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Abstract
The purpose of our literature review was to analyze the strength of research evidence using the Sackett Classification Method,
in an effort to identify science related to resistance training and improvement of gait dysfunction in children with spastic cerebral
palsy (CP). A literature search of EBSCO host was conducted and articles were chosen from peer-reviewed journals, written in
the English language, dating from 1991-2006. Nineteen articles were critically reviewed. The articles addressed resistance
training interventions, gait assessments, intra-limb coordination, muscle evaluation, physical therapists' perceptions, and
physical therapy interventions. None of the articles reviewed suggested a negative effect from resistance training intervention in
the treatment of cerebral palsy, and the evidence justifies the use of strength training for the improvement of gait in this
population.

INTRODUCTION
Two children out of every one-thousand live births in the
United States are diagnosed with cerebral palsy (CP),
making this the most common cause of physical disability in
children. CP is a non-progressive disorder that is acquired
prenatally, perinatally, or postnatally resulting in motor,
cognitive, sensory, endocrine, or urogenital impairments.
The exact cause of CP is unknown; however, prenatal
asphyxia and infection are factors that may be involved 1 .
There are many types of CP, with spastic CP being the most
prevalent, characterized by abnormal patterns of posture and
movement with increased tonicity throughout the limbs.
With increased limb tonicity, functional tasks such as
activities of daily living, transferring, bed mobility, and
ambulation are difficult. As a result, individuals with spastic
CP and their families depend on rehabilitation teams to
address their functional limitations, and to provide assistance
when working toward their optimal level of function.
Physical therapy intervention specifically focuses on
improving the child's functional independence, most
typically as it relates to ambulation. Walking abilities may
be altered secondary to deficits in balance, endurance, range
of motion, coordination, and/or strength 1 . Current literature
indicates that lower extremity (LE) weakness is a primary

impairment associated with gait deviations in children with
spastic CP 2,3,4 .
During this literature search, the authors of this paper
discovered a distinct controversy regarding strengthening
and spasticity. Dr. Karel Bobath and Dr. Berta Bobath
developed a theory in the 1940's suggesting that
strengthening a spastic muscle would increase the
contraction, thus increasing the spasticity 5 . Ross and
Engsberg, on the other hand, discovered that there was no
correlation between strength and spasticity 6 . To resolve the
controversy related to resistance training and its relationship
to the improvement of gait in children with spastic CP, and
to synthesize a clear clinical decision to support future
evidence-based practice, the authors of this paper chose to
delve into a review of recent published research.

METHODS
The fundamental question of this review is, “Should
resistance training be used as an intervention for the
treatment of gait dysfunction in children with spastic
cerebral palsy?” To determine the answer to this question
using evidence-based practice, the authors of this paper
began the search using EBSCO host. EBSCO host was
accessed through Tennessee State University's library
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electronic resource website
(http://www.tnstate.edu/library/milcat/databases.htm). This
is an all-encompassing database aggregator that provides
links to multiple other medical databases, such as Medline
and Pro Quest. The Academic Search Premier was chosen
because it is the world's largest multi-disciplined academic
database with more than 3,600 peer-reviewed articles dating
back to 1975. This database is updated daily via EBSCO
host. This search was performed between October of 2006
and December 2007.
Cerebral palsy and strength were chosen as keywords. The
options of full text and peer-reviewed journals only were
utilized. The expanded search option to search for similar
keywords was used throughout the process. One-thousand
three hundred seventy-five articles which discussed various
aspects of cerebral palsy and strength were chosen for
inclusion. Most of these articles discussed each keyword
phrase independently of the other. The search was therefore
expanded to view titles that encompassed both. The narrow
results by subject option was chosen to evaluate other
keywords, including coordination and children. There were
several hundred articles available, so the decision was made
to progress with more focused keywords.
Gait and spasticity were used to narrow the search down to
63 articles. The authors reviewed the research articles that
most directly focused on the clinical question. Of the 63
articles found throughout this process, the most applicable
and most empirical 15 were chosen. The resulting 15 articles
were reviewed and rated to determine the strength of
evidence using the Sackett Classification Method 22 .

obtained and the 19 articles selected would be sufficient in
answering the research question based on the merit of
research conducted within the studies. According to the
criteria presented in the Sackett Classification, seven of the
articles were rated as level 1, five as level 2, three as level 3,
three as level 4, and one as level 5.

DISCUSSION
When determining the answer to the fundamental question,
the authors of this paper had to first find the answers to a
series of minor questions. Initially, it was essential to
identify the impairments associated with ambulatory deficits
in children with cerebral palsy. The question was asked, “Is
weakness, in fact, an impairment that contributes to gait
dysfunction in children with spastic CP?” According to
Bartlett and Palisano, muscle strength is a primary
impairment influencing motor abilities in children with CP 2
. After analyzing sixty articles, Damiano et. al. also
concluded that weakness is a significant impairment in CP 4 .
Eagleton et. al. found that through biomechanical and
electromyographic analyses of gait “the primary limiting
factor in ambulation for children with CP is muscle
weakness” 3 . Evidence reveals that weakness of the lower
extremities is an impairment limiting functional abilities in
this population 7,8 , thus decreasing the amount of weakness
through strengthening activities could help improve
ambulatory skills.

The search was continued utilizing the online Pediatric
Physical Therapy Journal published by the Pediatric Section
of the American Physical Therapy Association. After
entering cerebral palsy and strength into the search box, 18
articles were accessed. The appropriateness and relevance of
each article in addressing the clinical question were
analyzed. Three articles were chosen and rated using the
Sackett Classification Method to determine the strength of
the empirical evidence.

Because the research question is specific to children with
spastic CP, the relationship between strength and spasticity
also required attention. In the past, the use of resistance
training on individuals with spasticity was not
recommended. However, the theory behind this
recommendation lacked scientific evidence for support 3,9 .
Dr. Karel Bobath and Dr. Berta Bobath's theory of the 1940's
was based on the assumption that a spastic muscle is a
contracted muscle, thus strengthening an already contracted
muscle would contribute to the contraction 5 . Although the
Bobath theory provides a potentially viable contention, the
authors of this paper turned to the evidence to establish a
conclusion.

Finally, an interview with Ms. Sandy Stevens, OTR at
Tennessee State University, was conducted regarding her
ongoing experiment on the topic of children with CP who
are engaged in an aquatic rehabilitation program to improve
strength and maintain functional activity throughout
adulthood. It was concluded that the professional opinion

Following participation in a 10-week progressive strength
training program performed by Andersson et. al., not one of
the 17 subjects tested experienced a change in spasticity 1 .
In another study by Fowler et al., 24 children with spastic
CP demonstrated no change in spasticity following
participation in a strengthening program 9 . Evidence reveals
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that there is no relationship between spasticity and the
strength of a muscle 1,6,9,10,11 . This may be because the two
entities are controlled by separate neuronal pathways.
Spasticity is an involuntary, reflexive movement of muscles.
This phenomenon results because damage to the brain limits
its ability to suppress the activity of the reflex loop at each
spinal cord level 4,6 . Voluntary movement, however, is
controlled by the conscious signals of the brain to specific
musculature through the cortical spinal tract 4,6 . As a result,
resistance training does not decrease the amount of
spasticity, nor does it increase the amount of spasticity
1,6,9,10,11 , thus deeming strength training harmless in its
presence.
Finally, it needed to be determined if a strengthening
program for children with spastic CP resulted in
improvements in gait function. According to Andersson et.
al., all participants declared that their walking ability had
improved after participating in a 10-week progressive
strength training program that focused on the lower
extremities. The results showed significant increases in
strength, gross motor function measure, and walking
velocity 1 .
All articles reviewed reported significant improvements in
one or all of the factors associated with gait function
1,4,7,8,9,11,12,13,14,15,16,17,18 . A 6-week home-based strengthening
program, performed by Dodd, et. al., resulted in
improvements in ability to stand, jump, run, and climb stairs
18 . A study performed by Ketelaar et. al., found that a
functional strengthening program provided significant
improvements in overall walking ability for 55 children with
CP ranging from ages 2-7 years 12 . A 6-week strengthening
program by Brownlee et. al., specific to the quadriceps and
hamstrings, was found to increase gait speeds and stride
length 13 . Whether the strengthening program was a group
circuit resistance program 14 , an isometric, isotonic, or
isokinetic program 9 ; a program using weight machines, free
weights, theraband, or body weight 3 ; or an aquatic treadmill
training course 7 , the results were consistent. Every article
reviewed rendered significant improvements in overall gait
function in one or multiple variables related to ambulation
1,4,7,8,9,11,12,13,14,15,16,17,18 . Likewise, not one of the 19 articles
resulted in adverse effects secondary to strengthening
programs in children with spastic CP. The results strongly
support the utilization of strengthening exercises to improve
the gait pattern in children with spastic cerebral palsy.

CONCLUSION
Based on the outcomes of the evidence collected, these
authors conclude that strength training should be used as an
intervention for the treatment of gait dysfunction in children
with spastic cerebral palsy. No disadvantageous
consequences could be found in the literature related to the
use of resistance training with spasticity. It was also evident
that strength training can provide numerous other benefits
for children with spastic CP 19 , and the incorporation of
resistance training for isolated muscle groups should be
utilized in physical therapy protocols for this population 17 .
With the analysis of the exercise programs used within the
articles reviewed, the authors of this paper advocate a
resistance training program for the lower extremities
addressing the major muscle groups for improving
ambulation. Hip flexors, hip extensors, hip abductors,
quadriceps, hamstrings, dorsiflexors, and plantarflexors are
the major muscle groups associated with gait function 19 .
Hip flexors control hip extension at the end of stance phase
and then contract to initiate swing phase while the hip
extensors control the flexor moment at foot contact and then
initiate hip extension. Hip abductors control the lateral
pelvic shift during swing phase of the opposite leg and the
quadriceps extends the knee during midstance. The
hamstrings are responsible for forward swing of the leg
during terminal swing phase, the dorsiflexors facilitate
ground clearance and heel strike, and the plantarflexors are
responsible for heel-off 20 . Although individuals with spastic
CP often present with spastic musculature of the hip flexors
and/or plantarflexors, the information gathered during this
project justifies the decision to perform various resistance
training techniques with the foundation that spasticity will
not change and walking ability will improve when weakness
is addressed.
Bottos, et. al. have reported that, “Despite concrete evidence
refuting the disadvantages of strength training, it is still used
so seldom that an astonishing number of individuals with CP
are losing their ability to walk in early adulthood” 21 .
Transforming conservative views on resistance training for
children with CP will be a difficult challenge, but a necessity
for professional growth and the provision of the most
effective treatment to optimize and prolong ambulation in
individuals with spastic CP.
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