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ABSTRACT
Children with spastic cerebral palsy experience difficulty with ambulation. Structural changes in
muscle and fascia may play a role in abnormal gait. Myofascial Structural Integration (Rolfing)
is a manual therapy that manipulates muscle and soft tissues to loosen fascia layers, reposition
muscles, and facilitate alignment. Purpose: To document (1) gait characteristics of two children
with cerebral palsy and (2) effects of Myofascial Structural Integration on their gait. Methods:
Children received 3 months of weekly therapy sessions by an experienced practitioner. Gait
parameters were recorded at baseline and after treatment using an electronic walkway. Results:
Children with cerebral palsy demonstrated abnormal velocity and cadence, decreased step length
and single support times, and increased double support time. After treatment, both children
demonstrated improvement for 3 months in cadence and double support time. Conclusion: The
objective gait analyses demonstrated temporary improvements after Myofascial Structural
Integration in children with spastic cerebral palsy.
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Cerebral palsy is a disorder of movement, tone, and posture. Children with cerebral palsy who
are able to ambulate often show unsteadiness and clumsiness. The primary cause of cerebral
palsy is a neurological injury to the developing brain. However, recent research findings have
shown that the effects observed in cerebral palsy cannot be solely explained by neural changes.
Secondary structural changes in the muscle and extracellular matrix tissue, or fascia, contribute
to the increased muscle tone and stiffness.'” Treatments targeting muscle structure and soft
tissue organization, such as stretching and massage, may be beneficial in improving gait and
motor function in children with cerebral palsy. The efficacy of these methods, however, has not

been widely studied.

Myofascial Structural Integration or Rolfing is a specific manipulative technique developed by
Ida P. Rolf, PhD, and classified as a complementary practice.” A structured 10-session protocol
focuses on a different anatomical area in each session to treat the entire body. Therapists use
manual pressure on muscles and extracellular matrix to loosen and reposition the muscles and
fascia. This pressure serves to restore, to the extent possible, the natural structural alignment of

the bones and muscles.

The results of a recent pilot study of Myofascial Structural Integration for children with cerebral
palsy showed that the treatment led to overall positive change in gross motor abilities as
measured by the Gross Motor Function Measure.’ Parents observed that several children had
improved gait patterns after treatment. A previous study of Rolfing in participants 10 to 42 years
of age found that participants with mild cerebral palsy showed gains in velocity, stride length,

and cadence, and that those with moderate cerebral palsy made gains in velocity.’



Gait characteristics can be assessed objectively and accurately using a portable electronic gait
analysis system. The GAITRite® system is a walkway that records various spatial-temporal gait
parameters. It has been primarily used to assess older patients. Its ease of operation makes it
suitable for use with children. Several recent studies have documented the reliability of the

measures in children.”®

This exploratory case series answers the following questions: (1) Which gait parameters differed
between children with mild cerebral palsy and norms in the literature for measures from the
GAITRite® system? (2) How did gait change after Myofascial Structural Integration treatment in
two children with spastic cerebral palsy? The findings would be useful for generating

hypotheses about gait change after this or other interventions.

CASE SUMMARIES
Subject A was a 7-year-old male with right hemiplegic cerebral palsy; Subject B was a 6-year-
old male with diplegic cerebral palsy. Both were ambulatory and classified as level II on the
Gross Motor Function Classification System. Parents gave informed consent prior to their child’s

participation. All procedures were approved by the Stanford Institutional Review Board.

The children underwent a full course of Myofascial Structural Integration therapy (10 75-minutes
sessions) over a 3-month period. The same practitioner, a certified therapist with 35 years of

experience and special expertise in children, treated both subjects. During the intervention, the



children continued to receive physical and occupational therapies and medications but did not

add any additional therapies.

The children were assessed before treatment, after treatment, and 3 and 6 months after treatment.
The assessment used the GAITRite® system, a 14-foot long carpeted electronic walkway with
embedded sensors that allow accurate measurement of the location and pressure of individual
steps. Participants walked the length of the mat barefoot until they completed at least four walks
along the full length of the carpet with a self-paced, relatively consistent, and natural walking
speed. We analyzed walks that continued in one direction with consistent velocity and had at
least 4 footfalls completely within the sensor area. At each assessment, at least six walks met

these criteria and were combined for data analysis.

Multiple measures were exported from the GAITRite® software. We considered several
outcome parameters: mean velocity, cadence, step length left and right, stride length, single
support time left and right (percentage (%) of gait cycle bearing weight on one limb), and double
support time (% of gait cycle bearing weight on two limbs). An additional measure of step length
symmetry was calculated as the difference between right and left step length divided by the total
stride length. Velocity, cadence, stride length, step length, single support and double support

have been shown to be reliable measures in children.”!!

To establish whether our methods would result in similar findings as those in the literature, we
followed the same protocol with two typically developing children, aged 6 and 7 years, who had

no motor impairments. The mean spatial and temporal gait characteristics of their walks were



compared to published norms for children 4 to 8 years of age.® All measures of these controls fell
within the standard deviation of the published norms for their age, increasing confidence in our

methodology.

The baseline spatial and temporal gait characteristics of each child with cerebral palsy were
compared to the same published norms® to establish which parameters differed significantly from
those of 4- to 8-year-old children with no motor disability. The mean values from the pre-
treatment walks were compared to the normative values® using a t-test to determine if differences

between each subject’s data and the normative data reached statistical significance.

Table 1 shows the gait parameters of each child with cerebral palsy in relation to published
norms. Compared to normative data, Subject A showed lower velocity and cadence. He also
showed significant, shorter step length on the right and stride length, decreased single support on
the right and double support, and significant asymmetry of step length. Compared to normative
data, Subject B showed higher velocity and cadence that did not reach statistical significance. He

also demonstrated decreased single support on the left and right, and increased double support.

To establish whether subjects experienced a significant change in gait parameters as measured in
the after-treatment phase, we plotted cadence and double support as a function of session in
relation to treatment (Figure 1). Visual analysis of trend lines revealed that the children showed
movement toward the normative values immediately after treatment and 3 months after treatment
with a return toward baseline 6 months after treatment. Figure 1a shows the changes in cadence

for the two children from baseline through 6 months after-treatment in relation to the normal



cadence for this age range. Figure 1b shows changes in double support time over the same

period.

DISCUSSION
Children with cerebral palsy commonly have difficulty with ambulation secondary to weakness
and spasticity in their lower limbs. In this study, using the portable, electronic gait analysis
system, we demonstrated abnormalities in the spatial and temporal characteristics of gait in two
children with cerebral palsy. We were able to document modest improvements in gait

immediately after Myofascial Structural Integration treatment and for 3 additional months using

the GAITRite® system.

At baseline, both children with cerebral palsy demonstrated decreased single support times in
one or both legs and correspondingly longer double support time than seen in typically
developing children of the same age. Decreased single support and increased time in double limb
support represent a compensation for poor balance and motor control in children with cerebral
palsy. Not surprisingly, the child with hemiplegia also showed asymmetry in step length. In
addition, Subject A showed statistically significant lower velocity and cadence while Subject B
showed higher velocity that did not reach statistical significance. Lower velocity in Subject A
likely indicates increased effort and energy expenditure in walk. The higher velocity observed in
Subject B appeared to be his compensation for a general lack of control in walking. By speeding

up, he managed to dart across the mat without stumbling or falling.



After Myofascial Structural Integration treatment, we saw improvements in both subjects, Both
children showed changes post-treatment in mean cadence that moved in the direction of the
normative levels. Subject A showed increased cadence whereas Subject B showed decreased
cadence. Subject A also showed increased step length on the affected side, resulting in increased
stride length. Visual inspection of the data also found decreased double support time after
treatment. Visual evaluation of the gait measures over time suggested that improvements
persisted through 3 months after treatment and then began to return to baseline. This finding
suggests that Myofascial Structural Integration may have a direct but transient effect on the

muscles, similar to other treatments for cerebral palsy, such as botulinum toxin A.'>"

This study was a small case series. It needs to be replicated in a larger sample. The limited
experience with the GAITRite® system in children with cerebral palsy complicates
interpretations of the data. In this study we found very different baseline velocities in the two
children with cerebral palsy. We think that the increased velocity in Subject B was not a positive
sign but rather a compensation for his poor control in walking. Additional studies of children
with cerebral palsy on the GaitRite® electronic walkway system may help clarify the

interpretation of the various temporal and spatial characteristics of gait in children with cerebral

palsy.

CONCLUSION
This study adds evidence that Myofascial Structural Integration, a specific manipulative and
movement-based complementary practice, used as a complementary treatment in the

comprehensive management of young children with cerebral palsy, may lead to modest,



temporary changes in gait. Following two children with diagnoses of spastic cerebral palsy, we
were able to document improvements in gait using an objective gait measurement tool, the
GAITRite® system. In an ongoing study of Myofascial Structural Integration for young children
with cerebral palsy, we will increase the sample size and the number of walks gathered at each
stage of the study to replicate and expand these findings. We will also consider the mechanisms

by which manipulative techniques may improve gait in cerebral palsy.



ACKNOLWEDGEMENTS
All data were collected at Stanford University and the treatment sessions were completed at the
private studio of Karen Price in Palo Alto, CA. We thank Lynne C. Huffman, MD, Irene M Loe,
MD, and John Tamaresis PhD for assistance with statistical analyses and for comments or earlier
versions of the manuscript. We thank Jessica Rose, PhD, for the use of the GAITRite®

Electronic Walkway System and the children and their families for participation.

AUTHOR CONTRIBUTIONS
Alexis B. Hansen, MD participated in the design of the study; acquisition, analysis, and
interpretation of data; and drafted the manuscript.
Karen S. Price BA, CAR participated in acquisition of data, participated in the analysis of data,
and critically reviewed the manuscript.
Elizabeth C. Loi, BA participated in acquisition of data, participated in the analysis and
interpretation of the data, and critically reviewed the manuscript.
Christina A. Buysse, MD participated in the analysis and interpretation of the data and critically
reviewed the manuscript.
Theresa M. Jaramillo, DPT acquired, participated in the analysis and interpretation of the data
and critically reviewed the manuscript.
Elaine L. Pico, MD participated in the interpretation of the data, critically reviewed the
manuscript, and provided technical support.
Heidi M. Feldman MD, PhD conceived of the design of the study, drafted and reviewed the

manuscript, obtained funding, and offered administrative and material support.

10



STATEMENT OF CONFLICT ON INTEREST
We certify that no party having a direct interest in the results of the research supporting this
article has or will confer a benefit on us or on any organization with which we are associated.
(Alexis B. Hansen, MD, Karen S. Price BA, CAR, Elizabeth C. Loi, BA, Christina A. Buysse,

MD, Theresa M. Jaramillo, DPT, Elaine L. Pico, MD, Heidi M. Feldman MD, PhD)

FUNDING
Financial support was provided by a research grant from the Gerber Foundation 11PH-010-1210-
2936, the Maternal Child Health Bureau Grant T-77MC090796, and NIH Clinical and

Translational Science Award (CTSA) UL1 TR001085.

ETHICAL APPROVAL

All procedures were approved by the Stanford Institutional Review Board. Parents provided

written informed consent.

11



References
1. Lieber RL, Steinman S, Barash IA, et al. Structural and functional changes in spastic
skeletal muscle. Muscle Nerve 2004;29:615-27.
2. Lieber RL, Runesson E, Einarsson F, et al. Inferior mechanical properties of spastic
muscle bundles due to hypertrophic but compromised extracellular matrix material. Muscle
Nerve 2003;28:464-71.
3. Foran JR, Steinman S, Barash I, Chambers HG, Lieber RL. Structural and mechanical
alterations in spastic skeletal muscle. Dev Med Child Neurol 2005;47:713-7.
4. Rolf I. Rolfing: The Integration of Human Structures. . Santa Monica, CA Dennis-
Landman Publishers; 1977.
5. Hansen AB, Price KS, Feldman HM. Myofascial Structural Integration: A Promising
Complementary Therapy for Young Children With Spastic Cerebral Palsy. J Evid Based
Complementary Altern Med 2012;17:131-5.
6. Perry J, Jones MH, Thomas L. Functional evaluation of Rolfing in cerebral palsy. Dev
Med Child Neurol 1981;23:717-29.
7. Dusing SC, Thorpe DE. A normative sample of temporal and spatial gait parameters in
children using the GAITRIite electronic walkway. Gait Posture 2007;25:135-9.
8. Thorpe DE, Dusing SC, Moore CG. Repeatability of temporospatial gait measures in
children using the GAITRite electronic walkway. Arch Phys Med Rehabil 2005;86:2342-6.
9. Sorsdahl AB, Moe-Nilssen R, Strand LI. Test-retest reliability of spatial and temporal
gait parameters in children with cerebral palsy as measured by an electronic walkway. Gait

Posture 2008;27:43-50.

12



10.  van Uden CJ, Besser MP. Test-retest reliability of temporal and spatial gait
characteristics measured with an instrumented walkway system (GAITRite). BMC Musculoskelet
Disord 2004;5:13.

11. Menz HB, Latt MD, Tiedemann A, Mun San Kwan M, Lord SR. Reliability of the
GAITRite walkway system for the quantification of temporo-spatial parameters of gait in young
and older people. Gait Posture 2004;20:20-5.

12. Kirschner J, Berweck S, Mall V, Korinthenberg R, Heinen F. Botulinum toxin treatment
in cerebral palsy: evidence for a new treatment option. J Neurol 2001;248 Suppl 1:28-30.

13. Satila H, Pietikainen T, lisalo T, et al. Botulinum toxin type A injections into the calf
muscles for treatment of spastic equinus in cerebral palsy: a randomized trial comparing single

and multiple injection sites. Am J Phys Med Rehab 2008;87:386-94.

Supplier:

GAITRite® Portable Walkway; CIR Systems Inc / GAITRIite, 376 Lafayette Rd, Ste 202, Sparta,

NJ 07871

13



FIGURE LEGENDS
Figure 1: Gait characteristics in a child with hemiplegic cerebral palsy (A) and a child with
diplegic cerebral palsy (B) compared to normative values for children aged 4 to 8 years old with
no disability at baseline and 3 time points after treatment. Figure 1a shows changes in mean
cadence in steps/minute . Figure 1b shows changes in mean double support time as a percentage

of the gait cycle.
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Table 1: Baseline spatial and temporal gait characteristics in one child with hemiplegic cerebral

palsy (Subject A) and one child with diplegic cerebral palsy (Subject B) compared to normative

values for children aged 4 to 8§ years old with no disability

Normative Subject A Subject B

Values (n = 6 walks) (n = 6 walks)
Velocity in cm/second 128.1 (19.4) 97.5 (17.8)** 137.3 (20.0)
Cadence in steps/minute 154.3 (17.9) 131.4 (14.8)* 162.7 (13.4)
Step Length Left in cm 50.0 (5.5) 48.4 (2.3) 50.5(5.2)
Step Length Right in cm 50.0 (5.5) 40.7 (4.1)** 50.5(5.2)
Stride Length cm 99.8 (10.9) 89.6 (5.9)** 101.9 (9.8)
Step Length Symmetry 0.0 (0.0) 8.7 (2.9)*** 2.4 (1.5)*
Single Support Left % Gait Cycle  42.1 (1.3) 43.2 (2.0) 38.3 (1.4)**
Single Support Right % Gait Cycle 42.0 (1.2) 35.4 (2.0)*** 37.0 (3.0)**
Double Support 16.0 (2.3) 23.4 (1.8)%** 24.2 (3.9)**

Normative values from Thorpe DE, Dusing SC, Moore CG, Repeatability of Temporospatial Gait Measures

in Children Using the GAITRite Electronic Walkway Arch Phys Med Rehabil 86, 2342-2346 (2005)

*p<.05, **p<.01, *** p<.001
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