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ARTICLE INFO ABSTRACT

Article history: Background: Continuous passive motion device (CPM) provides repetitive movement over
Received 21 December 2020 extended periods of time for those who have low functional ability. The purpose of this
Accepted 23 July 2021 research was to evaluate the effects of a four-week program of continuous passive motion
Available online 29 July 2021 of the ankle joint on the changes in soleus hypertonia in individuals with cerebral palsy

who suffered from life-long hypertonia.

Keywords: Methods: A single group, repeated-measures study was conducted. Eight individuals (7 males
Continuous passive motion and 1 female with a mean age of 21.8 + 8.5 years) with spastic cerebral palsy underwent
Soleus hypertonia bilateral ankle CPM for 1 h a day, 5 days a week, for 4 weeks. The outcome measures included
Cerebral palsy the Modified Ashworth Scale (MAS) score, passive range of motion (PROM) of the ankle, the

ratio of maximum H reflex to maximum soleus M-response (H/M ratio), and post-activation
depression (PAD). All outcomes were measured before and after the intervention. A paired t-
test was used to examine treatment effects pre-versus post-intervention.

Results: Paired t-tests showed that the CPM program significantly decreased the MAS score
(p = 0.006), decreased the maximum H/M ratio (p=0.001), improved PAD (p = 0.003,
p = 0.040, and p = 0.032 at 0.2 Hz, 1 Hz, and 2 Hz, respectively), and increased the passive
ankle range of motion (p = 0.049).
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Conclusion: Ankle CPM not only reduced soleus hypertonia but also improved the PROM in
individuals with cerebral palsy. The results of this study show ankle CPM to be an effective
intervention for individuals with cerebral palsy.

At a glance commentary
Scientific background on the subject

Improving ankle spasticity is a fundamental goal for in-
dividual with spastic cerebral palsy. Continuous passive
motion devices provide repetitive training with less
manpower for cyclic stretching. Nevertheless, there is no
clear consensus on using the Modified Ashworth Scale
and neurophysiological methods to determine the
effectiveness of ankle continuous passive motion in in-
dividuals with spastic cerebral palsy.

What this study adds to the field

Ankle continuous passive motion device is a safe and
effective intervention to reduce soleus hypertonia and
increase the passive range of motion for individuals with
cerebral palsy. It may employ before gait training to
improve ankle joint performance in individuals with
moderate or severe ankle spasticity.

Spasticity occurs in 70—80 % of individuals with cerebral
palsy (CP) [1-3]. Ankle spasticity is one of the most common
movement disorders in CP [4,5]. A spastic hypertonic ankle
can adversely restrict the mobility and impair the indepen-
dence of CP patients [6,7]. The muscle tone in ankle plan-
tarflexors, as measured with the Modified Ashworth Scale
(MAS), increases up to 4 years of age and decreases until 12
years of age; the spasticity level of CP then becomes stable
with no significant change after age of 12 [1]. Although in-
dividuals with CP suffer from life-long spasticity, they are
usually not offered sufficient opportunities for therapy due
to high labor demands placed on therapists and limited
benefits derived from current therapeutic strategies [8].
Therefore, it would be challenging and interesting to study
novel interventions for improving hypertonia in individuals
with spastic CP over 12 years of age.

Traditionally, slow and continuous stretching is used to
prevent contracture and decreases spasticity resulting from
CP [6]. Passive stretching places high demands on manpower
and has a relatively short duration. Recently, continuous
passive motion devices (CPM) have been proposed to address
these barriers to therapy and to provide repetitive training
with less effort [9]. CPM is usually applied by platform-based
devices for cyclic stretching. CPM was first developed to in-
crease passive ankle joint range of motion, ameliorate ankle
stiffness, and increase the comfortable walking speed of
neurologically impaired patients [10,11]. To ensure safe and
effective gait training, a platform-based ankle CPM is usually
employed before a wearable ankle robot to improve ankle joint
performance before gait training in individuals with moderate
or severe ankle spasticity [11]. CPM has demonstrated the

potential to reduce spasticity for individuals with CP. The
application of repetitive passive knee movement reduced
lower extremity spastic hypertonia in children with CP and
improved their ambulatory function [12]. Ankle CPM com-
bined with active movement training significantly improved
both active and passive range of motion (PROM) of ankle
dorsiflexion, strength of ankle dorsiflexors, and functional
activity in terms of balance maintenance and longer walking
distance in children with CP [13]. However, knowledge of its
effectiveness is still limited for older individuals with CP. The
present study used the MAS and neurophysiological methods
to determine the effectiveness of CPM in individuals with
spastic CP.

Previous studies showed that the ratio of the maximum
Hoffman reflex (H-reflex) to the maximal motor response of the
soleus muscle (H/M ratio) in individuals with hypertonia was
high [14,15]. Therefore, these neurophysiological measure-
ments will complement the MAS in providing a complete pic-
ture of the hypertonia of individuals with spastic CP. The soleus
H-reflex is increased in a spastic leg while the muscle response
(M-wave) is stable. Therefore, a reduction in the H/M ratio in
the spastic lower limb of individuals with CP can be interpreted
as a reduction in spasticity [16]. Moreover, the severity of
spasticity in adults with spastic CP was highly correlated to the
diminished post-activation depression (PAD) of the H-reflex [4].
The purpose of this study was to investigate the effects of a
CPM program on the changes in soleus hypertonia in in-
dividuals with CP. The hypothesis was that after 4 weeks of a
CPM regimen, individuals with spastic CP would show im-
provements in their MAS score, the maximum H/M ratio, the
PAD of H-reflex, and their ankle PROM.

Methods
Participants

Eight individuals with spastic CP (7 males; 1 female) with a
mean age of 21.8 years (SD = 8.5), diagnosed with spastic
diplegia or spastic quadriplegia or hemiplegia, were recruited
from the community for this study [Table 1]. Only three of the
participants walked independently without aids (Gross Motor
Function Classification System Level I) [17]. The inclusion
criteria were a clinical diagnosis of spastic CP, age 16—50 years,
an MAS score of ankle plantar flexors greater than 0, ankle
PROM greater than 10°, and stable medical conditions. None of
the participants were on antispasticity medications during the
period of the study. Participants were excluded if they had
other neuromuscular disorders, severe ankle contracture (<10°
PROM), a history of rhizotomy, fracture in the lower extrem-
ities, or recent (<6 months) Botox injections. The study protocol
was approved by the Institutional Review Board of the Chang
Gung Medical Foundation in accordance with the Helsinki
Declaration before enrollment of the first participant.
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Table 1 Clinical features of the participants (n = 8).

Participant Gender Age Classification Ambulation GMEFCS level

1 M 42 Spastic diplegia A I

2 M 22 Spastic diplegia A I

3 M 19 Spastic diplegia NA v

4 M 22 Hemiplegia A I

5 M 16 Spastic quadriplegia NA v

6 M 18 Spastic quadriplegia NA v

7 M 17 Spastic quadriplegia NA v

8 F 18 Spastic quadriplegia NA v

Mean/ratio M:F 21.8 +85 Spastic diplegia : Hemiplegia : Spastic quadriplegia A :NA [:IV:V
7:1 3:1:4 3:5 3:4:5

Abbreviations: M: male; F: female; MAS: Modified Ashworth Scale; A: ambulant subject; NA: non-ambulant subject; GMFCS: Gross Motor

Function Classification System.

Study design and procedures

This was a single group, repeated measures study. Pre-versus
post-intervention changes were used to determine the
effectiveness of the intervention. The authors registered the
study at ClinicalTrials.gov under the number NCT02003755.
Twenty individuals from the community volunteered to
enroll in the study, eight of whom met the inclusion criteria
[Fig. 1]. All participants gave their written informed consent
before participating.

Intervention

Ankle CPM training was administered using a custom-made
training system which has been previously utilized in pa-
tients with spinal cord injury [9,18,19]. This system provides
CPM of the ankle joint [Fig. 2]. Behind the heel, there are two
shallow cups on the platform, both 3 cm in height, to prevent
the feet from sliding backwards. The cups were designed to
be shallow so as not to interfere with the movement of the
ankles during training.

The ankle was cycled between 5° plantarflexion and 5°
dorsiflexion. A larger range of motion might have exceeded
the participants’ limitations, causing soft tissue injury and/
or inducing more spasticity in individuals with CP who had
long disease history and joint contracture. From a biome-
chanical point of view, the ankle joint displacement of 10°
used in this study was similar to an ankle displacement of
approximately 15 during cycling in a seated position [20]. The
speed of the system was manually adjustable by an external
controller. A potentiometer was built in to obtain the real-
time degree of the platform. The frequency range of
repeated PROM exercises used in previous studies was
24—72 revolutions per minute (RPM) [21,22]. Chang et al. used
60 RPM for robot-assisted CPM training of the ankle in in-
dividuals with chronic spinal cord injury to mimic the speed
of ankle movement during ambulation and found it signifi-
cantly decreased the MAS score [9,18]. Thus, in the current
study, we used a constant speed of 60 RPM [9,18,19].

At the first training session, one of the researchers visited
each participant's home and set up the system for them. The
distance from the chair to the platform was adjusted to allow the
participants' knees to be maintained at 70° flexion from full
extension, while the hips were kept at 90° flexion and the ankles

in a natural position. During each session, participants were
seated with their feet positioned on the platform and the knee
flexed at 70° from full extension to minimize the contribution of
the gastrocnemius. The participant's foot was secured to the
rigid footplate. Participants received 60 min per day of ankle CPM
trainingofbothlegs, 5 days/week for 4 weeks athome. Except for
ankle CPM, no other training or rehabilitation was given during
the period of the experiment. A daily log of ankle CPM training
sessions was kept and verified every week. All eight participants
completed the 20 sessions of training in addition to the evalua-
tions, which demonstrated good compliance to the training.

Outcome measures

The clinical examinations and the electrophysiological mea-
surements were performed before and after 4 weeks of training.
The post-training test was performed at least 24 h after the last
training session to prevent observation of immediate short-
term effects. To determine muscle tone of the ankle joint, the
primary outcome measure was the MAS score, and the sec-
ondary outcome measures were PROM of the ankle, the
maximum H/M ratio, and the PAD of the H-reflex. The MAS is a
clinical assessment that measures the degree of hypertoniaona
six-point scale. Alternatively, the neurophysiological methods
are quantitative measurements of hypertonia. Although they
are time-consuming and require special equipment and exper-
tise, they are valuable tools for objective measurement [23].
Prior to electrophysiological testing, each participant un-
derwent muscle tone evaluation of the ankle joint by a phys-
ical therapist using the MAS, as well as determination of the
PROM. The MAS score was determined with the participant in
a sitting position with knee flexion at 90° to minimize the
influence of gastrocnemius muscle tone. The MAS score
ranges from 0 (normal muscle tone) to 4 (fixed muscle
contracture). The MAS was chosen because of its extensive
use in clinical research. The intra-rater reliability of the MAS
for measuring hypertonia of the gastrocnemius in children
with spastic CP was moderate to good (intraclass correlation
coefficients ranged from 0.56 to 0.79) [24,25]. The summed
PROM of ankle dorsiflexion and plantarflexion was measured
in the same position. The summed PROM was measured,
rather than separate PROMs of dorsiflexion and plantar-
flexion, to avoid potential variations in defining the neutral
ankle position before and after training. All measurements of
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Assessed for eligibility
(N=20)

Excluded (n=12)
Not meeting inclusion criteria (n=7)
History of rhizotomy (n=1);
Too young (n = 6);
Not spastic CP (n=4)
Meeting criteria, but seizure (n=1)

y

Eligible subjects after screening
(n=8) (7 males; 1 female)

A

Measure of baseline (n=8)

A

Received intervention (n=8)

Loss to follow-up (n=0)

y

Analyzed (n=8)

Fig. 1 Selection of the cerebral palsy subjects.

spasticity and joint range were performed under identical
conditions for each test by a licensed physical therapist who
was blinded to the purpose of the study.

For the electrophysiological tests, all participants were
seated with back support. The test leg was determined in a
randomized manner. The test leg was secured with hook and
loop straps on a force-plate system [9,18] with the knee flexed
at 70° from full extension to minimize the contribution of the
gastrocnemius and the ankle at a neutral position (0° dorsi-
flexion or plantarflexion). The surface electromyographic
recording electrode was positioned on the soleus muscle
approximately 2 cm lateral to the midline of the distal calf and
distal to the lateral head of the gastrocnemius [9,18,26—29]. A
ground electrode was placed over the lateral malleolus. The

muscle responses (M-waves) and H-reflexes of the soleus were
elicited by transcutaneous electrical stimulation using a high
voltage constant current stimulator (Stimulator model DS7A,
Digitimer Ltd, Hertfordshire, UK) of the tibial nerve at the
popliteal fossa with a fixed pulse width of 500 ps. The intensity
of the electrical stimulation was adjusted higher until the
maximal M-wave was found. The electrical stimulation was
then set at an intensity which could elicit H-reflexes at an
amplitude of 20 % of the maximal M-wave [30]. The timing and
frequency control of the stimulation was provided by custom-
ized software that uses a programmable peripheral interface
chip (PPI 8255) to send 5 V DC trigger pulses to the stimulator.

For the PAD recordings, five pairs of soleus H-reflexes
were elicited in a randomized order at each of the following
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motor

Fig. 2 Ankle continuous passive motion device provides continuous passive movements.

frequencies: 0.1 Hz, 0.2 Hz, 1 Hz, 2 Hz, 5 Hz, and 10 Hz,
whereas the first H-reflex of each pair is the conditioning H-
reflex and the second H-reflex is the testing H-reflex. We
used the paired stimulation paradigm, instead of the train
stimulation paradigm, to record PAD to avoid the potential
contribution of muscular architecture changes induced by
the train stimulation induced tetanic contractions [26,28,31].
The time interval between two consecutive pairs was set to
15 s to ensure complete recovery of the H-reflex [9,18]. All
data were processed and analyzed off-line. Ten maximum
M-waves (Mmax) and 10 maximum H-reflexes (Hmax) were
recorded before CPM ankle training began. For calculating H/
M ratio, the peak-to-peak amplitude Hmax was divided by
Mmazx. For PAD, the peak-to-peak amplitude of the testing H-
reflex was divided by the peak-to-peak amplitude of the
corresponding conditioning H-reflex in each pair of H-re-
flexes. The lower ratio indicated the stronger PAD.

Sample size calculation and statistical analysis

The sample size calculation was performed with G*Power 3 (a
statistical power analysis program) [32]. Based on the MAS re-
sults of our previous study [9] and with the aim of showing
clinically relevant differences, the Cohen's d effect size was set
at 0.5. The program estimates that a total sample size of 7 was
needed to reach 80 % power to detect an effect size of 0.5 at the
0.05 level of significance. With a potential 10 % attrition rate, a
total of 8 subjects were targeted for this study. The data was
presented using mean =+ standard deviation. A paired t-test was
performed to determine if the outcomes were different pre-
versus post-intervention. The alpha level was set at 0.05.

Results

Descriptive and inferential statistics for outcome analyses are
presented in Table 2. Significant differences were found in the
MAS score and PROM after 4 weeks of ankle CPM. The MAS
score was significantly decreased from 1.6 + 0.3 to 1.1 + 0.2
after CPM (p = 0.006), indicating decreased hypertonia. Also,
the PROM of the ankle was significantly increased from
45.62° +8.63°—51.87° £ 9.23° (p = 0.049). It is apparent that only
4 of 8 participants improved ankle PROM after training and
that of the other 4 participants remained unchanged.

Four weeks of ankle CPM significantly decreased the re-
flex excitability, as indicated by a significant decrease in the
maximum H/M ratio (p = 0.001) [Table 2]. A lower ratio of test
H-reflex/conditioning H-reflex represents a stronger PAD.
After 4 weeks of ankle CPM training, the ratio of test H-reflex/
conditioning H-reflex significantly decreased at 0.2 Hz, 1 Hz,
and 2 Hz (p = 0.003, p = 0.040, p = 0.032, respectively) [Fig. 3].
Although there were no significant changes for the relatively
higher frequencies of 5 Hz and 10 Hz; there was a trend to
decrease the ratio after training. These results suggest that
ankle CPM resulted in restoration of the PAD in adolescents
and adults with CP.

Discussion

This study is the first to test the effects of a 4-week ankle CPM
program on spastic hypertonia and ankle PROM in in-
dividuals with CP. Ankle CPM significantly improved the MAS
score and ankle PROM, increased the maximum H/M ratio,
and restored the PAD in individuals with CP, which sup-
ported our hypothesis.

Several factors may have contributed to the reduction of
the MAS score and increased ankle PROM after ankle CPM.
One is the normalization of spinal circuitry functions. Our
study showed that the maximum H/M ratio decreased and
PAD was restored after 4 weeks of ankle CPM. Another
possible mechanism underlying the reduction in MAS score
and increased ankle PROM could be the reduced sensitivity of
muscle spindles [9]. In this case, passive motion causes the
stretch reflex and provides continuing input to the spindle to
decrease the reflex strength [33]. In spastic CP, stiffness and
shortening of the soft tissues make the ankle joint resistant to
stretching, limiting normal movement. McNair, Dombroski,
Hewson, & Stanley (2001) found the dynamic nature of ankle
CPM has a greater effect on decreasing the stiffness of the
plantarflexor muscles than static holds [34]. An improvement
in circulation resulting in the redistribution of the more mo-
bile tissue constituents, such as the polysaccharides, and
water redistributed within the collagen framework during
continuous motion could also contribute to the improvements
in MAS scores and ankle PROM [34].

CPM has been shown to decrease ankle hypertonia in in-
dividuals with chronic stroke [35], and spinal cord injury
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Table 2 Descriptive and inferential statistics for outcome analyses.
Participant MAS Pre MAS Post Ankle PROM () Pre Ankle PROM (') Post Maximum H/M ratio Pre Maximum H/M ratio Post

1 1 1 40 40 0.61 0.28
2 1.5 1 40 55 0.67 0.56

3 1.5 1 45 60 0.63 0.46

4 1.5 1 40 40 0.73 0.38

5 2 1 40 55 1.01 0.45

6 1.5 1.5 45 45 0.61 0.41

7 2. 1.5 50 55 0.73 0.52

8 1.5 1 65 65 0.66 0.30
Mean+SD 1.6+03 1.1+0.2 45.62 + 8.63 51.87 +9.23 0.70 + 0.13 0.42 + 0.09
p 0.006" 0.049% 0.001°

Abbreviations: MAS: Modified Ashworth Scale; PROM: passive range-of-motion; H/M ratio: Hoffman reflex to that of the maximal motor

response of the soleus muscle.

The MAS score of 1.5 is being used in place of the category 1-+.
# Significantly different from the pre-training (p < 0.05).

® Significantly different from the pre-training (p < 0.01).

[9,18]. However, using ankle CPM to reduce spasticity is a
relatively new treatment concept. A study reported by Cheng
etal. found that repetitive passive knee movement for 8 weeks
significantly decreased the MAS score in children with CP [12].
Our study found that the MAS score significantly decreased
after 4 weeks of ankle CPM training, suggesting that ankle
CPM training is effective in reducing hypertonia in individuals
with CP. However, it would be necessary to conduct MAS
testing both before and after the intervention, as well as 4
weeks later, in participants not receiving the CPM therapy to
validate this conclusion.

The 4-week ankle CPM training regimen significantly
increased PROM of the ankle in 4 participants. It was noted
that three were nonambulatory among these 4 participants.
The PROM of the other subjects were maintained. This result
was consistent with PROM improvement after postoperative
shoulder CPM treatment in patients with arthroscopic rota-
tor cuff repair [36] and after robot-assisted ankle CPM
training in patients with chronic stroke [35]. Continuous
passive movement of the ankle may enhance large fiber
afferent input from muscle to spinal circuitries. The CPM
exercises may induce more afferent inputs from muscle to
spinal cord than static stretching treatments. Based on the
gate-control theory of pain by Melzack and Wall, small
noxious afferent inputs would be inhibited by competing
afferent sensory stimulation, potentially increasing PROM
while reducing pain [37].

Our study showed that the maximum H/M ratio before
training was 70 + 13 % for individuals with CP, which corre-
sponds to a previous study which reported the maximum H/M
ratio to be 62.81 + 4.72 % for individuals with CP [4]. The
maximum H/M ratio of individuals with CP, as reported in both
our study and that of Achache et al,, was higher than that in
healthy adults (45.40 + 3.79 %) [4]. This result was in line with
previous studies indicated that high H/M ratio of the soleus
muscle in individuals with hypertonia [14,15]. Four weeks of
ankle CPM significantly decreased the mean maximum H/M
ratio in the soleus muscle of individuals with CP from 70 % to
42 %, which complemented the reduction of the MAS score can
provided a complete picture of a reduction in spasticity the
hypertonia of individuals with spastic CP [16].

The mechanism for ankle CPM to cause restoration of PAD is
not yet clear. A previous study showed that ankle CPM training
restored the PAD in individuals with complete spinal cord
injury, suggesting that the mechanism by which ankle CPM
restored PAD was primarily through the plasticity of segmental
spinal circuitry function rather than suprasegmental functions
[9]. The possible mechanisms include alterations in presynaptic
inhibition and interneuron activity as a result of passive
training [31,38,39]. It has been suggested that exercise training
was sufficient to cause plasticity in the spinal cord [39]. Passive
exercise might mimic active exercise and provide recurrent
signals that modify the hyperactive inhibition mechanisms
within the spinal cord, restoring the PAD.

Our study showed that the PAD at 0.1 Hz, 1 Hz, and 2 Hz
were successfully restored after four weeks of CPM training.
A recent study using a novel human paradigm showed that
the PAD is a pre-synaptic locus mechanism which was
separately modulated from descending corticospinal influ-
ence [31]. This suggests that CPM may be modulated the pre-
synaptic mechanism in the individuals with CP. The PAD at
0.1 Hz was usually served as a control condition, in which the
interval between conditioning H reflex and testing H reflex
was too long to produce PAD [9,31]. Our study showed that
the PAD at 0.1 Hz was not changed after 4 weeks of training,
suggesting that the recording was consistent. Although our
study show that the changes of PAD 5 Hz, and 10 Hz were not
significant, there was a trend to decrease the ratio after
training. The observations of high frequency stimulations
could be explained by a possible result of induced cortico-
spinal contribution [40—43]. It probably due to that PAD at
some frequency might require longer to restore. Our previous
study showed that, in compared to 4 weeks of training, 12
weeks of training could further restore PAD at 5 Hz [9].

There are several common treatment strategies used in
clinics for reducing spasticity and increasing PROM [44].
However, none of the common treatments have shown the
ability to restore spinal circuitry functions in individuals with
CP. This study is the first to show that ankle CPM might have
the ability to cause plasticity in the spinal circuitry in ado-
lescents and adults with CP, whose spinal circuitry is mature.
Individuals with different upper motor neuron lesions exhibit
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Fig. 3 Post-activation (PAD) depression prior to and after training in individuals with cerebral palsy. A lower ratio of test H-

reflex/conditioning H-reflex indicates a stronger PAD depression. The bars show means and standard deviations of test H-reflex
amplitude normalized to the respective conditioning H-reflexes in individuals with cerebral palsy. before (black bars) and after
(white bars) the 4-week training regimen at stimulation frequencies of 0.1 Hz, 0.2 Hz, 1 Hz, 2Hz, 5 Hz, and 10 Hz *significant at

p < 0.05.

decreased PAD [4,45—47], suggesting that impaired PAD might
be the primary cause of spasticity after upper motor neuron
lesions. Repeated PROM exercises may not only decrease
neuron excitability in rats and humans with spinal cord injury
but also improve the values of H-reflex, PAD and disynaptic Ia
inhibition, which were demonstrated by a low frequency-
dependent depression of the H-reflex [18,33].

Clinically, prolonged stretching is a common strategy to
reduce spasticity [48], and relatively fast movement is avoided
in spastic limbs. However, ankle CPM in our study successfully
reduced spasticity in individuals with CP, with no reports of any
harm in participants’ daily logs. This suggests that ankle CPM
could be applied safely in clinics for the treatment of spasticity.
In addition, performing CPM exercises at home as a supple-
ment to a clinical training regimen could be used to maximize
the benefits of rehabilitation sessions [49—-51]. Ankle CPM
regimen like the one used in this study might increase the
motivation and ankle function of individuals with spastic CP.

Study limitations

The design of this study has several limitations. First, the
small sample size precludes generalizability to a larger CP
population. Second, the participants had relatively low MAS

scores at baseline, so this study cannot suggest how in-
dividuals with greater baseline spasticity might respond.
Third, the study would be strengthened by adding a CP control
group that does not go through the CPM training but is tested
on the same measures at the same pre- and post-assessment
time points as the group that went through the CPM training.
Fourth, this study was conducted in non-pediatric CP patients
whose spinal circuitry function was mature. The results
cannot be extrapolated to pediatric CP patients. Fifth, the 4-
week ankle CPM program was effective in non-pediatric CP
patients, but the dose—response relationship requires further
study. Finally, there was no follow-up assessment to examine
whether the effects of ankle CPM training were maintained
after the training regimen ceased.

Conclusions

As a preliminary result, a 4-week ankle CPM training program
was able to effectively reduce spastic hypertonia in in-
dividuals with CP who were usually excluded from clinical
rehabilitation programs, as measured by MAS scores. A par-
allel improvement of ankle PROM and restoration of spinal
circuitry inhibition functions were also shown after ankle
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CPM training. The ankle CPM rehabilitation could be a safe
and appropriate clinical intervention for adults with CP.

Funding

This research was partially supported by the Ministry of Sci-
ence and Technology, Taiwan (MOST-107-2221-E-182-009-
MY3, 107-2635-B-182-001, 108-2314-B-182-042, and 109-2314-
B-182-030) and Chang Gung Memorial Hospital
(CMRPD110142, CMRPD1K0551) and Healthy Aging Research
Center, Chang Gung University (EMRPD1L0411) in Taiwan.

Conflicts of interest

The authors declare that they have no competing interests.

REFERENCES

[1] Hagglund G, Wagner P. Development of spasticity with age in
a total population of children with cerebral palsy. BMC
Muscoskel Disord 2008;9:150.

Krigger KW. Cerebral palsy: an overview. Am Fam Physician

2006;73:91—-100.

Scholtes VA, Becher JG, Beelen A, Lankhorst GJ. Clinical

assessment of spasticity in children with cerebral palsy: a

critical review of available instruments. Dev Med Child

Neurol 2006;48:64—73.

[4] Achache V, Roche N, Lamy JC, Boakye M, Lackmy A, Gastal A,

et al. Transmission within several spinal pathways in adults

with cerebral palsy. Brain 2010;133:1470—83.

Poon DM, Hui-Chan CW. Hyperactive stretch reflexes, co-

contraction, and muscle weakness in children with cerebral

palsy. Dev Med Child Neurol 2009;51:128—35.

[6] Shamsoddini A, Amirsalari S, Hollisaz MT, Rahimnia A,

Khatibi-Aghda A. Management of spasticity in children with

cerebral palsy. Iran J Pediatr 2014;24:345—51.

Geertsen SS, Kirk H, Lorentzen J, Jorsal M, Johansson CB,

Nielsen JB. Impaired gait function in adults with cerebral

palsy is associated with reduced rapid force generation and

increased passive stiffness. Clin Neurophysiol
2015;126:2320-9.

Alewijnse JV, van Rooijen EM, Kreulen M, Smeulders MJ,

Tan SS. A microcosting study of the surgical correction of

upper extremity deformity in children with spastic cerebral

palsy. Dev Neurorehabil 2017;20:173-8.

Chang Y]J, Liang JN, Hsu MJ, Lien HY, Fang CY, Lin CH. Effects

of continuous passive motion on reversing the adapted

spinal circuit in humans with chronic spinal cord injury.

Arch Phys Med Rehabil 2013;94:822-8.

[10] Zhang M, Davies TC, Xie S. Effectiveness of robot-assisted
therapy on ankle rehabilitation—a systematic review. J
NeuroEng Rehabil 2013;10:30.

[11] Zhou Z, Sun Y, Wang N, Gao F, Wei K, Wang Q. Robot-
assisted rehabilitation of ankle plantar flexors spasticity: a 3-
month study with proprioceptive neuromuscular facilitation.
Front Neurorob 2016;10:16.

[12] Cheng HY, Ju YY, Chen CL, Chang YJ, Wong AM. Managing
lower extremity muscle tone and function in children with
cerebral palsy via eight-week repetitive passive knee
movement intervention. Res Dev Disabil 2013;34:554—61.

[2

3

[5

[7

8

[9

[13] Wu YN, Ren Y, Hwang M, Gaebler-Spira DJ, Zhang LQ.
Efficacy of robotic rehabilitation of ankle impairments in
children with cerebral palsy. Annu Int Conf IEEE Eng Med
Biol Soc 2010; 2010:4481—4.

[14] Angel RW, Hofmann WW. The H reflex in normal, spastic,
and rigid subjects. Arch Neurol 1963;9:591—6.

[15] Ongerboer de Visser BW, Bour LJ, Koelman JH, Speelman JD.
Cumulative vibratory indices and the H/M ratio of the soleus
H-reflex: a quantitative study in control and spastic subjects.
Electroencephalogr Clin Neurophysiol 1989;73:162—6.

[16] Matthews WB. Ratio of maximum H reflex to maximum M
response as a measure of spasticity. ] Neurol Neurosurg
Psychiatry 1966;29:201—4.

[17] Palisano RJ, Copeland WP, Galuppi BE. Performance of
physical activities by adolescents with cerebral palsy. Phys
Ther 2007;87:77—87.

[18] Chang Y], Fang CY, Hsu MJ, Lien HY, Wong MK. Decrease of
hypertonia after continuous passive motion treatment in
individuals with spinal cord injury. Clin Rehabil
2007;21:712-8.

[19] Fang CY, Hsu MJ, Chen CC, Cheng HYK, Chou CC, Chang Y]J.
Robot-assisted passive exercise for ankle hypertonia in
individuals with chronic spinal cord injury. ] Med Biol Eng
2015;35:464—72.

[20] Cavanagh PR, Sanderson DJ. The biomechanics of cycling:
studies of the pedalling mechanics of elite pursuit riders. In:
Burke ER, editor. Science of cycling. Champaign: Human
Kinetics; 1986. p. 91—-122.

[21] Roy RR, Pierotti DJ, Baldwin KM, Zhong H, Hodgson JA,
Edgerton VR. Cyclical passive stretch influences the
mechanical properties of the inactive cat soleus. Exp Physiol
1998;83:377—85.

[22] Willoughby DS, Priest JW, Nelson M. Expression of the
stress proteins, ubiquitin, heat shock protein 72, and
myofibrillar protein content after 12 weeks of leg cycling in
persons with spinal cord injury. Arch Phys Med Rehabil
2002;83:649—-54.

[23] Bakheit AM, Maynard VA, Curnow ], Hudson N, Kodapala S.
The relation between Ashworth scale scores and the
excitability of the alpha motor neurones in patients with
post-stroke muscle spasticity. ] Neurol Neurosurg Psychiatry
2003;74:646—8.

[24] Mutlu A, Livanelioglu A, Gunel MK. Reliability of Ashworth
and Modified Ashworth scales in children with spastic
cerebral palsy. BMC Muscoskel Disord 2008;9:44.

[25] Sanger TD, Delgado MR, Gaebler-Spira D, Hallett M, Mink JW,
et al. Classification and definition of disorders causing
hypertonia in childhood. Pediatrics 2003;111:89—-97.

[26] Chang Y], Shields RK. Within-train neuromuscular
propagation varies with torque in paralyzed human muscle.
Muscle Nerve 2002;26:673—80.

[27] Chang Y], Shields RK. Doublet electrical stimulation
enhances torque production in people with spinal cord
injury. Neurorehabilitation Neural Repair 2011;25:423-32.

[28] Chang Y], Wei SH, Shields RK. Effect of changing muscle
architecture on electrically evoked compound muscle action
potentials. Formosan Journal of Physical Therapy
2001;26:121-8.

[29] Shields RK. Fatigability, relaxation properties, and
electromyographic responses of the human paralyzed soleus
muscle. ] Neurophysiol 1995;73:2195—-206.

[30] Crone C, Nielsen J. Methodological implications of the post
activation depression of the soleus H-reflex in man. Exp
Brain Res 1989;78:28—32.

[31] Chang Y], Liu YC, Hsu MJ, Fang CY, Wong AM, DeJong SL,
et al. Novel human models for elucidating mechanisms of
rate-sensitive H-reflex depression. Biomed ] 2020;43:44—52.


http://refhub.elsevier.com/S2319-4170(21)00097-4/sref1
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref1
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref1
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref1
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref2
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref2
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref2
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref3
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref3
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref3
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref3
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref3
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref4
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref4
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref4
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref4
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref5
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref5
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref5
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref5
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref6
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref6
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref6
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref6
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref7
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref8
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref8
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref8
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref8
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref8
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref9
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref9
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref9
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref9
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref9
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref10
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref10
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref10
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref10
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref11
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref11
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref11
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref11
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref12
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref12
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref12
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref12
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref12
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref13
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref14
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref14
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref14
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref15
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref15
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref15
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref15
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref15
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref16
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref16
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref16
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref16
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref17
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref17
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref17
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref17
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref18
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref18
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref18
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref18
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref18
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref19
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref19
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref19
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref19
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref19
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref20
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref20
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref20
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref20
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref20
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref21
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref21
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref21
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref21
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref21
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref22
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref23
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref24
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref24
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref24
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref25
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref25
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref25
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref25
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref26
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref26
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref26
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref26
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref27
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref27
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref27
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref27
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref28
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref28
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref28
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref28
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref28
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref29
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref29
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref29
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref29
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref30
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref30
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref30
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref30
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref31
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref31
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref31
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref31
https://doi.org/10.1016/j.bj.2021.07.010
https://doi.org/10.1016/j.bj.2021.07.010

716

BIOMEDICAL JOURNAL 45 (2022) 708—=716

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a
flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods
2007;39:175-91.

Yates CC, Charlesworth A, Reese NB, Skinner RD, Garcia-
Rill E. The effects of passive exercise therapy initiated prior
to or after the development of hyperreflexia following spinal
transection. Exp Neurol 2008;213:405—9.

McNair PJ, Dombroski EW, Hewson DJ, Stanley SN. Stretching
at the ankle joint: viscoelastic responses to holds and
continuous passive motion. Med Sci Sports Exerc
2001;33:354-8.

Wu CL, Huang MH, Lee CL, Liu CW, Lin L], Chen CH. Effect on
spasticity after performance of dynamic-repeated-passive
ankle joint motion exercise in chronic stroke patients.
Kaohsiung ] Med Sci 2006;22:610—7.

Garofalo R, Conti M, Notarnicola A, Maradei L, Giardella A,
Castagna A. Effects of one-month continuous passive motion
after arthroscopic rotator cuff repair: results at 1-year follow-
up of a prospective randomized study. Musculoskeletal
surgery 2010;94 Suppl 1:579-83.

Melzack R, Wall PD. Pain mechanisms: a new theory. Science
1965;150:971-9.

Reese NB, Skinner RD, Mitchell D, Yates C, Barnes CN,

Kiser TS, et al. Restoration of frequency-dependent
depression of the H-reflex by passive exercise in spinal rats.
Spinal Cord 2006;44:28—34.

Skinner RD, Houle JD, Reese NB, Berry CL, Garcia-Rill E.
Effects of exercise and fetal spinal cord implants on the H-
reflex in chronically spinalized adult rats. Brain Res
1996;729:127-31.

Chen CF, Bikson M, Chou LW, Shan C, Khadka N, Chen WS,
et al. Higher-order power harmonics of pulsed electrical
stimulation modulates corticospinal contribution of
peripheral nerve stimulation. Sci Rep 2017;7:43619.

Chen CF, Lin YT, Chen WS, Fregni F. Contribution of
corticospinal modulation and total electrical energy for
peripheral-nerve-stimulation-induced neuroplasticity as
indexed by additional muscular force. Brain Stimul
2016;9:133—40.

(42]

(43]

(44

(45]

[46]

(47]

(48]

[49]

(0]

(51]

Wegrzyk J, Foure A, Vilmen C, Ghattas B, Maffiuletti NA,
Mattei JP, et al. Extra Forces induced by wide-pulse, high-
frequency electrical stimulation: occurrence, magnitude,
variability and underlying mechanisms. Clin Neurophysiol
2015;126:1400—12.

Neyroud D, Dodd D, Gondin J, Maffiuletti NA, Kayser B,
Place N. Wide-pulse-high-frequency neuromuscular
stimulation of triceps surae induces greater muscle fatigue
compared with conventional stimulation. ] Appl Physiol
2014;116:1281-9.

Tremblay F, Malouin F, Richards CL, Dumas F. Effects of
prolonged muscle stretch on reflex and voluntary muscle
activations in children with spastic cerebral palsy. Scand J
Rehabil Med 1990;22:171—80.

Aymard C, Katz R, Lafitte C, Lo E, Penicaud A, Pradat-Diehl P,
et al. Presynaptic inhibition and homosynaptic depression: a
comparison between lower and upper limbs in normal
human subjects and patients with hemiplegia. Brain
2000;123:1688—702.

Lamy JC, Wargon I, Mazevet D, Ghanim Z, Pradat-Diehl P,
Katz R. Impaired efficacy of spinal presynaptic mechanisms
in spastic stroke patients. Brain 2009;132:734—48.

Nielsen ], Petersen N, Crone C. Changes in transmission
across synapses of Ia afferents in spastic patients. Brain
1995;118:995-1004.

Bressel E, McNair PJ. The effect of prolonged static and cyclic
stretching on ankle joint stiffness, torque relaxation, and gait
in people with stroke. Phys Ther 2002;82:880—7.

Bonnechere B, Omelina L, Jansen B, Van Sint Jan S. Balance
improvement after physical therapy training using specially
developed serious games for cerebral palsy children:
preliminary results. Disabil Rehabil 2015;39:403—6.

Chang WH, Chang YT, Huang CF, Chang JH. The effect of
previous Tai Chi experience on movement pattern of stair
descent in the middle-aged elderly. Physical Education
Journal 2014;47:531—40.

Chen MY, Lin LL, Lin TY, Lo MS, Hsieh MH, Tsai YC, et al.
Effects of different types of exercise training on bone mineral
density and isokinetic strength in middle-aged and elderly.
Physical Education Journal 2014;47:503—16.


http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref32
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref33
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref33
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref33
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref33
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref33
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref34
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref34
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref34
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref34
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref34
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref35
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref35
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref35
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref35
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref35
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref36
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref37
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref37
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref37
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref38
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref38
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref38
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref38
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref38
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref39
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref39
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref39
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref39
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref39
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref40
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref40
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref40
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref40
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref41
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref42
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref43
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref44
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref44
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref44
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref44
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref44
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref45
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref46
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref46
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref46
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref46
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref47
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref47
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref47
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref47
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref48
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref48
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref48
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref48
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref49
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref49
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref49
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref49
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref49
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref50
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref50
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref50
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref50
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref50
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref51
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref51
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref51
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref51
http://refhub.elsevier.com/S2319-4170(21)00097-4/sref51
https://doi.org/10.1016/j.bj.2021.07.010
https://doi.org/10.1016/j.bj.2021.07.010

	Effects of ankle continuous passive motion on soleus hypertonia in individuals with cerebral palsy: A case series
	At a glance commentary
	Scientific background on the subject
	What this study adds to the field

	Methods
	Participants
	Study design and procedures
	Intervention
	Outcome measures
	Sample size calculation and statistical analysis

	Results
	Discussion
	Study limitations
	Conclusions
	Funding
	Conflicts of interest
	References


