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Observations of Performance and Body Composition Following 
8-weeks of Progressive Resistance Training in Participants With 
Cerebral Palsy

Purpose: To observe the effects of progressive resistance train-
ing on performance and body composition in participants with 
cerebral palsy. 
Methods: Four quadriplegic (3 male, 1 female) and two hemi-
plegic (2 female) participants (22 ± 5 yr, mean ± SD) completed 
moderate to high intensity resistance training 2-3 days a week 
for 8-weeks. Strength training programs were developed for 
each participant based on their physical ability. Measurements of 
exercise performance and body composition (InBody 270 & S10) 
were collected prior to and following training. Data from all partic-
ipants was pooled, and samples with 5-6 subjects were analyzed 
using a paired t-test with significance set at p < 0.05.
Results: Measurements of muscular fitness improved, including 
plank performance (pre: 64 ± 40, post: 95 ± 61 s, n = 6), supine 
sled leg press 1RM (pre: 225 ± 69, post: 378 ± 124 lb, n = 6) and 
bench/sled press 1RM (pre: 92 ± 54, post: 115 ± 58 lb, n = 5). 
There was no change in peak sprint capacity (pre: 89 ± 32, post: 
96 ± 29 W, n = 5) or peak aerobic capacity (pre: 303 ± 136, post: 
370 ± 246 s, n = 4). Measurements of body weight (pre: 151 ± 
40, post: 151 ± 42 lb, n = 6) and skeletal muscle mass (pre: 53 ± 8, 
post: 54 ± 9 lb, n = 6) were unchanged following training.
Conclusion: Preliminary data is encouraging that the unique 
and challenging strength training program employed with these 
participants can be utilized to gain meaningful improvements in 
muscular fitness. However, a larger sample size and longer train-
ing period may be necessary to significantly increase muscle 
mass.
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Introduction
Cerebral palsy (CP) is a neurodevelopmental
condition that can effect muscle tone, move-
ment and coordination in one or multiple limbs.
These impairments often contribute to inade-
quate muscle development [1,2], and as a result
individuals with CP can struggle with activities
of daily living (ADL) and tend to report lower
levels of daily physical activity [3,4]. Thus, exer-
cise can be a valuable treatment that could in
part offset these limitations [5].
There is a growing body of evidence that chro-
nic resistance training in participants with CP
can significantly improve dynamic strength
[6,7,8,9,10,11], isokinetic strength [12,13] and isometric
strength [13,14]. In addition, there is preliminary
evidence that physical benefits gained during
training sessions may be maintained for weeks
after training has ceased [15].
It is still to be determined what specific
adaptations are associated with improved and
lasting muscular strength and function following
training, but it has been suspected that limited
strength in people with CP is due to neuro-
muscular deficiencies including spasticity, neu-
ral drive, coordination of contractions and/or
muscle agonist deficiencies [16,,17,18}. These
deficiencies may limit similar gains in muscle

mass to people without CP, so determining trai-
ning programs that stimulate muscle hyper-
trophy would be advantageous. To date, there
have only been a few observations of lower
body muscle morphology following chronic
resistance training [19,20], and further obser-
vations are necessary to determine if whole
body hypertrophy occurs following resistance
training in people with CP and what training
methods optimize strength and muscle hyper-
trophy. Therefore, the purpose of our study was
to observe the effects of a unique upper and
lower body 8-week progressive resistance trai-
ning program on markers of performance and
body composition in adolescents and young
adults with CP.
Methods
Participants
Eight participants volunteered to complete the
study and six completed the assessments and
training. This included four quadriplegic (QP)
and two hemiplegic (HP) individuals. Descrip-
tive characteristics can be found in Table 1.
Subjects were fully informed of the purpose of
the study and of potential risks before giving
written and verbal consent. This study was
approved by the Institutional Review Board at
Fitchburg State University.

Study design
Subjects visited the training center prior to and
following training to complete muscular fitness,
peak power, peak aerobic capacity and body
composition assessments. These assessments
took place in a single day and were repeated
following training.
Following the pre-training assessments, partici-

pants completed muscular strength training 2-3
days a week for 8-weeks. Each training session
lasted approximately 60-minutes. Because of
the heterogeneity of the participants physical
abilities, exercises and assessments were
modified when neccesary to accommodate
each participant.
Muscular fitness assessments
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Muscular fitness assessments were conducted
to assess leg strength, upper body strength and
isometric endurance. Following a brief warm-up
the supine sled leg press was performed first to
determine 1-repetition maximum (1RM) leg
strength (Figure 1). Subjects laid on their back
with the soles of their shoes on the low handles
of a Prowler Sled. Knees were bent to 90o and
subjects pushed the sled extending their knees
and hips without lifting their hips off the ground
to complete one repetition. Subjects completed
5-8 one repetition sets of increasing weight
prior to reaching 1RM.
Following the leg press, participants completed
one of two assessments of upper-body strength.
Following a brief warm-up a horizontal press
was utilized in participants with previous bench
press experience. These subjects (n = 2) were
strapped to the bench using a weightlifting belt
for stability. Following a brief warm-up, subjects
completed about 4-5 sets decreasing repeti-
tions each set until reaching 1RM. Subjects (n =
3) who had no bench press experience com-
pleted a unique upper body assessment using a
staggered stance sled press. Participants
placed one foot in front of the other, leaned into
the sled until their elbows were in line with their
ribcage and then pressed the sled until their
arms were fully extended. Subjects completed
4-5 sets of one repetition prior to reaching 1RM.
Next, an isometric plank test was completed to
assess muscular endurance. HP participants
completed a standard plank exercise propped
on their toes and forearms with their elbows
directly below their shoulders. Subjects were
asked to hold the position as long as possible
with their knees, hips, torso and neck in a
straight alignment. Participants with knee
contractures that were unable to straighten their
legs enough to perform a standard plank
completed a high plank propped on their toes
and hands with extended elbow similar to a
push-up position.
Peak power and peak aerobic capacity
Participants completed a peak power test.
Following a brief warm-up, five of the six

subjects completed a 30-second maximal effort
on a rowing machine (n = 5, Concept2 Model D
Rower). One subject that was unable to sit
upright on the rowing machine completed the
30-second test on a seated ski ergometer using
a posterior walker (n = 1, Concept2 Wall-
Mounted Ski Ergometer). Instantaneous maxi-
mal power and distance completed was
recorded.
Cardiorespiratory endurance was measured
during a ramped treadmill (Cybex 750T) proto-
col modified from Verschuren et. al. [21]. Follow-
ing a brief low intensity warm-up, participants
began walking at a slow speed (1.0-2.0 mph) at
a 0% grade. The speed of the treadmill was
increased by 0.2 mph every 30-seconds and
participants were encouraged to continue for as
long as possible. The test was terminated when
participants requested to stop.
Body composition
Whole body and segmental body composition
assessments were conducted prior to and
following training through one of two dual signal
bioelectrical impedance analysis (BIA) systems.
All participants were asked to come to the
laboratory well-hydrated and on an empty
stomach. The InBody 270 BIA was used to test
participants that could stand and grasp the
hand electrodes on their own and the remaining
participants were assessed using the InBody
S10 BIA in the supine position using electrodes
on the ankles, thumbs and middle fingers. Body
weight in participants that could not stand was
measured on a platform scale.
Muscular fitness training
Whole body muscular fitness training was com-
pleted by participants either two or three days a
week based on training status. Each participant
trained for about 60-minutes a session and
exercises were individually designed based on
the subject’s ability. Exercises included the leg
press (Prowler Sled), hamstring curls, squats,
step-ups, Glute bridge variations, upper body
press (dumbbell or barbell), plank variations,
sit-ups, Pallof press, hip abduction, isometric
adduction and varied biceps, triceps, back and
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calf exercises. Subjects completed 3-4 sets and
6-12 repetitions for each exercise. Sessions
progressed on an individual basis through
increases in volume of work and decreased rest
between sets.
Data from all participants was pooled and the
mean and standard deviation (SD) were deter-
mined. Performance and body composition and
measurements in samples that included 5-6

participants were analyzed using a two-tailed
paired t-test with a significance set at p < 0.05.
Results
Participants trained 2-3 times a week comple-
ting 8-weeks of training. Training volume in-
creased periodically throughout the program.
Assessments were completed within 5-days
before and after training.

Percent body water was similar between pre-
and post-training trials (Pre = 49.7 + 6.4, Post =
49.7 + 7.4 %). Following 8-weeks of training
body weight, % body fat and skeletal muscle
mass were unchanged following training (Table
2). Regional measurements of lean mass in the
right arm (Pre = 5.7 + 1.2, Post = 5.9 + 1.5 lb),
left arm (Pre = 5.5 + 0.9, Post = 5.7 + 1.2 lb),
trunk (Pre = 47.3 + 6.0, Post = 47.8 + 6.8 lb),
right leg (Pre = 14.1 + 3.9, Post = 14.2 + 3.9 lb)
and left leg (Pre = 13.9 + 3.8, Post = 13.8 + 3.3
lb) were also unchanged following training.

Performance measurements
Leg press and upper body 1RM increased
following training (Table 3). In addition, isome-
tric muscular endurance performance assessed
by the traditional (n = 2) and high plank (N = 4)
performance improved in all participants (Table
3).
Peak power (Table 4) and distance covered
during the 30-second maximal test (Pre = 90.2
+ 28.7, Post = 97.3 + 25.7 m) did not improve
following training. Mean pre- and post-training
peak aerobic capacity (n = 4) were not analyzed,
but individual results can be found in Table 4.

Body composition
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Discussion
The current study examined the effects of an
8-week progressive resistance training program
on performance and body composition in
individuals with CP. A well-rounded and unique
training program was utilized and resulted in
significant improvements in upper and lower
body strength, but there was no change in
skeletal muscle mass.

This study utilized a novel method to train and
measure leg strength in those with CP. The
supine sled leg press was modified to train the
quadriceps through knee extension without
stability demands. Modifications such as a ball
placed between the knees, a pad placed under
the head and feet strapped to the handles of the
sled allowed some participants to improve
alignment and pressing mechanics (Figure 1).

Figure 1: Participant completing a modified supine leg press

In addition, many other modifications were
made based on the individual’s mobility and
dexterity to develop a well-rounded and challen-
ging training program. Sessions included 8-10
exercises (2 movement preparation, 6-7 streng-
th training movements, and a conditioning
protocol) working at moderate to high training
intensities.

Muscular fitness
Following 8-weeks of resistance training there
were substantial improvements in lower (68%
increase) and upper body (25% increase) stren-
gth. These results were consistent with other
training programs lasting 6-12 weeks, and adds
to the growing evidence that resistance training
can improve physical strength in individuals wi-
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th CP [6,7,8,9,10,11,12,13,14].
While the research includes many different
types of advantageous training programs for
those with CP, optimal exercise patterns have
not yet universally emerged [5,22]. Current re-
search in addition to our findings suggest that
whole body progressive resistance training
programs at a moderate to high intensity
provide substantial benefits in muscular streng-
th for those with CP and offer a template for
practitioners to optimize training programs.
Part of optimizing training programs is depen-
dent on the goals for the participant and may
include: improving strength, gait and mobility, or
body composition. Studies assessing changes
in strength using isometric training programs
have been beneficial to improve strength, but
there is an abundance of evidence in seemingly
healthy individuals that dynamic resistance
training results in greater gains in muscular
fitness than isometric exercises. This is likely
due to the ability to train at a higher intensity [23]

during dynamic training. While there is no
current comparable evidence that this trend
would be similar in people with CP, it is likely
that the added overload during dynamic exer-
cise would yield greater benefits than isometric
training.
Improvements in gait and mobility have been
observed with some isokinetic, isometric and
dynamic resistance exercise training programs
lasting 6-12 weeks [8,9,13,14,15,20], but some
studies did not report improvements [6,19,24].
These results suggest that multiple resistance
training modalities can improve ADL and that
while individuals with CP appear to respond
well to varying types of resistance training, not
all programs enhance the same measurements
of performance. Practitioners have numerous
tools available to develop beneficial training
programs and the current research in the field
offers glimpses of optimal strategies to
reach specific goals of interest.
Developing resistance training programs that
can enhance muscle mass for those with CP
would be a powerful tool for practitioners. It has

been observed that muscle volume in children
with spastic diplegia was strongly associated
with isometric strength [25]. However, observa-
tions from the current study revealed mixed
individual results with no change in the mean
data. Our results were limited by the sample
size and possibly the length of training needed
to accrue significant improvements in whole
body or segmental muscle mass. Encouraging
preliminary evidence from others does suggest
that chronic resistance training can stimulate
hypertrophy. McNee et. al. (2009) had partici-
pants with CP complete lower leg resistance
training for 10 weeks. Following training they
observed that gastrocnemius volumes increas-
ed (14-17%) and those increases were main-
tained 3-months following training [19]. In addi-
tion, Williams et. al. (2013) utilized a unique
method to stimulate muscle hypertrophy in
children with CP receiving a botulinum neuro-
toxin intervention (BotN) to reduce muscle tone.
The combination of BotN and strength training
for 10-weeks significantly improved lower body
strength and muscle volume to a greater extent
than the BotN alone [20]. These results are
promising that people with CP can increase
muscle mass with strength training, and may
suggest that training periods lasting at least
10-weeks are necessary to see increases in
hypertrophy.
In summary, we utilized a unique whole body
progressive resistance training program that
improved upper and lower body muscular
strength, but did not increase whole body or
segmented muscle mass. Following our prelimi-
nary study we have concluded that future inves-
tigations should include longer training periods
lasting a minimum of 10-weeks and a larger
sample size that may be necessary to deter-
mine the effects of chronic strength training on
muscle hypertrophy in those with CP.
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