhance patient outcomes.
Now that electrical stimulation equipment and training are widely available, it makes sense to apply
the technology used by Sherrington to demonstrate the principles from which PNF was developed to
enhance PNF outcomes, especially for weaker patients.

This paper begins by giving a brief review of NMES, followed by descriptions of: 1) the use of NMES
to manage peripheral dysfunction to address secondary complications; 2) the use of NMES
integrated with PNF procedures and techniques to manage central issues such as learned non-use; 3)
the research on PNF and NMES; 4) augmenting PNF manual therapy with NMES; 5) a description of
neuroplasticity research and its application to integrating PNF and NMES.

Review of Neuromuscular Electrical Stimulation

The ability to learn to use all the parameters of NMES skillfully is beyond the scope of this paper,
however, it is important to have a basic understanding of what NMES is and how it works in order to
understand how best to integrate it with PNF. While skill is required to apply NMES to activate
specific nerves and achieve the desired sensory or motor response, NMES simply depolarizes nerves.
Therefore, if the peripheral nerve is intact, a "black box" (the stimulator) can substitute for the brain
to send a signal to the nerve. While there are differences in motor neuron recruitment and the rate
of activation, the nerve, once depolarized, behaves the same whether depolarized by the brain or a
small black box: an action potential (AP) is an action potential.

Nerve Action Potentials

NMES generates action potentials through the application of electric fields. Coulomb's Law asserts
that "like" charges repel and "opposite" charges attract. Stimulating electrodes have positive (+) and
negative (-) polarities, and are placed on the skin over a nerve (Figure 1). Like a magnet, the
electrodes attract and repel charged ions, mainly the positively charged sodium and potassium ions
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and the negatively charged protein molecules, in the intra and extracellular tissue. Under the
negative electrode at the nerve membrane, positive ions are attracted and negative ions are repelled
making the extracellular fluid more negative and the intracellular fluid more positive, thus raising
the membrane potential. When the membrane potential changes from its typical -70 mV resting
value to the threshold of about -55mV, depending on the nerve type, the nerve depolarizes resulting
in an AP.

ELECTRODES

SKIN SURFACE Q
+

NERVE

Figure 1. Nerve depolarization occurs primarily under the negative electrode.

Muscle Contraction

When the AP in motor nerves reaches the motor end plate, neurotransmitters are released, leading
to a twitch contraction of the muscle tissue. In order to achieve a smooth tetanic contraction, NMES
uses the neurophysiologic principles defined by Sherrington of spatial and temporal summation,
terms also used in PNF. A nerve can be driven faster, or multiple nerves can reinforce each other to
summate so that twitch contractions overlap to form a stronger tetanic contraction.

Recall that the magnitude of proprioceptive facilitation is directly related to the amount of the active
muscle tension produced by resistance®?. NMES can contract the patient's own muscles to provide
or increase muscle tension, and thus enhance facilitation. This is especially useful when passive or
active assistance would be considered "maximal” or "optimal" resistance during PNF.

Skill is required to program a stimulator effectively as well as to place the electrodes accurately to
achieve very specific motions (Figure 2). However, it is possible to achieve functional results, even
when the electrode placements are generic and result in movements that are gross and imprecise.
While for some patients it is important to be able to isolate wrist extension without finger extension
(Figure 2b), as in a C6 spinal cord injured (SCI) patient to preserve tenodesis, for most PNF patients

that level of movement accuracy is not required.

Figure 2. Effect of different electrode placements on motor function: (a) At rest; (b)
wrist extension; (c) finger extension; (d) wrist and finger extension; (e) finger extension
with thumb abduction; (f) excessive ulnar deviation®.
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Volitional versus NMES Muscle Contractions

There is a difference in the order in which motor units are recruited between NMES and volitional
contractions. With increasing intensities of NMES, large, fast fatiguing motor units are generally
activated first, and then the small, fatigue resistant motor units are recruited. This order is opposite
from volitional activation. Volitionally, small motor units are recruited first, followed by the larger
motor units. NMES also recruits the motor neurons that are closer to the electrode first: the higher
the stimulation amplitude, the more neurons are activated. On the other hand, volitional efforts
recruit motor neurons more evenly distributed throughout the nerve (Figure 3). So while volitional
or stimulated APs are indistinguishable, the contractions are qualitatively different due to their
respective recruitment patterns. Therefore, combining NMES with volitional effort, theoretically,
should enable recruitment of more small and large motor units simultaneously and result in a

stronger contraction than volitional effort alone.

Figure 3. Order and distribution of motor neuron recruitment: Volitional vs. NMES.

Treating Peripheral Impairments

When patients are not in therapy, it is important to avoid secondary complications. In the case of a
stroke patient, a flaccid upper extremity (UE) presents risk for shoulder subluxation, decreased range
of motion (ROM), muscle atrophy, and problems associated with decreased sensation.

Shoulder Subluxation

PNF does not specifically offer an orthotic substitution to address shoulder subluxation (Figure 4a).
Between therapy sessions, mechanical devices are typically used to support the shoulder passively.
NMES has also been shown to reduce subluxation effectively” (Figure 4b). While some mechanical
options are better than others at promoting normal alignment and preventing stretching of the
shoulder capsule, none of them give as much sensory input, or allow the patient's own muscles to
reduce the subluxation, hence retarding atrophy, like NMES does. This is especially helpful when
spontaneous recovery is expected, in order to help maintain muscle mass. If the patient has
significant atrophy, it may take some time to build muscle endurance to handle stimulation to reduce
subluxation all day. While the patient is building up muscle fatigue resistance, NMES can be used in
conjunction with other common orthotic devices.
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Figure 4. (a) Shoulder subluxation; (b) X-Ray of reduced shoulder subluxation by surface NMES?.

Muscle Strengthening

In terms of muscle strengthening, the overload principle described by Hellebrandt® referenced in
PNF books"? holds true whether or not a muscle contraction is achieved volitionally or by NMES. In
healthy individuals, both NMES and volitional strengthening are directly related to the percent of

maximum voluntary isometric contraction (%MVIC) achieved (Figure 5)1012),
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Figure 5. Effect of NMES vs. voluntary muscle strengthening: Data

compiled from three studies of healthy individuals subjected to strength

training programs of voluntary and NMES induced exercise'®'?.

In the case of injury, adding NMES to volitional exercise may be more effective than volitional effort
alone (Figure)'?. With the disuse that often accompanies injury, fast twitch muscle fibers often show
significant atrophy. As discussed previously, NMES preferentially activates the large motor units
innervating fast twitch muscle fibers, potentially retarding or expediting reversal of muscle atrophy
depending on when NMES exercise is initiated. NMES may also alter the patient's perception of pain,
pain that may inhibit voluntary contractions. Given the PNF concept of a "maximal” contraction, it is
interesting to note that with higher levels of NMES added to volitional effort, better strengthening
effects have been observed in patient populations'*'®. Although PNF is not necessarily the same as
volitional exercise, as long as adequate resistance (%MVIC) is achieved, one might expect that PNF
plus NMES would result in equally encouraging results, if not better. With any exercise program
using NMES, a short training period is useful to allow the patient to accommodate to the new

sensation of NMES to permit the strongest possible contractions.
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Figure 6. MVIC achieved after volitional and combined NMES + volitional
post-surgery exercise programs, compared to contralateral control'?.

Range of Motion—Abnormal Tone

Both PNF and NMES can be used to increase ROM and normalize tone. To prevent contractures and
increase ROM, NMES is typically cycled on and off to contract and relax the patient's muscles to take
a limb through full available ROM and to provide stretch at the end range as part of a contracture
management program. In addition to stretch at end range, two purported spinal level mechanisms by
which both PNF and NMES are thought to increase ROM and decrease spasticity and abnormal tone

are reciprocal and autogenic inhibition.

Combining Physiologic Mechanisms

Contract-relax-antagonist-contract (CRAC) combines both autogenic and reciprocal inhibition, and
has been shown to have a more profound inhibiting effect on the motor neuron pool than contract-
relax (CR) alone, leading to the conclusion that neural influences can have an additive effect'®.
NMES can also be combined with CRAC, or other PNF tools, to provide additional neural input to
help further bias the motor neuron pool and enhance the desired clinical outcome.

To use electrically assisted CRAC, once the therapist assesses that the patient has achieved a
maximal volitional contraction, NMES can be triggered to augment the force of the contraction. The
stronger the contraction, ideally, the better the quality of the relaxation due to increased spinal level
inhibition of the motor neuron pool. An electromyographic (EMG) trigger can also be used to require
the patient to optimize volitional effort before activating NMES. Moreover, if co-contraction is a
major interfering factor, EMG biofeedback can be used to prompt the patient to relax the agonists
before trying to contract the antagonists. Given interfering flexor tone, EMG biofeedback goals can
be set to require the patient both to maximally contract flexors against resistance provided by the
therapist or a flexible dynamic orthosis, then to relax the flexors to a set EMG threshold before the
extensors are activated by NMES. Although it does not provide the diagonal and rotational
components a PNF-trained therapist would, using a dynamic orthosis would allow the patient to take
advantage of CRAC on his own to augment treatment time (Figure 7).
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Figure 7. (a) In patients with abnormal tone; (b) EMG triggered NMES can be combined
with a mechanical orthosis that provides resistance and support during CRAC to open the
hand for independent grasping functions (Permission courtesy of SAEBO, Inc.).

Although controversy exists regarding the actual mechanisms by which therapeutic effects are
achieved to reduce impairments'”, whatever the actual mechanism is determined to be for PNF, it
will likely overlap with NMES. If the patient is unable to function volitionally, it is possible that the
desired PNF physiologic principle may be invoked using NMES.

Cortical Recovery: Facilitating Restoration of Function

In addition to targeting peripheral impairments, NMES can also be used to help overcome central
nervous system (CNS) issues such as learned non-use. To understand the reversal of learned non-use,
consider the stroke, where there are areas of brain damage around which swelling has rendered
viable neurons temporarily nonfunctional. Atrophy at the synaptic junction may occur as well during
this period of disuse. Once the immediate aftermath of the infarct has resolved, the surviving
neurons around the infarct may be accessed and the process of reversing synaptic atrophy can
begin. The patient may have masked ability of which he is unaware, and therefore continues to use
the compensatory strategies that served him post-infarct, being unaware of his own recovery
potential.

Untapping existing potential is a key PNF concept™'® that may be facilitated by NMES. If there is a
viable neural pathway between a flaccid muscle and a healthy part of the brain, NMES can help to
reinforce it. NMES transmits afferent signals along multimodal sensory pathways from both
muscular and non-contractile structures, which modify the excitability of the CNS. There is fMRI
evidence that when electrically stimulating the lower extremities in healthy normal subjects,
associated areas of the brain are activated, demonstrating that peripheral stimulation has an effect
on the CNS'?. Assuming this is also true for stroke patients, in the patient with learned non-use,
NMES may depolarize neurons that were previously inaccessible to the patient due to synaptic
atrophy or other disturbances, and modify their excitability so the patient is again able to access
them volitionally. A dose-response relationship between stimulation and brain hemo-dynamic activity
in specific sensory-motor regions of the brain has also been demonstrated'?.
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Afterdischarge or Post Tetanic Potentiation

The dose-response relationship permits maximization of another PNF neurophysiologic principle that
can help patients to relearn how to access a viable part of their brain that was previously
inaccessible known as afterdischarge by Sherrington, and as post tetanic potentiation (PTP) in NMES
books. After a stimulus is discontinued, the effect continues for a short period of time. The stronger
and longer the stimulus, the larger is the afterdischarge. In circumstances when PNF may not be able
to elicit an afterdischarge such as in a flaccid innervated limb, NMES activation can. It is also
believed that repetitive afferent feedback induces long term potentiation in the motor cortex

2021 This continued

modifying the excitability of specific motor neurons to facilitate motor learning
biasing of the motor neuron pool may be the means by which a patient with a previously flaccid limb
is able to maintain a volitional muscle contraction, even after NMES has been discontinued

(described in the next section).

Clinical Example of Cortical Recovery and Restoring Function

The following is a patient example of how quickly reversing learned non-use can be accomplished.
After the patient's subluxed shoulder was addressed with NMES (Figure 4), focus was shifted distally
to extending the arm. The patient was given the goal-oriented task of pushing a lever forward to
which his flaccid UE had been secured (Figure 8a). The extension task was demonstrated to him with
assistance, but despite visual and repeated verbal and tactile cues, he was unable to extend the
elbow, and tried to compensate with a trunk lean to push the lever. Instead of using manual contacts
to move the limb passively, rhythmic initiation was performed using electrical contacts on the triceps
muscle, which were triggered synchronously to verbal cues to have the patient extend his elbow to
push the lever without compensating with the trunk (Figure 8b). The patient required NMES to
achieve full extension, but was able to hold his arm at mid-range when the stimulation was
discontinued (Figure 8c). Shortly thereafter, incorporating PNF techniques of replication and
combination of isotonics, he progressed to volitional eccentric and concentric contractions,
occasionally requiring NMES to extend his elbow to end range (Figure 8d). Ultimately, the patient
was able to volitionally push the lever to end ROM and hold the lever isometrically, and successfully
withstand being challenged at end range with only visual and verbal cues (Figure 8e). Depending on
the extent of any synaptic atrophy, a few more sessions using NMES at either a motor or even

sensory level might have been required to achieve sustained results.
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Figure 8. Demonstration of reversing learned non-use using NMES and PNF tools: (a) Flaccid
limb secured to lever. Patient is unable to push lever; (b) Stimulated triceps contraction to
push lever; (c) Volitional isometric hold in mid-range after NMES is turned off; (d) Full ROM
volitional contractions achieved during combination of isotonics requiring occasional NMES
assistance; (e) Volitional effort is able to tolerate additional resistance at end ROM.

In approximately 10 to 15 minutes, the patient progressed from no ability to contract his triceps
(0/5) to being able to volitionally achieve full ROM and accept some resistance (3+/5). Without the
afterdischarge or PTP biasing of the peripheral and central motor neuron pools, which could only be
accomplished with NMES, it is possible that this dramatic unmasking of elbow extensor function
would not have been possible in this patient. It is important to note, however, that the visual and
verbal cueing to perform the goal oriented task that engaged the patient was likely important to help
the patient reconnect to the viable cortical motor neurons that had been spared.

Using a simple lever or other mechanical assist can be a useful option, instead of manual contacts
and body positioning, to allow the therapist to focus on timing the triggering of the NMES-assisted
contraction during other PNF procedures and techniques. The mechanical assist can also allow for
easy carryover to exercise programs that patients can do on their own to increase practice time.
Assuming that excitatory inputs to the motor neuron pool are additive, replacing the lever with
manual contacts would permit the therapist to add not only diagonal and rotational components, but
receive feedback to be better able to challenge the patient optimally. Greater skill, however, is
required on the part of the therapist to coordinate use of both NMES and PNF at the same time.

Integrating NMES Triggers with PNF

Appropriate timing of stimuli are vital to achieve coordination of synergists and synchronizing
muscle contraction to cognitive intent to promote motor learning. In order to coordinate NMES
during PNF manual therapy, it is essential to have a trigger that does not interfere with a lumbrical
grip. There are many types of NMES triggers:

PNFUY—F 15% 1% 201543 H



1. Below is an example of how a ring trigger can be used with a lumbrical grip (Figure 9). If the
patient is unable to extend the wrist and fingers, a stimulator can be used to assist the patient
to achieve full ROM. With a lumbrical grip, a ring trigger allows the therapist to actively
achieve normal timing of muscles during UE patterns or function and permits the therapist to
resist the stimulated contraction, increasing muscle tension.

2. Foot triggers are also available to leave the hands free for manual therapy. This includes a
foot trigger that has been specifically designed for use with PNF that allows variable control
of stimulation amplitude with weight shift??.

3. If the patient can contract a muscle, EMG triggers may also be used.

What is important is that the therapist be able to trigger stimulation without interfering with
manual efforts. The goal is to create more muscle tension than is achievable through PNF alone to
achieve effective, synergistic muscle activity that results in normal timing and functional movement.

Figure 9. Use of Ring Trigger to Coordinate NMES with PNF: (a) Volitional
effort; (b) NMES contraction using ring trigger; (c) PNF; (d) PNF + NMES.

Clinical Example of Integrating NMES during Manual PNF Therapy

Figure 10 shows an example of a therapist using the PNF procedure of irradiation during a bilateral
UE task to facilitate the weaker arm. When maximal volitional effort has been achieved (Figure 10a),
NMES is used to supplement the volitional effort to extend the elbow further using a remote trigger
(Figure 10b). The therapist is set up to activate a second channel on the wrist extensor muscles and
a third channel on the quadriceps muscles as the treatment session progresses. As additional
channels are added, more skill is required on the part of the therapist to ensure appropriate timing
of synergists. To decrease the challenge of coordinating the timing of multiple channels of
stimulation, a stimulator or neuro-prosthesis that provides programmable stimulation sequences can

be used.

PNFUH—F 15%1%5 201543 H
10



Figure 10. Demonstration of the use of NMES to augment
PNF: (a) PNF triceps irradiation; (b) PNF + NMES.

Research

The above description was a demonstration of combining NMES concurrently with PNF manual
procedures. The research on this combined therapy is scant. This section briefly addresses research
combining NMES with conventional therapy, then presents research specifically comparing NMES
and PNF, and finally discusses PNF combined with NMES.

The effectiveness of NMES is well studied and its use for the management of stroke rehabilitation is

2324 meta-analysis®® as well as evidence based clinical practice

endorsed by clinical reviews
guidelines®®. Research has expanded to include other diagnoses as well. There is enough research
based evidence to support the use of NMES that the American Physical and Occupational
Associations, The American Stroke and Heart Associations, The National Multiple Sclerosis Society,
The US Veterans Administration, The American Academy of Physical Medicine and Rehabilitation all

endorse NMES usage guidelines.

NMES Combined With Volitional Training

While not specifically PNF, combining therapies that include NMES and volitional training have been
shown to induce greater muscle adaptations and lead to greater improvement in performance than
voluntary contractions in both sports training and rehabilitation?”. There are numerous examples of
well controlled research on augmenting functional movement training with NMES. One such example
is a study by Chan et al.?¥ who combined NMES with bilateral UE functional task-oriented movement
training. This double-blind, randomized controlled study used a unique trigger to initiate stimulation
of the extensor digitorum superficialis and thumb abductors in chronic stroke patients to open the
hand. To initiate hand opening when the patient extended the contralateral finger naturally during
functional UE extension activities, a motion sensor (accelerometer) on a ring placed on the finger
triggered stimulation of the involved hand. The study group stimulated at a motor level showed

significant improvement in the Fugl-Meyer assessment, Functional Test for the Hemiplegic Upper
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Extremity, and active ROM test when compared to a "control” group. For the control group, sensory
level stimulation was used, which may have minimally biased the motor neuron pool resulting in
improvements that did not rise to the level of significance.

Comparing the Effect of NMES and PNF Treatments

While very limited, there is research comparing NMES to PNF treatments. Kraft, et al.?” compared
PNF to "traditional" therapy for chronic stroke patients that included: a) EMG-triggered functional
NMES; b) volitional effort enhanced with low amplitude, cycled NMES; and c) a control group. The
authors found that all treatment groups provided significant improvement over the control group.
Figure 11 shows that the strongest input to the nervous system using motor level EMG-triggered
NMES resulted in the most significant improvement. Even so, it is important to emphasize the
significance of biasing the motor neuron pool at the sensory level. NMES that did not exceed the
gross motor threshold facilitated increased voluntary recruitment, and yielded better results than
facilitation using PNF in these chronic hemiplegic patients. These observations are supported by

other studies®*3!

which demonstrate that somatosensory electrical input, especially when combined
with volitional effort, may be adequate to improve function.

The authors suggested that, in addition to motor stimulation, NMES stimulation of afferent nerves
resulted in decreased spasticity. This, in addition to afferent proprioceptive information, cutaneous
sensation and visual awareness of the NMES movement contributed to improved function. They
conjectured that preferential type II (fast twitch) muscle fiber recruitment may also have played a
role with regard to reducing atrophy. Other proposed mechanisms of improved function included the
active participation of the subject, the potential to reverse learned non-use, increase peripheral

circulation, improved muscle metabolism and mechanical changes in non-contractile tissue.
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Figure 11. Functional Outcome Results Comparing PNF, NMES (ES) and a Control Group.

Another study compared NMES and PNF in patients with multiple sclerosis (MS)*?. The primary goal
was to determine if fatigue in MS patients was centrally or peripherally mediated. They concluded it
was both, but in doing so, they also tested strength gains and changes in fatigue levels between a
PNF and NMES regimen. PNF repeated contractions to the quadriceps and tibialis anterior (TA)
muscles were compared to NMES. It is not known what %MVIC was achieved, or if the patients were

asked to assist volitionally with stimulated contractions. Although the authors found that training
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results favored NMES in terms of fatigue resistance of the TA muscle, they concluded that it was not
superior to PNF. Both PNF and NMES had similar effects on strength and fatigue in MS patients.

Studying the Effect of Combined PNF and NMES

139 hypothesized that improving scapular adduction would improve UE function and gait

Moon et a
and studied this using PNF, NMES and sequential use of PNF and NMES treatments®?. They
compared strengthening scapular adduction via the rhomboids, to facilitating both scapular anterior
elevation/posterior depression along with multi-joint flexion-adduction-external rotation and
extension-abduction-internal rotation using a PNF combination of isotonics and dynamic reversal
techniques. They measured UE functional performance and gait parameters. Given what is known
with regard to specificity and duration of training®”, and strength versus skill training®”, not
surprisingly, Moon's results showed that the training that more closely approximated functional
tasks produced better task performance. In other words, their multi-joint UE training patterns (PNF)
resulted in better multi-joint UE function compared to isolated strengthening of scapular adduction
(NMES), and that the more time training full UE synergies produced stronger results.

The study's conclusion, however, was that while NMES was only used to strengthen scapular
retractors, it was inferior to PNF. Other studies have found that when NMES is used during the
functional task that is measured, it can produce significantly better functional results than when
using NMES for isolated muscle strengthening®®. Therefore, since scapular retraction is a small
component of UE functional performance, it is not surprising that strengthening alone of one muscle
did not result in significantly improved function.

The only other published reports found combining or comparing PNF and NMES are in the form of
case studies®”. Volitional flexion efforts of two incomplete SCI patients were compared to flexion
using: a) the peroneal nerve reflex by NMES; b) PNF facilitated LE flexion pattern and; c) a
combination of PNF plus NMES used concurrently. The authors found that with regard to hip flexion
ROM, PNF plus NMES was equal to or better than volitional effort or PNF and NMES alone,
especially within the first few weeks of training. Twenty percent stronger contractions were also
produced during PNF plus NMES compared to PNF or volitional effort alone®®. Besides being the
only studies to demonstrate using NMES during PNF manual therapy, of special interest is the NMES
trigger that was developed for this purpose. The trigger permitted the therapist to not only trigger
the onset of stimulation, but also permitted concurrent modulation of the amplitude. The trigger was
shaped like a car gas pedal and responded to the therapists’ weight shifts during PNF manual
therapy.

Combining PNF Manual Therapy and NMES

In the context of PNF, NMES can be thought of as just another procedure or technique that can be
used to achieve a maximal or optimal contraction. Instead of manually, it electrically drives the
proprioceptive system to facilitate the neuromuscular system. But unlike other PNF methods, it can
also directly depolarize motor neurons. This means that a muscle contraction can be induced even in
an innervated flaccid limb. As most PNF procedures and techniques, such as contract/hold relax,
require a muscle contraction, if PNF options alone are not adequate to induce the requisite muscle
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force, adding NMES can enhance a muscle contraction and permit access to PNF tools that would not
otherwise be an available option. By inducing or enhancing muscle contractions, NMES can permit
the therapist to resist rather than assist weaker patients to gain the benefits of enhanced neural

drive from increased muscle tension.

NMES for Functional Stability

NMES can help to increase stability. By controlling degrees of freedom, NMES can serve as an extra
set of hands for the therapist to be able to place the patient in more challenging functional positions
sooner. In Figure 12, electrodes on the patient's gluteal muscles provide motor or sensory cues as

needed to augment the therapist's manual input. Once an adequately stable base in kneeling

Figure 12. NMES to the gluteal muscles can serve as
"an extra set of hands" to provide stability in kneeling.

has been achieved, the electrodes on the triceps muscle can permit progression to function with
bilateral or unilateral patterns. This combination of hip and elbow extension could also be facilitated
in the supine position to assist with elevating the pelvis and reaching during PNF bridging and
dressing activities. In Figure 13, stimulation has been added to weak quadricep and hamstring
muscles to dynamically stabilize the knee to assist with sit to stand activity, resulting in more
symmetrical weight bearing.
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Figure 13. Sit to stand with and without NMES: (a) Compensation with stronger
leg without NMES and (b) equal weight bearing achieved with NMES.

NMES to Enhance Functional Mobility

The peroneal nerve reflex in the aforementioned published case studies is not limited to use in the
supine position on a plinth during PNF. Table activities provide a good option to train PNF patterns
and permit the patient to get accustomed to the sensation of stimulation and tolerate strong
stimulated muscle contractions, prior to functional training. In quadruped, the same lower extremity
(LE) pattern can be combined with NMES to augment hip, knee and ankle dorsiflexion for PNF
crawling activities or in standing to facilitate the swing phase of gait. In addition to driving reciprocal
inhibition, utilizing electrical contacts provided by NMES to facilitate normal timing of the flexion
pattern for limb advancement frees the therapists' hands to focus their manual contacts where
needed elsewhere.

In the author's experience treating stiff legged gait, stimulating the peroneal nerve reflex in a few SCI
patients over several training sessions allowed the patients to relearn to swing the leg effectively
during ambulation. In these cases, multiple scheduled surgeries to transfer, release or lengthen
muscle tendons for better ankle and knee mobility were avoided.

More complex tasks, such as stair climbing, can also be made easier with sophisticated NMES
systems that coordinate the timing of multiple channels of stimulation (Figure 14). Not only does
this allow the therapist to focus on maximally challenging the patient with manual resistance or
more difficult functional tasks sooner than would otherwise be possible, it also permits independent
practice at home. Even without task shaping, regular use of NMES as a dynamic orthosis for foot
drop has resulted in greater motor evoked potentials as well as increased maximum voluntary
contractions suggesting that NMES may strengthen motor cortex and residual descending

connections resulting in greater volitional control*?.
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Figure 14. (a) Three channels of preprogrammed NMES can be (e) triggered with a
wireless heel trigger assisting with (b) swing phase, and (c) stance phase of stair
climbing making (d) increased challenges (taller stair) possible.

Cortical Reorganization: Facilitating Re-emergence of Function

As knowledge of how the brain learns and re-learns increases, the brain has now become the target
of therapy, not just the body or the behavior. The brain is incredibly plastic. Where function cannot
be recovered because the area of the brain that controlled it is no longer accessible or viable, it is
possible for the lost functions to re-emerge in other parts of the brain®”. This requires, however, that
the patient effectively re-learn the task from scratch in a new part of the brain.

As a person learns, there are both anatomic and physiologic changes that occur in the brain. The
process by which the brain encodes information is the same whether or not an injury has occurred.
In the case of brain damage, however, the changes are forced to occur in remaining residual healthy
tissue. If the area of the cortex controlling the wrist and fingers has been destroyed, other parts of
the brain can learn to take over the function of the damaged part. In this example, the distal limb
neurophysiologic representation re-emerges topographically into neighboring brain tissue that was
once exclusive to elbow control*”. In addition to changes in cortical motor mapping, there are also
anatomic changes associated with learning: training produces neurons with more dendrites, dendritic
spines and a greater number of synapses as the brain re-wires itself*".

It has been proposed that there are specific behavioral signals that can trigger the neural signals
required to facilitate neural plastic changes and functional improvement*?. The goal of neuro-
biologically driven therapies is to include all the critical behavioral signals in order to induce plastic
changes in the brain. The critical behavioral signals that appear to drive neural plasticity include 1)
salience, 2) specificity, 3) difficulty, 4) timing of synergists, 5) intensity and 6) repetition*? (Figure
15). All of these signals can be activated by combined PNF and NMES regimens.
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Figure 15. Six behavioral signals thought to drive neural plasticity.

Cortical Changes are Dose and Duration Dependent

While PNF treatment includes a) motivating the patient and keeping him engaged, b) targeting
specific movement dysfunction that requires training, c¢) providing normal timing of movement
synergists, and d) optimally challenging the patient, yet like most typical therapy sessions, it likely
lacks the necessary repetition and intensity known to induce plastic changes (Figure 15)*?. Limited
treatment time, patient fatigue, muscle spasticity, and decreased attention can all restrict the
therapist's ability to achieve the hundreds of repetitions per hour that have been shown to be
successful in inducing neural plastic changes and concomitant restoration of function in animal
models*?.

In addition to PNF manual therapy in the clinic, there are options to help achieve the necessary
dosage and duration. Whether it is in the form of additional clinic time or a home treatment program
using NMES, neuro-biologically informed therapies are available to the patient to ensure increased
intensity and repetition to facilitate cortical and functional change.

Constraint-Induced Movement Therapy

The first neuro-biologically informed therapy to have been studied in a multi-center trial was
constraint induced movement therapy (CIMT)*¥. CIMT "disables" the stronger limb to encourage use
of the weaker limb with appropriate level tasks. While significant results were achieved, the
inclusion criteria excluded many patients, scheduling of the program was labor and time intensive
for the therapists and until function improved, CIMT was sometimes frustrating for the patient.

To address these issues, robotic* and electrically supported therapies*®

are emerging and being
studied with promising results. To permit more patients to qualify for CIMT, modified constraint
induced movement therapy (mCIMT) employs EMG-triggered NMES to address wrist and finger
peripheral impairments to assist patients in meeting the necessary volitional hand and wrist
movement criteria. Once achieved, the patients can begin shaped functional training using a more
distributed schedule. Since EMG-triggered NMES specifically trains wrist and finger extension, that is

where results are achieved. Although EMG-triggered NMES results in minimal improvements,
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significant functional improvement is not seen until function is trained using the constraint
method"”.

Stimulation Induced Movement Therapy

In keeping with the PNF philosophy of a positive approach, stimulation induced movement therapy
(SIMT) provides another option. Required volitional movement is not as restrictive to begin
functional training, and unlike CIMT, it does not "disable” the non-paretic limb to force use of the
weaker limb. SIMT enables or facilitates the weaker limb using electrical stimulation enabling
success with the weaker limb sooner, and thus, can alleviate some of the frustrations of CIMT. Since
SIMT can be performed independently at home, it significantly reduces the amount of time both
therapist and patient must be in the clinic.

SIMT combines NMES with functional therapies, also known as functional electrical therapy (FET)
and functional electrical stimulation-assisted exercise therapy (FES-ET) that include behavioral
signals to maximize neural changes. SIMT allows patients to get positive reinforcement during
practice of functional activities that they would otherwise be unable to perform on their own*®%%.

For more involved patients, SIMT can be used in conjunction with mechanical support. Like a high
tech version of the lever used in Figure 8, another therapy achieved significant results by supporting
the UE using a track while the patients extended their elbows®**®. EMG or goal-triggered NMES was
implemented to help extend the elbow as needed and a video screen provided feedback to enable the
patient to practice hundreds of repetitions per hour at home independently. The addition of NMES
produced greater results than without NMES. Most impressively, studies using this therapy not only
showed EMG recordings from the involved triceps start to look more like the normal side, cortical
activity in the injured side also started looking more like the uninjured side. This demonstrates the
value of repetitive task training incorporating NMES in a therapeutic environment to encourage
neural plasticity, even in more involved patients for whom other therapies offer little assistance.

To help facilitate SIMT, there are FES systems that are easy to don and doff which include more
stimulation channels that permit improved coordination of synergistic muscles enabling independent
use at home (Figure 16). The difference between FES and SIMT is similar to the difference between
forced use and CIMT. While FES and forced use paradigms require the individual to use the limb and
cortical connections and volitional functional gains can be made, they do not necessarily provide the
optimal therapeutic environment that strives to incorporate all the behavioral signals believed to be
critical to encourage neural plasticity like SIMT or CIMT. In both CIMT and SIMT, acute higher
functioning patients have been shown to achieve more significant results than lower functioning and
chronic patients. Therefore, in order to stimulate neural plasticity in the patient, the sooner the
therapist incorporates FES with the other behavioral signals to stimulate neural plasticity, the better
the predicted outcome.
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Figure 16. Multi-channel neuro-prosthesis (a) with easy donning and doffing (b) showing
hand grasp with hand trigger. (Inset) Novel wireless trigger that responds to vibration.

While the sophisticated equipment employed in many research studies is becoming commercially
available, there are simpler options that can take advantage of the same neuro-biologically informed
therapeutic principles. Rather than disabling the stronger limb to encourage use of a weaker limb,
Figure 17 shows the use of the PNF procedure of irradiation combined with NMES and mechanical
support to enable the weaker limb to achieve the same level of force and function as the
contralateral limb. Incorporating a bi-manual sanding task that was meaningful to the patient could
provide all the behavioral signals of motivation, specificity of training, optimally challenging level of
difficulty, normal timing of synergists, as well as adequate intensity and duration of practice to
induce cortical changes.

Figure 17. Simple sanding task can provide all 6 behavioral signals for
neural plastic changes: (a) No stimulation; (b) Stimulated elbow extension.

Discussion

PNF trained therapists are in a unique position to understand how to incorporate NMES into
therapeutic exercise programs because they already use many of the same neuro-physiologic
principles shared by NMES in their practice. Like PNF techniques and procedures, NMES can drive
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proprioceptive input. But, unlike manual therapy, NMES can also directly depolarize nerves to
contract even flaccid, innervated muscles. As the magnitude of effectiveness of proprioceptive
facilitation is directly related to the active muscle tension produced, NMES offers the therapist an
additional tool to maximize muscle contractions. In this context, NMES can be viewed as just another
PNF tool, albeit a powerful one that can both directly and indirectly drive the nervous system,
especially benefiting more debilitated patients.

Like an extra set of manual contacts, NMES also offers electrical contacts that can sometimes replace
the use of mechanical orthoses as well. Rather than resorting to abnormal compensation strategies
or providing passive assistance, NMES can help weak patients achieve more normal functional
synergistic muscle patterns and increased practice time, both of which are believed to be important
to encourage neural plasticity and improve function.

In summary, NMES can offer PNF the ability to increase neural drive to the sensory and motor
systems to facilitate stronger muscle contractions than may be possible with manual techniques
alone. PNF can offer NMES a positive meaningful therapeutic exercise environment. While each can
be used independently, the two together are better able to drive the behavioral signals that are
thought to promote neural plasticity and result in increased function.
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Neurophysiological remote rebound effects of a resistive static contraction using a
Proprioceptive Neuromuscular Facilitation pattern in the mid-range of pelvic motion of
posterior depression on the soleus H-reflex

Shiratani Tomoko" Arai Mitsuo? Kuruma Hironobu?

Hobara Rui" Yanagisawa Ken®

Abstract :

1. Introduction/Background
With respect to the ascending effects of a resistive static contraction of a pelvic depressors
technique (RSCPD) using a proprioceptive neuromuscular facilitation pattern in the mid-range of
pelvic motion of posterior depression, we found that the neurophysiological remote rebound
effects (RRE) induced by RSCPD on the he flexor carpi radialis H-reflex initially caused reflexive
inhibition during RSCPDT, followed by a gradual excitation after RSCPD in one case (Arai et al,
2002). The purpose of this study was to compare the neurophysiological effects of descending
remote after-effects (RAE) of the RSCPD on the soleus (SOL) H-reflex compared with the
contralateral resistive exercise (RCE) of the upper ankle plantar muscles in the side-lying position

2. Materials and Methods
The effects of order were controlled by randomly assigning numbers taken from a table of random
numbers for the order of the resistive static contraction (RCE, RSCPD) for each of fifteen normal
subjects. The SOL H-reflex was measured at rest, during each resistive exercise and after each
resistive exercise. For comparison, each H-reflex amplitude were normalized to the corresponding
a max M-waves (Mmax) H-reflexes, which was expressed by the ratio of H/Mmax (H/Mmax).

3. Results
A three-way ANOVA for the H/Mmax showed that the technique and time course produced a main
effect (exercise; F (1,132)=1.88 p<0.05; time course; F (11,132)=54.53 p<0.01). RSCPD was
significantly facilitated compared with the RCE. The interaction between technique and time
course was also significant for the H/Mmax (F (11,132) =1.94, p< 0.01).
The relationship between the H/Mmax and the time course in the RSCPD was best fitted by a
single-order polynomial equation (y=0.012x + 0.162 (p=0.049). Gradual escalation trend was
observed RSCPD. Significant polynomial was not observed in RCE.
A three-way ANOVA for the H/Mmax showed that the technique and time course produced a main
effect (exercise; F (1,132)=1.88 p<0.05; time course; F (11,132)=54.53 p<0.01). RSCPD was
significantly facilitated compared with the RCE. The interaction between technique and time
course was also significant for the H/Mmax (F (11,132) =1.94, p< 0.01).

4. Conclusion
According to the significant facilitation of the RSCPD compared with the RCE of the right right
plantar flexors, descending effects was larger than the cross-education in this study.
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Introduction

If direct approaches to improve active range of motion (ROM) and passive ROM of severely
restricted joints are difficult because of pain or weakness of the agonist muscle, indirect approaches
are useful in clinical practice.

In particular, a resistive static contraction of posterior depression (RSCPD) using a Proprioceptive
Neuromuscular Facilitation (PNF) pattern in the mid-range of pelvic motion in side-lying as an
indirect approach induces static contraction of lower trunk muscles increases the flexibility of
remote body parts such as upper shoulder and elbow joints without stretching'?.

The remote descending after-effects (RAE) of the RSCPD on the improvement of hand-behind-back
(HBB) range of motion was also found in patients with rotator cuff tears?. The RSCPD also revealed a
significant improvement in the range of motion of knee extension as compared to a sustained stretch
of knee flexors used in orthopedic patients®.

With respect to the ascending effects of RSCPD, neurophysiological RAE induced by RSCPD
technique on the extensor digitorum communis (EDC)?or flexor carpi radialis (FCR)® . Hoffman-reflex
(H-reflex) initially caused reflexive inhibition during RSCPD technique, followed by a gradual
excitation after RSCPD technique. The reduction of the H-reflex in the first phase of RAE during
RSCPD technique may indicate the decrease in muscle stiffness, which may increase flexibility of
muscles. The gradual facilitation of RAE on the remote EDC or FCR H-reflex in the second phase of
RAE after RSCPD technique may increase the recruitment of motor unit in the upper extremity,
which may result in increased HBB ROM in patients with rotator cuff tears.

As another method for inducing remote effects, cross-education is a well-known phenomenon
whereby unilateral training produces a significant effect on the strength and endurance of
homologous muscle groups of the contralateral unpracticed limb?.

Kannus et al” found in a controlled study of 20 volunteers that after seven weeks of isometric and
concentric isokinetic training three times a week, the average change in the peak torque of the
quadriceps muscle was +19% in the trained limb, +11% in the untrained limb, and 0% in the
untrained control limbs.

Evidence for the cross education phenomenon has been well established, however spinal
mechanisms remains uncertain. In addition, few studies have provided evidence of the
neurophysiological comparative advantages between descending effects on remote parts induced by
RSCPD and contralateral effects induced by RCE.

The purpose of this study was to compare the neurophysiological effects of descending remote
effects of the RSCPD on the lower ankle plantar muscles compared with the cross-education of
contralateral (lower) resistive exercise (RCE) of the upper ankle plantar muscles in the side-lying
position.

2. Materials and Methods

2.1 Subjects

Seven female and six male subjects, aged21-34 y (mean, 24.4 y; standard deviation (SD), 3.9 y) and
with no history of neurological illness, volunteered for this study. The exclusion criteria were any

injuries to the extremities or back within the last year that required medical attention. All subjects
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gave written informed consent before participating in the experiments. The dominant upper
extremity of each subject was determined by asking the subject about their preferred hand for
writing. All the subjects were right-handed based on this criterion.

The effects of order were controlled by randomly assigning numbers taken from a table of random
numbers for the order of the static contraction conditions (RCE, RSCPD) for each subjects. In
preparation for data collection, the participants sat for 5 min to relax. After resting, the subjects
performed each exercise for 20 s, as shown in Fig. 1. Each static contraction condition was separated

by a 60-s rest period.
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Fig.1 Direction of the traction

The traction angle was 30°against the line from upper (right) ischial tuberosity of the
pelvis to the lower acromion process.

2.2 Experimental protocol
All subjects signed informed consent forms approved by the Ethics Committee of Tokyo

Metropolitan University approved this study.

Resistive exercise protocol

Fach subject learned each static contraction method sufficiently well before the start of the study to
allow performance of the activity alone. After resting, the subjects performed each exercise for 20 s.
Two types of resistive static contraction exercises lasting for 20 s were applied to each subject. The
duration of each resistive exercise was 20 s.

During the each exercise, the subject was positioned a left side-lying position on the bed, with the
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subject's hips and knees flexed 60 degrees. Straighten both arms in front of the subject at shoulder
height.

These actions were performed in a random order determined using a table of random numbers used
for the order of static contraction combinations for each subjects.

To determine the neurophysiological effects, the amplitude of the H reflex provides a fairly good
estimate of the strength of the reflexly recruited motor units®. Each exercise was done during the
measurement of lower (left) soleus H-waves in the side-lying.

1) Method of the RSCPD

A corset has attachments for a cable that go to a pulling ring, where towing the cable may be
attached, which applied to pull from the pelvic for applying the weight of the load. Each subject
actually resisted the traction force applied by the corset acting diagonally upward without movement
for inducing static contraction of the lower trunk muscles. The traction angle was 30° against the
line from upper (right) ischial tuberosity of the pelvis to the lower acromion process.

The strength of the traction force for inducing static contractions of the lower trunk was 5% of each
subject’ weight.

2) Method of the RCE

A corset has attachments for a cable that go to a pulling ring, where towing the cable may be
attached, which applied to pull from the foot for resistive static contraction. Resistive static
contraction of the upper (right) plantar flexors in the middle of range of motion without movement
of the other body in the side-lying was induced by the 5% of each subject’ weight.

The effects of order were controlled by randomly assigning numbers taken from a table of random
numbers for the order of the static contraction conditions (SCLE, RSCPD) for each subjects. In
preparation for data collection, the participants sat for 5 min to relax. After resting, the subjects
performed each exercise for 20 s. Each SC condition was separated by a 60-s rest period.

2.3 H-reflex stimulation

The subject maintained the side-lying position in a quiet room. The left soleus (SOL) H-reflex was
measured at rest, during each resistive exercise and after each resistive exercise (Fig. 1). The SOL H-
reflex was evoked by stimulating the posterior tibial nerve through a monopolar electrode (I ms
rectangular pulse) in the popliteal fossa using a constant-current stimulator (Neuropacky MEB9100,
Nihon Kohden Corp., Tokyo, Japan).

H-reflexes with small M-waves were elicited below the cubital fossa over the belly of the soleus.
During data collection, the intensity of stimulation was constant in each subject. The H-reflexes were
measured with an evoked potential measuring system (Neuropacky MEB9100, Nihon Kohden Corp.,
Tokyo, Japan). The signal was amplified with a bandpass filter having a passband of 20 Hz to 3 kHz
by using the evoked potential measuring system. Skin care was maintained to ensure that the
impedance at the recording site was below 2 kQ.

The soleus H reflex was elicited by stimulation of the tibial nerve using an AgCl cathode in the
popliteal fossa and a 40 mm diameter anode placed over the lateral malleolus. Electromyographic
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(EMG) signals were recorded from the soleus with standard nonpolarizable Ag-AgCl surface disk
electrodes (outer diameter, 9 mm). An electrical stimulus with a rectangular pulse (1-ms duration)
was delivered by a stimulator at a frequency of 1 Hz. The current was increased from O in O.1-mA
increments until the maximal amplitude of the H-reflex with a small M-wave was obtained. When the
H-reflex increased markedly, demonstrating ankle plantar flexion with no pure eversion or eversion,
it was considered to originate mainly from the soleus.

Reportedly, the additional number of motoneurons recruited by a constant excitatory conditioning
stimulus in a monosynaptic test reflex is highly dependent on the size of the test reflex itself (Crone,
1990). If the H reflex is performed during a manoeuvre which can alter the test stimulation (e.g.,
muscle contraction), it is necessary to ensure that any changes in the test H reflex are not due to a

change in the position of the electrode with respect to the nerve (Pierrot-Deseilligny et al, 2000).

2.4 Experimental design

M-wave size (approximately 4-8% of the The maximal M wave amplitude (Mmax)) was maintained
across the experiment to ensure that no displacement of the stimulation electrode occurred, and that
the effects were not because of changes in reflex recruitment gain during the stimulus gain ((Knikou,
2008; crone,1990). Repeated H-reflexes and M-waves (1 Hz) were sequentially elicited in a row
without interval for a period of 300 s. The period of 300 s was divided into 12 conditions
(conditions-C1(60 s): conditions-C2~-C12 (20 s each)). Conditions-C1 (four trials; 60 s) represented
the phase of rest; conditions-C2 (20s) the phase of each resistive exercise; conditions-C3, -C4, -C5, -
C6, -C7, -C8, -C9, -C10, -C11, -C12 (20 s each) represented the rest phase after each resistive
exercise as shown in Fig. 1. The intensity of median nerve to induce H-reflexes with small M-waves
was determined in conditions-C1, and this initial stimulus intensity was held constant for each

subject during all of the experimental trials.

2.5 Parameter of excitability

For comparison, each H-reflex amplitude during and after each resistive exercise (conditions-C1~-
C12) were normalized to the corresponding a max M-waves (Mmax) H-reflexes, which was expressed
by the ratio of H/Mmax (H/Mmax).

2.6 Satistical Analyses

SPSS for Windows ((PASW/SPSS ver. 21.0 for Windows) was used in all analyses. 1) For comparison,

each H-reflex amplitude during and after each resistive exercise (conditions-C1~-C12) were

normalized to the corresponding a max M-waves (Mmax) H-reflexes, which was expressed by the
ratio of H/Mmax.

4. Three-way measures ANOVA was used to determine the time-course effects (twelve conditions:
conditions-C1~-C12), technique effects (two levels: RCE and RSCPD), individual, and interactions
between the time-course and technique. We used the Bonferroni post-hoc analysis to determine
whether statistically significant differences in the ratio of H/Mmax.

3) The relationship between the H/Mmax and the time course was explored by the polynomia

regression. 3) Statistical significance was set at P<. 05.
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Results

Table 1 shows the mean and SD of the H/Mmax. To assess reliable measures for the soleus H-
reflexes (peak-to-peak amplitude), 3 trials in condition-C1 were analyzed using a three way analysis
of variance (ANOVA) to derive the ICCs. The ICC (1,3) was 0.87 for the soleus H-reflexes, which
indicated a high degree of consistency in condition-C1.

Tablel. Mean Standard Deviation of the H/Mmax

C1 C2 C3 C4 C5 C6
RCE 0.17x0.14 0.19%+0.18 0.14%0.13 0.15*£0.13 0.13*£0.14 0.19%0.20
RSCPD _0.21+0.20 0.15+0.13 0.21#+0.19 0.19%+0.18 0.20%0.19 0.27+0.30

C7 C8 C8 C10 Ci1 C12
RCE 0.16+0.14 0.16%+0.14 0.14*+0.13 0.16*£0.14 0.15*£0.12 0.16x0.14
RSCPD 0.26+0.28 0.26£0.29 0.26+0.25 0.25%+0.30 0.324+0.37 0.28%+0.33

C1: rest, C2: exercise, C3: after 20s, C4: after 40s, C5: after 60s, C6: after 80s, C7: after
100s, C8: after 120s, C9: after 140s, C10: after 160s, C11: after 180s, C12: after 200s

A three-way ANOVA for the H/Mmax showed that the technique and time course produced a main
effect (exercise; F (1,132)=1.88 p<0.05; time course; F (11,132)=54.53 p<0.01). RSCPD was
significantly facilitated compared with the RCE (Fig. 2). The interaction between technique and time
course was also significant for the H/Mmax (F (11,132) =1.94, p< 0.01).

0.3 4

0.1 -

H/Mmax

0.1 +

RCE RSCPD

0.5 -

Fig.2 Facilitation of the RSCPD

A three-way ANOVA for the H/Mmax showed that RSCPD was significantly facilitated
compared with the RCE.
PNF UH—F 15&1%5 201543 H
29



The relationship between the H/Mmax and the time course in the RSCPD was best fitted by a single-
order polynomial equation (y=0.012x + 0.162 (p=0.049) Fig. 3). Gradual escalation trend was
observed RSCPD. Significant polynomial was not observed in RCE.

0.8 - 1.2 -
0.7 ¢ . . : M
- 1 A .« ¢
0.6
0.8 A ¢
x 05 x
£ . . o £
S 04 ¢ e e s 4 0 : - . s 064 3 o o o o o O * 4 o o
I PO S ¢ % o = * .
x 03 . R . . I ¢ o o e, FEPRY
* o ¢ 04 1 ¢ *
024 ¢ o & : o o * e o PR | LI I
: s 3 3 s ¢ & ¢ ¢ o 024 $ $ o o o o
o1 | 3§ : . : $ s e S st s . 2
P BN BN A B A I I I I I I I
€1 €2 €3 C4 C5 c6 C7 C8 C9 C10 C11 C12 Cl1 C2 C3 C4 C5 C6 C7 €8 €9 C10 Cl1 C12

1) RCE 2) SCPD

Fig.3 The relationship betweenthe H/Mmax and the time course

Equation of the Line of best fit is a single-order polynomial equation (y=0.012x + 0.162
(p=0.049)) in the RSCPD.

(C1: rest, C2: exercise, C3: after 20s, C4: after 40s, C5: after 60s, C6: after 80s, C7: after
100s, C8: after 120s, C9: after 140s, C10: after 160s, C11: after 180s, C12: after 200s)

Discussion

According to the significant facilitation of the RSCPD compared with the RCE of the right ankle
plantar flexors, descending effects was larger than the cross-education in this study. In this study,
descending remote after-effects was significantly more effected compared with the cross-education.
The descending effects of RSCPD on the remote parts of the lower extremity were significantly
dependent on the time-course. The post-hoc analysis and significant first-order polynomial equation
revealed that the descending effects induced by RSCPD. In previous studies, it also has been shown
that the remote facilitation such as Jendrdssik maneuver increases the excitability of the
monosynaptic reflex in a descending manner by removing tonic presynaptic inhibition acting on the
synaptic boutons of Ia fibers onto the motoneurons”. Facilitation of H-reflexes probably results in a
synchronous activation of the recruited la afferents, with a subsequent relatively synchronous
activation of a portion of the pool of target motoneurons'?. Because Hugon (1973) observed a linear
relationship between the amplitude of the soleus H refex potential and the muscle force produced®,
the remote descending after-effects of the RSCPD on the improvement of HBB ROM may be caused
by the increasing the muscle force.

Gurfinkel et al. (1989)"" suggested that remote after-effects cannot be explained in terms of local
reflex mechanisms alone. A static contraction of a neck muscle group induced RAE affecting the
whole body as a postural response, which varied according to the neck muscle group contracted"?.
Presumable causes of descending effects are coordinated patterns of extremities such as central
pattern-generators (CPGs)"*'¥. The remote facilitation may represent some alteration of CPGs in
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descending control triggered by SCPD.

RSCPD may also assist in reflex linkages between the arm and trunk, which may also part of CPGs
that aids in coordination between trunk and leg. Some lumbosacral superficial dorsal horn neurons
project to the upper cervical dorsal horn'®. CPGs also provide centrifugal control over fast-
conducting somatosensory pathways from the human leg, both serving spinal reflexes and ascending
to the brain'®.

In the other hand, the neurophysiological mechanism of cross-education is postulated as the
diffusion of the central drive through the ipsilateral uncrossed corticospinal tract'®. According to
this postulation, the amount of cross-education should increase if the central drive is facilitated
efficiently. In the other hand, contralateral H-reflex depression may be limb- and task-specific as
passive or active pedaling with one leg does depress the H-reflex in the other leg'”. Arai et al
(2001)'® found that the significant cross-education effects of the unexercised atrophied rectus
femoris was the concentric contraction of unaffected knee extensors combined with hip internal
rotators when comparing with other resistive exercises. In further study, remote neurophysiological
descending effects of the RSCPD have to compare with the neurophysiological contralateral effects
of a specific exercise which induce the efficient cross-education.
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The after-effects of resistive static contraction facilitation on improvement
of restricted hip extension in orthopedic patients
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Chihiro Sumida
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Tetsuaki Sumida Yasuhiro Harada

BE | GROKT M OB T OB (SCPD) T & J# O#i /5% EO BT O
(PRI (SCAE) T3 i Bl i J B B BH E AT B350 (AROMD 12 RIS I ZhIRIC DWW THEE L 7z,
Y e d fe o C IR BE R R IR 2 ok 7o L e BB RIIR &2 69 %5 3 36 4 (B9 4, Wik
27 %, PHFE (BEMEFEA2) 704 (129) %) % SCPD FHi#if, SCAE FHHE, SS FHEMFD 3
Eﬂuﬁfﬁﬁ%k T LTz, BFHEETD AROM 72 B iEfi & L C AROM Z1{bfEz 5 & Uiz, —ithd

TR DRGIR, BRRICAEAZRD T (p<05) . ZEIERIE (Scheffé's test) DHFER,
SCPD TR & SCAE FHEAFI SS FRAEFICHANGRELUEDNRD 5N (p<05). TDT LMD
BN R 2 A9 2 85 ORI E AROM ti#ICld, SCPD FH & SCAE FHRMNAXMTH

ZAREMEDVRR E N,

F—7—F :PNF, PRI, B8 = G B R8T n] Bl

Abstract : The purpose of this study was to determine the after-effects of resistive static contraction
of the pelvic depressors (SCPD) or the anterior elevators (SCAE) using a proprioceptive
neuromuscular facilitation (PNF) pattern in the mid-range of pelvic motion to improve restricted hip
extension. Thirty-six orthopedic disease patients (mean age: 70.4 years, SD: 12.9) at one hospital
were randomly assigned to the sustained stretch (SS) of the hip flexors group, the SCPD group, or
the SCAE group. The change active range of motion (AROM) after each intervention was calculated
in comparison with AROM before the intervention. A one-way ANOVA for the change in AROM
revealed a significant difference between the groups (p<.05). Scheffé's test revealed that the SCPD
group and SCAE group showed significant improvements compared to the SS group (p<.05). The
results of this study suggest that use of the SCPD and SCAE may be effective approaches to improve
the AROM of hip extension in the orthopedic patients.

Key Words : PNF, Sustained contraction, Active range of motion of hip extension
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Facilitation Technique ; SCF) FHi5°, iy
A K LwF (Sustained Stretch ; SS) Ffi/x &
M 5. SCF FHx, MEMNT Tu—F& L
THHPDDH BN TRL, FHDD 2 EALD
i bR ER LI IR PUEEN IC K B FF I IGE 21T 5
& T, HREANOHHIERZ KIE U 72 %
I 2EDTH S (s ET Al B &) .
X2 D%, PHEOEEIEHIC X D HEE)HNL
OB ZNET 5 LT, HEIBEEAE)
OWENTRETH S Y.

SCF FHDOEMMHEICOWVWTEZ L D EH
BENTWASD, SCF FHRICEBWTEHEROD
%5 T il o v I T o i 1k MR IHE (Static
Contraction of Posterior Depression ; SCPD)
FeE, EHS Y BIEERED 1 DTH B
IR EE B IC LE X T SCPD FHi 4 IR IR M ER
HENERICKE LI ZRE LTV, H
7599 3@ FIC BV T SS FH & SCPD T
Bz teig U7 R, SS FHIC X SCPD F4
C PR BA B A R Ath Bh BE E nT B 45 (passive range
of motion ; PROM) I K U H #)j B i #J #) i
(active range of motion; AROM) MV EIC &
LT eZWELTVS. EREKS D 3K
B8 e 2 r] Bl s IR 72 6 9 5 B SE R AR
FICBWT SS FH LK=LY T v I AF
£ (HR F+) & SCPD FH 7% kh#g U 724551,
HR F$£% & SCPD F=4 TR BI i ffi /|2 PROM %5 &
UCAROMMPHRICHE L e ZzREL TV
5.

5 % D i 725 b o T O Bk I RE
(Static Contraction of Anterior elevation ;
SCAE) FHlc KB MEICDOVTIE, HIiES®
IR R B B ER IS L, SCAE FHZIC
KO KRR BEDMEE S N7 T & THITRE
MEMmMUIEEZRELTWS., £k, EES
D E i H IS U T SS FHEIC X SCAE F
FCEMETNGEAROM WERICKHE LT &
ZHELTVS.

B3 miaE L UTHBO SCF FR 217
5 T & TREEIHEAEMDUET S L2
RERL TWABMD, SCF FHIC K 2 KR i =

AIENEIC T T 5 RIEMEEE N TRV, Z
T C IR B i AROM D BB fY 2 %h S D
T SS T & LE#iE U SCPD 7 & SCAE T4
DA &7 MEE L 7z

[xt5:]

X5, AW FEEDG D NIz YRl
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%, ZRIEREREETE 10 4 Th o iz,
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X535 72 A 431 O SS FHifE, @ SCAE F
B, ® SCPD FHfED 3 BFICHAE 43I Bl iE
UJz. IEEANLIC T A4 o i BE fi R e G
straight leg raising ; i SLR) Z17\>, A[#EfE
DBV RMER L Uiz, i SLR DR
B 5 X T O (Bed Heel Distance ;
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(1 —b).

® SCPD FHiBf a7z i U7z ilENGL &
L, PNF B#/ 8% — D)7 Flo g
O CER N 2 20 B E L 20 # o
KERZEHEZT. 2ThZz 1ty &L 2

a) SS T

b) SCAE FH¢

c) SCPD FH;
M1 BFHOFEESE

Ty Mrofo. HFEANE SRS ETIC
fTole. \EHLOBERF 2 ~3kg L L&
(K1 —o0).

(R PE &8 B AROM DAIE A i%)

JIE B\ A7 1S C R B T AR A6 C R B T 2 e
L, 3R LD BHD 2 X ¥ v — Tl &
L7e (¥ 2).

HeBRAE © BRENAL & 75 © IR B i R AL C A B A
EAHEE 2170 3 WIREFT 5.

MEHS 1 HDFBOREIHENHZNK D
CEBZEEL, SRBOMMEIENH THX
WEHEZHERL, 95 1 %5 BHD ZAY v —
W CTHlE L Tz,

AB D& BHD 7 5 XU TH I A1
L, AROM Offi L7z (X 1).

AROM = ATAN (BHD / FiE) X180 ' n
(n =HE=xR)

(F—2 DDA ZE)

1. AROM {IE D HBIMEZMEES 5 72,
36 HOMREMNLHENTZH AROM D
3 [a] D HE fifi 2 FC W N A B R £
(Intraclass Correlation Coefficient ; ICC) 7
K7z,

2. FEEOEfIRIE, @EEZHEGIICL
C SCPD FH T H & DAL EREH L [F
—t IR D/NEERORIC, SCAE F
FETRIHEED LiiaMe A —t o
A MOFEHIcEh TN Z < EF
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[\ 1 7R TV, RO E (B
HER2Z) ZRDTC.
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A
B
X 2

4. BFHEAMEOZ(EZ KT 270, &
bz e U—rohid @ o ot 217
W, AEEMRHEEINTZEDICDNTIE
Z kR E  (Scheffé's test) #1775 7z.
BROKUEZ 5% & LTk,

(#ER]
1. ICC (1,1) &/ A 098, /T Atk 0.96
ERmWEBEZRD .
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FHBEMN 1.3 (1.8), SCAE FH BN 3.7
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) kp<.01
10 -
*p<.05
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R L 2
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il 2 1
]
[}
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$L75 % AN T D5 D #f 1L PR IGHE DNV AL T O M DO &I RIE T HRAR
The after-effects of static contraction facilitation techniques of the pelvic depressors while
in the different side-lying position on the improvement of the weight bearing of the
affected side in the standing posture in orthopedic patients

BiA —k Y B B Z N S
Kazue Masumoto Mitsuo Arai Satoko Akagi

EESE R o Y WK vzl TAATYY
Tomoko Shiratani Ken Yanagisawa Michele Eisemann Shimizu

BEE | EHD S BAUTEAOREEDFAIEN TS FRICBIPHAREEZE T 5 BEHICHT
% 5875 2 IR (R X 72 I3 BMD T oF 8 MRl OFF BRI T (SCPD F5) D&%
ReEWHEICT B LZHNE Lz, 18 %X ONRE CFEFEHE 79.0 iK%, HHERAE 124 %) ZiL
(LA EARE BE, (R SCPD F-Hehe, EM SCPD FHRAFICHIER/ICHKBE Lz, —i B # o
fi R, SAWEEICBO TR THETHREEAZRY, ZEIKBREDOKR, #AISCPD FH#: &
S SCPD FHIBF I VAL B R BEIC LA RIS L7z (P<0.05). frdE| & ALEICHBNT
3, FHETORREEZRDEN>Tc. AKX DR EEONFICITHmMAIE D 5D SCPD FH T
LHIRFRIR D H O, T ERE & A LRI EMER LR TR BN EARBENT.

F—U—F  EAEZAEMENRT(LEE (PNF), W TOIEEINE, fiE, BOMR

Abstract : The purpose of this study was to determine the after-effects of resistive static
contraction of the pelvic depressors (SCPD) on the unaffected or affected side while in different side-
lying positions in orthopedic patients who were asked to shift to full-weight-bearing on the affected
side in the standing posture. Eighteen subjects (mean age=79.0 years, SD=12.4) were randomly
assigned to the SCPD (unaffected), SCPD (affected) or repeated weight-shift exercise (RWSE) groups
where possible. One-way ANOVA demonstrated a significant difference between groups based upon
the percentage improvement in weight-bearing. Scheffé's post hoc test revealed that the SCPD for
the unaffected and affected groups showed significant improvements compared with the RWSE
group (p<0.05). With respect to the weight-bearing pain and feeling of unease, there were no
significant differences between the three groups. These results suggest that SCPD may have
immediate after-effects for increasing weight-bearing of the affected side, and does not cause pain or
a feeling of unease on the affected side despite increased weight-bearing.

Key Words : PNF, Sustained contraction facilitation technique in the middle range of motion, Weight-
bearing, After-effect
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O EMEEE  FITHEATH LR 2L
T, WM EEmLUE X, EHFEAT
EHRODOMEEZITo>T (K1 —a).

@@l SCPD F-Heii « M R i b s
MFEA L 7ZEBO%G ORI TO
FrIE MR 2 ~ 3 kg DEPIETITo 72
(K1 —b).

@B SCPD F-He i - B S B EEBIC
FF#EA LB O%G Mo TO
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EHEE 10 OREMZIC 10 RO IRE

HIEEH, Tz 3ty FEMBLIE.

a) fAf B

(HEE2DRAESZE)

BAARERZHV, O E DR
BIOMEM 15cm & L7z € 2m /iFDOH
FICHH Z DU BB ZRE RV E S ICE
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18 %72 MR/ Adil 3 [EZ2 & L&
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1)) &, 097 EEVEBEMENESNT.

(FEREARRDAESZE)

VAS Z Fvy, #Em O 10cm OiljisZ [
ATV & THLUWERA] &L, B
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ARG FARRICH G2 TR ENe RN &
(TR TEZ]ARDOAZ] & LTIV, [EH

b) f@&ldH % Wi Ml SCPD FH;

X1 BFEDOFEM %
W EARE AR, PATHN Tl ERZER L, WM R L X R, BATRRATE

BRRO O EZIT > 7.
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Effects of resistive static contraction of the upper trunk muscles on the soleus H-reflex

ARIE oY SR A ?

Keisuke Kuwada

Wk TR
Chiho Shimizu

H B

Yoshimi Tanaka Yasuhiro Harada

EE | PNF OFPHEED) SZ— 22 O TARGUEED M KIS I R 2RI DWW T e 5
Afih H 2 N THGEE U7z, RN 408 (21 ~ 44 7% 72, IESIC—NERE A% L% —
> O TTORMEMINFE U5 & SCAE) i, BRI &% Ml 32— O T ORI (08
F45 SCPD) BE, /N RZV w 7S (HG) BE, LEHIED 4 FHCHID A7z, 20 MRIDOFHA, T4
% 3 M E T 20 AR T X5 H 28 H U, ZZERrcon 9 S iRIEMEE 72 JH U TR T
g UTz. Z ORGSR, Lkt & Lk LB SCAE Bf, B SCPD FEOFHH THEIC H ik
HEMEER U7z (p<0.0D). BLEKD, BFENOEGUEENE M1 > OV ADFHRBIC LD, FHHIC
FRAXAHRE SR D B ME DI RNE UTelREMEAVRE & e,

F—7—F PNF, HJ, BEFEE05%EE, BHPEET M, b

Abstract : The purpose of this study was to investigate the effects of resistive static muscle contraction
using a Proprioceptive Neuromuscular Facilitation pattern in the mid-range of scapular anterior
elevation (S-SCAET) or posterior depression (S-SCPDT) in side-lying on excitability of the upper soleus H-
reflex. Forty healthy subjects (mean age=30.5 years, SD=8.0) were randomly assigned to the S-SCAET
group, S-SCPDT group, Handgrip (HG) group, or the Rest group. H-reflex amplitudes before, during and
after each technique were measured every 20 seconds for 3 minutes. The results of repeated ANOVA
in comparison of the amplitudes of the H-reflexes showed significant effects of both the time-course and
group (p<0.05). The interaction between group and time-course was significant (p<0.05). Post-hoc
analysis revealed significant effects on H-reflex during S-SCAET and S-SCPDT compared with the Rest
group. The results of this study suggest that facilitation of the central nervous system occurs during
resistive static contraction of the ipsilateral upper trunk muscles.

Key Words: PNF, H-reflex, Scapular anterior elevation, Scapular posterior depression, Static contraction

lFCoIC
HERETREEOR L EE D )T, &
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Effects of resistive static contraction in the mid- range pelvic motion on the soleus H-reflex

Hk TRED M BEY OFIE # Y FH F?
Chiho Shimizu Yoshimi Tanaka Keisuke Kuwada Yasuhiro Harada

EE | BBRAOETUEEIC X S # LG E FH (Static Contraction of Posterior Depression: SCPD
FH) MEBRERA OB AT (ROM) ZW#HT 52 EAMEETNT V5. SCPD FH DMk 4 s
IFEFICDWT, T A5 H ERIEE 2 O TRGEE U7z, RN 31 #47% SCPD FHiRf, il
sRFRGEE (SS FH), ar hru—)be UTLEHD 3 BRSO LT, ZEiFD o X H 7% 3 [Elill]
EL, FHEEA, % 20 BEIC 10 BRI U7z, ST 20 RIS LTz, S8 L & 22FR D
H zaiie e UC, REMELZzEHR L, $BEE Uiz, ERUE B OMSRE, FHEM (p<0.05) &
ZHAEH (p<0.01) THEEMNALN, ZHEIKMIEORR, SCPD FH A DM M H R E & SS
T, arvhro—)LE LU TERICHEA (p<0.01) L. LAL, SEFHNZ(EIC DOV TIZZENGE
SN olc. KHIFROKERNS, I AFOERENLTH 2 FAREFRFOF EMENGEC X D,
HAHHRERICEE DR L, [FANCISEZNRN G 72 5 S NI ATREIEAVRE E Nz,

F—T—F :PNF, Hik, S5 Nl b PEE

Abstract : Previous studies have reported that the application of resistive static muscle contraction
with manual resistance using a Proprioceptive Neuromuscular Facilitation pattern in the mid-range
pelvic posterior depression technique (SCPDT) have improved the range of motion. However, the
detailed mechanism remains unclear. The purpose of this study was to investigate the effects of SCPDT
based upon detection of changes of the H-reflex amplitude in the ipsilateral soleus muscle. Thirty-one
healthy subjects without neurological deficits were randomly assigned to SCPDT, sustained stretch (SS),
or rest groups. The H-reflex amplitude of the resisted side soleus muscle of each subject using an evoked
potential measuring system (model MEB-9102) was measured. The H-reflex amplitudes before, during
and after each technique were measured every 20 seconds for three minutes. The results of repeated
ANOVA for the amplitude of the H-reflex showed significant group effects (p<0.05). The interaction
between the group and time-course was significant (p<0.01). Post-hoc analysis revealed significant
effects on H-reflex during SCPDT compared with the SS and rest groups (p<0.01). These results suggest
that the neurophysiological effects of the remote parts were evident during static contraction of the
lower trunk.

Key words : PNF, H-reflex, Pelvic posterior depression, Static contraction
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