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| Abstract |

PURPOSE: The purpose of this study was to investigate
the effect of functional training using a sliding rehabilitation
machine (SRM) on the mobility of the ankle joint and balance
in children with cerebral palsy (CP).

METHODS: The subjects consisted of 11 children who
were diagnosed with spastic CP. They carried out the
functional training using the SRM for 30 minutes, three times
a week, for 8 weeks. Before and after all of the training
sessions, the subjects were tested using the Pediatric Balance
Scale (PBS) and Gross Motor Function Measurement
(GMFM), range of motion (ROM) in the ankle joint, the
pennation angle of the gastrocnemius muscle and the fascicle
length of gastrocnemius muscle were measured to determine
the mobility of the ankle joint and balance ability.
RESULTS: There were significant differences between
the pre-test and post-test in the PBS and GMFM. The ROM
of the ankle joint was significantly increased after the

functional training using the SRM. Moreover, the fascicle
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length was increased and the pennation angle was decreased
after the functional training using the SRM, but the difference
was not significant.

CONCLUSION: These results suggest that functional
training using the SRM may have some effect on the mobility
of ankle joint and balance in children with CP. According to
the results, this study could present an approach to the

rehabilitation or treatment of children with CP.
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1. Introduction

Cerebral palsy (CP) can be defined as permanent
impairments in movement and postural development which
cause limitations in activity, abnormal movement patterns
and so on(Bax et al., 2005). Although the brain injury is
not progressive, the musculoskeletal impairments accumulate
as the child grows, resulting in secondary impairment such
as spasticity, abnormal muscle tone, contracture, coordination,
and selective movement control (Gage & Novacheck,
2001). In particular, spasticity with muscle weakness is

the most common cause of the limited range of motion
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(ROM). Ankle articulation is the main joint exhibiting
abnormal contracture and limited ROM; the limited ROM
of the ankle joint impedes balance control and functional
performance(Eek & Beckung, 2008; Mecagni et al., 2000;
Menz et al., 2005; Menz et al., 2006).

The common feature of ankle impairment is a
morphological change in the gastrocnemius muscle. It has
been reported that the length, volume and pennation angle
of the gastrocnemius muscle in children with CP are
decreased comparing with those of normal children(Fry
et al., 2004; Malaiya et al., 2007; Mohagheghi et al., 2008;
Moreau et al., 2009). In addition, these changes in the
gastrocnemius muscle are associated with the functional
impairment in ankle joint and are closely correlated with
the limited ROM and balance in children with CP(Neptun
et al., 2001).

Muscles such as the tibialis anterior, soleus, and
gastrocnemius muscle are related to the ankle ROM and
balance. The representative exercise including these
muscles is the sit-to- stand (STS) exercise. This exercise
is a very effective way of improving the balance and
functional activity of children with CP(Liao et al., 2007,
Scholtes et al., 2010).

However, the sit-to-stand exercise has some limitations.
First, it is limited to certain children: To perform the STS
exercise, children basically need to be able to stand against
gravity. Second, it is difficult for hemiplegic patients to
perform selective exercise. To compensate for these
problems, Lee et al.(2007) developed a sliding rehabilitation
machine (SRM) which can provide weight support during
closed-chain exercise for hemiplegic patients. It is reported
that the SRM can provide the strengths of weight support
and forced exercise simultaneously. In addition, training
using the SRM is very effective in patients with stroke
when it comes to improving muscle strength and balance
ability(Byun et al, 2011).

Previous studies on the effects of the SRM have been

limited to stroke patients(Byun et al., 2011). Therefore,

evidences on its effectiveness still need to be gathered in
relation to children with CP, especially focusing on the
ankle joint. Thus, the aim of this study was to investigate
the effect of training using the SRM in children with CP.
It is hoped that this work will present evidence on an

effective method of rehabilitation for this patient population.

I. SUBJECTS AND METHODS

1. Subjects

Children with CP who were outpatients at D clinic in
Daegu were randomly recruited for this study. The inclusion
criteria were as follows: 1) Gross Motor Function
Classification System(GMFCS) level I-1I; 2) age from
6 to 18 years; and 3) the ability to follow verbal instruction.
Children who had been treated with Botox or surgical
operation within 6 months were excluded. Informed consent
was obtained from children’s patients after all information
such as the purpose, method, advantages or inconvenience,
risk, and test schedule of the study were presented to them.
Ultimately, 11 children participated in this study(Table 1).

Table 1. General characteristics of subjects.

Subject Age Sex  GMFCS Type

1 15 Male 3 Quadriplegia
2 11 Male Rt. Hemiplegia
3 13 Female 2 Lt. Hemiplegia
11 Male 2 Lt. Hemiplegia
5 16 Male 2 Diplegia
6 18 Male 3 Diplegia
7 15 Male 3 Quadriplegia
8 14 Female 2 Lt. Hemiplegia
9 9 Male 3 Diplegia
10 18 Female 3 Quadriplegia
11 8 Male 2 Diplegia
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2. Methods

A sliding rehabilitation machine was used in this study.
This machine comprising patient-supporting carriage,
footplate, Velcro strap for safety, and rail system that can
help the patients to carry out the exercise by moving the
carriage up and down using the wheels on the rail system.
The wheels minimize frictional force, making the STS
exercise easier. Patients with difficulty achieving full
contact between the plate and the soles of the feet because
of the severe plantar contracture can also carry out the
exercise by controlling the inclination of the footplate to
broaden the contact surface. In addition, the level of
exercise can be changed according to the patients’ability
by adjusting the inclination of the supporting carriage.
During the exercise, a Velcro strap was used to fix the

patients’trunk and ankles for their safety(Fig 1).

Fig 1. sliding rehabilitation machine

All children who participated in this study trained with
the SRM for 30 minutes a day, twice a week, for 8 weeks
with concurrent conventional Bobath therapy. Every
training session was carried out under the supervision of
experienced physical therapist to prevent any accidents and
to help children carry out the correct exercise with the
proper posture.

Some tests for balance ability, such as the Gross Motor
Function Measurement (GMFM) and Pediatric Balance
Scale (PBS) were performed at the beginning and the end

of this study.

To compare the morphological changes in gastrocnemius
muscle measurements of the pennation angle and fascicle
length were taken using a sonograph(Accuvix V10,
Samsung Medicine, Korea) and the ROM of the ankle joint
was also measured to investigate the improvement in
mobility of this joint.

The participants were lying in a prone position with
knee and hip joint angles at 0°(full extension).
Ultrasonography was visualized in a continuous sagittal
plane ultrasound image while the ultrasound probe is moved
across the surface of an gastrocnemius muscle. The probe
was aligned to the middle of the muscle belly. Fascicle
length was calculated from the muscle thickness and
pennation angle. The gastrocnemius muscle thickness was
measured halfway along the lower leg. The gastrocnemius
muscle pennation angle was determined from the angle
of insertion of the fascicle into the deep aponeurosis.
Thickness and pennation angle were measured every
5°from 0°to 30°of ankle dorsiflexion. The fascicle length
was calculated from: fascicle length = muscle thickness/sin

0 (pennation angle) (Nakamura et al., 2011).

3. Data and statistical analysis

SPSS version 18.0 for windows was used for statistical
analysis. The Shapiro-Wilk test was used for the test of
normality. The paired t-test was used to compare before
and after training with the SRM and Wilcoxon’s signed
rank test for values not to meet normality were used. Results
were considered to be statistically significant if the P-value

was less than 0.05.

II. Result

The GMFM and PBS scores were significantly improved
after training using the SRM. Table 2 displays the

differences between pre- and post-testing in terms of the
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GMFM and PBS scores.

The ROM for dorsiflexion of the ankle joint was
significantly improved; the mean values of pennation angle
and fascicle length were also increased, but the difference
was not statistically significant. Table 3 shows the differences
between pre- and post-testing in ROM, pennation angle,

and fascicle length.

Table 2. Comparison of GMFM and PBS score between
pre-test and post-test

Pre Post
(Mean£SD) (Mean+SD) P
GMFM score 58.59+1.62 60.34+2.14 .01*
PBS score 37.22+1.39 39+1.24 .01

Mean+SD: Mean+Standard deviation
GMFM: Gross Motor Function Measurement
PBS: Pediatric Balance Scale

*p<.05

Table 3. Comparison of ROM of ankle dorsiflexion,
pennation angle, and fascicle length between
pre- and post-test

Pre Post
(Mean+SD) (Mean+SD)
ROM (degree) 12.83+6.49  16+5.36  .01™

-20  30.68+0.99 29.85+0.87 .02
27.45+1.51 26.76x1.32 .16

penation angle 10

(degree) 0  24.81+4.87 24.16£6.12 25
10 2231£1.70 21.77+1.34 32
20 204074 2.04+0.74 .83
fasicle length 10 222+0.88 2284085 .21
(cm) 0 243091 253095 .19
10 2.66:0.88 2.81£0.95 .03
*p<.05
**p<.01

V. Discussion

The present study was conducted to investigate the effect
of STS training with the SRM on the ankle joint and balance

in children with CP. It has been reported that STS exercise
has four characteristics, namely specialty, intensity,
frequency, and quantity; thus, it has a more profound effect
on gait and balance than other exercise(Rosen & Dickinson,
1992; Yeargin-Allsopp et al., 2008). However, STS
exercise has some disadvantages, such as a limitation in
terms of which children can carry it out, the impossibility
of selective exercise, vulnerability to falls, and other
secondary problems. In order to evaluate and revise these
disadvantages, Byun et al.(2011) reported that training with
the SRM led to a positive effect on gait and balance in
chronic hemiplegia patients after stroke.

In this study, the pennation angle of the gastrocnemius
was decreased and the fascicle length of the gastrocnemius
was increased, although not statistically significantly, in
children with CP after training using the SRM compared
to before the training. Barber et al.(2011) reported that
increased pennation angle and decreased fascicle length
of gastrocnemius were fairly related to abnormal
deformities of the ankle joint such as equinus, pes varus,
and pes planus, which hinder the mobility of dorsiflexion
(Huijing et al., 2013; You et al., 2009; Lee et al., 2011).
In addition, a study of children with CP reported that passive
stretching and active exercise improve mobility of the ankle
joint, and it was confirmed that there were significantly
decreased pennation angles and increased fascicle lengths
after exercise. As a result, the study reported that mobility
of the ankle joint was also effectively improved(Nakamura
et al., 2011). Moreover, one previous study explained that
decreased pennation angle of the gastrocnemius and
increased fascicle length suggest improved extendibility of
the gastrocnemius, resulting in increased dorsal mobility
of the ankle joint(Neptune RR et al., 2001). Some other
studies have also shown that the thickness of the muscle
belly, muscle volume, and fascicle length tend to increase
after active strength exercise(Wu et al., 2011; Toner et
al,, 1998; Riad et al., 2012; McNee et al., 2009). The present

study showed decreased pennation angle and increased
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fascicle length after training, but the differences were not
statistically significant. However, the results are considered
to have been affected by the limited number of subjects
and the fact that the intervention period was too focused
on one issue and too short to be comprehensive.

The present study showed that ROM of the ankle joint
increased after training, and the difference was statically
significant. A previous study reported that tibialis anterior
is most activated when STS exercise is performed. It was
found that this activation of the tibialis contributes to the
dorsiflexion of the ankle joint and stability of foot and
tibia; moreover, angular acceleration of trunk is improved
because the activation facilitates flexion of the hip
joint(Doorenbosch et al, 1994, Vander Linden et al, 1994).
Moreover, STS exercise effectively helps to increase
strength of the tibialis anterior, which improves the dorsal
torque of the ankle joint. As a result, it was reported that
strength training may effectively help patients who have
deformity like equinus or plantar flexion contracture,
thereby improving the mobility of the ankle joint.

The present study also showed that PBS scores, which
evaluate the balance ability of children with CP, and
GMFM scores were statistically significantly increased.
Spink et al.(2011) reported that strength and ROM in the
foot and ankle joint have considerably relevance to balance
ability and functional performance capability. It was
reported that passive stretching exercise in patients with
contracture deformity of the foot and ankle joint, such as
children with CP, can improve balance ability by increasing
the extendibility of the gastrocnemius(Nakamura et al,
2011). In another study, it was stated that increased ROM
of the ankle joint was exhibited and balance ability was
improved not only after passive stretching exercise, but
also training that included active functional exercise such
as stair-climbing and STS exercise(Wuebbenhorst &
Zschorlich, 2011). Furthermore, Byun et al.(2011) reported
that the balance ability of patients with hemiplegia was

increased significantly after training with the SRM.

Regarding this, Khemlani et al.(1999) additionally stated
that the enhancement of the patient’s ability to balance
was a result of how the tibialis anterior, soleus muscle,
and gastrocnemius and other muscles near the ankle joint
were activated by the STS exercises. The exercises
activated these muscles, stabilizing the knee joint(Khemlani
et al., 1999; Winter, 1980). In addition, it was shown that
the strength of the quadriceps femoris, as well as the ankle
joint, was greatly improved after strengthening exercises
like STS. Improving the strength of the quadriceps femoris
makes possible not only effective mobility and stability
of the pelvis, but also makes it easier for the subject to
move his or her center of gravity into the base of support
by activating the trunk muscle when sitting or standing.
This mechanism may result in an improvement in the
balancing abilities of children with CP, which is considered
to be important in helping them to perform daily tasks.

The present study has some limitations. First, due to
the small number of subjects, comparisons between groups
could not be made. Second, focusing on one characteristic
aspect of CP type restricted the results. Finally, the
intervention period was too short to obtain concrete
evidence. Due to these limitations in the experiment, it
is difficult to accurately generalize the effect of the SRM
to other cases. In conclusion, future studies must overcome
these limitations in order to produce more objective

evidence.

V. Conclusion

The findings of this study indicated that strength training
using an SRM increased the ROM of the ankle and the
balance function in children with CP. We also found that
the pennation angle of the gastrocnemius was decreased
and fascicle length of the gastrocnemius was increased in
children with CP after training using sliding rehabilitation

than before, but the differences were not statistically
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significant. These study data suggest that SRM training
may increase the ROM of the ankle and balance and can
be applied in the treatment of children with CP. Further
studies are needed that include greater numbers of
participants and more specific methodological procedures
to clarify the effects of SRM training on children with
CP.

References

Barber L, Hastings-Ison T, Baker R, et al. Medial gastrocnemius
muscle volume and fascicle length in children aged
2 to 5 years with cerebral palsy. Dev Med Child
Neurol. 2011;53(6):543-8.

Bax M, Goldstein M, Rosenbaum P, et al. Proposed definition
and classification of cerebral palsy, April 2005. Dev
Med Child Neurol. 2005;47(8):571-6.

Byun SD, Jung TD, Kim CH, et al. Effects of the sliding
rehabilitation machine on balance and gait in chronic
stroke patients - a controlled clinical trial. Clin Rehabil.
2011;25(5):408-15.

Doorenbosch CA, Harlaar J, Roebroeck ME, et al. Two strategies
of transferring from sit-to-stand; the activation of
monoarticular and biarticular muscles. J Biomech.
1994;27(11):1299-307.

Eek MN, Beckung E. Walking ability is related to muscle
strength in children with cerebral palsy. Gaitand
Posture. 2008;28(3):366-71

Fry NR, Gough M, Shortland AP. Three-dimensional realisation
of muscle morphology and architecture using
ultrasound. Gait Posture. 2004;20(2):177-82.

Gage JR, Novacheck TF. An update on the treatment of gait
problems in cerebral palsy. J Pediatr Orthop B.
2001;10(4):265-74.

Huijing PA, Bénard MR, Harlaar J, et al. Movement within
foot and ankle joint in children with spastic cerebral

palsy: a 3-dimensional ultrasound analysis of medial

gastrocnemius length with correction for effects of
foot deformation. BMC Musculoskelet Disord.
2013;14:365.

Khemlani MM, Carr JH, Crosbie WJ. Muscle synergies and
joint linkages in sit-to-stand under two initial foot
positions. Clin Biomech. 1999;14(4):236-46.

Lee YS, Byun SD, Kim CH, et al. Correlation between Maximal
Inclination of Sliding Rehabilitation Machine and
Gait Parameters. ] Korean Acad Rehabil Med.
2007;31(2):196-201.

Liao HF, Liu YC, Liu WY, et al. Effectiveness of loaded
sit-to-stand resistance exercise for children with mild
spastic diplegia: a randomized clinical trial. Arch
Phys Med Rehabil. 2007;88(1):25-31.

Malaiya R, McNee AE, Fry NR, et al. The morphology of
the medial gastrocnemius in typically developing
children and children with spastic hemiplegic cerebral
palsy. J Electromyogr Kinesiol. 2007;17(6):657-63.

McNee AE, Gough M, Morrissey MC, et al. Increases in muscle
volume after plantarflexor strength training in children
with spastic cerebral palsy. Dev Med Child Neurol.
2009;51(6):429-35.

Mecagni C, Smith JP, Roberts KE, et al. Balance and ankle
range of motion in community-dwelling women aged
64 to 87 years: a correlational study. Phys Ther.
2000;80(10):1004-11.

Menz HB, Morris ME, Lord SR. Foot and ankle characteristics
associated with impaired balance and functional ability
in older people. J Gerontol A Biol Sci Med Sci.
2005;60(12):1546-52.

Menz HB, Morris ME, Lord SR. Foot and ankle risk factors
for falls in older people: a prospective study. J Gerontol
A Biol Sci Med Sci. 2006;61(8):866-70.

Mohagheghi AA, Khan T, Meadows TH, et al. In vivo
gastrocnemius muscle fascicle length in children with
and without diplegic cerebral palsy. Dev Med Child
Neurol. 2008;50(1):44-50.

Moreau NG, Teefey SA, Damiano DL. In vivo muscle



The Effect of Functional Training Using a Sliding Rehabilitation Machine on the
Mobility of the Ankle Joint and Balance in Children with CP | 299

architecture and size of the rectus femoris and vastus
lateralis in children and adolescents with cerebral
palsy. Dev Med Child Neurol. 2009;51(10):800-6.

Nakamura M, Tkezoe T, Takeno Y, et al. Acute and Prolonged
effect of static stretching on the passive stiffness
of the human gastrocnemius muscle tendon unit in
vivo. J Orthop Res. 2011;29:1759-63.

Neptune RR, Kautz SA, Zajac FE. Contributions of individual
ankle plantar flexors to support, forward progression
and swing initiation during walking. J Biomech.
2001;34(11):1387-98.

Riad J, Modlesky CM, Gutierrez-Farewik EM, et al. Are muscle
volume differences related to concentric muscle work
during walking in spastic hemiplegic cerebral palsy?
Clin Orthop Relat Res. 2012;470(5):1278-85.

Rosen MG, Dickinson JC. The incidence of cerebral palsy.
Am J Obstet Gynecol. 1992;167(2):417-23.

Scholtes VA, Becher JG, Comuth A, et al. Effectiveness of
functional progressive resistance exercise strength
training on muscle strength and mobility in children
with cerebral palsy: a randomized controlled trial.
Dev Med Child Neurol. 2010;52(6):107-13.

Spink MJ, Fotoohabadi MR, Wee E, et al. Foot and ankle
strength, range of motion, posture, and deformity
are associated with balance and functional ability
in older adults. Arch Phys Med Rehabil. 2011;
92(1):68-75.

Toner L. V., Cook K., Elder G. C. Improved ankle function
in children with cerebral palsy after computer-assisted
motor learning. Dev Med Child Neurol. 1998,
40(12):829-35.

Vander Linden DW, Brunt D, McCulloch MU. Variant and
invariant characteristics of the sit-to-stand task in
healthy elderly adults. Arch Phys Med Rehabil.
1994;75(6):653-60.

Winter DA. Overall principle of lower limb support during
stance phase of gait. J Biomech. 1980;13(11):923-7.

Wu YN, Hwang M, Ren Y, et al. Combined passive stretching
and active movement rehabilitation of lower-limb
impairments in children with cerebral palsy using
a portable robot. Neurorehabil Neural Repair.
2011;25(4):378-85.

Wauebbenhorst K, Zschorlich V. Effects of muscular activation
patterns on the ankle joint stabilization: An
investigation under different Degrees of Freedom.
J Electromyogr Kinesiol. 2011;21(2):340-7.

Yeargin-Allsopp M, Van Naarden Braun K, Doernberg NS,
et al. Prevalence of cerebral palsy in 8-year-old
children in three areas of the United States in 2002:
a multisite collaboration. Pediatrics. 2008;121(3):547-54

You JY, Lee HM, Luo HJ, et al. Gastrocnemius tightness
on joint angle and work of lower extremity during
gait. Clin Biomech 2009;24(9):744-50.



