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 abstract 
 Background:  ‪We aimed to compare and examine the effect of aquatic interventions, Watsu® vs Immersion, on the 

autonomic nervous system and the range of motion in children with cerebral palsy, due to common 
belief that use of Watsu is beneficial for the special needs.

 Material and methods:  ‪Twenty-three children (age 7.5±2.8) were randomized to receive Watsu® therapy and Immersion 
interventions in the cross-over, age-stratified study. Each therapy session lasted 30 minutes twice 
a week for a total of 10 weeks in two non-consecutive periods. Short-term heart rate variability 
parameters by using a Polar H7 heart rate sensor with a signal processing software and the passive 
range of motion by using a universal goniometer was measured at baseline and post-treatment.

 Results:  ‪Watsu® therapy significantly improved the heart rate variability parameter (pNN50, t = 2.312, p = 0.031) 
and lower flexibility (t = 6.012, p = 0.000) in comparison to immersion.

 Conclusions:  ‪In comparison to immersion, Watsu® therapy was shown to be safe and effective for the autonomic 
modulation and flexibility of children with cerebral palsy. Therefore, it is recommended as a 
complementary tool for physical therapy on land.

 Key words:  cerebral palsy, heart rate variability, flexibility, Watsu.
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introduction 
Cerebral palsy (CP) is considered a static encephalopathy in which the primary lesion is 
non-progressive. CP is the most common physical disability, as 1 in 323 children has been 
identified with CP [1].

The growth, plasticity, development, and maturation of the central nervous system can 
change the clinical presentation, such as movement limitation and impairment of postural 
control resulting from damage to the immature brain over time [2]. Motor dysfunction and 
neuromuscular disorders following the neurological deficit and the autonomic nervous 
system (ANS) imbalance in CP cause disturbance in a homeostatic state, a decrease in the 
adaptive capacity of the cardiac regulation, and other concomitant chronic disorders [2]. 
Motor incapacity in CP is a progressive disorder. However, early diagnosis and treatment 
can improve its condition [3, 4].

ANS activity is amenable to interventions in CP, and the ANS modulation can be observed 
using non-invasive heart rate variability (HRV) analysis [5,6]. HRV, neural regulation of the 
heart is the variation of beat-to-beat R-R intervals and the quantitative markers of ANS 
modulation in milliseconds recorded by an electrocardiogram [5]. HRV is considered for 
clinical evaluation and to assess the effect of non-pharmacological therapeutic interventions 
[7], in detecting and following disease processes [8] and as an index activity of the 
neurophysiological pathway [9]. Assessing HRV that indexes neuro-cardiac functioning 
can improve our understanding of ANS to interventions in CP [10]. Additionally, it was 
shown that HRV is linked to autonomic maturation and neurodevelopment [4]. 

Reliable HRV recording necessitates finical consideration of methodological factors 
including the study protocol (recording time of day; waking status, sample characteristics 
(explicit exclusion criteria; the proportion of male participants), ECG signal acquisition 
and pre-processing settings (i.e., prerecording acclimatization period, recording posture, 
sampling rate, filtering algorithm) and HRV rational decisions (analyzed recording duration, 
epoch lengths).

The holistic and somatic therapies can stimulate the vagal nerve and reduce stress 
hormones alleviating several pediatric conditions, including cerebral palsy [11]. The body 
has the potential to influence the mind via the bidirectional pathway between the brain 
and body for psycho-somatic and emotional healing [12].

There is empirical evidence in favor of water (aquatic) therapies for a variety of physical 
and psychological disorders [13]. In rehabilitation, reduced gravitational forces create a 
very therapeutic condition for increased mobility. On land, the range of motion (ROM) is 
targeted using passive stretches provided by a therapist (manual) and sustained stretches 
in which the patient is placed in a position (positional) for extended periods [14, 15]. 

Active aerobic aquatic exercise intervention studies dominate the literature [3, 20]. 
Passive Watsu is the only method combining a series of flowing movements, stretches, 
and manipulations and the least investigated complementary tool in multimodal aquatic 
treatment settings [16]. The combination of specific techniques and the feeling of trust 
in warm water can influence emotional state [17], relaxation and autonomic cardiac 
regulation [18]. Moderate pressure touch and therapeutic properties of warm water might 
double the expected effects due to potential emotional contagion [19]. 

For high-quality design studies, standardized protocols with adequate sample sizes, scope, 
and good reports about the testing procedure are needed [16, 20, 21]. On this subject, 
our general aim is to contribute to evidence-based rehabilitation in CP. Mainly, the aim is 
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to examine and compare the effect of passive Watsu therapy and immersion protocols on 
HRV and ROM parameters in children with CP. 

material and methods 
The single-blinded randomized and age-stratified crossover study took place in two non-
governmental rehabilitation complexes providing treatment and therapeutic work on land 
and in water to the patient with a variety of physical disorders.

subjects 
Twenty-three children (n = 23, age 7.52  ±2.78, BMI 19.04 ±1.62), more than power 
analysis of G*Power recommendation (#15), participated in the study. They were 
diagnosed with clinical mild/moderate spastic CP (International Classification of 
Diseases and Related Health Problems 10th, ICD-10), of either gender, showing the 
absence of seizures for the past 30 days with no medical history of ANS effecting diseases 
participated in this study. They were able to understand basic verbal commands and 
report sensitivity to pain. All test procedures and arrangements were explained to the 
parents or caretakers, who then signed the informed consent document approved by the 
Deanship of Scientific Research. Significance (p > 0.05) were not seen in the physical 
characteristic of the groups (Table 1).

Table 1. Physical characteristics of the groups. Mean (SD)

Group Age (years) Weight (kg) Height (m) BMI (kg/m2)

WI (n = 12)
Mean 7.92 17.92 0.97 18.99
Std. 3.12 4.56 0.13 1.77

IW (n = 11)
Mean 7.09 16.61 0.93 19.09
Std. 2.43 3.44 0.10 1.53

Total (N = 23)
Mean 7.52 17.29 94.83 19.04
Std. 2.78 4.03 11.26 1.62

The portion of the participants in level II was 52.2%, whereas of the participants in level 
I – 48.8%, based on the gross motor function classification system (GMFCS). Regarding 
topographic distribution, 7.7% had diplegia, and 92.3% had hemiplegia (Table 2). 

Table 2. The participants’ GMFCS levels and topographic distribution

Group n
Gender

Age
Limb distribution GMFCS

F M Diplegia Hemiplegia I II
WI 12 7 5 7.92 

(3.11) 1 11 6 6

IW 11 4 7 7.09 
(2.42) 1 10 5 6

experimental design 
Participants were assigned randomly to either Watsu (WI) or Immersion first (IW) groups 
based on their arrival time to the facility. The allocation was concealed from the assessors 
and the therapists. Each participant serves as his/her control in estimating the treatment 
effect. The study consisted of a 6-week washout interval during which no therapy was 
applied (Fig. 1). Each therapy session lasted 30 minutes, twice a week, during the two 
10-week experimental phases.
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Fig. 1. The crossover design of the study.

Participants’ food intake and life routine were maintained during the 24 hours preceding 
the test. After ensuring the same conditions, the tests were performed between 8:00 am, 
and 10:00 am in still lying supine in a quiet room with low light and optimal temperature 
(27°C±1.3). The strap was fitted around the chest of each participant. Next, the heart 
rate sensor was fitted on the strap and located in the middle area below the nipples. The 
participants maintained the average respiratory rate of 16.7 (SD: 1.94) in recordings. 
ECG signal was transmitted by Polar H7 Bluetooth Heart Rate Sensor & Fitness Tracker 
(Polar Electro Oy, Kempele, Finland) on the strap and received by IOS device (Apple Inc., 
CA, USA) with a digital standardized HRV+ signal processing software that fully supports 
Bluetooth (4.0) Smart connectivity.

The corresponding data files were then transmitted to a personal computer as text files. 
After artefact correction (medium level filter) by Kubios HRV 2.2., (a software analyzing 
biosignals), HRV parameters (Table 3) were obtained for statistical analyses.

Table 3. HRV time and frequency domain parameters obtained in the study

Mean R-R All intervals between adjacent QRS complexes also defined as interbeat intervals
RMSSD The square root of the mean of the squares of the successive differences between adjacent R-R
pNN50 The proportion of NN50 divided by the total number of NNs
LF 0.04–0.15 Hz representing both SNS and PNS tone by baroreflex activity.
HF 0.15–0.40 Hz representing PNS tone and fluctuations caused by respiratory sinus arrhythmia

The standard spectral analysis was applied to the 5-minute lying supine HRV recordings. 
The 5-minute recording is the main data tool for the literature on HRV correlating with 
24 h HRV recording [21]. 5 min recordings length is suggested for reliable HRV indices 
to evaluate physiological changes [22]. Another study [23] concluded that clinical and 
optimal performance progress induced by the interventions could be assessed using short-
term HRV indices when clients breathe at regular rates (~11–20 bpm). A Meta-Analysis 
on psychometric properties of HRV revealed that HRV is a reliable measure of autonomic 
respond and modulation in the pediatric sample [23]. Polar H7 heart rate monitor is 
confirmed to be valid [24] and reliable in resting and in mild activities [25]. 

ROM was measured using a standard universal larger plastic goniometer (121/4 inches) by 
physical therapists. High intertester reliability and validity for goniometric measurements 
were reported [27, 28, 29]. The goniometer measurements are used for the longitudinal 
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monitoring of hip function [30]. The pelvis was stabilized through manual fixation to 
prevent rotation with knees in a neutral position, avoiding the rotation in the hip to 
standardize procedures. Hip and knee were in neutral rotation, avoiding limitation by tight 
rectus femoris muscle for measuring knee flexion (Table 4). Full end‐point measurements 
were made to the nearest 1°.

Table 4. Procedure of ROM measurements and the use of a goniometer

Passive ROM Body position Goniometer axis G. stationary arm 
aligned with 

G. moving arm 
aligned with 

Shoulder
Extension Prone Center of the 

humeral head
Thorax mid-
axillary line Humerus

Elbow Flexion Supine
Elbow lateral 
epicondyle Humerus Radius

Knee Lateral femoral 
epicondyle Femur Fibula

Hip Femoral greater 
trochanter

Trunk mid-
axillary line Femur

Extension Side‐lying

exclusion criteria 
Participants with surgery for saliva control and taking drugs affecting autonomic cardiac 
function and saliva secretion in the last 15 days before the study, previous history of 
cardiac disease were not involved in the study. Participants with pathologies associated 
with infectious or viral states, or the inability to maintain an orthostatic position were not 
included. Participants were excluded after their second absences. 

Participants that fulfilled initial inclusion criteria were subsequently excluded for the 
following reasons: The participants (#5) who reported later than the measurements 
were excluded. Participants with observed fatigue (#3), and the second absence in the 
intervention period (#3) were excluded (Fig. 2). No other adverse effect was observed.

Fig. 2. The numbers of excluded participants during the study

intervention protocol 
The day after the tests, two certified Watsu therapists with more than five years of 
experience in treating and evaluating children with CP have applied the adapted Watsu 
to the participants. The typical Watsu session involved stretches and trunk rotational and 
rocking movements, in flexion, extension, traction and rotation with no open sandwich 
techniques. However, the restrictions of each individual were considered for a safe and 
enjoyable session. 
Constant support at the back of the participant's head and neck to avoid submersion was 
maintained by specifically manufactured floating equipment during immersion. During 
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this floatation session, the rest of the participant’s body was kept horizontally in the 
water. The water and air temperature were 34°C and 31°C, respectively. The post-test 
was performed the day after the last sessions of both periods. 

data analysis 
The carryover effect was analyzed by the calculation of the sum of the measured values 
in both periods. The comparison was made with an independent sample t-test. In the 
case of significant results, no comparison was performed between the differences of both 
therapies. The effect of both therapies was analyzed based on 1st-period values. When no 
carryover effect was seen, the effectiveness of both therapies was evaluated based on the 
difference between the results of the two therapies. The independent sample t-test was 
used for this purpose. The significance level for all tests was 5% (p < 0.05).

results 
HRV values did not show carryover effect (Mean R-R t(21)=0.143, p=0.888; RMSSD 
t(21)=0.987, p=0.335; pNN50 t(21)=-0.068, p=0.947), HF (t=-0.224, p=0.825), and 
LF, (t=-0.768, p=0.451). Mean R-R and RMSSD improved insignificantly compared to 
Immersion (t(21)=1.084, p=0.291); 95% CI (-22.67, 72.02); (t(21)=1.552, p=0.136), 
respectively (Table 5). 

Table 5. Changes in all time-domain HRV indices of the groups. Mean (SD) 

Groups HRV Time Period 1 Period 2

WI
Mean R-R (ms)

504.83 (52.63) 558.67 (90.66) 518.42 (55.21) 547.67 (59.04)
IW 513.91 (43.69) 552.91 (46.33) 526.73 (42.69) 565.82 (45.71)
WI

RMSSD (ms)
18.00 (9.55) 30.17 (16.25) 24.25 (15.07) 33.50 (17.29)

IW 28.27(12.39) 33.36 (12.71) 27.36 (12.46) 37.27 (15.28)
WI

pNN50
3.08 (5.02) 11.25 (14.39)* 8.08 (9.05) 13.33 (12.10)

IW 13.64 (8.69) 9.45 (8.74) 19.09 (13.08) *

Watsu improved pNN50 significantly (t = 2.312, p = 0.031), 95% CI (0.84, 15.90), (Fig. 3).

Fig. 3. The pNN50 changes of the groups

Improvements in HF and LF were not significant ((t=1.492, p=0.151) 95% CI (-2.09, 12.72), 
(t=-0.811, p=0.426) 95% CI (-22.81, 10.01, respectively)) compared to immersion (Table 6).
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Table 6. The participants’ HRV frequency domain indices. Mean (SD)

Group HRV Frequency Period 1 Period 2
WI

HF (nu)
13.12 (6.88) 19.40 (11.03) 19.83 (9.41) 23.78 (9.42)

IW 16.43 (8.13) 20.59 (9.04) 16.23 (8.74) 23.38 (7.50)
WI

LF (nu)
69.68 (15.01) 76.63 (15.73) 73.03 (21.35) 78.95 (13.97)

IW 57.44 (6.60) 70.95 (15.31) 62.23 (11.10) 68.30 (12.94)

The upper flexibility difference between the two therapies was not significant (t = 0.804,  
p = 0.431) 95% CI (-1.26, 2.84). Relevant carryover effects were observed in upper 
flexibility (t = -2.580, p = 0.017). No evidence of relevant carryover effects was observed 
in lower flexibility (t = -1.498, p = 0.149), (Table 7). 

Table 7. The participants’ range of motion (ROM) results. Mean (SD)

Group ROM Period 1 Period 2
WI

Upper
118.42 (9.90) 121.23 (7.17) 118.74 (9.39) 119.15 (8.74)

IW 93.18 (20.04) 95.20 (19.43) 93.53 (19.52) 98.63 (19.00)
WI

Lowe
82.07 (22.55) 86.10 (22.28) * 82.35 (22.39) 84.02 (21.83)

IW 81.13 (10.53) 83.48 (10.18) 81.13 (10.53) 86.81 (10.23) *

Watsu significantly improved lower ROM compared to Immersion (t = 6.012, p = 0.000) 
95% CI (3.72, 7.65), (Fig. 4). 

Fig. 4. The lower ROM changes of the groups

 

discussion 
This first study in the literature comparing the effect of passive Watsu therapy and 
immersion has revealed significant results. Although selected HRV measures showed a 
positive trend after both therapies, the overall result favors the use of Watsu therapy in CP. 

There are a few studies with encouraging findings in the literature. However, these studies 
show variety in their population and selected parameters. To date, no study investigated 
the HRV and ROM of children who are 4–12 years old. The variables of the studies included 
pain in fibromyalgia patients [31], functional capacity, anxiety and depression in patients 
with Parkinson disease [32], functional health status and ROM of children with juvenile 
idiopathic arthritis [33], physical function, pregnancy, and other physiological parameters 
of healthy individuals [34]. The positive findings on locomotor cardiac synchronization 
of obese young males [35] and the ROM of active young swimmers [36] were also noted. 

A Watsu therapist provides constant tactile, kinesthetic input when working on limbs 
one by one, due to stretching muscles, changing joint position, tendon tension, rocking 
and gently massaging. Being floated, touched, stretched, gently rocked, pulled and 
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pushed into positions elicit a variety of external inputs sent to the sensory cortex that 
can synchronize with internal afferent inputs and rhythm. The cerebellar–motor cortex 
interactions throughout the Watsu sessions can form a base for psychomotor functioning 
and development. 

This kind of sensory reintegration in Watsu is likely to enhance nervous system functions 
and help filter out unnecessary information, tolerate and control responses to challenging 
signals, which can improve emotional wellbeing [37, 38]. The characteristic of being 
cradled in the nurturing arm of a therapist in warm water can provide signals of trust in 
high levels and concomitant positive emotions [34]. However, it is worth considering the 
individualized proprioceptive sensory diet using the advanced and adapted skills for the 
over-aroused or under aroused children. Thus, the change in the rhythm of the bodily 
systems, including the cardiac system alters the state of consciousness – these afferent 
inputs sent to the medulla and cortex [39, 40]. Thus, ANS can modulate the physiological 
and emotional response in a timely and proper manner indicated by higher HRV [41] 
correlating with positive emotions [42]. Higher levels of resting vagally-mediated HRV are 
linked to the performance of executive functions like attention and emotional processing 
by the prefrontal cortex [21]

All sensory information from the heart from proprioceptors, chemoreceptors, and 
mechanoreceptors and information from the cerebral cortex and limbic system is integrated 
with the cardiovascular center of the medulla of the brainstem for the cardiovascular 
modulation [43]. Thus, the sensorial inputs in different body positions might influence 
better autonomic cardiac modulation, higher pNN50 indices of HRV [42]. Moderate 
touch (tactile input) dominates the entire Watsu session, especially the techniques called 
“shoulder rotation” and “sandwich”. The gentle stroking in the shoulder and neck area 
might have stimulated the pressure receptors and vagal nervous [44]. This gentle stroking 
conveys a pleasant sensation via touch-sensitive C-tactile nerve fibers when activated in 
Watsu [45]. It is known that tactile receptors transmit the sensory stimulus to the brain, 
causing a faster reaction than other types of the stimulus [46]. In addition to that, C tactile 
fibers transform the sensory stimulation into the pleasurable sensations and emotional 
quality of tactile input. Although the Watsu dimension of tactile information can address 
psychological traumas and enhance wellbeing, potential over-arousal state of a person 
with traumatic experience should be considered [34]. It can boost the desired outcomes 
and help alleviate touch deprivation symptoms [45]. However, the effect of warm water 
as a whole-body stimulator for sensory reintegration, body awareness and neuromuscular 
re-education still needs to be investigated in future studies [34]. 

Another positive change due to gentle stroking and massage is the reduced cortisol levels 
and increased serotonin and oxytocin, which plays a role in social bonding [47, 10]. Thus, 
socio-emotional development in early childhood and later in life is supported [11, 18, 48]. 
These possible biochemical changes may bring additional benefits to the therapeutic table, 
including the release of pain and strengthened immune function and contribute to better 
accordance between autonomic, emotional, and physical flexibility [8, 49]. 

Understanding the role that the intrinsic cardiac nervous system plays in cardio-vascular 
modulation is crucial [50]. Mechanical and hormonal changes are transformed into 
neurological inputs by sensory neurons in the myocardium. These sensory inputs are 
sent to the brain via afferent pathways contributing to heart–brain interactions. The 
role of heart in the altered rates, rhythms, and patterns of afferent traffc, resettlement  
of cortical functioning can trigger emotional restructuring [39]. Such emotional self-
regulation can be reflected in higher pNN50 after Watsu. Another type of touch called 
“intentional touch” is used to avoid overstimulation of fear of intimacy and closeness in 
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Watsu. The number of intentional touch techniques can be regulated to maintain pleasant 
and refreshed feelings.

The current study showed that the clinical pediatric goal of improved lower ROM could be 
achieved after Watsu therapy. The specific gentle stretching in warm water is the possible 
factors increasing lower ROM [36] via muscle relaxation and pain relief [51, 52, 53]. A 
study indicated a ROM increase after Watsu therapy in children with juvenile idiopathic 
arthritis and improved functional health status with an insignificant improvement in 
the participants’ ROM in comparison to traditional hydrotherapy [33]. It is important 
to note that passive movements and stretching in Watsu may elicit additional benefits 
in comparison to active aquatic therapies for the relief of joint problems. Another study 
indicated the significant lower ROM changes after single Watsu session among active 
young swimmers [36]. 

An experienced Watsu therapist uses stretching, rocking and cradling movements, 
mobilization of joints and soft tissues with his/her own hands, arms, legs, and even body 
[17]. Unlike manual and positional stretching on land, reduced gravitational forces in 
water can alleviate muscular tonus, joint stiffness and pain to further levels [52]. The 
thermal effects of warm water (33-35 degrees Celsius) decrease gamma fiber activity, 
spasticity [53] and enhance the condition of the overused and painful muscles elasticity 
and joints due to neuro-motor impairments [52]. Improved balance and coordination 
enhance flexibility. Even though low-level coordination improvements are possible using 
single limb techniques of Watsu [53], we recommend integrating Watsu with programs 
such as hippotherapy to improve flexibility via balance and coordination.

Although the adaptation of ANS, cardiac hyporesponsivity and clinical outcomes to 
immersion still needs to be investigated, the insignificant positive changes in the current 
study support the use of head-out water immersion. Immersion enhances autonomic outflow 
and cardiovagal baroreflex sensitivity [54, 55], thus HRV. The mechanical therapeutic effect 
of buoyancy, hydrostatic pressure and viscosity in immersion might have contributed to 
the traditional hydrotherapy benefits and ROM [33].

The constant close support of the upper body to keep the head above the surface and spinal 
column aligned might have limited the upper limbs mobilization. Designing Watsu sessions 
that address certain factors such as limitations in upper ROM may provide better health 
outcomes. Therefore, the goal specific adjustability of Watsu sessions depends on the large 
repertoire of the highly trained therapist may widen the horizons in the clinical settings. 
Considering the main goal as achieving higher functional independence levels and the 
increase in lower ROM, Watsu can be a complementary therapy. Moreover, relaxing and 
preparatory (higher HRV & ROM) improvements encourage children to achieve higher 
health and skill-related physical fitness parameters that can enable participation in sports 
competitions. Although the carry-over effect from the aquatic therapies to performance 
on land still needs to be clarified, Watsu therapy intervals are suggested in active exercise 
periods.

In light of the findings, various extrapolations can be made from this first study. Besides, 
incorporating Watsu in the aquatic therapy programs due to physiological effects, Watsu 
approach has a potential sense of family affection, enjoyment and motivation that can 
make it easy to apply in a lifelong rehabilitation process [53].

Considering the limitations of the current study, follow-up measurements and enjoyment 
assessment of the children were not performed. In addition, synchronized multiple 
physiological recordings were not used. 
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conclusions 
The clinical importance of this unique study is that the use of Watsu passive therapy is found 
applicable for the first time in autonomic modulation and ROM of the children with CP. 

Thus, enhanced modulation of ANS can alleviate the symptoms of motor dysfunction due 
to neuromuscular disorder and increase the adaptive capacity of the cardiac regulation 
leading to stress and tension release in the muscles and joints. These effects can enhance 
overall wellbeing.

These first empirical pieces of evidence can provide new implications in the field of 
passive aquatic therapy for researchers. The findings are the first to suggest further 
personalization of rehabilitation programs using tools of Watsu. Future randomized, 
blinded trials with large sample size with follow up measurements are needed to confirm 
our results.
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