CHAPTER 11

Impaired Neuromuscular Control: Reactive
Neuromuscular Training

Michael L. Voight and Gray Cook

OBJECTIVES

After completing this chapter, the studehbiiidrbpiable to do the following:

1/ZEprain why neuromuscular control is importantint he rehabilitation process.

“Debne and discuss the importance of proprioception in the neuromuscular cont  rol process.

“Debne and discuss the different levels of central nerv  ous system (CNS) motor control and the neural pathw ays
responsible for the transmission of afferent and ef ferent information at each level.

“Debne and discuss the two motor mechanisms involved wi th interpreting afferent information and coordinati ng an

efferent response.

Ve ™ . . . .
zDeveIop a rehabilitation program that uses various  techniques of neuromuscular control exercises.

WHAT IS NEUROMUSCULAR CONTROL AND WHY IS IT IMPORTANT?

The basic goal in rehabilitation is to enhance ahi#ity to function within the environment anghécform the
spedpc activities of daily living (ADL). The entire béhation process should be focused on improviag t
functional status of the patient. The concept of functional training is not new. In factafuraitiomg has been
around for many years. It is widely acceptechtbadér to get better at a sfpedctivity, or to get stronger for an
activity, one must practice that dpeeictivity. Therefore, the functional progression for return to ADL can be
debned as breaking the sjrecactivities down into a hierarchy and then perigrthem in a sequence that allows
for the acquisition or reacquisition of that skill.

From a historical perspective, the rehabilitatioceps following injury has focused upon the adistorof
muscular strength, endurance, and [gemtbility without any consideration of the roleghef neuromuscular
mechanism. This is a common error in the rehtidilifarocess. We cannot assume that clinical moglane
using traditional methods will lead to a safenrdtufunction. Limiting the rehabilitation progrtomthese
traditional programs alone often results in amiplede restoration of ability and quite possiblgsi¢éo an
increased risk of reinjury.

The overall objective of the functional exercizgram is to return the patient to the preinjusi les quickly
and as safely as possible. Bpéaining activities should be designed to rdsdtinedynamic stability about the
joint and spebt ADL skills. In order to accomplish this objectavieasic tenet of exercise physiology is employed.
The SAID (spebr adaptations to imposed demands) principle giatethe body will adapt to the stress and
strain placed upon‘itPatients cannot succeed in ADL if they have natfrepared to meet all of the demands
of their speéic activity’Reactive neuromuscular training (RNT) is not intended to replace tradfadikdation
but rather to help bridge the gap left by traditicehabilitation in a complementary fashion eipceptive and
balance training in order to promote a more furalti@turn to activity"The main objective of the RNT program
is to facilitate the unconscious process of ietiangrand integrating the peripheral sensatiaigsegdy the CNS
into appropriate motor responses.



TERMINOLOGY: WHAT DO WE REALLY NEED TO KNOW?

Success in skilled performance depends upon temtiveffy the individual detects, perceives, andalegant
sensory information. Knowing exactly where ouslend in space and how much muscular effort isec:doi
perform a particular action is critical for theessful performance in all activities requiring intricate coordination
of the various body parts. Fortunately, informadioout the position and movement of various bodg
available from the peripheral receptors locatattiaround the articular structures.

About the normal healthy joint, both static andutiyn stabilizers serve to provide support. Theftie capsu-

loligamentous tissues in the dynamic restraihkegbint has been well established in the liteF&toir* 0

Although the primary role of these structures ishamécal in nature by providing structural supgodt
stabilization to the joint, the capsuloligamentisgges also play an important sensory role bgtimgptint

position and motion .0 Sensory afferent feedback from the receptors icajhsuloligamentous structures
projects directly to the 3ex and cortical pathways, thereby mediating ecawtigcle activity for dynamic

restraint>>>***" The efferent motor response that ensues from tis®rgeinformation is called neuromuscular
control. Sensory information is sent to the CNf forocessed, and appropriate motor activitiesereted.

PHYSIOLOGY OF PROPRIOCEPTION

Although there has been nobdiive dénition of proprioception, Beard et al. describegprimception as
consisting of three similar components: (1) a atatireness of joint position, (2) kinestheticaess, and (3) a
closed-loop efferent3ex response required for the regulation of muswéeand activityFrom a physiologic
perspective, proprioception is a specialized imariat the sensory modality of touch. Swedly déned,
proprioception is the cumulative neural input @GNS from mechanoreceptors in the joint capfiglsents,
muscles, tendons, and skin.

A rehabilitation program that addresses the neeekforing normal joint stability and proprioceptiannot
be constructed until one has a total appreciatibotb the mechanical and sensory functions oértiwilar
structure§€Knowledge of the basic physiology of how theseutausmd joint mechanoreceptors work together in
the production of smooth controlled coordinatedianas critical in developing a rehabilitationitrgiprogram.
This is because the role of the joint musculature extends beyond absolutarstrémgttapacity to resist fatigue.
Simply restoring mechanical restraints or stremgghthe associated muscles neglects the smootdinaten
neuromuscular controlling mechanisms requiredifdrstability? The complexity of joint motion necessitates
synergy and synchrony of musgieg patterns, thereby permitting proper jointilstation, especially during
sudden changes in joint position, which is commémetional activities. Understanding theseordaips and
functional implications will allow the cliniciaatgr variability and success in returning patadatg back to their
playing environment.

SherringtorPrst described the term proprioception in the 2809s when he noted the presence of receptors
in the joint capsular structures that were primidbéxive in natur€Since that time, mechanoreceptors have been
morphohistologically idel#id about the articular structures in both anindahaman models. Mechanoreceptors
are specialized end organs that function as baltlghsducers that can convert the mechaniogy efig@hysical
deformation (elongation, compression, and presBume)action nerve potentials yielding proprioeepti
information”Although receptor discharge varies according totémsity of the distortion, mechanoreceptors can
also be based upon their discharge rates. Quiaklyng receptors cease discharging shortlyhaftenset of a
stimulus, while slowly adapting receptors corttingischarge while the stimulus is pré§€hbout the healthy
joint, quickly adapting receptors are responsibfgdviding conscious and unconscious kinestiegtsations in
response to joint movement or acceleration, while slowly adapting mecharsopeoejotercontinuous feedback
and thus proprioceptive information relative to joint po$ition.

Once stimulated, mechanoreceptors are able to Altptonstant stimulation, the frequency of theah
impulses decreases. The functional implicatidratisnechanoreceptors detect change and ratesngécha
opposed to steady-state conditii&is input is then analyzed in the CNS for joisitiom and movemetitThe
status of the articular structures is sent to i <0 that information regarding static versusniymanditions,
equilibrium versus disequilibrium, or biomechastiesis and strain relations can be evaltidi®ce processed
and evaluated, this proprioceptive informationrbesacapable of lnencing muscle tone, motor execution



programs, and cognitive somatic perceptions or kinesthetic awahapasceptive information also protects the
joint from damage caused by movement exceedingrthal physiologic range of motion and helps tordate
the appropriate balance of synergistic and argtgdiorces. All of this information helps to geteera
somatosensory image within the CNS. Thereforsofthiissues surrounding a joint serve a doulpegmirthey
provide biomechanical support to the bony partmadsng up the joint, keeping them in relative amato
alignment, and through an extensive afferent neurologic netwagpkotits valuable proprioceptive information.
Before 1970s, articular receptors in the jointleap®gre held primarily responsible for joint popption”
Since then there has been considerable debatetathier muscular and articular mechanoreceptnecin As
originally described, the articular mechanoreseptoe located primarily on the parts of the gajpsule that are
stretched the most when the joint is moved. This led investigators to believe that thesemeeeptimarily
responsible for perception of joint motion. Skabfieund individual receptors that were active ratsgedic

locations in the range of limb movement (e.g., #&0nto 1800f joint angle for a particular cBlnother cell
wouldbre at a different set of joint angles. By integrati

the information, the CNS could #know$ where theuias in space by detecting which receptors wieee &he
problem with this theory is that several studiesdiawn that the majority of the capsular receptdy respond
at the extremes of the range of motion or durihgrituations when a strong stimulus is impantedtioe
structures such as distraction or compre$8i6hEurthermore, other studies have found that theenafuthe
Pring pattern is dependent on whether the movement is active or‘ppassildtition, the mechanoreceptoing

is dependent on the direction of motion from thet.jéThe fact that théring pattern of the joint receptors is
dependent on factors other than simple positioseskas seriously challenged the thought thattitwdaar
mechanoreceptors alone are the means by whigistdra sletermines joint position.
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A more contemporary viewpoint is that muscle @seplay a more important role in signaling jasitipn:
There are two main types of muscle receptors ithti@ complementary information about the statheof
muscles. The muscle spindle is located withinubadpbers and is most active when the muscle is streidiee
Golgi tendon organ (GTO) is located in the jundtiemveen the muscle and the tendon and is maest atien
the muscle contracts.

Muscle Spindle

The muscle spindle consists of three main comgorgmall musclebers called intrafus&bers that are
innervated by the gamma efferent motor neurongypesl la and Il affereffig. 11-Ineurons (Fig. 11-1). The
intrafusabbers are made up of two types, bag and bhais, the polar ends of which provide a tensidheon
central region of the spindle, called the equategian. The sensory receptors located herenaitiveeto the
length of the equatorial region when the spindireiched. The major neurologic connection to this sensory
region is the la afferelber, whose output is related to the length of the equatorial region (jmdsitication) as

well as to the rate of change in length of thisrrégelocity information). The spindle connectid@lpha motor
neurons for the same muscle, providing excitation to the muscleigveiatithed.

There has been a great deal of controversy abatuthetspindle actually signals to the &\Bwajor conceptual
problem in the past was that the output of thdféseat that presumably signals stretch or veleadiglated to

two separate factofsFirst, la output is increased by the elongation of the overak miaselongation of the
spindle as a whole. However, the la output isrellsted to the stretch placed on the equatoriahrey the
intrafusabbers by the gamma motor neurons. Therefore, theMONS8 have diculty in interpreting changes in
the la output as being due to changes in the loversdle length with a constant gamma motor newtosity,
changes in gamma motor neuron activity with aammrsuscle length, or perhaps changes in“batiother
problem was presented by Gelfan and Carter, whessed that there was no strong evidence that #fedent
Pbers actually sent their information to the pris@mgory cortéiBecause of these factors, it was widely held that
the muscle spindle was not important for the aarspierception of movement or position.

Goodwin et al. were threst to refute this viewpoitiThey found as much as 40 misalignment of arm that
had vibration applied to the biceps teritibime vibration of the tendon produces a small,, raipéinating stretch
and release of the tendon, which affects the namntle and distorts the output of the la afferéoim the
spindles located in the vibrated muscle. The rietatipn was that the vibration distorted the fiarrimation



coming from the same muscle, which led to a negpierc of the limb!s position. Others have fourdstime
results when applying vibration to a muscle téftiéiThis information supports the idea that the mspahelle
is important in providing information to the CN8wbimb position and velocity of movement.
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FIGURE 11-1

The anatomy of muscle receptors: Muscle spindiecdgidendon organ. (Reproduced, with permission, from
Shumway-Cook A, Woollacott M. Physiology of motdra. In: Shumway-Cook A, Woollacott M, eds.
Motor Control: Theory and Practical ApBhdtitions, MD, Williams & Wilkins, 1995, p. 53.)

Golgi Tendon Organ

The GTOs are tiny receptors located in the junetimre the muscle #blends into$ the tendon. Taegeally
located to provide information about the tensitinimihe muscles because they lie in series aithucle force-
producing contractile elements. The GTO has beswmnsio produce an inhibition of the muscle in whidh
located when a stretch to the active muscle isqadThe fact that a stretch force near the pgisidimit of
the muscle was required to induce the tendon tardpa@ led to the speculation that this receptor vimsuglly a
protective receptor that would prevent the musmhe €ontracting so forcibly that it would ruptire tendon.

Houk and Hennem&hand Stuart et &l have provided a more precise understanding oéniséiaty of the
GTOs. Anatomic evidence reveals that each organniscted to only a small group (3"25) of mimbees, not
to the entire muscle as had been previously sdspEeerefore, the GTO appears to be in a gootiopos

sense the tensions produced in a limited number of individual motor units, not in the wlalélouksand

Henneman determined that the tendon organs capldnek to forces of less than O.iZCEherefore, the GTOs
are very sensitive detectors for active tensiocalized portions of a muscle, in addition tonga&iprotective
function.

It is most likely that the muscle and joint receptork complementary to one another in this cangfferent
system, with each modifying the function of therthAn important concept is that any one of the receptors in
isolation from the others is generally ineffeatiwignaling information about the movements obtidy. The
reason for this is that the various receptors are often sensitive to a variety of aspectotidhadyhe same
time. For example, the GTOs probably cannot sigf@imation about movement, because they cannot
differentiate between the forces produced inia staitraction and the same forces produced whdimth is
moving-” Although the spindle is sensitive to muscle leitgthalso sensitive to the rate of change in length
(velocity) and to the activity in the intraftebals that are known to be active during contracfidrerefore, the
spindle confounds information about the positioth@fimb and the level of contraction of the neuddie joint
receptors are sensitive to joint position, but tlgput can be affected by the tensions appliedyatine direction

of movement.



Because both the articular and muscle recept@saedivdescribed cortical connections to substaatia
central role in proprioception, some have suggestetie CNS combines and integrates the inforiatsome
way to resolve the ambiguity in the signals pmbdiycany one of the receptdf€.Producing an ensemble of
information by combining the various separateesuamuld enable the generation of less ambigémusaition
about movemeritTherefore, the sensory mechanoreceptors may népaesentinuum rather than separate
distinct classes of receptdFhis concept is further illustrated by researthi¢#maonstrated a relationship between
the muscle spindle sensory afferent and joint nelsaptor§McCloskey has also demonstrated a relationship
between the cutaneous afferent and joint mechaptmet! These studies suggest a complex role for the joint
mechanoreceptors in smooth, coordinated, and bedtnoovement.

Neural Pathways

Information generated and encoded by the mechaptmecin the muscle tendon units is projectedrdpuis
specialized pathways toward the cortex, wherduithier analyzed and integrated with other sensory ‘inputs.
Proprioceptive information is relayed to the careortex via one of two major ascending systems, the dorsal
column and the spinothalamic tract. Both of thaevays involve three orders of neurons and three synapses in
transmitting sensory input from the periphery & dbrtex. The primary afferent, which is conneotete
peripheral receptor, synapses with a second rieutenspinal cord or lower brain, depending uiperype of
sensation. Before reaching the cerebral cortex, all sensory infornsg®thpasyh an important group of nuclei
located in the area of the brain calleddibecephaltiris within this group of more than 30 nucleliectively
called thethalamusthat neurophysiologists consider the initiakstafj sensory integration and perceptual
awareness to begin. Therefore, the second neerondhveys the information to the thalamus wheyeagpses

with the third andbnal neuron in the area of the thalamus calledetiteoposterolatezal The thalamus achieves
these functions by #gating out$ irrelevant seimpartg and directing those that are relevant to an impending or
ongoing action toward primary sensory areas Whinicortex. The sensory pathwigally terminate in the
primary sensory areas located in different regfitims cortex. It is at this point that we becoaomsciously aware

of the sensations.

Thepbnal perception of what is occurring in the enviemtraround us is achieved after all of theseisessat
are integrated and then interpreted by the agsoc@atas that lie adjacent to the various prgeasgory areas
associated with the different types of sensory. Mfith the assistance of memory, objects seeit @ah be
interpreted in a meaningful way. The dorsal cgiaga an important role in motor control becauies speed in
transmission. In order for proprioception to play a protective role thieBeghmuscle splinting, the information
must be transmitted and processed rapidly. Thdyhesgelinated and wide-diameter axons withirsystem
transmit at speeds of 80"100 m/sec. This chasiitefacilitates rapid sampling of the environment, which
enhances the accuracy of motor actions about émelceited and of those already in progress. By rezompa
nociceptor transmission occurs at a rate of about 1 m/sec. Thus propriocepthatiom may play a more
signbcant role than pain in the prevention of injuries.

In contrast to the transmission properties associated with the dorsal ceermmeysons that make up the
spinothalamic tract are small in diameter (somkictfi are unmyelinated) and conduct slowly (1"4@ap/The
four spinocerebellar tracts also convey impontaptipceptive information from the neuromusculegp®rs to
the cerebellum. Unlike the dorsal column, theBeggd do not synapse in either the thalamus braterertex.

As a result, the proprioceptive information comvéyethe spinocerebellar tracts does not leadntxioas
perceptions of limb position. The afferent soweebelieved to contribute to kinesthesia.

ASSESSMENT OF JOINT PROPRIOCEPTION

Assessment of proprioception is valuable for fgiegtiproprioceptive ¢eits. If déciencies in proprioception
can be clinically diagnosed in a reliable maroigricean would know when and if a problem exigtavhen the
problem has been correct&@ihere are several ways to measure or assesscpptipmoabout a joint. From an
anatomic perspective, histological studies cambected to identify mechanoreceptors within taebspjoint
structures. Neurophysiologic testing can assessystimesholds and nerve conduction velocities &rclinical
perspective, proprioception can be assessed by measuring the components that makeprtipcéptive
mechanism: kinesthesia (perception of motionpeaghpsition sensibility (perception of joint fos).



Measuring either the angle or time threshold #ztiwt of passive motion can assess kinesthediigilggn

With the subject seated, the patient!s limb isamiealy rotated at a slow constant angular yel@éitecond).
With passive motion, the capsuloligamentous sgsiatome under tension and deform the mechananascept
located within. The mechanoreceptor deformatioonigerted into an electrical impulse, which ispgharessed
within the CNS. Patients are instructed to stople®r arm movement as soon as they perceive motion.
Depending on which measurement is used, eithéiminego detection or degrees of angular displatésnen
recorded.

Joint position sense is assessed through theugtwodf both active and passive joint repositjpriihe
examiner places the limb at a preset target addields it there for a minimum of 10 secondddw &he patient
to mentally process the target angle. Followsghhilimb is returned to the starting positibe. gatient is asked
to either actively reproduce or stop the device pédmsive repositioning of the angle has beexeatfidg. 11-2).
The examiner measuras 11-2he ability of an individual to accurately repethe preset target angle position.
The angular displacement is recorded as thenedegrees from the preset target angle. Actiwerapgbduction
measures the ability of both the muscle and caEmgptors while passive repositioning primagigunes the
capsular receptors. With both tests of propriaogptie patient is blindfolded during testingimoirdhte all visual
cueing. In patients with unilateral involvemeatgtimtralateral uninjured limb can serve as anaéxtentrol for
comparison.

The main limitation to current proprioceptivernggs that either time/angle threshold to detedigrassive
motion does not provide an assessment of the wnmonsBex arc believed to provide dynamic joint stability.
The assessment oflex capabilities is usually performed by measuring the latenayutdmaativation to
involuntary perturbation through electromyogram (EMG) interpretatidngpatterns of those muscles crossing

the respective joint (Fig. 111-3§)Ehe abilityFig. 11-3o quantify the sequence of mugcieg can provide a

. . . . 74140
valuable tool for the assessment of asynchronausmescular activation patterns following injuryA delay or
lag in thebring time of the dynamic stabilizers about thegaimresult in recurrent joint subluxation amd joi
deterioration.

FIGURE 11-2
Open-chain proprioceptive testing using the Bidglgamometer.



PROPRIOCEPTION AND MOTOR CONTROL

The efferent response that is produced as thé oéshe proprioceptive afferent input is termmedromuscular
controln general, there are two motor control mechariisvolved in the interpretation of afferent infation

and coordinating an efferent response. One ofdlie i which motor control is achieved relies heavily on the
concept that sensory feedback information is agegulate our movements. This is a more traditiewgoint

of motor control. The closed-loop system of matotrol emphasizes the essential role of the eactsensory
feedback in the planning, execution, andoation of action. The closed-loop systems invodvprocessing of
feedback against a reference of correctnesstehmidation of error, and a subsequent corre&fltre feedback
mechanism of motor control relies on the numeefiex ipathways in an attempt to continuously adjgsiran
muscle activatidii” The receptors for the feedback supplied to clospddystems are the eyes, vestibular
apparatus, joint receptors, and muscle receptogsingportant point to note about the closed-logpesy of
feedback motor control is that this loop requires a great deal of time foraadstimulus to be processed and
yield a response. Rapid actions do not provibeiexiftime for the system to (1) generate an &jyatetect the
error, (3) determine the correction, (4) initiage dorrection, and (5) correct the movement befarapid
movement is completétThe best example of this concept is demonstratéldebigft jab of former boxing
champion Muhammad Ali. The movement itself wasyappately 40 msec, yet visually detecting an amaing
and correcting it during the same movement shegldre approximately 200 m&€ahe movement ibnished
before any correction can begin. Therefore, dospdeedback control models seem to have theitegre
strength in explaining movements that are very isloivne or that have very high movement accuracy
requirements’

FIGURE 11-3

EMG assessment ofi3&x muscléring as a result of perturbation on the NeuroCouniTEgt.



In contrast, a more contemporary theory emphabkzegpen-loop system, which focuses upon thera prio
generation of action plans in anticipation of mewémroduced by a central executor somewhere dertieral
cortex*The ability to prepare the muscles prior to movement is called pretuning or feed-forward motor control.
The springlike qualities of a muscle can be exploited (through preactivation) by the niitiSatiora of
movements and joint loads. This concept has beeedtéeed-forward motor control, in which priorseen
feedback (experience) concerning a task is featdadmpreprogram muscle activation patt&viision serves an
important feed-forward function by preparing théomsystem in advance of the actual movementtivatst
muscles can provide quick compensation for external loads and are criticahioijadyhatability. Researchers
have shown that corrections for rapid changes in body position can occue fapitly (30"80 msec) than the
closed-loop latencies of 200 msec that have migvimeen reportéd:” Therefore, the motor control system
operates with a feed-forward mode in order to send some signals #aheathaf®rttent that (1) readies the
system for the upcoming motor command and/or &)ies the system for the receipt of some partidataof
feedback information.

Anticipatory muscle activity contributes to theaajn restraint system in several capacities. rBgsing
muscle activation levels in anticipation of annaktead, the stiffness properties of the entiseatar unit can be

increased’. Stiffness is one of the measures used to de$wibbaracteristics of elastic materials. Ibigeden
terms of the amount of tension increase requiredrease the length of the object by a certainrdurerom a
mechanical perspective, muscle stiffness catrimxldes the ratio of the change of force to thegehanength.

If a spring is very stiff, a great deal of terisioreeded to increase its length by a given arfauatless stiff
spring, much less tension is required. When aensistietched, the change in tension is instangafest as the
change in length of a spring. An increase in mewsiald offset the perturbation or deforming fanee bring the
system back to its original position. Research has demonstrated thatl¢hepindée is responsible for the
maintenance of the muscle stiffness when the naustietched, so that it can still act as a sprithg control of

an unexpected perturbatlst())?ls?86 Therefore, stiff muscles can resist stretchingdegiamore effectively, have
greater tone, and provide a more effective dymastiaint to joint displacement. Increased mugthess can
improve the stretch sensitivity of the muscle lgpBydtem while at the same time reduce the mieciranical

delay required to develop muscle terd&ion." Heightening the stretch sensitivity can improverghetive
capabilities of the muscle by providing additsamesory feedbadk.

CNS MOTOR CONTROL INTEGRATION

It has already been established that the CNSpimgvided by the peripheral mechanoreceptors as well as the visual
and vestibular receptors is integrated by the €iyénerate a motor response. In addition to thg otanscious
modipcations that can be made while movement is irepspgertain neural connections within the CNSldat

to the modpcation of movements in progress by providing sensory informatiosulatasmscious level. The
inBuence of some of thesdegive loops is limited to local control of mussieef but others are capable of
inBuencing force levels in muscle groups quite distant from those origimd#yesl. These longefex loops are
therefore capable of modifying movements to a fatgdr extent than the shortedere loops that are cbned to
single segments within the spinal cord.

In general, the CNS response falls under thregogaseor levels of motor control: spinflexes, brainstem
processing, and cognitive cerebral cortex prodeamirgy. The goal of the rehabilitation process is to retrain the
altered afferent pathways in order to enhanceetlm®muscular control system. To accomplish this thea
objective of the rehabilitation program shouldobbyperstimulate the joint and muscle receptors in order to
encourage maximal afferent discharge to the resg@S level&.

First Level of Integration: The M1(3Rz

When faced with an unexpected loadpisterddexive muscle response is a burst of EMG actigitpdticurs after
between 30 and 50 msec. The affdreeats of the mechanoreceptors synapse with thé igpénaeurons and

produce a féexive facilitation or inhibition of the motor new6 " The monosynaptic stretcifies or M1
reffex is one of the most rafdiiy. 11-4reffexes underlying limb control (Fig. 11-4). Thechatentime of this

response is very short because it involves onlgynapse and the information has a relativelydisamce to



travel. Unfortunately, the muscle response isWwhah does not result in much added contractitreanuscle.
The M1 short fBex loop is most often called into play when mamjtestments in muscle length are needed. The
stimulus of small muscular stretches occurs ghrstigral sways or when our limbs are subjectedmbicipated
loads. Therefore, this mechanism is responsibtedialating motor control of the antagonistic gnergistic

patterns of muscle contractiomhese adjustments are necessary when misalignisenbetween intended
muscle length and actual muscle length. Thisgmisatit is most likely to occur in situations wieegpected
forces are applied to the limb or the muscle bé&mifatigue. In the situation of involuntary andegirable
lengthening of muscles about a joint during conslif abnormal stress, the short M1 loop musiderdor
reffex muscle splinting in order to prevent injury fooourring. The M1 Bex occurs at an unconscious level and
is not affected by outside factors. These respoasexcur simultaneously to control limb posaf@hposture.
Because they can occur at the same time, arelliel,pane subconscious, and are without cantexdérence, they
do not require attention and are thus automatic.

FIGURE 11-4

CNS levels of integration: Short-and long-loopupaist8exes. The components of the evoked postural
assessed: (M1) myotatigere (M2) segmental (polysynaptic) response, anibiiigkBoop response
involving the brainstem, cortex, and ascendindesieending spinal pathways. (Reproduced, with
permission, from NeuroCom International, Clackadisg,

There are two important shorf3ex loops acting in the body: the stret@exend the gammaldex loop.
The stretch figex (Fig. 11-5) is triggered when the length ofteafuesaFig. 11-smusclebber is altered, causing the
sensory endings within the muscle spindle to benieally deformed. Once deformed, these senslimgsme,
sending nerve impulses into the spinal cord \d@#eaant sensory neuron located just outside ited sprd. The
information from the la afferent is sent essgnt@ltwo places: to the alpha motor neurons igdhee muscle
and also upward to the various sensory regiohs getebral cortex. As soon as these impulsedhreaginal
cord, they are transferred to alpha motor neuhatdrinervate the very same muscle that housastitreted
muscle spindles. The loop time, or the time freninikial stretch until the extrafusbérs are increased in their
innervation, is about 30"40 msec in hurfféBismulation of the muscle spindle ceases wheruadencontracts,
because the spindibers, which lie parallel to the extrafaats, return to their original length. It is thiotige
operation of this fiex that we are able to continuously alter muselatw/or make subtle adjustments in muscle
length during movement. These latter adjustmeptdenan response to external factors producingectex
loads or forces on the moving limbs.

For example, consider what happens when an additional load is applied to an already loaddtkluiib being
a given position in spat€he muscles of the limb are set at a given lemgttalpha motor neurons &reng in
order to maintain the desired limb position ire sithe load and gravity. Now an additional foadded to the
end of the limb, causing the muscles to lengthitye éimb drops. This stretching of the extrafusal midsets
results in almost simultaneous stretching of thelenspindle, which theres and sends signals to the spinal cord
and alpha motor neurons that serve the same nitselzing rate of these alpha motor neurons is subgkguen
increased, causing the muscles in the droppintpllmetfurther contracted, and the limb is restoréd previous
position.



FIGURE 11-5

Excitation of the muscle spindle is responsibtadostretch if&ex.A, la afferentbers making monosynaptic
excitatory connections to alpha motor neuronsvatieg the same muscle from which they arise @nd mo
neurons innervating synergist muscles. Theylalsib imotor neurons to antagonist muscles throngh a
inhibitory interneuroB, When a muscle is stretched, the la afferentssadheabring rateC, This leads to
contraction of the same muscle and its synergistslaxation of the antagonist. THiexetherefore tends to
counteract the stretch, enhancing the springbkenies of the muscle. (Reproduced, with permifsio
Gordon J, Ghez C. Muscle receptors and strdieka® In: Kandel E. et al., di$nciples of Neural S@ehce
ed. East Norwalk, CT, Appleton & Lange, 1991 6)) 57

Visual information to the stimulus of loading waléh lead to increased contraction in the féithirg but
initiating the corrective response consciouslydwoublve considerably longer delays because itibraadd
processing at the cortical |éVEhe short-loop M1 stretchR&x response times are possible within 30"50°msec.
Visual-based corrections involved corrective delays on the order of 150"2@ivasdbat the rapid correction

is required for injury prevention, it is important that theselsbpri€iex pathways are available for use.

Muscle spindles also play an important role ontiging control and mdatiation of movement by virtue of their
involvement in a spinall3x loop known as the gammaBese loop. The afferent information from the muscle
spindle synapses with both the alpha and gammiaraotons. The alpha motor neuron sends the information it
receives to the muscles involved in the moveniétgamma motor neuron sends the same informatértd



the muscle spindle, which can be stimulated to lréwy at its polar ends. The independent innervatitime
muscle spindle by the gamma motor neuron is thomdig important during muscle contractions when th
intrafusabbers of the spindle would normally be slack. Gautivation of the spindle results in stretchirieof
intrafusabbers even though the extrafudadrs are contracting. In essence, the gamma tajgtemp the slack
in the spindle caused by muscle contraction, yheraking corrections in minute changes in lendkte ohuscle
more quickly.

In the short-loop system of spinal control, theigcof the la affereritbers is determined by two things: (1)
The length and the rate of the stretch of thefagamusclébers. (2) The amount of tension in the intrafusal
Pbers, which is determined by Ithieg of the gamma efferdpiiers. Both alpha and gamma motor neurons can be
controlled by higher motor centers, and they atgglt to be #coordinated$ in their action by aepsoermed
alphalgamma coactiVdfidrerefore, the output to the main body of the rausctietermined by (1) the level of
innervation provided directly from higher centailg2) the amount of added innervation provideceitty from
the la afferent? This helps to explain how an individual can respoiukly to an unexpected event without
conscious involvement of the CNS. When an unedpectat or perturbation causes a muscle to stiieéch,
spindle!s sensory receptors are stimulated. Thmgela afferentring causes a stretcReg that will increase the
activity in the main muscle, all within 40 mséof fiis activity occurs at the same level opheal cord as did
the innervation of the muscle in thet place. Therefore, no high centers were invioltkid 40-msec loop.

At this level of motor control, activities to emage short-loop Bex joint stabilization should
dominaté>"""*These activities are characterized by suddeticaiteiia joint position that require3ex muscle
stabilization. With sudden alterations or perioristboth the articular and muscular mechanooesept! be
stimulated for the production off3ex stabilization. Rhythmic stabilization exercises encourage monosynaptic
cocontraction of the musculature, thereby prodaciiyspamic neuromuscular stabilizatibhese exercises serve
to build a foundation for dynamic stability.

Second Level of Integration: The M2 Relex

For larger adjustments in limb and overall bodyigmst is necessary to involve the long@exdoops that
extend beyond single segments within the spiglal\Wben the muscle spindle is stretched and tiféetant
Pbers are activated, the information is relaydeeteptinal cord, where it synapses with the alptioa mewiron.
Additionally, information is sent to higher leeélsontrol, where the la information is integratéti other
information in the sensory and motor centers irtéhebral cortex to produce a more complete resporike
imposed stretch. Approximately 50"80 msec aftenexpected stimulus, there is a second burst of &iNity

(see Fig. 11-4). Because the pathways invoregbénrteural circuits travel to the more distaobsidal and
cortical levels of the CNS to connect with strastsuch as the motor cortex and cerebellum within the larger
projection system, thef3x requires more time or has a longer latency. Therefore, the 80yms®e lfuy this
activity corresponds not only to the additionghmlie that the impulses have to travel but a8t tmultiple
synapses that must take place to close the &@athitthe M1 and M2 responses are responsiblbefasex
response that occurs when a tendon is tappedafplexof this occurs when the patellar tendoppedawith a
refex hammer. The quadriceps muscle is stretchedinmit rBex response that contracts the quadriceps and
produces an involuntary extension of the lower leg.

Even though there is a time lapse for the longpre8exes to take place, there are two important ageganta
for these Mdexes. First, the EMG activity from the long-lodjexeis far stronger than that involved in the
monosynaptic stretch3ex. The early short-loop monosynaptitexesystem does not result in much actual
increase in force. The long-loofere can, however, produce enough force necessamyddhe limb/joint back
into a more neutral position. Second, becausentiiobp r8exes are organized in a higher center, they are mor
Bexible than the monosynaptidee. By allowing for the involvement of a few odwrrces of sensory
information during the response, an individualclumtary adjust the size or amplitude of the Bf®ree for a
given input to generate a powerful response waeago#i is to hold the joint lsnly as possible, or to produce
no response if the goal is to release under tfeasimgy load. The ability to regulate this res@dioses an
individual to prepare the limb to conform to déiférenvironmental demands.

Therefore, the second level of motor control ictierais at the level of the brainst&ffi At this level,
afferent mechanoreceptors interact with the vistibystem and visual input from the eyes to tantfacilitate
postural stability and equilibrium of the Bt}.*** Afferent mechanoreceptor input also works in congtr



the muscle spindle complex by inhibiting antagonistic muscle activity under conditimh$eafitagning and
periarticular distortion, both of which accompawstypal disruptiofi** In conditions of disequilibrium where
simultaneous neural input exists, a neural patgenerated that affects the muscular stabilimyet)y returning
equilibrium to the body!s center of grafiifierefore, balance iRirenced by the same peripheral afferent mecha-
nism that mediates joint proprioception and isaat partially dependent upon the individual'semthebility to
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integrate joint position sense with neuromusaunot:

Third Level of Integration: The Voluntary Reaction—Time Response (M3)

Thebnal response that occurs when an unexpected #gmudiésl to the limb is the voluntary long-looptiea or

M3 response (see Fig. 11-4). Seen as the thirdfoBMG activity, it is a powerful and sustaimsponse that
brings the limb back into the desired position.|dteacy of the M3 response is about 120"180 deygending
upon the task and the circumstances. Informatfmodéessed at the cerebral cortex, where the roesteptors
interact and iBuence cognitive awareness of body position andniotvien which motor commands are initiated
for voluntary movement§>**“It is in this region of the primary sensory cdhaithere is a high degree of spatial
orientation.

The M3 response is vegxible and can be mbdd by a host of factors such as verbal instruations
anticipation of the incoming sensory informatitwe. delay in the M3 response makes it sensitiveutakaer of
stimulus alternatives. Therefore, the individaldlity to respond will require some consciougtiatie Training at
this level of the cerebral cortex stimulates theecsion of conscious programming to unconsciogsgmming.
These responses have often been referred to geretigreactions. Triggered reactions are prestdjctu
coordinated reactions in the same or closelydrafatisculature that are #triggered$ into actionhdy t
mechanoreceptors. The triggered reaction may llgpasgormation-processing centers because tttomea
stereotyped, predictable, and well practiced. dat®ns have latencies from 80 to 180 mseceafat anore
variable than the latencies of the fasBaxas”The triggered reactions can be learned and canebaanore or
less automatic response. The individual does wmet thaspend time processing a response reaction and
programming; the reaction is just #triggeredadfhdst as if it were automatitherefore, with training, the speed
of the M3 response could be increased in ordendoge a more automati®e& response.

The appreciation of joint position at the highesbgnitive level needs to be included in the RNgram.
These types of activities are initiated on theiteegtevel and include programming motor commands for

voluntary movement. The repetitions of these maxtermgll maximally stimulate the conversion of chouns

programming to unconscious programrﬁi%?umnmoThe term for this type of training is fbeced-use paradigm

By making a task sigoantly more dicult or asking for multiple tasks, we bombard the CNS with input. The
CNS attempts to sort and process this overloatmiafion by opening additional neural pathways. een
individual goes back to a basic task of ADL, #leltacomes easier. This information can then feel st a

central command and ultimately performed withautincmus reference to the conscious mind as geft&iy

response? 112120127 A s with all training, the single greatest obstanietor learning is the conscious mind. We

must get the conscious mind out of the act%

COORDINATING THE MUSCLE RESPONSE WITH UNEXPECTED LOADS

The relative roles of these three muscle respdegesd upon the duration of the movement. As pgyio
discussed, the quickest action occurring in the lsla movement time of about 40 msec. Whetypkiot
action occurs, the M2 response is incapable ofatorgor modifying the activity once it is initiated. Even the M1
response has only enough time to be@ureimcing the muscles near the end of the movensetiite Anovement
time increases, there is a greater potentialeédvithand M2 responses to contribute to the inteadiaoh.
Movements that take a longer time to be completdaD (msec) will allow both the M1 and M2 responses
sufbcient time to contribute to all levels of the action. Only when the dofatienmovement is 300 msec or



longer is there potential for the M3 long-looparesp to be involved in amending the movement. foheréor
movements that take longer than 300 msec fordudisito complete, closed-loop control is possible at several
levels of integration at the same time.

WHY IS RESPONSE TIME IMPORTANT?

When an unexpected load is placed upon a jamteligous damage occurs after between 70 and 90ntessc

an appropriate response ensli€g herefore, reactive muscle activity must occuisufthient magnitude in the
40"80-msec time frame after loading begins, in order to protect the capsotoligastreictures. The closed-loop
system of CNS integration may not be fast enoygbdace a response to increase muscle stiffimegly, $here

is no time for the system to process the informatial process the feedback about the conditidareFaf the
dynamic restraint system to control these abnésmak will expose the static structures to exedestes. In

this case, the open-loop system of anticipatioomasc more important in producing the desired respon
Preparatory muscle activity in anticipation of joading can Buence the reactive muscle activation patterns.
Anticipatory activation increases the sensitifitgh@ muscle spindles, thereby allowing the urteslpec
perturbations to be detected more quitkly.

Very quick movements are completed before feediadle used to produce an action to alter theecofurs
movement. Therefore, if the movement is fast enaugitechanism like a motor program would have useduke
to control the entire action, with the movememtgoearried out without any feedback. Fortunatelygen-loop
control system allows the motor control systenrganize an entire action ahead of time. In ordehifto
occur, previous knowledge of the following neelds preprogrammed into the primary sensory cortex:

The particular muscles that are needed to prodactien.
The order in which these muscles need to be edtivat
The relative forces of the various muscle cowinacti
The relative timing and sequencing of these actions.
The duration of the respective contractions.

In the open-loop system, movement is organized in advance by a programufhabpsetskind of neural
mechanism or network that is preprogrammed. Acatxssnple of this occurs in the body as postural adjustments
are made before the intended movement. When aiduadliraises the arm up into forw8ekion, thebrst
muscle groups tiere are not even in the shoulder girdle regionbrBhenuscles to contract are those in the lower
back and legs (approximately 80 msec before bietieetivity in the shouldéBince the shoulder muscles are
linked to the rest of the body, their contraction affects posture. If no preparatory cmmpeéngadsture were
made, raising the arm would shift the center witygfarward, causing a slight loss of balancefe€deforward
motor control system takes care of this potemtinlgm by preprogramming the appropriate posturaboatidin
brst, rather than requiring the body to make adussmafter the arm begins to move.

Lee has demonstrated that these preparatory pasijusiments are not independent of the arm moveme
but rather a part of the total motor pattéwihen the arm movements are organized, the mdiuictitns are
preprogrammed to adjust postbrst and then move the arm. Therefore, arm movemndmostural control are
not separate events, but rather different paes oftegrated action that raises the arm whil¢éamaig balance.
Lee showed that these EMG preparatory posturatradjus disappear when the individual leans agyaimst
type of support prior to raising the arm. The mototrol system recognizes that advance prepabpostural
control is not needed when the body is supportedsaghe wall.

It is important to remember that most motor tagksaacomplex blend of both open-and closed-loop
operations. Therefore, both types of control aen ait work simultaneously. Both feed-forward emdback
neuromuscular control can enhance dynamic stifilbiigysensory and motor pathways are frequéntlyiated.
Each time a signal passes through a sequencepsesyrthe synapses become more capable of tiragshat
same signdf’When these pathways are #facilitated$ regularlgryra that signal is created and can be recalled
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to program future movemefits.



REESTABLISHING PROPRIOCEPTION AND NEUROMUSCULAR CONTROL

Although the concept and value of proprioceptivehamdreceptors have been documented in the tiéeratu
treatment techniques directed at improving theatifun generally have not been incorporated ietevbrall
rehabilitation program. The neurosensory funcfitreaapsuloligamentous structures has takekseéio the
mechanical structural role. This is mainly dueetlatk of information about how mechanorecepbotsilzute to
the spedic functional activities and how they can be bxpdlgi activated” Following injury to the cap-
suloligamentous structures, it is thought thatti@alpdeafferentation of the joint occurs as theharereceptors
become disrupted. This partial deafferentatiomhw$isecondary to injury, may be related to eiiteet or
indirect injury. Direct trauma effects would irecldisruption of the joint capsule or ligaments reake
posttraumatic joint effusion or hemarthfosis illustrate indirect effects.

Whether a direct or indirect cause, the resubiatidlleafferentation alters the afferent infoomatto the
CNS and therefore the resultin@epe pathways to the dynamic stabilizing struciirese pathways are required
by both the feed-forward and feedback motor cosystéms to dynamically stabilize the joint. Apdisn in the
proprioceptive pathway will result in an alterafigrosition and kinesthe&iaBarrack et al. showed an increase in
the threshold to detect passive motion in a nyajofipatients with ACL rupture and functional bikty’
Corrigan et al., who also found diminished pragptamn after ACL rupture, comed thisending?*

Diminished proprioceptive sensitivity has also bleewn to cause giving way or episodes of irtgtabithe
ACL-dexcient kne€Therefore, injury to the capsuloligamentous stesctiot only reduces the joint!s mechanical
stability but also diminishes the capability afiithamic neuromuscular restraint system. Therefore, any aberration
in joint motion and position sense will impact ba¢hfeed-forward and feedback neuromuscular teystems.
Without adequate anticipatory muscle activitystéitie structures may be exposed to insult uhkesgdctive
muscle activity can be initiated to contributgnaumbic restraint.

Debrcits in the neuromusculaflex pathways may have a detrimental effect on tbe ¢oatrol system as a
protective mechanism. Diminished sensory feedback can altBexhstabilization pathways, thereby causing a
latent motor response when faced with unexpeaiassfor trauma. Beard et al. demonstrated disragbtibe
protective rBex arc in subjects with ACLRd&ncy.A signbcant décit in rékex activation of the hamstring
muscles after a 100 newton anterior shear foacgingle-legged closed-chain position waseibrdis compared
to the contralateral uninjured liBeard demonstrated that the latency was dirdathdréo the degree of knee
instability; the greater the instability, the gyréhe latency. Other researchers found simiggatalhs in the
musclearing patterns in the ACL-geient patient.**Solomonow et al. found that a direct stress applide
ACL resulted in fiex hamstring activity, thereby contributing torthimtenance of joint stabififiAlthough this
response was also present in AGicidat knees, thefyex was sightantly slower.

Although it has been demonstrated that a proptieeeagiecit occurs following knee injury, both kinesthetic
awareness and reposition sense can be at léaky pastored with surgery and rehabilitatiomndber of studies
have examined proprioception following ACL recactstn. Barrett measured proprioception after antagp
graft repair and found that the proprioception lvedier than that of the average ACbeient patient but still
signbcantly worse than the proprioception in the nokmed’Barrett further noted that the patients! satisfacti
was more closely correlated with their propriecephian with their clinical scérdarter et al. could not
demonstrate a sigpoant difference in the reproduction of passive positioning betweesrtittve and nonopera-
tive knee at an average of 3 years after ACL trectios:’ Kinesthesia has been reported to be restored after
surgery as detected by the threshold to the detedtipassive motion in the midrange of mdtidrionger
threshold to the detection of passive motion wasreéd in the ACL-reconstructed knee comparedthith
contralateral uninvolved knee when tested at dh@ege of motiof.ephart et al. found similar results in patients
after either arthroscopically assisted patelthortexutograft or allograft ACL reconstructi@he importance of
incorporating a proprioceptive element in any admpsive rehabilitation program is fastibased upon the
results of these studies.

The effects of how surgical and nonsurgical inteome may facilitate the restoration of the nensusy
roles is unclear; however, it has been shown that ligamentous retermipladgwith rehabilitation can restore
proprioceptive sensitivifySince afferent input is altered after joint infiroprioceptive rehabilitation must focus
on restoring proprioceptive sensitivity to retrain these altered afferent patthwaiarare the sensation of joint
movement. Restoration may be facilitated by (1) enhancing mechansetsptity, (2) increasing the number
of mechanoreceptors stimulated, and (3) enhaheimgrhpensatory sensation from the secondaryoresitgs.
Research should be directed toward developing@ctavigues to improve proprioceptive sensitivity.



Methods to improve proprioception after injuryuwgery could improve function and decrease théorisk
reinjury. Ihara and Nakayama demonstrated a oedincthe neuromuscular lag time with dynamic gomirol
following a 3-week training period on an unstaidedbThe maintenance of equilibrium and improvement in
reaction to sudden perturbations on the unstablel ls@rved to improve the neuromuscular coordination. This
phenomenon wdst reported by Freeman and Wyke in 1967 whefothe that proprioceptive Heits could
be reduced with training on an unstable suffewy found that proprioceptive training throughilsanetry, or
training on an unstable surface, bigmitly reduced the episodes of giving way follewkig sprains. Tropp et al.
corbrmed the work of Freeman by demonstrating that thesregustabiliometry could be improved with
coordination training on an unstable b&aktbcherman et al. also showed an improvement imaliement
amplitude on an unstable board and the weighbudiigtn on the feet found in hemiplegic patients who received
training on an unstable bo&rd.

Barreti has demonstrated the relationship between prqgimcand function. Barrett!s study suggests that
limb function relies more on proprioceptive inpanton strength during activity. Borsa et alf@lsa a high

correlation between diminished kinesthesia with the single-leg ﬁd'meesmgle—leg hop test was chosen for its
integrative measure of neuromuscular control, dsee@ahigh degree of proprioceptive sensibilityuactonal
ability is required to successfully propel the foodard and land safely on the limb. Giove et al. reported a higher

success rate in returning athletes to compeitivts shrough adequate hamstring rehabilitatiobone et al. and
Ihara and Nakayama found that simple hamstrimgtste®ing alone was not adequate; it was ne¢essaiain

voluntary or rex-level control on knee instability in order tirmeto functional activitiés*'Walla et al. found
that 95 percent of patients were able to suctgssfoid surgery after ACL injury when they wéeet@lachieve

#rellex-level$ hamstring controllhara and Nakayama found that tH&exearc between stressing the ACL and

hamstring contraction could be shortened with traGISNM'[Ij] the use of unstable boards, the researcherable
to successfully decrease the reaction time. @meatanput is altered after joint injury, progeptive sensitivity
to retrain these altered afferent pathways caktdgishorten the time lag of muscular reactiorder to counter-
act the excessive strain on the passive struatdres guard against injury.

What about Muscle Fatigue?
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It has been well established in the literaturenthstle fatigue can play a major role in destapdiioin
With fatigue, an increase in knee joint laxitpdes noted in both males and fentdt&sMore importantly, the
body!s ability to receive and accurately proagssopeptive information is affected by muscular fatigue. There is
evidence that exercise to the point of clinicgiutatdoes have an effect on proprioceptiiResearch has
demonstrated that the ability to learn or makeoiraprent in joint position sense is severely irdpaitte muscle
fatigue?™Likewise, muscle fatigue has been shown to ahekibesthesia and joint position séh8&Skinner et

al. showed that the reproduction of passive positioning whasasigpidiminished following a fatigue protttol.
Voight et al. also demonstrated a Isigmit proprioceptive eit following a fatigue protocdiThis suggests that
patients who are fatigued may have a change rirpribgiioceptive abilities and are more prone jtoyin
Following a lower-quarter isokinetic fatigue pobtpostural sway as measured with EMG and fdesedaalso
increased following muscular fatf§tidhis suggests that muscular fatigue results issiblpomotor control
debeit. In addition to disruption balance or postmaly, Nyland et al. also demonstrated on EMG trstuar
fatigue affects muscle activity by extendingtémeyeof the muscheing:”

Modifying Afferent/Efferent Characteristics: How Do We Do It?

The mechanoreceptors in and around the respeatitgegffer information about the change of pasitieotion,
and loading of the joint to the CNS, which in stimulates the muscles around the joint to furféti@ntime lag
exists in the neuromuscular reaction, injury ntay.dthe shorter the time lag, the less streks tgaments and
other soft-tissue structures about the joint. Tdrerethe foundation of neuromuscular control igd¢ditate the
integration of peripheral sensations relativeirib gosition and then process this information artoeffective
efferent motor response. The main objective akthabilitation program for neuromuscular conttol develop
or reestablish the afferent and efferent chasdicedbout the joint that are essential for dgmastiaint.

There are several different afferent and effehanaateristics that contribute to thieceft regulation of
motor control. As discussed previously, thesectdrdgtics include the sensitivity of the mechesyi@s and



facilitation of the afferent neural pathways, enhancing muscle stiffneb® pratiuction of faex muscle
activation. The spéxi rehabilitation techniques must also take into consideration the levels of CNSnintegratio
For the rehabilitation program to be complete, eathe three levels must be addressed in orgeodoce
dynamic stability. The plasticity of the neuromuscular system permigslapfatons during the rehabilitation
program that enhance preparatory and reactivayd€tiV" Spedbc rehabilitation techniques that produce
adaptations that enhance thiecieihcy of these neuromuscular techniques inclladedadraining, biofeedback
training, rBex facilitation through reactive training, anch@cand high-repetition/low-load exercises.

OBJECTIVES OF NEUROMUSCULAR CONTROL: REACTIVE NEUROMUSCULAR TRAINING

RNT activities are designed both to restore functional stability about thedjtinémhance motor control skills.
The RNT program centers around the stimulatiowotbf the peripheral and centrdlee pathways to the skeletal
muscles. Therst objective that should be addressed in the RdiFgm is the restoration of dynamic stability.
Reliable kinesthetic and proprioceptive informatiovides the foundation on which dynamic stabiitlymotor
control are based. It has already been estalthiahedtered afferent information into the CNSatten the feed-
forward and feedback motor control systems. Therafeebrst objective of the RNT program is to restore the
neurosensory properties of the damaged structhiteaithe same time enhancing the sensitiitg sécondary
peripheral afferentd he restoration of dynamic stability allows foctimérol of abnormal joint translation during
functional activities. In order for this to occur, the reestablishment of dynamic stipktydent upon the CNS
receiving appropriate information from the pergihrrceptors. If the information into the systealtésed or
inappropriate for the stimulus, a bad motor regpeilsensue.

To facilitate appropriate kinesthetic and propivee information to the CNS, joint reposition eises
should be used to provide a maximal stimulatidimegberipheral mechanoreceptors. The use of divexit
chain activities creates axial loads that maxstiallylate the articular mechanoreceptors vianthease in
compressive forc&&The use of closed-chain exercises not only enfj@intesngruency and f@SENSOIy feedback but also minimizes
the shearing stresses about the ‘fGithe same time, the muscle receptors are fedilig both the change in length and tensiofihe
objective is to induce unanticipated perturbatibeseby stidlating r8ex stabilization. The persistent use of these gpathwill
decease the response time when faced with an unanticipated fhinddmaslto weight-bearing exercises, join&#oning
exercises can be used to enhance the consciam@adimpr of proprioception. Rhythmic stabilizatiarcises can
be included early in the RNT program to enhana®mascular coordination in response to unexpemt#d |
translation. The intensity of the exercises carabipulated by increasing either the weight |eadass the joint
or the size of the perturbation. The addition obmapressive sleeve, wrap, or taping about the joint can also
provide additional proprioceptive information liygating the cutaneous mechanorecept6soloving the
restoration of range of motion and strength, dynamic stability can be enhancBdxwstabilization and basic
motor learning exercises.

The second objective of the RNT program is to eageupreparatory agonist"antagonist cocontraction.
Efbcient coactivation of the musculature restoresotingal force couples that are necessary to balemderces
and increase joint congruency, thereby reducitgatteimparted onto the static structliidse cornerstone of
rehabilitation during this phase is posturalisfabdining. Environmental conditions are martgaii® produce a
sensory response. Speally, the three variables of balance that ar@ui@ed include bilateral to unilateral
stance, eyes open to eyes closed, and stablabbeusisrfaces. The use of unstable surfacesthboglisician to
use positions of compromise in order to producénmabafferent input into the spinal cord, therebgyring a
ref3ex response. Dynamic coactivation of the musdesthb joint to produce a stabilizing force requioth the
feed-forward and feedback motor control systentwdbr to facilitate these pathways, the joint beuglaced
into positions of compromise in order for the patie develop reactive stabilizing strategieugthit was once
believed that the speed of the stretBaxes could not be directly enhanced, efforts $o tiave been successful
in human and animal studies. This has signifioglitations for reestablishing the reactive ciypaifilthe
dynamic restraint system. Reducing the electrarivathdelay between joint loading and the pretettiiscle
activation can increase dynamic stability. Inotiiteotied clinical environment, positions of valbidity can be
used safely.

Proprioceptive training for functionally unstabiletg following injury has been documented initde-|

ture™****Tropp et al’’and Wester et dlreported that ankle disk training $igantly reduced the incidence of



ankle sprain. Concerning the mechanism of effegpy et al. suggested that unstable surface training reduced the
proprioceptive deit.**Sheth et al. demonstrated changes with healtts/indhk patterns of contractions on the
inversion and eversion musculature before andtrafteing on an unstable surfdcEhey concluded that the
changes would be supported by the concept ofaeslipa inhibition via the mechanoreceptors imtirgcles.
Konradsen and Ravin also suggested that the afferent input from the calf musculespenaiaterfor dynamic
protection against sudden ankle inversion $tRasstaar et al. reported that postural sway wasedeafter 8
weeks of ankle disk training when carried outt®ies a weekTropp and Odenrick also showed that postural
control improved after 6 weeks of training whefomeed 15 minutes per d&Bernier and Perrin, whose
program consisted of balance exercises progréssimgimple to complex sessions (3 times a weekOfor
minutes), also found that postural sway was improved after 6 weeks of’ thitimdogh there were some
differences in each of these training programgottaral control improved after 6"8 weeks of pocpptive
training for participants with functional instghdf the ankle.

Once dynamic stability has been achieved, theofatiesRNT program is to restore ADL and sportibpe
skills. Exercise and training drills should bergorated into the program that willbme the physiologic
parameters that are required for the return tojprgilevels of function. Emphasis in the RNT pnogmust be
placed upon a progression from simple to complex neuromotor patterns thatrareéosgrecidemands placed
upon the patient during function. The training mamog should begin with simple activities, such as
walking/running, and then progress to highly complex motor skills requined neuromuscular mechanisms
including proprioceptive and kinesthetic awar#megsrovide mex joint stabilization.

EXERCISE PROGRAM/PROGRESSION

Dynamic reactive neuromuscular control activities should be initiated aovweraierehabilitation program once
adequate healing has occurred. The progressidies® activities is predicated on the athleteastatigf/
completing the activities that are consideredgpisites for the activity being considered. Keélpisign mind,
the progression of activities must be goal-orientkdpebr to the tasks that will be expected of the athlete

The general progression for activities to devglmgmndc reactive neuromuscular control is fromspeed to
fast-speed activities, from low-force to high-factwities, and from controlled to uncontrolldétvides. Initially
these exercises should evoke a balance readtieiglurshift in the lower extremities and ultim@i@gress to a
movement pattern. These reactions can be as asgnglstatic control with little or no visible mamdnor as
complex as a dynamic plyometric response regexplasive acceleration, deceleration, or chamfj@dtion.
The exercises will allow the clinician to chaltbegeatient using visual and/or proprioceptive input via tubing and
other devices (medicine balls, foam rolls, vifisthabes). Although these exercises will improxaolatyic
parameters, they are speally designed to facilitate neuromuscular reacliberefore, the clinician must be
concerned with the kinesthetic input and qualityeafhovement patterns rather than the particuthaber of sets
and repetitions. Once fatigue occurs, motor control becomes poor and all traitsragesféest. Therefore, during
the exercise progression, all aspects of normal cootrol/movement should be observed. These dleiude
isometric, concentric, and eccentric muscle goatticllar loading and unloading; balance caluriolg weight
shifting and direction changes; controlled acceleration and deceleration; anditimmaiisbth conscious and
unconscious control.



Phase I: Static Stabilization (Closed-Chain Loading/Unloading)

Phase | involves minimal joint motion and showdyal follow a complete open-chain exercise prajgeam
restores near-full active range of motion. Thenpatiould stand bearing full weight with equabdison on the
affected and unaffected lower extremity. Thetlfeatdsbe positioned approximately shoulder-wigth. apreater
emphasis can be placed on the affected lower igxtogrhaving the patient put the unaffected lexteemity on

a 6"8-in stool or step bench. TBexes the hip and knee and forces a greater wifgtd the affected side yet
still allows the unaffected extremity to aBgjstl1-8with balance reactions (Fig. 11-8). The weighidpetatus
then progresses to having the unaffected extrsumsipgnded in front or behind the body, forcingglesieg
stance on th&ig. 11-9affected side (Fig. 11-9). The patient is thed &slommntinue the single-leg stance while
shifting weight to the forefoot and toes by liftimg heel and planBa&xing the ankle. This places the complete
responsibility of weight-bearing and balance aesatin the affected lower extremity. This posititinalso
require sligh®exion of the hip and knee. Support devices are often helpful and can minimize con@ursitve. Wh
patient igrst asked to progress weight bearing to the for@fobtoes, a heel lift device can be used. Arsuppo
device can also be used to place the ankle iRed@sj inversion, or eversion to increase kinesthptit or
decrease biomechanical stresses on the hip,rkhaekie.

FIGURE 11-8

Static stabilization: Weight shifting technigeal@nce transfer onto the left leg.

At each progression, the clinician may ask thaatient train with eyes closed to decrease tha wiput
and increase kinesthetic awareness. The clinayaalsn use an unstable surface with trainings iphifise to
increase the demands on the mechanoreceptor system. The unstable surface will fadditatpathevags
mediated by the peripheral efferent receptor¢e Singuultidirectional rocker devices will agsspitogression to
the next phase (Fig. 11-¥@).11-10



The physiologic rationale for this phase of RNReisise of static compression of the articulaststas to
produce maximal output of the mech anoreceptors, thereby facilitating isometdtoosnaf the musculature
and providing a dynamid3sx stabilization. The self-generated oscillations will help increase the interplay between
visual, mechanoreceptor, and equilibrium rea@ilmmges in the isometric muscle tension will asdisé
sensitization of the muscle spindle (gamma bias).

The exercise tubing technique used in this phasdéled oscillating technique for isometric stabilization
(OTIS). The technique can be used to stimulatdenspsiedle and mechanoreceptor activity. The sesenevolve
continuously loaded short-arc movements of one body part, which in turn caosestan stabilization reaction
of the involved body part. This is accomplishqulltiyng two pieces of tubing toward the body atdnieg the
tubing to a start position in a smooth rhythmastibn with increasing speeds. Resistance bultdstalsing is
stretched. This forces a transfer of weight imiteetion of the tubing. Because the involved padyis only
required to react or respond to a simple stinthkeigscillating stimulus will produce an isomadritraction in
the lower extremity that must produce a stabifiaing in the direction opposite to the tubing. dile purpose
of this technique is to quickly involve the pragptive system with minimal verbal and visual cueing. Ognibene et
al. demonstrated a sigrant improvement in both single-leg postural istadild reaction time with a 4-week
training program using OTIS technidlies.

Change in direction'according to anterior, posterimedial, and lateral weight shifting'will creafsedpc
planar demands. Each technique is given a narok,isvinglated to the weight shift produced by ppéed
tension. The body will then react with an equal and opposite stabilization response. theezréwoise is named
for the cause and not the effect. The goal durisghase is static stabilization. Numerous siutcepgtitions
demonstrating stability are required to achieva featning and control.

UNIPLANAR EXERCISE Anterior Weight Shift

The patient faces the tubing and pulls the tubimgrd the body using a smooth, comfortable mdtiaa.causes
forward weight shift that is stabilized with amétdc counterforce consisting of hip extensioge laxtension,
and ankle plantaxion. There should be little or no movement noted in the lower extremity. Ifemoigem
noted, resistance should be decreased to achieve the desiredstabitityl(1-9).

FIGURE 11-9: Static stabilization: Uniplanar AA¥Bome health setting, Clinical setting.



FIGURE 11-10: Static stabilization: Single-leg stance/unstadie Auifsing pillows in the home health
settingB, Using a Dynadisc in the clinical setting.

Lateral Weight Shift

The patient stands with the affected side facintuliing. The tubing is pulled by one hand in fsbttie body
and the other hand behind the body to equaliz®tte and minimize the rotation. This causesral lateight
shift (LWS), which is stabilized with an isomatriaterforce consisting of hip abduction, kneent@aion, and
ankle eversion.

Medial Weight Shift

The patient stands with the unaffected side fwntybing. The tubing is pulled in the same fastsi@above. This
causes a medial weight shift (MWS), which iszetdbifith an isometric counterforce consistingpadididuction, knee
cocontraction, and ankle inversion.

Posterior Weight Shift

The patient stands with his/her back to the tuinirtige frontal plane. The tubing is pulled tdothdy from behind
causing a posterior weight shift (PWS), whichbitiztd by an isometric counterforce consisting of hip flexion, knee
flexion, and ankle dorsiflexion.

MULTIPLANAR EXERCISE

The basic exercise program can be progressed tiplamat activity by combining the proprioceptive
neuromuscular facilitation (PNF) chop and liftepast of the upper extremities. The chop patteons fhe
affected and unaffected side will cause a multiplanar stress requeatrig &abilization. The patient will now be
forced to automatically integrate the isometgomess that were developed in the previous umiplesrzises.
The force will be representative of the PNF didgofhdahe lower extremities (Fig. 11-11). Thpditerns from
the Fig. 11-11affected to the unaffected side will add multiplsiness in the opposite direction (Fig. 11-12).
Changing the resistance, speedii-120f movement, or spatial orientation relative torélsestance can make
modipcations to the multiplanar exercise. If resisianioereased, the movement speed should be dédrease
allow for a strong stabilizing counterforce. If sheed of movement is increased, then resistandd be
decreased to allow for a quick counterforce respBysaltering the angle of the body in relatitimetoesistance,
the quality of the movement is changed. A greafhasis can be placed on one component whilengduei
emphasis on another component.



FIGURE 11-11: Static stabilization: Multiplanaf Ehbp technique to provide rotational strésklome health
settingB, Clinical setting.

FIGURE 11-12: Static stabilization: Multiplanar PNF lift technique tdemotation stres#, Home health
settingB, Clinical setting.



TECHNIQUE MODIFICATION

These techniques can also be used with medit¢iarebaises. The posture and position are neadartie,
but the medicine ball does not allow for the atails provided by the tubing. The medicine balides
impulse activity and a more complex 11-13yradient of loading and unloading (Fig. 11-13).i§ heferred
to as impulse technique for isometric stabiliz@fit®). As described, the patient is positionedh@ve the
desired stress. The medicine ball is then used weitlounding device or thrown by the cliniciangression
to ball toss while stabilizing on an unstable ceunfidll disrupt concentration, thereby facilitatirey
conversion to unconscioufe& adaptation.

The elastic tubing and medicine ball techniquagval& in position but differ somewhat in phggiol
demands. Therefore, they should be used to compleawh other and not replace or substitute tlee ath
random. When performing an ITIS activity with aicrexiball, the force exerted by the exerciseedeuices
the weight shift. The tubing will exert a pull thedball will exert a push; therefore, they witieoformed
from the opposite sides to achieve the same \sRifjht

Phase II: Transitional Stabilization (Conscious Controlled Motion without Impact)

Phase Il replaces isometric activity with cordrobacentric and eccentric activity progressiogghra full
range of functional motion. The forces of gravéycaupled with tubing to simulate stress in Iatlvertical
and horizontal planes. In phase I, gravitatioreddtatically load the neuromuscular systermgv@egrees
of imposed lateral stress via the tubing are aistnulate isometric stabilization. Phase llresythat the
movement occur in the presence of varying dedr@apased lateral stress. The movement stimufates t
mechanoreceptors in two ways: (1) articular movemeses capsular stretch in a given directiogira
speed and (2) the changes in the body positiom loadéng and unloading of the articular structurés
pressure changes in the intracapBuldr The exercises in this phase use simple mdsesuem as the squat
and lunge. The addition of tubing adds a horizettass. Other simple movements such as walking,
sidestepping, and the lateral slide board cahealmphasized to stimulate a moreiefit and controlled
movement.

FIGURE 11-13: Static stabilization: ITIS technigueailateral stance using a plyoball and ply&draak
impulse stimulus.



The physiologic rationales for activities in tias@ are the stimulation of dynamic postural re=spand
facilitation of concentric and eccentric contractions via the compression and trandiagioartiwular
structures. This is turn helps to increase mustess, which has a sigrant role in producing dynamic
stabilization about the joint by resisting andrbingpjoint load8:" Research has established that eccentric
loading increases both muscle stiffness and”i&@ieronic overloading of the musculotendinous uait vi
eccentric contractions will result in not only eotive tissue proliferation but also a desensitizzit the
GTO and increased muscle spindle activity.

The self-generated movements require dynamicldoritre midrange and static control at the ergkran
of motion. Because a change in direction is reécithe end ranges of motion, the interplay betwsesal,
mechanoreceptor, and equilibrium reactions cositimuéncrease. The #gamma bias$ now responds to
changes in both length and tension of the invatusdulature.

Assisted techniques can also be used in thistphaegress patients who nianyd phase Il exercise
fatiguing or difcult. Assisted exercise is used to reduce thedéffgavity on the body or an extremity to
allow for an increase in the quality or quantity adsired movement. The assisted techniquefsat! thie
weight of the body or extremity by a percentatie abtal weight. This will allow improved rangaaifon,

a reduction in substitution, minimal eccentricssstrand a reduction in fatigue. The closed-cHaimg tu
program can also bémdrom assisted techniques, which allow for atiedun vertical forces by decreasing
relative body weight on one or both lower extresniti

The need for assisted exercise is only transitiomaiure. The goal is to progress from unweigbted
weight with overloading. The tubing, if used @fédgt can also provide an overloading effectusinga
exaggerated weight shifting. This overloadingew#ferred to as resisted techniques (RT) @osdd-chain
applications. The two basic exercises used arpiieand the lunge.

SQUAT

The squat is usdatst because it employs symmetrical movement tdvibe extremities. This allows the
affected lower extremity to behdérom the visual and proprioceptive feedback trmmunaffected lower
extremity. The clinician should observe the patigosture and look for weight shifting, which stimlavays
occurs away from the affected limb. Each joinbeaztompared to its unaffected counterpart. In peirig

the squat, a weight shift may be provided in ofeeioflifferent directions. The tubing is used$iss resist,

and modify movement patterns. The PWS works ttifydelosed-chain ankle d@estion. A chair or bench

can be used as a range-of-motion block (rangagirdiévice) when necessary. This minimizes fear and
increases safety. The anterior weight shift (A@Jgs an anterior pull that helps facilitatéifin&exion
mobility during the descent. Medial and lateral changes may be provided avitte resistder to promote
weight bearing on the involved side or decreagiet Wwearing on theig. 11-14 involved side as
progression is made (Fig. 11-14). The varyingt \skifff may be used to intentionally increasi®akeor
resistance on a particular side for means of teteaimgy or to facilitate a neuromuscular response on the
opposite side. For example, an individual whingdaet to weight bear on the involved side maglped in
doing so by causing increased weight shift tantheolved side. This will create the need towhifiht to

the involved side, thus encouraging a joint respotise required stimulus.



FIGURE11-14: Transitional stabilization: Resispeat with an LWS in the home health setting.

Assisted Technique

The patient faces the tubing, which is placedegcgnding angle and is attached to a belt. Tleglated

under the buttocks to simulate a swing. A bemsedsto allow a proper stopping point. The etasson of

the tubing is at its greatest when the patienthe iseated position and decreases as the maddvantage
increases. Therefore, the tension curve of thegtegbimplements the needs of the patient. The ouaxt f
exercises follow the assisted squatioutif. The tubing is now used to cause weight shifting and demands a
small amount of dynamic stability.

Anterior Weight Shift

The patient faces the tubing, which comes fromeklHalfway between the hips and the knees attikatta
a belt. The belt is worn around the waist and samséWS. During the squat movement, the ankles
plantaRex as the knees extend.

Posterior Weight Shift

The patient faces away from the tubing at the Isaleas above and attaches to a belt. The baltnis
around the waist and causes a PWS. This plaeasea gmphasis on the hip extensors and less snguhas
the knee extensors and plaf&aors.

Medial Weight Shift

The patient stands with the unaffected side tahatdbing at the same level as above. The &@tiied the
waist and causes an MWS. This places less stiesafiected lower extremity and allows the péatidean
onto the affected lower extremity without incurexaessive stress or loading.

Lateral Weight Shift
The patient stands with the affected side towartliting that is at the same level as above. [Tl wern



around the waist, which causes a weight shiftttemtaffected lower extremity. This exercise wik ph
greater stress on the affected lower extremitgbyhdemanding increased balance and controlxdroese
simulates a single-leg squat but adds balance and safety by allowing the unaffetyted etrain on the
ground.

LUNGE

The lunge is more spleciin that it simulates sports and normal acfiig.exercise decreases the base while
at the same time producing the need for indepedidassociation. The range of motion can be sfitesae
slightly higher degree. If the patient is askaitetmate the lunge from the right to the lefthegglinician can
easily compare the quality of the movement betivedimbs. When performing the lunge, the patiagt m
often use exaggerated extension movements ofrthar [tegion to assist weak or uncoordinated hép-ext
sion. This substitution is not produced duringtiuat exercise. Therefore, the lunge must beatsmuynas

an exercise but also as a part of the functisessasent. The substitution must be addressedirxy thgk
patient to maintain a vertical torso (note thab#isésted technique will assist the clinician in minimizing this
substitution).

Assisted Technique—Forward Lunge

The patient faces away from the tubing, whichribssa¢ a sharp angle (about) 6This angle parallels the
patient!s center of gravity, which moves forwatdlanwn (Fig. 11-15). This places a stretch ontiheytand
assists the patient up from the low point of thgdyposition. The ability to perform a lunge waithect
technique is often negated due to the inabilstyport one!s body weight. The assisted lungetsdhis by
modifying the load required of the patient, thus improving the quality of the movemassistduece also
minimizes eccentric demands for deceleration wivenirig and provides balance assistance by hbhkping
patient focus on the center of gravity (anatognicatted within the hip and pelvic region). Thiends
asked tdorst alternate the activity to provide kinesthetdidifack. The clinician can then use variationl of f
and partial motion to stimulate the appropriateadrefore moving on to the next exercise.

FIGURE 11-15: Transitional stabilization: Asslatege techniqué, Home health setting, Clinical



Resisted Technique—Forward Lunge

The patient faces the tubing, which is at an asgearjle from thBoor to the level of the waist (Fig. 11-16).
The tubing will now increase the eccentric loading on the quadriceps with the deceleetiomviowénd
movement. For the upward movement, the patieskesi &0 focus on hip extension and not knee exttensi
The patient must learn to initiate movement framhih and not from lumbar hyperextension or exeessi
knee extension. Initiation of hip extension shautdmatically stimulate isometric lumbar staioitizalbong
with the appropriate amounts of knee extensioardde plant&exion. A foam block is often used to protect

the rear knee frofdexing beyond 9@nd touching thBoor. The block can also be made larger to lingéeran
of motion at any point in the lunge.

Resisted Technique—Lateral and Medial Weight Shift

Forward lunges can be performed to stimulate Istetial and medial stabilization during dynewion and
extension movements of the lower extremities. W lunge is performed by positioning the pati¢nt wi
the affected lower extremity toward the direcfioasistance. The tubing is placed at a levebiditween
the waist and the ankle. The patient is then &skeziform a lunge with minimal lateral movement. This
movement stimulates static lateral stabilizatiadheohip, knee, ankle, and foot during dyndsmigon
(unloading) and extension (loading). The MWS ikipgeformed by positioning the patient with tfectd
extremity opposite to the resistance. The tubattached as described in the LWS. The movenneunlastis
static medial stabilization of the affected lowtegreity in the presence of dynafd@gion and extension.

The lunge techniques teach weight shifting ontaffiseted lower extremity during lateral body mentsm
The assisted technique lateral lunge will complement the assistece téamfwvagd lunge, because it also
reduces relative body weight while allowing obbseal-function. The prime mover is the unaffecieérl
extremity that moves the center of gravity oveaiftaeted lower extremity for the sole purposésaoéivand
proprioceptive input prior to excessive loading. Rh lateral lunge will complement the RT forwaugkel|
because it also provides an overloading effettecaffected lower extremity. In this exerciseaftbeted
lower extremity is the prime mover, as well aprihmary weight-bearing extremity. The affectedr lowe
extremity must not only produce the weight shiftalso react, respond, and repeat the movemest. Set
repetitions, and resistance for all of the exerdmscribed are selected by the clinician to pradaec
appropriate reaction without pain or fatigue.

FIGURE 11-16: Transitional stabilization: Redigtedrd lunge to facilitate deceleration



TECHNIQUE MODIFICATION

As in phase |, the medicine ball can be used twasigtly and increase stimulation. However, #eid 1o
stimulate control in the beginning, middle, andarges of the squat and lunges. The tubing odrealsed
to create ITIS and OTIS applications to reinfoatgilgy throughout the range of motion.

FUNCTIONAL TESTING

Functional testing provides objective criteriacanchelp the clinician to justify a progressighase Il or

an indication that the patient should continueingik phase Il. A single-leg body weight squat or lunge can
be performed. The quality and quantity of theitigpstare compared to the unaffected lower exyrand a
debeit can be calculated. An isotonic leg press raaininalso be used in this manner by settingitite ate

the patient!s body weight and comparing the repstiOpen-chain isotonic and isokinetic testing can also be
helpful in identifying problem areas when bgiggciis needed. Regardless of the mode of teitisg,
recommended that the affected lower extremityagigl'80 percent of the capacity demonstratedeby th
unaffected lower extremity, or no more than a 2088ent strength Heit. When the patient has met these
criteria, he/she can move safely into phase llI.

Phase llI: Dynamic Stabilization (Unconscious Control/Loading)

Phase 1l introduces impact and ballistic exetgighe patient. This movement will produce a ktretc
shortening cycle that has been described in phiometrcises. Plyometric function is not a resuhe
magnitude of the prestretch, but rather relieh@mate of stretch to produce a more forceful actin.
This is done in two ways.

1. The stretch Rex is a neuromuscular response to tension produbedmuscle passively. The
muscle responds with an immediate contraction to reorient itself t ghasiteon, protect it, and maintain
posture. If a voluntary contraction is added ijunotion with this fé&ex, a more forceful contraction can be
produced.

2. The elastic properties of the tendon allowté@nporarily store energy and release it. Whecka qui
prestretch is followed by a voluntary contradtiertendon will add to the strength of the contadty
providing force in the direction opposite to thespetch.

Dynamic training at this level can increase tloerdksg cortical drive to the large motor nervaheof

skeletal muscles as well as the small efferees érthe muscle spina?ef both the muscle tension and
efferent output to the muscle spindles are indrethgestretch sensitivity of the muscle spindil@lsd be

increased, thereby reducing tIfﬁexdatenc?ffBoth feed-forward and feedback loops are usedreamttyto
superimpose stretch3exes on preprogrammed motor activity.

As has been previously discussed, there haverbeiengpstudies that have been directed towardmgdu
muscle reaction timé%!'lhara and Nakayama skaintly reduced the latency of muscle reactionwiitines
3-week training period of unanticipated perturimti@ the use of unstable wobble bd&Bdsh Beard et al.
and Woijtys et al. found similar results when camgpagility training with traditional strengthningi*
Reducing the muscle reaction time in order to peoalprotective response following an abnormalgath
will enhance dynamic stability about the joint.

Before the patient is asked to learn any new daebnihe/she is instructed to demonstrate uncasscio
control by performing various phase Il activitigigewhrowing and catching the medicine ball. qinegt sind
lunge exercises are performed with various ajpplicaf tubing at the waist level. This activihoves the
attention from the lower extremity exercise, thesémulating unconscious control. The forces aoged
throwing and catching the medicine ball stimulate balance reactions needetbfpesiseop to plyometric
activities. Simple rope jumping is another tramaitexercise that can be used to provide earinqthic
information. The double-leg rope jumping is dase The patient is then asked to perform altegnig
jumping. Rope jumping is effective in buildindrdence and restoring a plyometric rhythm to movement
Four-way resisted stationary running is an extchsdque used to orient the patient to lightnpdyiac
activity.



RESISTED WALKING

Resisted walking uses the same primary composiémtgadt training. The applied resistance oftiegt,
however, allows for a reactive response unavailable in nonresisted actigk@aplgra patient may present
with a slight Trendelenburg gait associated witbak gluteus medius. By initiating a program that w
incorporate a progression such as that used wilyttat, the patient should be able to progressisted
walking. The addition of resistance permits foeased loading and also brings about the needpfaved
balance and weight shift.

RESISTED HOPPING

Bilateral hopping should be introduced followirggate training with the jump rope, then followed b
increased unilateral training. The use of resistatite hopping technique is to promote increasetance

in one of four directions. This increased resestangsed to simulate those forces normally setbe legld

or court in the return to activity. Introductiontbé program should begin with bilateral training and then
progress to a unilateral format, which may be aumdated with box drills or diagonal training. ghédni
levels, implementing cones, hurdles, and/or fodlsy may be used in order to increase the plyometric
demands during the hopping drills.

RESISTED RUNNING

Resisted running simply involves jogging or ruimiigce with tubing attached to a belt around
the waist. The clinician can analyze the jogging or running activity becauseoidsyadsiktiThe
tubing resistance is applied in four differenttéires, providing simulation of the different ferce
that the patient will experience as he/she retiff activity.

1. The PWS run causes a balance reaction thatireanltAWS (opposite direction) and simulates the
acceleration phase of jogging or running (Figi)1Tie patient facesy. 11-10pposite the direction
of the tubing resistance and should be encourmagiy ton the toes (for all running exercises). The
initial light stepping activity can be progressed to jogging and theg. rlin@imost advanced form
of the PWS run involves the exaggeration of tHaekipn called #high knees.$ Exaggeration of hip
Rexion helps to stimulate a plyometric action ihithextensors, thus facilitating acceleratios. Thi
form of exercise lends itself to slow, controledmance conditioning (greater than 3 minutes), or
interval training, which depends greatly on thesity of the resistance, cadence, and rest periods
The interval-training program is most effectiveshads the greatest short-term gains. Intervals can
be 10 seconds to 1 minute; however, the most conmnifismre 15"30 seconds in length. The
patient is usually allowed a 1"2-minute rest aadusged to perform three twe sets. To make sure
that the patient is delivering maximum intenk#glinician should count the number of foot
touches (repetitions) that occur during the intérka clinician needs to only count the touches of
the affected lower extremity. The patient is thleadao equal or exceed the amount of foot touches
on the next interval (set). This is also extrefiettive as a functional test for acceleratian. Th
interval time/repetitions can be recorded and cadpa future tests. The clinician should note that
the PWS places particular emphasis on tiféekips and extensors, as well as the pltars of
the ankle.

2. The MWS run follows the same progression aSwBeath (from light jogging to high knees) with
the resistance now applied medial to the affested éxtremity (which causes an automatic weight
shift lateral). Endurance training, interval trgyraind testing should also be performed for this
technique. This technique simulates the forceth¢hpatient will experience when cutting or tgrnin
quickly away from the affected side. This dtikisame as in phase | MWS. Although the phase |
MWS is static, the same muscles are responsibjedaric stability. This exercise represents the
forces that the patient will encounter when spgimito a turn on the affected side.



3. The LWS run should follow the same progressatross except that the resistance is now lateral to
the affected lower extremity (which causes anatigdviw'S). This technique simulates the forces
that the patient will experience when cuttingroiniy quickly toward the affected side. When
performing the MWS and LWS runs, high knees gheulskd when working on acceleration.
Instructing the patient to perform exaggeratedfiemeen or #butt kicks$ can emphasize
deceleration. The exaggeration of Reg®n places greater plyometric stress on thenkriel,has
a large amount of eccentric responsibility dueiogjetation. This exercise represents the foates th
the patient will encounter when sprinting intaradn the unaffected side.

FIGURE 11-17: Dynamic stabilization'stationary ruk, Posterior weight shifting in the home health
setting B, Anterior weight shifting in the clinical setting.

4. The AWS run is probably the mosidift technique to perform correctly and is thezetfmnght last.
The tubing that is set to pull the patient forvetirdulates a PWS. This technique simulates déuelera
and eccentric loading of the knee extensors. Tieatphould start with light jogging on the taoes a
progress to butt kicks. This is a plyometric eretbiat incorporates exaggerated Res@on and
extension. This exercise will then serve to assist the patient in developing eccentricieautiemsic
that are required in function. The clinician shoolg that injuries occur more frequently during
deceleration and direction changes than on atioeleya straightforward running. Therefore, AWS
training is extremely important to the athletemeiy to the court dpeld.

RESISTED BOUNDING

The bounding exercise is a progression taken étbnthie hopping and running exercise to increasands
placed on the horizontal component. Therefore, ddogrs an exercise technique that will placesigreat
emphasis on the lateral movements. The progre$sios bounding exercises will follow the samehtveig
shifting sequence as the previous running ex&idisdo-side bounding in a lateral resistedsexpromotes
symmetrical balance and endurance required foegsiog to higher-level strength and power ajpptisat
Distraction activities may also be included irboleding and/or running exercises in order to ptemo
increased upper extremity demands and to detract/isual and/or verbal reference needed on thex low
extremity.

It is suggested that the patient be taught hoerform the bounding exercise without the tubiag A
foam roll, cone, or other obstacle can be usathidate jump height and/or distance. The tubindheambe



added to provide the secondary forces to caus®méderal, medial, or posterior weight shifiaginding
should be taught as a jump from one foot to anotheingle lateral bound can be used as a supfalsmen
functional test. Measurements can be taken fomaderight lateral bound. Bounding is only considered valid
if the patient can maintain his/her balance whatinig. To standardize the bounding exercise, the bo
height is used for the bound stride and marketsegalaced for the left and right foot landings.

1. The AWS lateral combines lateral motion witusomatic PWS or deceleration reaction. It ighgligh
more demanding than the stationary running esetmsause the body weight is driven to a greater
distance.

2. The LWS bound causes an excessive lamatply force and will help to develop lateralexatien
and deceleration in the affected lower extrenhityislthe most strenuous of the lateral bounding
activities because it actually accelerates thevbigtly onto the affected lower extremity. This is,
however, necessary so that the clinician can@bsembility of the affected limb to perform alkqui
direction change and controlled acceleration/datiete

3. The MWS bound is used as an assisted plg@xreicise. The patient works with the total beiyht
but impact is greatly lowered by reducing botleeatoen and deceleration forces. This exereise is
excellent transitional exercise at the end of plaseell as at the beginning of phase llIstt sérves
as a warm-up drill providing sub-maximal stimalefithe proprioceptive system prior to a phase Il
exercise session.

4. The PWS bound facilitates an anterior lptesldoff of each leg and will stimulate an AWS €kircise
will assist in teaching acceleration and laténagjaqnovements.

MULTIDIRECTIONAL DRILLS

Multidirectional drills include jumping (two-faaiteoff followed by a two-foot landing), hopping-{mot
takeoff followed by a landing on the same foal)baanding (one-foot takeoff followed by an oppdsibt
landing). A series &oor markers can be placed in various patternmtdag functional movements. A
weight shift can be produced in any direction éytientation of the tubing. Obstacles can alssdzk to
make the exercise more complicated.

The jumping exercise can be developed to simolaténil skiing, while the hopping exercise can be
designed to stress single-leg push-off for veuticping sports such as basketball and volleyball.

SUMMARY

There has been increased attention to the develbmindalance and proprioception in the
rehabilitation and reconditioning of athletesviiiig injury. It is believed that injury results in altered
somatosensory input thaBiences neuromuscular control.

If static and dynamic balance and neuromusculaolcane not reestablished following injury, then
the patient will be susceptible to recurrent iajuiyhis/her performance may decline.

The following rules should be employed when degigme RNT program: Make sure that the
exercise program is specio the patient!s needs. The most important thiegnsider during the
rehabilitation of patients is that they should be performing functionakadtiti simulate their
ADL requirements. This rule applies to not onlyspesc joints involved but also the speed and
amplitude of movement required in ADL.

Practice does appear to be taskRpétboth athletes and people who have motor conbaitslé

As retraining of balance continues, it is besttdipe complex skills in their entirety ratheritha

isolation because the skills will transfer mcnreti&réwl.

Make sure to include a sigmaint amount of #controlled chaos$ in the prograexgécted activities
with the ADL are by nature unstable. The moreatierp rehearses in this type of environment, the
better he/she will react under unrehearsed camlitio



Progress from straight plane to multiplane movemagéterns. In ADL, movement does not occur
along a single joint or plane of movement. Theredgercise for the kinetic chain must involve all
three planes simultaneously.

Begin your loading from the inside out. Load #tersiprst with body weight and then progress to
external resistance. The core of the body muswvkged before the extremities.

Have causative cures as a part of the rehalbilfiedicess. The cause of the injury must eventually
become a part of the cure. If rotation and detieleraere the cause of the injury, then use this as
part of the rehabilitation program in preparation for return to activity.

Be progressive in nature. Remember to progressifnpie to complex. The function progression
breaks an activity down into its component padtshem performs them in a sequence that allows
for the acquisition or reacquisition of the activity. Basic conditioning and skilbacouisitbe
acquired before advanced conditioning and skilkaicn.

Always ask: Does the program make sense? If italoaake sense, chances are that it is not
functional and therefore not optimally effective.

Make the rehabilitation program fun. Prst three letters of functional are FUN. If itas fan,

then compliance will suffer and so will the results

An organized progression is the key to succdsgy Eaplan is planning to fail.



