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Objective. To investigate quantitatively and objectively the effects of repeated muscle vibration (rMV) of triceps surae on the gait
pattern in a 5-year-old patient with Cerebral Palsy with equinus foot deformity due to calf spasticity. Methods. The patient was
assessed before and one month after the rMV treatment using Gait Analysis. Results. rMV had positive effects on the patient’s gait
pattern, as for spatio-temporal parameters (the stance duration and the step length increased their values after the treatment) and
kinematics. The pelvic tilt reduced its anteversion and the hip reduced the high flexion evidenced at baseline; the knee and the
ankle gained a more physiological pattern bilaterally. The Gillette Gait Index showed a significant reduction of its value bilaterally,
representing a global improvement of the child’s gait pattern. Conclusions. The rMV technique seems to be an effective option for
the gait pattern improvement in CP, which can be used also in very young patient. Significant improvements were displayed in
terms of kinematics at all lower limb joints, not only at the joint directly involved by the treatment (i.e., ankle and knee joints) but
also at proximal joints (i.e., pelvis and hip joint).

1. Introduction

Cerebral palsy (CP) is the most common cause of physical
disability in children, with a reported incidence of 2.0 ±
2.5 per 1000 live births. Children with CP may present
a variety of motor problems. Some are directly related
to the lesion in the central nervous system, influencing
muscle tone, balance, strength, and selectivity (primary
problems), whereas static muscle contractures and bony
deformities (secondary problems) develop slowly over time
in response to the primary problems and to growth [1]. In
particular diplegic form of cerebral palsy, characterized by
spastic, bilateral, neurological signs in four limbs, presents
major lower limb impairment with gait abnormalities [2].
Therapeutic management of children with CP is the focus of
considerable clinical resources in many countries, so that the

evaluation of the efficacy for new and established treatments
is imperative. The aims of management differ due to the
severity of the involvement, the distribution of the motor
problems, the maturation, and the needs for participation
in society. The most commonly employed interventions
are physiotherapy (including stretching, strengthening, and
motor training), use of orthoses, serial casting, electrical
stimulation, intramuscular injections of botulinum toxin
type A (BTX-A) or phenol, and orthopaedic surgery.

Recently, a study based on Transcranial Magnetic Stimu-
lation (TMS) demonstrated that a repeated muscle vibration
(rMV) intervention can modify primary motor cortex
(M1) plasticity, inducing an increase in short intracortical
inhibition (SICI) of the vibrated muscle and an inverse
pattern in its antagonist [3, 4]. Since an increase of SICI
parallels motor functional recovery after stroke [5], the
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study was extended to evaluate motor cortical reorganization
and clinical evolution after rMV in stroke patients [6, 7].
Marconi et al. [6] showed, by TMS, that rMV, combined with
physiotherapy, reduced the resting motor threshold of M1
areas and increased SICI, while an SICI decrease was reported
in the extensor muscles. These changes showed significant
correlations with parallel reduction in muscle tonus and
increase in motor function. rMV effects persisted, in all
the tested patients, without any decrease throughout all the
followup (2 weeks) after the end of rMV. Paoloni et al. [7]
demonstrated that segmental MV integrated with physical
therapy improved gait strategy in chronic stroke patients
with foot drop, maybe as consequence of effective brain
reorganization. Mechanisms underlying such effects are
discussed in previous studies [5–10].

Since rMV technique resulted to be safe and comfortable
in adults [5–11] and at the moment no studies were
conducted on children, the aim of this paper report is to
evidence quantitatively, throughout a longer period, possible
rMV benefits on the gait pattern in a child with CP with
equinus foot due to calf spasticity.

2. Methods

2.1. Patient Presentation. The patient was a male affected by
tetraplegic CP, bilateral, neurological signs in four limbs with
minimal functional involvement of upper limbs associated
with no mental retardations. He was born at the 31st week of
gestation; at birth 1 minute and 5 minute Apgar scores were
8. The birth weight was 1790 gr, and the length was 43 cm. He
has respiratory distress for which he was kept in an incubator
for 26 days after birth. The MRI showed a periventricular
leukomalacia.

At the moment of the intervention he was 5 years old
(weight: 21 kg, height: 102 cm). He was able to walk on toes
with a pattern of increasing hip and knee flexion for the
spasticity at the adductor muscles, flexor, and triceps surae;
no contractures were present on the lower limbs. He was
level II of the Gross Motor Function Classification System: he
walks without devices and is limited in walking outdoors and
in the community, with no ability to perform gross motor
skills.

No antispasticity drugs or restraint therapy had been
done in the previous six months, and he did not undergo
surgical treatment on the lower limbs. He did physiotherapy
five times a week.

Throughout all the experiment duration, no antispastic-
ity drugs were administered.

The study was approved by the Ethics Research Commit-
tee of the Institute.

His parents gave their informed consent to the child’s
participation in the study.

The gait pattern of the subject was compared to an aged
matched normality band composed of 20 healthy subjects
(Control Group: CG; age: 4.3–8.2 years; weight: 31.7 ±
8.4 Kg; height: 132.2± 8.5 cm). Selection criteria for nondis-
abled subjects included no prior history of cardiovascular,

neurological, or musculoskeletal disorders. They exhibited
normal motor and intellectual development.

2.2. Experimental Setup. The patient underwent the rMV
treatment and was examined with clinical assessment and
with gait analysis (GA) before (PRE session) and one month
after the treatment (POST session).

GA was conducted using a 12-camera optoelectronic sys-
tem (ELITE2002, BTS S.p.A., Milan, Italy) for the evaluation
of movement kinematics and a synchronic video system (BTS
S.p.A., Milan, Italy). After collection of the anthropometric
measures (height, weight, tibial length, distance between the
femoral condyles or diameter of the knee, distance between
the malleoli or diameter of the ankle, and distance between
the anterior iliac spines), passive markers were placed at
special points of reference, directly on the subject’s skin. The
passive markers were positioned as described by Davis et al.
[12], to acquire the movement of lower limbs and trunk, and
in particular at C7, sacrum and bilaterally at the ASIS, greater
trochanter, femoral epicondyle, femoral wand, tibial head,
tibial wand, lateral malleolus, lateral aspect of the foot at the
fifth metatarsal head, and at the heel (only for static offset
measurement). After marker location the patient was asked
to walk barefooted at his self-selected and convenient speed
along a 10-metre walkway. At least five trials were recorded
during each session in order to ensure consistency in the
assessment of trials. Using a low amplitude (0.3–0.5 mm peak
to peak), sinusoidal vibrations were administered at a fixed
frequency of 100 Hz with a commercial mechanical device
(Cro System, NEMOCO srl, Italy) over the triceps surae
muscles (TS) in the prone position (Figure 1). This device
has been previously described [5].

Vibration intervention was applied over 3 consecutive
days, one session a day consisting of 3× 10 min applications,
separated by 1-minute interval. During the rMV the child
was required to make a voluntary isometric contraction of
vibrated muscle, against the hand of the assessor, to obtain
about 30–50% of his plantarflexion. The clinical assessment
was performed by the measurement of the dynamic ankle
range of motion and passive range of motion in the supine
position with the knee flexed to 90◦ and fully extended as
assessed by the modified Tardieu Scale (MTS) [13]. The angle
of full passive range of motion was designated R1. The ankle
was dorsiflexed as fast as possible, and the catch angle at
which the stretch reflex started was designated R2.

For this measurement, the child laid supine with the
knee in full extension, and the subtalar joint stabilized. The
ankle joint was flexed as fast as possible, and the first catch
angle was measured by a manual goniometry. The degrees of
dorsiflexion from the joint’s neutral position were recorded
as a positive number and the degrees of plantarflexion as a
negative number. The results of the clinical assessment are
displayed in Table ??.

2.3. Data Analysis. Some parameters were identified and
calculated from kinematic data: spatiotemporal parameters
and joint-angles values at specific instants of the gait cycle
and range of motions (ROMs), calculated as difference
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Figure 1: Picture representing the child during the treatment and
the site of intervention.

between maximum and minimum values of a specific angle
plot. In addition, in order to quantify globally the gait pattern
of the subject, the Gillette Gait Index (GGI) or Normalcy
Index (NI) [14, 15] was computed from GA data for each
session.

2.4. Statistical Analysis. All the previously defined parame-
ters were computed for all trials of the patient, and then
the mean values and standard deviations of all indexes were
calculated for the patient in each session and for the CG.
Data of the first (PRE) and the second (POST) session
were compared with the Wilcoxon tests, in order to detect
significant changes in patient’s gait pattern. The patient’s and
the controls’ data were compared with Mann-Whitney U
tests. Null hypotheses were rejected when probabilities were
below 0.05.

3. Results

3.1. Clinical Evaluation (Table ??). In PRE session the child
was characterised by low ROM values of ankle passive dorsi-
plantarflexion and of Tardieu test; the right side displayed
less physiological values than the left one. One month later,
in POST session, some improvements appeared mainly at
the right side which gained higher joint excursion and more
symmetric condition.

3.2. Gait Analysis (Table 1). As concerns spatiotemporal
parameters, before intervention the child walked with a lower
velocity of progression, longer stance time, in particular on
the right side, and reduced anterior step length, if compared
to normal values: this condition was likely due to the
search for better stability and equilibrium during gait. In the
POST session these parameters, although far from normality,
improved in terms of duration of right % stance, reducing
the asymmetry present in the PRE session, and in terms of
the bilateral anterior step length.

Statistically significant improvements were observed in
the main joints kinematics. The pelvic tilts, which were
characterised by an anterior position on the sagittal plane
(Mean value index) and the presence of a double bump
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Figure 2: Comparison of GGI index (mean and standard deviation)
for the subject (right and left side mean values with standard
deviation) in the PRE and POST sessions; in grey the normative
range is represented. ∗P < .05, PRE versus POST.

with a higher range of motion (ROM index), reduced
the anteversion, getting closer to the control group values.
However, the pelvic path maintained the double bump, and
the range of motion (ROM index) remained unchanged.

As concerns the hip joint, before treatment it appeared
flexed during the whole gait cycle, especially on the right side;
it displayed an excessive right flexion at initial contact (IC
index) and reduced bilateral extension ability in midstance
(min in St); the maximum values in swing (Max Sw index)
were higher than normal in both limbs. In POST session
the IC and min St indices decreased at both limbs, and
particularly on the right side. The maximum value in the
swing phase (Max Sw index) improved bilaterally, even
though the hyperflexion remained.

The knee joint in PRE session was characterised by high
flexion during the stance (IC and min St indices) and swing
(Max Sw index) phases for the right limb, while the left
knee was characterised by hyperextension during the stance
phase and a reduced flexion ability in swing phase, showing
a limited range of motion (ROM index). The intervention
lead to bilateral positive effects: the right side reduced its high
flexion in the stance phase (IC and min St indices), while
the left one reached more physiological values at the initial
contact and in swing phase (Max Sw index). On the left side
the tendency to hyperextension persisted with an extension
value (min St index) far from normality. The knee range of
motion improved bilaterally. The effects of the treatment on
ankle joints was a significant reduction of the plantarflexion
on the left side during the whole gait cycle; on the right side, a
better dorsiflexion ability in the swing phase (Max Sw index)
was displayed.

In terms of ankle joint, both feet were plantarflexed
during the whole duration of the gait cycle (IC, Max St, min
St, and Max Sw indices) with a more severe equinus foot at
the left limb. The range of motion (ROM index) was higher
than normality on the right side and limited on the left one.
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Table 1: Mean (standard deviation) values of the spatiotemporal and kinematic parameters for the child in the PRE and POST sessions and
for the control group (CG).

PRE POST CG

Right Left Right Left

Spatiotemporal parameters

Velocity (m/s) 0.2 (0.2) 0.3 (0.1) 1.2 (0.2)

Stance (%) 78.0 (1.2) 69.0 (2.0) 71.3 (2.1)∗ 72.3 (1.2) 59.5 (1.5)

Step length (mm) 181.0 (9.8) 189.0 (3.9) 303.3 (4.0)∗ 206.7 (3.5)∗ 546.2 (42.4)

Pelvic tilt (◦)

Mean value 28.1 (2.3) 29.7 (1.3) 17.2 (1.3)∗ 17.1 (2.3)∗ 8.8 (4.3)

ROM 12.8 (1.6) 11.8 (1.9) 12.8 (1.9) 11.0 (1.6) 1.6 (3.6)

Hip flex-extension (◦)

IC 48.8 (2.3) 30.4 (1.5) 39.3 (5.1)∗ 38.5 (5.2) 27.2 (7.5)

Min St 18.1 (2.5) 8.7 (1.9) 1.2 (2.7)∗ −9.3 (2.7)∗ −12.9 (7.6)

Max Sw 64.1 (1.4) 46.8 (2.3) 48.1 (0.7)∗ 61.4 (1.8)∗ 32.4 (7.1)

Knee flex-extension (◦)

IC 39.9 (2.4) −5.1 (1.7) 29.4 (5.0)∗ 20.4 (6.1)∗ 6.7 (5.5)

Min St 13.8 (2.8) −14.7 (2.4) 9.3 (4.8)∗ −9.9 (2.1) 0.1 (3.8)

Max Sw 67.7 (3.6) 20.0 (2.6) 69.2 (4.5) 51.3 (1.7)∗ 56.3 (6.3)

ROM 53.9 (3.5) 34.6 (2.7) 61.3 (3.7)∗ 60.9 (3.0)∗ 55.8 (4.7)

Ankle dorsi-plantarflexion (◦)

IC −1.2 (2.6) −28.1 (2.8) −0.6 (2.0) 1.9 (3.7)∗ 1.8 (5.8)

Max St 3.4 (3.8) −28.1 (2.5) 5.6 (6.0) 4.9 (3.7)∗ 12.2 (5.5)

Max Sw −10.6 (2.9) −10.0 (2.1) 4.8 (3.1)∗ 2.4 (3.9)∗ 5.8 (6.5)

Min St −34.7 (1.8) −37.8 (3.2) −32.4 (1.9) −20.8 (3.1)∗ −12.8 (5.9)

ROM St 38.1 (4.1) 8.8 (2.9) 38.1 (0.7) 25.3 (2.6)∗ 23.4 (4.8)
∗P < .05, PRE versus POST.
IC: initial Contact; Max: maximum value; min: minimum value; St: stance phase; Sw: swing phase; ROM: range of motion.

The GGI data (Figure 2) showed that in PRE session both
sides were characterised by high values of this parameter,
highlighting a severe global gait limitation (right: 315.4 ±
21.8; left: 230.4 ± 13.6; CG: 16.4 ± 9.8); one month after
the treatment a significant reduction appeared bilaterally,
although without reaching a physiological value (right: 133.8
± 8.8; left: 131.9 ± 4.1; P < .05).

4. Discussion

The present research shows that a treatment based on short-
term vibratory applications on calf muscle can induce a 1-
month effect on the gait pattern of a very young child affected
by CP.

In our case study the evaluation of the rMV effectiveness
on the gait patterns of a 5-year-old child with tetraplegia
secondary to CP has been documented and quantified
through the comparison of the child’s gait before (PRE
session) and one month after (POST session) the treatment.

The examination of the PRE session data showed a severe
alteration of the gait pattern bilaterally, both at proximal
and distal joints. The child walked very slowly, with long
stance duration and short step length. The pelvis was in an
anterior position on the sagittal plane with high excursion
during the gait cycle; the hip joint was shifted towards
flexion, particularly for the right limb. The knee showed
a strong asymmetric strategy: while the right side was
characterised by a high flexion during the gait cycle, the left
side displayed a hyperextended pattern in midstance. Both
ankles were plantarflexed, and the left side showed a less
physiological position than the other limb. The GGI mean
values confirmed the global alteration of gait pattern for both
sides.

One month after the rMV therapy performed on the calf
muscles (POST session) our data demonstrated a significant
improvement in terms of spatiotemporal parameters and
kinematics. Although far from normality, the duration of
stance phase and step length improved, displaying a more
symmetric gait pattern. The ankle improved mainly on the
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left side, approaching normality. At the proximal joints, the
pelvic tilt and the hip pattern also improved, reasonably
because of an increased ankle control. In particular the hip
joint reduced its excessive flexion at the initial contact on
the right side, and better extension ability in midstance was
reached bilaterally.

The strong asymmetry between the right and the left
knees was reduced: while the left limb improved, maintaining
the tendency to hyperextension in midstance, the right side
reduced its excessive flexion during stance. As a result, the
knee paths gained a quite physiological pattern.

Global improvements were confirmed by the GGI index,
which reduced significantly its values bilaterally, showing a
more physiological gait strategy.

In conclusion, this paper demonstrated quantitatively
and objectively the positive effects of the rMV application on
gait pattern in a child with CP. In particular, GA showed that
the effectiveness appeared on all lower limbs joints, not only
at the joints directly involved in the treatment (i.e., ankle and
knee joints) but also at the proximal joints (i.e., pelvis and
hip joint).

In particular the main improvement was noted at the
left side which was characterised by the most severe equinus
foot; as the treatment was applied with the same procedure
and vibratory parameters, our results may demonstrate that
the improvements appeared to be wider in presence of the
highest degree of functional limitation.

The study has some limitations. Only one single case is
reported, and this resulted in limited strength of the clinical
and statistical findings. However, this paper represents the
first attempt of rMV application in a child. Over the last
few years, rMV procedure has received increasing scientific
attention as a promising rehabilitation technique for adult
chronic stroke [4, 7], although it has emerged only recently
as a treatment approach for children. To our knowledge no
quantitative evidences of its effects are present in children.
At the moment the application of rMV on TS muscles for
the reduction of equinus foot deformity in a patient with
CP appeared to be effective, and its persistence may be
longer than 2 weeks. rMV might be an important tool as
a complementary/nonpharmacological therapy to promote
prolonged neural plasticity and motor recovery also in
children CP. In addition, not secondary, no muscle fatigue,
pain or other side effects were observed during and after the
treatment.

Then only a muscles group, the TS, has been treated
in this case report, being ankle dorsi-plantarflexion the
most relevant deficit; obviously further researches may be
conducted considering more muscle groups in patients with
more complex functional limitation, where more than one
muscle should be treated.
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