
A Model for Multisystem Evaluation Treatment of 
Individuals with Parkinson's Disease 

In this article, we present a model of Parkinsons disease based on pathophysiol
ogy, impairments, and disabilities. The model provides a format for deciding what 
to assess, for interpreting assessment findings, and for deciding which impairments 
can be corrected by physical therapy intervention and which cannot. From the 
model, we can predict effective treatment approaches. We can also use the model 
to identify specific research questions related to the efficacy of physical therapy 
intervention. [Schenkman M, Butler RB: A model for multisystem evaluation and 
treatment of individuals with Parkinson's disease. Phys Ther 69:932-943, 1989] 
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In this article, we describe a method 
for systematically making decisions 
regarding evaluation and treatment of 
the individual with Parkinson's dis
ease. Parkinson's disease is a progres
sive degenerative disease of the cen
tral nervous system that leaves the 
patient increasingly immobile and 
dependent on others for assistance. 
The cardinal signs of Parkinson's dis
ease are rigidity, bradykinesia, tremor, 
and postural instability.1, 2 In addition, 
there may be autonomic nervous sys
tem abnormalities including hypoten
sion, excessive salivation, and 
sweating.3 The clinician who treats the 
patient with Parkinson's disease is 
faced with decisions regarding which 
of the patient's problems can be cor
rected, which require compensatory 
strategies, and which are intractable to 
physical therapy intervention. The 
determination of which problems can 
and cannot be corrected is particu

larly difficult in Parkinson's disease 
because of the progressive, degenera
tive nature of the disorder. 

The system we present for making 
decisions regarding evaluation and 
treatment of the patient with Parkin
son's disease is based on a model that 
we recently developed for evaluation 
and treatment of individuals with neu
rologic dysfunction.4 In this article, we 
apply that model to the patient with 
Parkinson's disease. We first demon
strate use of the model to interpret 
the underlying causes and symptoms 
of Parkinson's disease. We next dem
onstrate how the model can be used 
for decision making regarding physi
cal therapy evaluation, monitoring, 
and treatment of the patient with Par
kinson's disease. Finally, we demon
strate how the model can be used to 
focus research related to the efficacy 

of physical therapy intervention for 
the person with Parkinson's disease. 

Definition of Impairments and 
Disabilities of Patients with 
Parkinson's Disease 

The first step in using this model is to 
differentiate between the impairments 
and the disabilities of Parkinson's dis
ease. (A glossary of all terms and defi
nitions used in this article is provided 
in the Appendix.) Impairments refer 
to the abnormalities of anatomic, 
physiologic, or psychologic origin 
within specific organs or systems of 
the body.5-6 Rigidity, bradykinesia, 
tremor, and postural instability are the 
cardinal signs of Parkinson's disease1, 2 

and would all fit the definition of 
impairments of the CNS. Disability 
refers to functional restriction or 
inability to perform within the range 
of normal.5-6 Functional disability can 
be subdivided into four domains: 
physical, mental, emotional, and 
social.6 By these definitions, difficulty 
with bed mobility, transfers, and gait 
are all physical disabilities. The 
dementia, depression, social with
drawal, and isolation that accompany 
Parkinson's disease7 could be consid-
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ered mental, emotional, and social 
disabilities. Individuals may have 
impairments from a disease without 
being disabled by the disease.6 Early 
in the disease, for example, an indi
vidual may have impairments of rigid
ity and tremor but may be functioning 
within normal limits in the physical, 
mental, social, and emotional 
domains. The individual with Parkin
son's disease is likely to develop dis
abilities in some or all of these 
domains as the disease progresses. 

In summary, impairments relate to 
abnormalities within components of 
human function, whereas disabilities 
relate to abnormalities within the 
individual's total capacity to function. 
In evaluating a patient, it is useful to 
differentiate between the patient's 
impairments and disabilities. The 
patient's disabilities are the outcomes 
of the total impact of his or her 
impairments; the impairments are the 
underlying cause. Disabilities may be 
best corrected when the underlying 
impairments are identified and 
addressed. We will demonstrate this 
approach in the remainder of this 
article. 

The second step to using this model 
is to try to differentiate between the 
origins of the various impairments 
that arise. First, do impairments occur 
that are the direct result of nervous 
system pathology? Second, do impair
ments occur in systems other than the 
CNS? Third, do impairments occur 
that are a composite effect of the CNS 
and non-CNS impairments? Figures 1 
and 2 provide examples of impair
ments that are direct, indirect, and 
composite effects of CNS pathology. 

The cardinal signs (impairments) of 
Parkinson's disease can be attributed 
directly to nervous system 
pathology.2-8-10 We therefore consider 
these impairments to be direct effects 
of the lesion. In addition, other 
impairments such as autonomic ner
vous system dysfunction, dementia, 
and dyskinesia3, 7, 10, 11 can be attributed 
directly to the CNS pathology. 
Musculoskeletal1213 and cardiopul
monary14 impairments are examples 
of impairments in systems other than 

Fig. 1. Diagram demonstrating how direct effects of pathology of Parkinson's disease 
may lead indirectly to impairments of musculoskeletal and cardiopulmonary systems. 

Fig. 2 . Diagram demonstrating how central nervous system and musculoskeletal 
impairments can combine to produce composite effects of Parkinson's disease. 

the CNS, as illustrated in Figure 1. We 
therefore consider these impairments 
to be indirect effects of the lesion. 
Many of the impairments of the 
patient with Parkinson's disease can 
be considered composite effects of 
the disease resulting from a combina
tion of nervous system impairments 
(direct effects) and non-nervous sys
tem impairments (indirect effects). 

The differentiation between direct, 
indirect, and composite effects of the 
pathology of Parkinson's disease 
serves to emphasize that impairments 
occur both within the CNS and as 

sequelae in systems other than the 
CNS. It may be difficult or impossible 
for the physical therapist to correct 
those impairments that arise directly 
from nervous system pathology. It 
may be much more realistic for the 
physical therapist to prevent or 
reduce the effects of the lesion that 
lead to impairments in other systems. 

Postural instability, or faulty balance, 
associated with Parkinson's disease is 
an illustration of an impairment that 
occurs because of composite effects of 
the disease (Fig. 2). The balance dis
order has been considered a direct 
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effect of the disease process15 because 
of the brainstem and basal ganglia 
pathology.810 In addition, however, 
faulty balance occurs as a 
consequence of other direct effects of 
the lesion including rigidity and 
hypokinesia.10 Furthermore, as illus
trated in Figure 2, musculoskeletal 
impairments, which are considered 
indirect effects of the lesion, could 
also contribute to faulty balance. Spe
cifically, we propose that lack of trunk 
and pelvic mobility could provide a 
mechanical limitation to the patient's 
capacity to perform a balance 
response. The reader can experience 
the effects of a typical parkinsonian 
posture on his or her balance by 
standing with flexed knees, kyphotic 
trunk, and a forward head and then 
attempting to resist a backward shove 
by an associate. In addition, vestibular 
and neck afferent proprioceptive feed
back are used in the balance 
response.16 We therefore predict that 
lack of neck mobility would decrease 
the proprioceptive input and would 
contribute to the faulty balance. 

In the next section of this article, we 
will demonstrate how a knowledge of 
the pathology of Parkinson's disease 
can lead to a prediction of the direct 
and indirect effects of the disorder. 
We then demonstrate that many of the 
impairments of Parkinson's disease 
may have multiple underlying causes. 
Some of the impairments that may be 
due to composite effects of the dis
ease include faulty balance, bradykine-
sia, decreased arm swing in gait, 
drooling, difficulty swallowing, hypo
ventilation, and fatigue. 

Pathology of Parkinson's 
Disease and Its Direct Effects 

It has long been known that individu
als with Parkinson's disease have a 
degeneration of a group of pigmented 
neurons in the substantia nigra of the 
midbrain.8 These neurons produce 
dopamine, which is normally trans
mitted to the basal ganglia.8 A simplis
tic interpretation of Parkinson's dis
ease is that loss of dopamine in the 
basal ganglia results in an imbalance 
between the dopamine and other 
neurotransmitters in the basal ganglia. 

Table- Neuroanatomical Pathology of Parkinsons Disease 

Impairment 

Rigidity 

Dyskinesia (eg, tremor) 

Postural mechanisms (eg, balance) 

Alerting and attention mechanisms 
(eg, preparation for movement, initi
ation of movement, hypokinesia) 

Motor planning and programming 

Dementia 

ANSa function 

Pathologic Basis 

Basal ganglia17-19, 21 

Basal ganglia9-11'19 

Loss of dopamine system10 

Basal ganglia10 and cortical 
projections17, 21, 22 

Basal ganglia10-17-18 

Loss of non-dopamine system10 

Brainstem ANS nuclei2 

Some of the other neurotransmitters 
identified in this imbalance include 
acetylcholine (ACh), glutamate, aspar
tate, and gamma-aminobutyric acid 
(GABA). This imbalance is thought to 
be the cause of many of the signs and 
symptoms of Parkinson's disease.810 

Recently, however, it has been 
observed that there are different 
dopamine receptors in the basal gan
glia, and these receptors may also 
undergo progressive pathological 
changes as a result of Parkinson's 
disease.810 Furthermore, it is probable 
that dopamine is not the only neuro
transmitter affected by Parkinson's 
disease.8-10 

Much remains to be learned about 
the pathophysiology of Parkinson's 
disease. Nevertheless, many of the 
impairments of the disease can be 
explained by the neuroanatomic and 
neurophysiologic information that is 
currently available (Table). Both the 
brainstem and the basal ganglia have 
been identified as structures that con
tribute to mechanisms of postural 
responses.101516 Thus, faulty balance 
likely occurs, in part, as a direct effect 
of Parkinson's disease. The basal gan
glia have been identified as one of 
the important structures in motor 
planning and programming.1718 Basal 
ganglia dysfunction has been impli
cated in the dyskinesia, such as rest
ing tremors that occur with Parkin
son's disease.919 This unique form of 
rigidity, clinically described as "plas
tic" or "lead-pipe rigidity," is specifi

cally associated with lesions of the 
basal ganglia19 and may be linked 
with an alteration of muscle stiffness.20 

Deficits in the alerting mechanisms 
have been attributed to disturbances 
of projections between the basal gan
glia and the cortex.1721 These deficits 
may be one of the factors that contrib
ute to the difficulty in initiating move
ment and the hypokinesia that is typi
cal of Parkinson's disease.1721 

Brainstem dysfunction has been impli
cated in the impairments of 
autonomic nervous system functions 
that lead to hypotension, profuse 
sweating, and excessive salivation of 
the patient with Parkinson's disease.23 

Finally, cognitive dysfunction is con
sidered a sign of Parkinson's disease.7 

It is unclear at this time whether the 
cognitive failure is due to cortical 
degeneration or to subcortically medi
ated defects of planning and 
attention.22 

The presentation of Parkinson's dis
ease can vary between patients and 
can even vary for a given patient dur
ing the course of the illness.2324 Cur
rent concepts of the pathophysiology 
of Parkinson's disease help to explain 
this variability. It is possible that the 
predominance of symptoms that an 
individual experiences may depend 
on which neurotransmitters are most 
affected by the disease.10 This pre
dominance of symptoms may account 
for the finding that some patients with 
Parkinson's disease are more 
impaired by rigidity and others by 

aANS = autonomic nervous system. 
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tremor. Drug therapy differs depend
ing on the patient's symptoms. The 
chosen therapy reflects the difference 
in pathology involved. Early in the 
disease, when loss of dopamine-
producing neurons occurs, the basal 
ganglia attempt to compensate for the 
decrease in available neuro
transmitters.10 This compensation is 
accomplished by a proliferation of 
receptors for dopamine in the basal 
ganglia neurons.10 Later, as the dis
ease progresses, there is progressive 
loss of dopamine receptors in addi
tion to the loss of dopamine-
producing cells.10 Early in the disease, 
while there is a compensatory prolif
eration of dopamine receptors, 
dopaminergic agents such as carbi-
dopa (Sinemet®*) may be effective in 
replacing dopamine. Later, when the 
dopamine receptors have also degen
erated, such agents cannot be 
effective.10, 25 

Furthermore, other factors such as 
gastrointestinal absorption and blood-
brain barrier transfer of medications 
(eg, Sinemet®) may account for the 
temporal variability of response to 
drug treatment.24 A peak effect may 
occur as the drug is absorbed, and 
then the benefit decreases as the drug 
is metabolized. Thus, an individual's 
symptoms may wax and wane through
out the day in relation to time of med
ication. Early in the disease, the patient 
has a greater tolerance to fluctuations 
in drug concentration. Later in the dis
ease, the "window" of tolerance 
changes and loss of effectiveness or 
toxic side effects can occur. 

In summary, the neuroanatomical 
pathology of Parkinson's disease 
allows the physical therapist to predict 
some of the expected impairments 
associated with the disease. Patho
physiology helps to explain the vari
ability among patients, within a given 
patient over time, and within a given 
patient during the course of the day. 
Parkinson's disease was originally con
sidered to be a disease only affecting 
dopamine production in the substan

tia nigra. In recent years, it has 
become apparent that the disease is 
considerably more complex, involving 
mesolimbic, thalamic, cortical, and 
subcortical structures and affecting a 
variety of both neurotransmitters and 
receptors.10 

Indirect Effects of Parkinson's 
Disease 

Over time, the patient with Parkin
son's disease develops a typical 
stooped-flexed posture that is charac
teristic of the disease.12 This posture 
appears to result from the effects of 
rigidity, which especially affects the 
flexor musculature. In addition, the 
patient may become increasingly sed
entary, and this sedentary life style 
may contribute to the patient's ten
dency to remain in postures of 
flexion. Eventually, muscle length 
changes may occur so that the indi
vidual loses the musculoskeletal flexi
bility required for extension. This loss 
of musculoskeletal flexibility has not 
been well documented in the litera
ture, although a few studies are avail
able related to loss of range of 
motion of specific muscles.13 Never
theless, clinical observation and expe
rience would predict that chronic 
postural changes result in chronic 
length changes of muscle, an impair
ment of the musculoskeletal system 
that is indirectly caused by the neu-
roanatomic pathology. Unlike the 
impairments that arise directly from 
Parkinson's disease, there is little liter
ature documenting the indirect mus
culoskeletal impairments. The litera
ture, however, does contain 
commonly accepted clinical descrip
tions of these changes, and some 
experimental evidence does exist doc
umenting the extent of musculoskele
tal limitations. In this section, we sum
marize known and presumed 
musculoskeletal impairments of the 
patient with Parkinson's disease and 
discuss some of the predicted conse
quences of these impairments. 

Musculoskeletal impairments appear 
to begin proximally,12, 26 affecting con
tractile and noncontractile tissue 
length and flexibility first of the trunk 
and pelvic girdle and then of the 
more distal musculature. Impairments 
may frequently be observed first uni
laterally and later bilaterally.27 The 
muscle groups of the neck, thorax, 
and limbs become shortened and 
limit extension throughout these 
structures.12'26-27 The antagonistic mus
cle groups become concomitantly 
lengthened. In addition, it is well 
known that rotation is difficult in the 
patient with Parkinson's disease.12 

This impairment suggests that the 
rotator muscles become contracted, 
or "tight," limiting trunk and limb 
rotation. The patient's movements 
appear increasingly stiff and are domi
nated by flexion and extension with 
limited side bending and rotation 
even when required. This predom
inance of straight-plane motions sug
gests that musculoskeletal flexibility 
for rotation is lost. 

Musculoskeletal impairments may 
contribute to the patient's apparent 
bradykinesia. For example, these indi
viduals have difficulty with motions 
such as rolling or turning, whether in 
sitting or standing. We suggest that 
these motions become slow, in part, 
because of the loss of capability for 
rotation. The reader can experience 
the impact of loss of trunk rotation 
and the resulting slowness of move
ment by attempting to roll from a 
supine or prone position without 
rotation (log roll). 

Loss of trunk flexibility may occur 
anywhere throughout the vertebral 
column and may contribute to the 
patient's overall difficulty.12 For exam
ple, loss of extension of the pelvis on 
the femur (loss of hip joint extension) 
may result from tightness of muscles 
such as iliacus muscle. This tightness 
may prevent posterior movement of 
the pelvis for a posterior pelvic tilt. 
Loss of extension of the lumbar and 
thoracic spine frequently occurs as 
well, as evidenced by the kyphotic 
posture of the patient with Parkinson's 
disease. Combined tightness of soft 
tissue, ligaments, and joint capsules *Merck Sharp & Dohme, Div of Merck & Co, Inc, West Point, PA 19486. 
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may leave the patient unable to either 
posteriorly or anteriorly tilt the pelvis. 
This inability to tilt the pelvis would 
probably severely limit the individu
al's capability to use normal move
ment patterns in standing and in pos
tural responses. Tightness of muscles 
and soft tissues of the lumbar and 
thoracic spine could contribute to loss 
of trunk rotation and loss of lateral 
flexion. Combined shortness of the 
rotator muscles, such as the abdomi
nal muscles throughout and the short 
extensors in the lumbar region, may 
contribute to the loss of rotation and 
lateral flexion. We propose that these 
losses in mobility further compound 
the difficulties of the patient with Par
kinson's disease, contributing to the 
consequent impairments of the dis
ease. We suggest that ultimately mus
culoskeletal impairments contribute 
to the patient's total physical disability, 
restricting all activities of daily living. 

The ability of a person to rise from a 
chair or weight shift while sitting 
appears to rely heavily on functional 
mobility of the pelvis and lumbar 
spine. We propose that loss of these 
normal motions seriously limits nor
mal functional movement, potentially 
interfering with all ADL. 

We propose that lateral flexion of the 
lumbo-thoraco-cervical spine is 
required for the "trunk elongation" 
that occurs during righting reactions 
and that limitation in trunk lateral 
flexion would therefore limit righting 
reactions. Likewise, we assume that 
lack of thoracic extension, rotation, 
and lateral flexion interferes with the 
extension and trunk elongation com
ponents of the balance response, 
potentially contributing to falls, frac
tures, and hospitalization of individu
als with Parkinson's disease.28 Lack of 
thoracic mobility could also affect res
piration by reducing vital capacity. 
Respiratory complications are the 
most common causes of death of the 
individual with Parkinson's 
disease.2729 The decreased chest 
expansion attributable to tight tho
racic musculature presumably contrib
utes to the respiratory disability of 
these patients, perhaps even contrib
uting to terminal pneumonia. Alter-

Fig. 3 . Illustration of potential composite effects of Parkinsons disease that can lead 
to impairment of bradykinesia and to potential disabilities. 

ations in muscle length of the cervico-
thoracic spine might contribute to 
poor closure of the mouth. Hence, 
these alterations may contribute, with 
the brainstem autonomic nervous sys
tem nuclei changes,2-3 to impaired 
swallowing with drooling, which in 
turn contributes to the patient's social 
disability. 

The stooped posture and shuffling 
gait of the parkinsonian are hallmarks 
of the disease.12 For these individuals, 
step lengths are often short, there is a 
lack of dorsiflexion on heel-strike, 
counterrotation of the trunk is absent, 
and there is a loss of reciprocal arm 
swing.30 The musculoskeletal limita
tions associated with Parkinson's dis
ease might contribute to this charac
teristic gait. This influence is 
illustrated by an analysis of gait that 
could result with specific 
musculoskeletal limitations. For exam
ple, if an individual has soft tissue 
tightness combined with hip flexor 

muscle tightness while holding the 
pelvis in a posterior tilt relative to the 
spine, then knee flexion of the stance 
extremity might be required to allow 
the swinging foot to hit the ground. 
Hip flexor muscle tightness could 
prevent adequate hip extension dur
ing the late stance phase of gait, and 
knee flexor muscle tightness could 
limit knee extension in both the 
stance and swing phases of gait, con
tributing to a shortened step length. 

An important determinant of gait, con
tributing to lengthening the swing 
extremity, is the lateral list (tilt) of the 
pelvis31 accompanied by protraction 
of the pelvis, which is accomplished 
by rotation of the pelvis relative to the 
stance femur and to the lumbar spine. 
Tightness of hip rotator and lumbar 
lateral flexor musculature might pre
clude these motions from occurring. 
Together, these factors could result in 
a shortened step length. Gastrocne
mius muscle tightness could limit 
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dorsiflexion, preventing the normal 
heel-strike at initial contact. The short
ened step length combined with a 
flatfoot at contact could then contrib
ute to the shuffling character of the 
parkinsonian gait. Loss of trunk coun-
terrotation may occur if gait is slow 
(as occurs in Parkinson's disease). 
Additionally, if there is a lack of avail
able mobility required for trunk rota
tion, then counterrotation cannot 
occur. Reciprocal arm swing is 
designed to counterbalance trunk 
counterrotation. When gait is slow 
and when trunk rotation is reduced, 
arm swing would not be expected to 
occur. 

In summary, the typical posture, func
tional movement, and gait of the 
patient with Parkinson's disease may 
occur in part because of musculoskel
etal constraints. The reader can expe
rience the impact of these muscu
loskeletal limitations by assuming a 
typical parkinsonian posture and then 
trying to rise from a chair, walk, or 
turn 360 degrees. 

Cardiopulmonary deconditioning pro
vides another example of a non-
nervous system impairment of the 
patient with Parkinson's disease.13 

This type of impairment is illustrated 
in Figure 1. Because of the rigidity 
and hypokinesia, the patient may 
become sedentary. This sedentary 
condition could eventually contribute 
to the observed cardiopulmonary 
deconditioning. This deconditioning 
represents an impairment in a system 
other than the nervous system. The 
deconditioning as described results 
indirectly from the nervous system 
pathology. Furthermore, the typical 
kyphotic posture (a musculoskeletal 
impairment) may become an addi
tional source of the cardiopulmonary 
impairment (Fig. 1): Limited chest 
expansion could contribute to the 
decreased vital capacity associated 
with Parkinson's disease. Decreased 
vital capacity can lead to impaired 
coughing, inability to clear secretions, 
and susceptibility to pneumonia.14 

The kyphotic posture could also con
tribute to decreased cardiac output. 
Decreased vital capacity, combined 
with decreased cardiac output, could 

in turn contribute to the individual's 
deconditioned state. 

Musculoskeletal and cardiopulmonary 
impairments have been designated 
indirect effects of the pathology of 
Parkinson's disease because they rep
resent impairments in a body system 
other than the CNS. Impairments that 
arise indirectly do not occur initially 
but develop over time. As postural 
deformity becomes fixed, and as car
diopulmonary deconditioning 
increases, motion is presumably 
slower, more laborious, and awkward 
and requires more energy and effort. 
These musculoskeletal impairments 
that arise appear to further compound 
the motor difficulties that occur 
directly as a result of the lesion. 

Composite Effects of 
Parkinson's Disease 

Many of the impairments of the 
patient with Parkinson's disease that 
physical therapists treat represent a 
composite of direct and indirect 
effects of the disease process. Faulty 
balance, caused by impairments of 
both the CNS and the musculoskele
tal system, serves as an example 
(Fig. 2). Our current knowledge of 
the disease process also suggests 
several additional potential causes 
of faulty balance such as impairment 
of alerting mechanisms and im
pairment of motor planning and 
programming. 

Bradykinesia is another impairment 
that can arise because of composite 
underlying causes. Bradykinesia has 
been identified as a direct effect of 
Parkinson's disease.9'1819 As outlined 
in Figure 3, however, it is becoming 
increasingly evident that multiple 
potential causes of bradykinesia 
exist.9, 17, 18 Bradykinesia can result 
because alerting mechanisms are 
impaired9; because motor programs 
are not well coordinated for efficient 
use18; or because the patient's motor-
planning capability is faulty, preclud
ing smooth integration of multiple 
motor plans.17 In addition, muscu
loskeletal limitations that prevent rota
tory movements also possibly contrib
ute to bradykinesia. The reader can 

experience this limitation by attempt
ing to roll without trunk rotation or 
to turn in stance without pelvifemoral 
(hip joint) rotation. Faulty balance 
may also contribute to bradykinesia; 
an individual may move more slowly 
for fear of falling. Finally, fatigue and 
decreased cardiopulmonary endur
ance might be contributing factors in 
bradykinesia.13 As illustrated in Figure 
3, some of these potential contribu
tions to bradykinesia are direct effects 
of the lesion; others are not. 

Drooling is another impairment of 
Parkinson's disease that has been 
attributed directly to the nervous sys
tem pathology but that might be due 
to composite effects of the lesion 
(Fig. 4). Drooling is considered to 
result from the increased salivation 
that occurs as an autonomic nervous 
system dysfunction.3 We propose, 
however, that the typical forward 
head-neck posture and accompanying 
musculoskeletal limitations may make 
it difficult for the patient to swallow, 
therefore contributing to the drooling. 
Thus, drooling may be an impairment 
with composite causes. The reader 
can assume a posture of excessive 
neck flexion, as occurs in Parkinson's 
disease, and attempt to swallow water 
to experience the effect that muscu
loskeletal alignment might have on 
drooling. Faulty balance, bradykinesia, 
and drooling are only a few of the 
impairments of the patient with Par
kinson's disease that may have multi
ple underlying causes. 

So far we have considered the impair
ments and disabilities that arise from 
pathology. Additionally, disabilities 
may be a further source of impair
ment. For example, depression and 
withdrawal may contribute to the 
bradykinesia and to postural alter
ations. That is, composite impairments 
may be a consequence not only of 
direct and indirect effects of a lesion 
but also of the resulting disability. 

Figure 5 provides a summary of the 
model we have developed as applied 
to Parkinson's disease. As shown in 
Figure 5, both the direct and indirect 
effects of the degenerative processes 
of Parkinson's disease may contribute 
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to impairments that are composite 
effects. Ultimately, all impairments 
may contribute to the patient's disabil
ity. Furthermore, disability may feed 
back into the cycle, further contribut
ing to impairments and to the result
ing disability. 

Evaluation, Interpretation, 
and Treatment 

The purpose of the model we have 
developed is to allow the clinician to 
make educated and systematic judg
ments about what to evaluate, how to 
interpret evaluation findings, and 
what different intervention strategies 
can and cannot do for the patient 
with Parkinson's disease. The potential 
direct, indirect, and composite effects 
of Parkinson's disease discussed in 
this article should be systematically 
evaluated. Findings should be inter
preted and hypotheses made regard
ing which impairments are composite 
effects of direct and indirect impair
ments. The role of specific impair
ments in producing the patients' total 
disability should then be analyzed. We 
suggest specific guidelines for evaluat
ing patients, setting goals, and design
ing treatment programs (see accom
panying article by Schenkman et al in 
this issue). We will focus next on how 
knowledge of impairments leads us to 
a systematic interpretation of the rela
tive contributions of physical therapy 
and pharmacologic management in 
remediating the patient's disability. 

We propose that impairments of Par
kinson's disease that are a direct 
result of CNS pathology may be 
intractable to physical therapy. For 
example, we would not expect physi
cal therapy intervention to correct 
fundamental neurotransmitter defects 
in alerting mechanisms or in motor 
planning and programming mecha
nisms. Physical therapy, however, 
might be effective in teaching the 
patient compensatory mechanisms for 
these impairments and how to reduce 
potential sequelae. For example, the 
physical therapist may be able to 
teach the patient to temporarily 
reduce rigidity through techniques of 
self-relaxation and to utilize the 
remaining postural response mecha-

Fig. 4 . Illustration of potential composite effects of Parkinson's disease that can lead 
to drooling and to resulting disabilities. 

nisms through conscious voluntary 
practice. We suggest that reducing the 
consequences of impairments that 
occur directly through the CNS dam
age is of greatest value if this task is 
coupled with reducing or preventing 
musculoskeletal impairments or with 
improving specific functional 
activities. 

Pharmacologic intervention is 
directed toward restoration of a nor
mal balance of neurotransmitters and, 
therefore, in contrast to physical ther
apy management, is presumed to be 
most effective in reducing the impair
ments that are direct effects of the 
lesion. (Pharmacologic intervention, 
however, would not be expected to 
reverse all chronic muscle-length 
changes.) In general, dopamine ago
nists such as L-dopa (levodopa) are 
most effective when rigidity is the pre
dominant feature of Parkinson's dis
ease; the anticholinergics are most 
effective when tremor is the predomi

nant symptom. Anticholinergic drugs 
have not proven effective against 
hypokinesia.32 There is no evidence in 
the literature regarding which agents, 
if any, are most effective in remediat
ing the balance disorder of the patient 
with Parkinson's disease. 

Pharmacologic intervention is not 
without drawbacks. Side effects have 
been a major problem with all phar
macologic agents used in treatment of 
patients with Parkinson's disease. 
These side effects include nausea, 
vomiting, headache, fatigue, dizziness, 
psychosis, and involuntary movements 
(dyskinesia).10-33 One problem with 
levodopa is that in many patients it 
has a narrow therapeutic window. In 
a given individual, too much levodopa 
may induce drooling, involuntary 
movements, mental change, and sleep 
disturbances, whereas too little 
levodopa leaves the patient with stiff
ness, difficulty of movement, and 
tremor. A variety of unwanted effects 
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including toxicity may occur with 
long-term use of drugs such as 
levodopa.1,10,34 Some individuals expe
rience a "wearing-off" phenomenon 
in which the signs of Parkinson's dis
ease reoccur several hours after 
medication.33 Some individuals expe
rience an "on-off" phenomenon in 
which there is a sudden return of 
symptoms unrelated to the time of 
medication.3335 Other individuals 
develop involuntary movements, and 
for some the drug loses efficacy. 
There are also non-nervous system 
side effects (indirect impairments) 
that result from pharmacologic inter
vention. For example, bromocriptine 
can cause pulmonary fibrosis and res
piratory decompensation.14 

Because the use of pharmacologic 
agents presents its own set of prob
lems for the patient with Parkinson's 
disease, it is advantageous to delay 
onset of drug therapy as long as 
possible.34 We hypothesize that physi
cal therapy management of impair
ments that occur indirectly may be 
beneficial in delaying the need for 
pharmacologic intervention. 

Musculoskeletal impairments of 
patients with Parkinson's disease may 
be the most responsive to physical 
therapy intervention and the least 
responsive to pharmacologic manage
ment. We propose that appropriate 
physical therapy intervention can 
delay, reverse, or prevent loss of soft 
tissue length and flexibility, thereby 
reducing musculoskeletal contribu
tions to consequent impairments of 
postural adjustment, bradykinesia, and 
cardiopulmonary conditioning. We 
further suggest that cardiovascular 
conditioning may reduce the cycle of 
worsening cardiac and pulmonary 
complications for these individuals 
and may contribute to their overall 
fitness. We hypothesize that physical 
therapy management can significantly 
improve the functional ability of the 
patient with Parkinson's disease, espe
cially if it is initiated early in the dis
ease before fixed musculoskeletal 
alterations occur. Increased physical 
capability and increased self-control 
over the disease process should also 
have an indirect impact on the 

Degenerative Process 

Loss of dopamine-producing cells in the substantia nigra 
Neurotransmitter imbalance 

Changes in dopamine receptors of the basal ganglia 
Changes in other neurotransmitter (ACh, GABA, glutamate, aspartate) 

Loss of ANS nuclei 

Postural Mechanisms 
Motor Plans/Programs 
Dyskinesia 

Tremor 
Rigidity 
Alerting/Attention Mechanisms 
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Initiation 
Hypokinesia 

ANS Effects 

Musculoskeletal 
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Urogenital 
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Abnormal Posture 
Faulty Balance 
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Hypoventilation 
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Fig. 5 . Overview of model for evaluation and treatment of patients with Parkin
son's disease. (ACh — acetylcholine; GABA — gamma-aminobutyric acid; ANS = auto
nomic nervous system.) 

patient's social and emotional 
disabilities. 

An understanding of the relationship 
between pathology and its direct and 
indirect effects is helpful in identifying 
the types of approaches that may be 
most effective. For example, rigidity 
appears to occur in part because of 
disruption in the patient's ability to 
relax muscle tone,919 and it appears 
to contribute to the stooped, kyphotic 
posture typical of patients with Parkin
son's disease.13 Physical therapists, 
therefore, should teach these patients 
relaxation techniques that they can 
use to temporarily reduce rigidity in 
order to maintain ROM, lessen abnor
mal posturing, and produce long-term 
musculoskeletal change. It is unlikely 

that the physical therapy intervention 
can permanently reverse the rigidity, 
which is a direct result of the nervous 
system pathology. Loss of trunk 
mobility appears to occur early in the 
disease; thus, self-relaxation and ROM 
techniques should focus on restora
tion or maintenance of trunk mobility 
with special emphasis on rotational 
motions at each spinal region from 
the neck to the pelvis. 

In summary, the focus of physical 
therapy intervention should be on the 
composite effects of disease and on 
the patient's resulting disability (eg, 
difficulty with transfers and gait, faulty 
balance). The model we have devel
oped is intended to provide the clini
cian with guidance regarding what 
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impairments to evaluate and regard
ing interpretation of the relative con
tributions of direct and indirect effects 
of the disease in producing the 
patient's disability. Armed with a good 
working hypothesis regarding the 
causes of observed impairments, the 
clinician is in a good position to make 
sound clinical judgments regarding 
those impairments that can be cor
rected by physical therapy interven
tion and those that require pharmaco
logic management. 

The model we have developed should 
demonstrate the need for integrated 
pharmacologic and physical therapy 
management of the patient with Par
kinson's disease. Neither type of inter
vention alone can address all of the 
impairments of patients with Parkin
son's disease. Neither type can pre
vent the inevitable course of the dis
ease. Physical therapy management in 
conjunction with pharmacologic man
agement, however, can provide the 
greatest possibility of maintaining 
functional ability as long as possible. 

Implications for Research 

Numerous hypotheses are inherent in 
the model that is outlined in this arti
cle. These hypotheses can be tested to 
support the model or to identify 
aspects of the model that are incor
rect. For example, the model suggests 
that musculoskeletal limitations, an 
indirect effect of Parkinson's disease, 
contribute to bradykinesia, which has 
traditionally been considered a direct 
effect of the disease. One hypothesis 
that could be tested is that physical 
therapy intervention to increase trunk 
mobility (cervical through lumbo-
pelvo-femoral) will decrease the time 
for the patient to carry out functional 
activities. This hypothesis tests the 
proposed relationship between mus
culoskeletal limitations and bradykine
sia. The hypothesis can be tested by 
an experiment in which measure
ments of trunk mobility and timing of 
functional activity are obtained during 
nonintervention and intervention 
periods (eg, baseline 1, treatment 1, 
treatment withdrawal, treatment 2). 

The model also suggests a relation
ship between musculoskeletal limi
tations and automatic motor behav
ior such as posture and balance 
control. Posture and balance control 
can be measured using motion anal
ysis techniques. Studies can be used 
to test the hypothesis that improve
ment in muscle length and flexi
bility will result in improvements in 
posture and balance control. A cor
ollary to this hypothesis is that pos
ture and balance are correlated; as 
posture worsens, so does balance. 
This hypothesis can be tested by 
measuring posture and balance of 
the same individual over time as the 
disease progresses. Alternatively, 
posture and balance can be mea
sured for a large number of individ
uals with Parkinson's disease, and 
the strength of the correlation can 
be determined. 

The model suggests that both direct 
and indirect effects of Parkinson's dis
ease contribute to some of the typical 
impairments associated with the dis
ease. A hypothesis that can test this 
interaction is that physical therapy 
intervention combined with pharma
cologic therapy will be more effective 
in correcting impairments of balance 
than either intervention alone. This 
hypothesis can be tested using a two-
group crossover experimental design. 
The first group receives the physical 
therapy intervention alone followed 
by the addition of an appropriate 
pharmacologic agent. The second 
group receives the pharmacologic 
intervention alone followed by the 
addition of the physical therapy inter
vention. This hypothesis predicts that 
the greatest capability for balance con
trol will be achieved when both the 
drug and physical therapy interven
tions are combined. Subjects for this 
study would either receive drugs and 
physical therapy for the first time, or 
they would require an increase in 
drug dosage. 

The hypotheses outlined above are 
only a few of the many that can be 
identified from the model and tested. 
Other hypotheses can be identified to 
test whether physical therapy inter
vention alters impairments that are a 

direct effect of the disease. Hypothe
ses can also be tested regarding the 
efficacy of physical therapy interven
tion early in the disease as compared 
with later, after musculoskeletal alter
ations become fixed. In summary, the 
model serves as a framework from 
which many important questions can 
be asked. 

Summary 

A model has been presented that dif
ferentiates between impairments that 
occur as direct effects of Parkinson's 
disease and those that occur as indi
rect effects of the disease. We have 
demonstrated that many of the 
impairments of the patient with Par
kinson's disease may have contribu
tions of both a CNS and a non-CNS 
nature. We suggest, therefore, that 
disabilities of the individual with Par
kinson's disease occur both as a direct 
result of the degenerative process and 
as a result of sequelae indirectly caus
ing impairment of other systems such 
as the musculoskeletal and cardiopul
monary systems. The model provides 
a system for identifying important fac
tors to evaluate in the patient with 
Parkinson's disease and for interpret
ing evaluation findings with respect to 
the causes and effects of specific 
impairments. This model specifically 
suggests a direction for treatment of 
the patient with Parkinson's disease. 
The model is formulated in a manner 
that leads to development of specific 
hypotheses and to experimental tests 
of the hypotheses. Thus, the model 
has immediate clinical applicability 
and also can be used to guide 
research. 
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Appendix. Glossary 

Many of the terms used in this article either are technical or have been used with various meanings throughout the literature. To eliminate con
fusion regarding our use of terminology in this article, we have provided the definitions that we use. These definitions are divided into two cate
gories: 1) those related to posture and movement generally and 2) those more generally related to Parkinson's disease. 

I. Definitions Related to Posture and Movement 
These definitions represent our synthesis and interpretation of work from a variety of sources.a-d When definitions are adapted directly from a 
single source, they are referenced to that source. When they represent a synthesis of several sources, they are not specifically referenced. 

A. General Terms 
Posture 
Orientation of the body in space. This term refers to the relation of body parts to one another and to the supporting surface.b 

Movement 
A change in position.b 

Translatory Movement 
Motion designed to move the body or body part through space in a linear direction.b 

Postural Movement/Postural Adjustment/Postural Response 
Those alterations of posture that occur to preserve or restore stability of the body.b 

Anticipatory Postural Adjustments 
Adjustments that occur in postural muscles prior to a translatory movement to minimize the perturbations of posture and equilibrium evoked 
by that movement.c Marsden et al have demonstrated electromyographic activity in leg musculature prior to a translatory movement of the 
thumb.e 

(Continued) 
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Appendix. Glossary (Continued) 

B. Categories of Movement 
(These categories were synthesized from an interpretation of writings of Critchleya and Hughlings-Jackson.d) 

Reflexive Movement 
An obligatory response to a peripheral sensory stimulus. 

Volitional Movement 
Movement that is initiated by a decision to act (eg, premeditated, psychologically instigated, directed).b 

Willed Movement 
Voluntary movement in which conscious control is used throughout the performance and in which attention is consciously used to correct 
the evolving movement. 

Automatic Movement 
Voluntary movement that is carried out without conscious attention to the evolving movement. These movements do not require conscious 
attention to sensory feedback and might use preprogrammed sequences of muscle activity. Automatic movements generally appear to be 
learned. 

C. Terms Related to Balance and Balance Control 
Balance 
A general term related to the state of equilibrium or stability; refers to the interplay between various forces including the forces of gravity and 
muscles, and inertial forces. f Balance may relate to an individual who is stationary (static stability) or in motion (dynamic stability). We use 
the term dynamic stability both when the individual displaces his or her own equilibrium (self-induced), such as in reaching, or when an indi
vidual's equilibrium is disturbed by outside forces (externally induced), such as when the individual is jostled in a crowd. 

Balance Control/Postural Control 
Refers to the outside as an individual attempts to maintain stability. 

Balance Mechanisms/Postural Mechanisms 
Refers to the specific neurophysiological processes that allow the individual to maintain stability. These physiologic responses occur auto
matically to support, balance, and right the body.b 

Postural Reflexes 
Obligatory motor responses that normally occur in response to vestibular, visual, and proprioceptive stimuli. 

II. Definitions Related to Parkinson's Disease 
Akinesia 
A clinical term that means a lack of movement. Akinesia implies the inability to initiate a movement. Akinesia is usually associated with bilat
eral lesions in the medial frontal lobe. It is also seen in severe forms of parkinsonism.9 

Alerting Mechanisms 
A term describing the functioning of the cortical components of awareness. Attentional behavior changes such as unilateral neglect, unilat
eral extinction, denial, and constructional defects may indicate disruption of dopaminergic and cholinergic systems that are involved in 
alerting. h-j 

Arousal Mechanisms 
A term describing the functions that affect awakeness and sleep patterns. Neuroanatomical arousal is associated with the subcortical cholin
ergic ascending reticular activating systems, in addition to the ascending and descending noradrenergic, serotonergic, and dopaminergic 
systems that affect awakeness and sleep patterns.j 

Autonomic Motor System 
The visceral motor system composed of the sympathetic and parasympathetic systems. This system controls divergent functions such as 
blood pressure, pulse rate, bowel and sexual functioning, secretions, and vasomotor tone.k 

Ballistic Movements 
A physiologic term applied to rapidly executed movements. The movement, once initiated, will proceed quickly to termination without sen
sory feedback. The pattern of EMG activity of ballistic movements is characterized by a triphasic pattern with activity in the agonist muscle, 
followed by a burst activity in the antagonist muscle while the agonist muscle is silent, followed by another burst of activity in the agonist 
muscle.g 

Bradykinesia/Hypokinesia 
These terms are often used interchangeably with akinesia in the literature. They refer to decreased or slowed movements and indicate pau
city of both voluntary and involuntary movements. Halleft and Khoshbin' have identified several physiologic causes of bradykinesia: 1) reac
tion time to initiate movement may be delayed; 2) movements may be slow and weak because they fatigue rapidly; 3) movements may 
become less automatic such that the individual must take time to "think" each time he or she moves; and 4) there may be difficulty perform
ing two or more acts simultaneously,h leading to a slowing of movement. 

Dementia 
The progressive loss of three or more components of the patient's mental status. This loss may derive from cortical or subcortical 
disorders.m 

Depression 
An affective disorder, characterized by motor changes (ie, loss of movement and postural changes). Other symptoms of this disorder are 
changes in sleep, loss of appetite, and weight loss.n 

Disability 
A restriction or inability to function within normal limits.0 
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Appendix. Glossary (Continued) 

Dyskinesias 
Abnormal involuntary movements including tremor, athetosis, chorea, ballismus, dystonia, torticollis, tardive dyskinesia, and aesthesia.g 

Impairments 
Abnormalities or losses of anatomic, physiologic, or psychologic origin.0 Impairments can be described according to specific systems 
(eg, they can be due to neurologic, pulmonary, gastrointestinal, cardiovascular, urogenital, musculoskeletal, integumentary, or psychologic 
dysfunction). 

Impairment (Direct Effect of Neuroanatomical Pathology) 
An impairment of the neurologic system that is an obligatory result of neuroanatomic or neurophysiologic pathology.p 

Impairment (Indirect Effect of Neuroanatomical Pathology) 
An impairment of a system other than the neurologic system that occurs as a later sequela to the initial neurologic pathology. These impair
ments may affect systems such as the musculoskeletal, cardiopulmonary, or integumentary systems.p 

Impairment (Composite Effect of Neuroanatomical Pathology) 
Impairments with multiple underlying causes that may include neurologic impairments as well as non-neurologic impairments and 
pathology.p 

Motor Plans 
A term from motor control theory implying the basic components of motor control including motivation, memory, and preparatory premotor 
activity.0 A motor plan can be considered the conceptualization of a motor action. 

Motor Programs 
A term from motor control theory encompassing the execution of plans. The components of motor programs include initiation, execution, and 
termination of a motor action.q A motor program can be considered the specific set of instructions for carrying out a motor act. 

Musculoskeletal System 
The muscle, tendon, ligament, cartilage, and bone components of the human body. 
Neuromuscular System 
The combination of nervous system processing, the lower motoneuron, and the muscle. This term implies the structures and processes that 
link the central nervous system with the final common pathway of Sherrington and the muscle. 

Ramp Movements 
A descriptive physiologic term applied to slow, smooth movements. The EMG pattern of a ramp movement is a continuous activity of the 
agonist muscle.g 

Rigidity 
Increased muscle tone that is not velocity dependent.q This increased tone has been attributed to a failure to relax.9 

Tremor 
A to-and-fro oscillatory involuntary movement attributable to rhythmic contraction of agonist and antagonist muscles.9 Clinically, there has 
been a differentiation of tremor that is worse at rest (associated with disorders of the basal ganglia) and tremor that occurs during an 
intended movement (associated with cerebellar pathology). Tremors also can be differentiated by the rate of oscillation. In Parkinson's dis
ease, the tremor is referred to as a "pill-rolling tremor" that oscillates at 7 to 8 c/sec. 
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