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Abstract

Background: The purpose of the present study was to systematically review all published studies
investigating the effects of only vestibular interventions on neurodevelopment, growth and vital signs
in preterm infants (PIs).

Method: PubMed, SCOPUS, Web of Science, CINAHL and EMBASE databases were searched to
find relevant studies published from 1980 and June 2022. In addition, reference lists of the articles
were also checked.

Results: Twenty articles met the inclusion criteria. Fifteen of these articles reported studies conducted
on stable preterm infants and five on unstable ones. Waterbed, rocking, hammaock, air mattress and
Vestibu_Guide stimulations were applied in eight, four, six, one, and one study, respectively. Twelve
studies evaluated neurobehavioral development, five studies assessed neuromotor development, five
studies evaluated the growth and fifteen studies assessed the vital signs in preterm infants using
vestibular stimulations.

Conclusions: The results indicate that vestibular stimulations may improve neurodevelopment,
growth and vital signs in premature infants, but there are still some disagreements among researchers,
and further research is recommended.
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Vestibular Stimulations for preterm infants

1- INTRODUCTION

Prematurity is defined as a delivery
before 37 weeks of gestation by the World
Health Organization (WHO) and is
categorized into three groups: under 28
weeks as extreme prematurity, between
28-32 weeks as high prematurity and 32-
37 weeks as moderate to late prematurity
(1). The incidence of prematurity varies
from 5% to 18% among 184 countries (1).
The global birth rate of preterm infants
(PIs) is estimated to be 10.6% (2). In some
studies conducted on Pls, the sensory
processing alterations were reported as an
abnormal reactivity to tactile deep
pressure, proprioception and vestibular
stimulations (3, 4).

Vestibular reflexes are developed in the
human embryo in the 19" week of
gestational age and vestibular nerve is
reported to be myelinated and matured (5).
Vestibular system is one of the first
systems to reach maturity (6). The
vestibular system is located in a part of the
inner ear and regularly transmits
information about the movements and
position of the head and body to the
integrating centers in the brainstem,
cerebellum and somatosensory cortex (7).
Many  studies indicated  vestibular
stimulations in Pls. In this study vestibular
stimulation aims at one of the following
stimulation:  waterbed, air  mattress,
rocking, hammock and Vestibu-Glide; so
that the vestibular system is stimulated by
them. Many researches showed that these
vestibular stimulations may result in
improving neurobehavioral characteristics
such as sleep pattern, pain response, visual
and auditory orientation (8-14), increasing
neuromotor development such as passive
muscle tone, active motility, posture, oral
motor  function and  neuromuscular
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maturity (15-18), improving vital signs of
respiratory system and heart rate (13, 14,
18, 19), balance, body orientation, (20)
sensory processing (21) and learning (22)
in Pls. According to the literature, some
studies conducted on  multi-sensory
interventions in Pls (23, 24) and some
studies utilized only vestibular
stimulations to improve the infant’s
wellbeing (16, 25, 26). Some studies
indicated that vestibular stimulations can
improve neurodevelopment of Pls (9, 11,
12, 27), but there is no general consensus
among study findings. Therefore, the
purpose of the present study was to
systematically review all published studies
investigating the effects of only vestibular
interventions  on  neurodevelopment,
growth and vital signs in PlIs.

2- MATERIALS AND METHODS
2-1. Search Strategy

Available databases including
PubMed, SCOPUS, WEB OF SCIENCE,
CINAHL and EMBASE were searched to
find studies investigating the effects of
vestibular stimulations on
neurodevelopment in Pls during the
period of 1980 to June 2022. The search
strategy consisted of text words, such as
(“preterm infant” OR “premature infant”
OR “low birth weight” OR “very low
birth weight” OR “neonate” OR
“neonatal” OR  “newborn”) AND
(“vestibular stimulation” OR “rocking”
OR “swing” OR “water bed” OR “air
mattress” OR ‘“hammock™). The search
strategy was conducted based on Preferred
Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA, 2020)
guidelines (28) (Fig. 1).
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Records identified from™:
PubMed (n =323)
Scopus (n=310)

Web of Science (n=342)
CINAHL through EBSCO
(n=260)

Embase through Ovid (n=231)

Identification

Y

Records screened
(n=770)

Y

Reports sought for retrieval
(n=73)

A\

Screening

Reports assessed for eligibility

Studies included in review
(n=20)

Included

Records removed before screening (n=696)
Duplicate records (n=623)
Non-English languages (n=48)
Review articles (n=25)

Records excluded
(n =697)

Reports not retrieved
(n=0)

(n=73) —_—

Reports excluded: (n= 53)
Qut of NICU (n =9)
Not only vestibular stimulation (n = 39)
Not an RCT (n =5)

Fig.1: Framework of the study

2-2. Study Selection

All Randomized Controlled Trials (RCTs)
investigating the effects of different kinds
of wvestibular stimulations such as
waterbed, air mattress, rocking, hammock
and Vestibu-Glide on neurodevelopment,
growth and vital signs in hospitalized Pls
were included. All included studies were
published in the English language. The
articles studied the effect of multisensory
interventions, vestibular stimulations on
mothers and stimulations on term infants
were  excluded. Article’s  abstracts
published in conference or seminar
proceedings were also excluded. Based on
searching, 1466 articles were retrieved.
Two reviewers (R.A & R.N) selected the
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relevant studies, independently. Some
articles were excluded according to their
titles and abstracts. If it was difficult to
include/exclude a study based on the title
or abstract, the full text of the article was
read by the above reviewers and then
checked by a third reviewer (M.B.M.A).
A consensus meeting was held to resolve
any conflicts among all reviewers.

Following achieving consensus on eligible
studies, articles were qualitatively
assessed based on the Physiotherapy
Evidence Database (PEDro) scale. This
scale has 11 items to  assess
methodological quality of RCTs. Ten
items scored O or 1, but the first item was
answered with “yes” or “no”. Articles
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with more-than-8 scores were considered
excellent and those with scores 6 to 8
were evaluated as good, the scores of 4
and 5 were considered fair and finally,
scores less than 4 were evaluated as poor
(29). The results of the PEDro checklist
are presented in Table 1.

3- RESULTS

From a total of 1466 studies, 623
articles were duplicated and removed. Out
of the remaining 843 studies, 770 articles
were excluded based on titles and 53 were
excluded based on abstracts and full texts.
Finally, 20 RCTs met the inclusion
criteria and were reviewed. The details of
the eligible studies are provided in
chronological order in Table 2. The
studies were divided into four domains
including: neurobehavioral, neuromotor,
growth and vital signs.

The gestational age of PIs in reviewed
studies was between 22 to <37 weeks.
Nine articles used the vestibular
interventions for infant’s < 28 week (8,
16, 19, 25, 26, 30-33) and in eleven
articles, the interventions were delivered
for infants between 28 to <37 weeks (9-
15, 17, 18, 27, 34). Fifteen of the 20
studies were conducted on medically
stable PIs (8, 9, 11-18, 25-27, 30, 31), the
remained five articles were performed on
infants suffering from idiopathic apnea
(19), severe respiratory distress syndrome
(32), intra ventricular hemorrhage (10),
Bronchopulmonary Dysplasia (33), RDS,
and asphyxia (34).

In eight articles, waterbed was used (8, 9,
11, 12, 27, 30-32), air mattress was
employed in one article (26), four studies
investigated the effects of rocking (10, 15,
19, 25), hammock was utilized in six
studies (13, 14, 16, 18, 33, 34), and one
article employed Vestibu-Glide (17).

Out of the thirteen articles studied on the
vital signs, five studies reported no effect
(8, 25, 26, 31, 34), one study
demonstrated negative effects (33), and
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seven articles showed positive effects of
vestibular interventions on vital signs (12-
14, 16-19).

Twelve studies were conducted on the
effect of vestibular stimulations on
neurobehavioral systems (sleep status,
pain response, visual and auditory stimuli)
and growth (8-14, 18, 25-27, 32). In five
articles,  neuromotor,  neuromuscular
characteristics of Pls were investigated
(15-18, 30).

4- DISCUSSION

This study was performed to
systematically  review the  studies
published from 1980 to June 2022 to
evaluate the effects of vestibular
stimulations on  neurodevelopmental
characteristics in Pls. The results of the
present systematic review demonstrated
that vestibular stimulations may have an
important role in the development of the
behavioral system (especially quiet sleep
and pain response), neuromotor, growth,
and vital signs. The main outcomes and
results are discussed separately as follows.

4-1. Neurobehavior

Korner et al. (8, 11), Edelman et al. (9),
and Deiriggi et al. (12) applied waterbeds
with or without oscillation to assess the
sleep state. The results demonstrated
improvement in quiet sleep and the energy
conservation in Pls. The findings of their
studies were not in agreement with the
results of the study conducted by Cordero
et al. (10), Saigal et al. (26) evaluating the
effect of air mattress on sleep status in
Pls. They reported no significant
difference between the experimental and
the control groups. Some factors such as
unstable Pls, different onset and type of
vestibular  stimulations,  short  term
vestibular inputs were considered as
probable causes of inadequate effects of
vestibular stimulations on sleep.
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Table-1: Summary of the articles’ findings

™
X 2
N =) o) © Lo N~ &)
S 8| 8| 3/ 8| 8| 8/ 8/ 8| 8| /81 2/ 2/ 8| |5|2|g
g S| 2| 2|2l 2 33|28 222|882 |&|&|«
—= e = _— — = = [3+] -_ o~ —5 =S =S
Articles PEDro Criteria P 5 = 5 | = s g B = s § 5 § s B g sh=E 5 S
D <7} e = (%) — o [ et S o - e N (<) [} )
S Xx ) = o Z 8 = = X L) = = S o e} = o 2 S
-~ 8| 5| E| 2 B| g| €| 2| &B| 5| 8| 5| 8| &| 5|8 2 | S| 9
[} —-_— — — " —
Fl 2] 8| €| 3| @] §| 8| O 2 0| §| §| ¥|& | = ©
S N
X
Eligibility criteria yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | yes | Yyes
Random allocation 0 0 0 1 0 1 0 1 1 0 1 0 1 0 1 0 0 0 1 1
Concealed allocation 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0
Baseline similarity 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
Blinding of subject 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Blinding therapists 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Blinding of assessors 1 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 0 0 1 1
Measures of key outcome
from more than 85% of 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
subjects
Intention-to-treat analysis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Between-groups 1|1 |11 |1 |1 |1 |1 || 1|11 |11 |1 1]|1]1]1]1
statistical Comparisons
Point measures and 1 1| 1|1 |11 |21 |11 |12 1|11 1]|1]1]1]|1
measures Of variability
Total 7 6 6 7 8 7 5 8 8 7 7 6 8 6 10 7 6 6 9 8
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Table-2: Details of the studies in chronological order

Author
(year)

Purpose

Participants (Preterm
infants/gestational age)

Interventions

Measurements

Conclusions

Jones et al,
(1981)

The effect of waterbeds on
apnea in Pls.

N=14
(<32 WK)

Waterbed
Rate:12-14 pulse/ min
Amplitude: 1-2mm
Duration: 23 hours

Electrocardiogram and
impedance
pneumography.

Unaffected response to waterbed was
demonstrated by maturity of infants,
severity of apneas and receiving
Theophylline.

Edelman et
al, (1982)

The effect of waterbeds on
sleep and motility in Pls.

N=12
(29-34 WK)

Waterbed
Rate:12-14 pulse/min
Amplitude: 2.4 mm
Duration: 4 days on and 4 days off

Behavioral observation

A significant increase in the longest
quiet sleep and decrease in the
percentage of fuss/cry was found
using a waterbed.

Korner et
al, (1982)

The effect of waterbeds on
sleep duration, restlessness
and motility in Pls.

N=17
(26-32 WK).

Waterbed
Rate: 8-10 pulse/min
Amplitude: 2.4mm
Duration: 4 days on and 4 days off

Behavioral observation

Sleep, and motility were improved in
babies treated with theophylline, but
the incidence of REMs, HR, RR and
weight did not differ using
waterbeds

Tuck et al,
(1982)

To prevent apneic attacks
using vestibular
stimulations in Pls.

N=12
(26-32 WK)

Rocking bed
Rate: 10-22 pulse/min
Amplitude: <3 degrees in either direction
Duration: 4-8 hours

PO2, HR and
Impudence
Pneumogram

The rocking bed may be helpful to
diminish the recurrent apnea and its
frequency

Korner &
Schneider,
(1983)

The effect of waterbed on
the neurobehavioral
development in PlIs.

N=56
(22-33 WK)

Waterbed
Rate: 12-14 pulse/min
Amplitude: <2.4 mm
Duration: 24 hours

Neurobehavioral
assessment

The neurobehavioral characteristics
would be enhanced using
waterbeds in Pls

Bottos et
al, (1985)

The effect of hammock on
respiration of Pls.

N=40
(29-37 WK)

Hammock
Duration: 23 min on the hammock and 23
min in supine position on matt

Recording cutaneous
oxygen levels and
breathing

The hammock position did not
disturb the respiration. The cutaneous
oxygen level was increased in Pls
without RDS

Pelletier et
al, (1985)

The immediate effect of
waterbed on avoidance
movements in PIs.

N=22
(29-33 Wk.)

Waterbed
Rate: 16+4 pulse/min
Amplitude: unclear
Duration: 30 min

Assessment of
Premature Infant
Behavior (APIB)

All approaches and avoidance
movements were reported to be better
except for finger splay.
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The effect of oscillating

Air mattress

Cardiorespiratory
monitoring, the Albert

The oscillatory air mattress could not

Saigal et al, mattresses on apnea, N=122 Rate:14-16 pulse/min oo -
(1986) growth and (27-33 Wk) Amplitude: unclear Einstein Neonatal reduce the apnea, not improve the
. S Neurobehavioral Scale, growth development and sleep.
neurodevelopment in PlIs. Duration: at least 7 days
and Bayley scales.
Rocking Behavior, respiration
The effect of rocking _ Rate: 15 pulse/min » Tespl A significant increase was reported in
Cordero et . . N=17 . ) . and Electrocardiogram, Lo
stimulation on sleep Amplitude: £22.5 degrees directed about the sleep patterns and a significant
al, (1986) . (28-33Wk.) oo . Impedance . X
patterns in Pls. the longitudinal axis neumoaraoh decrease in active sleep of Pls.
Duration: three 15 min daily P graph.
The effect of vestibular Sinusoidal oscillation Neuromuscular Alertness, defensive reaction, visual
Clark et al, | stimulation on acceleration N=26 Rate:15 pulse/min development and auditory orientation were
(1989) of postnatal development (28-33 WK.) Amplitude: 45° examination demonstrated to be different between
in Pls. Duration: 15 min daily (Dobowitz). the two groups.
. Waterbed flotation could be
Deiriggi, ;2? eff:)((:t ::cmﬁfersbg? 311 N=22 Waterbed scHaIr: ’ 'l;/elzﬁ?vrig(r:;ll\ggte considered as an effective
(1990) gy exp (29-34 WK.) Duration: 3 days ’ intervention to improve energy
Pls. scale . .
conservation, active sleep and HR.
Watre et e
Korner et | The effect of waterbed on N=52 Rate: unclear Behavior assessment but th% continuousl oscillatgi]n >
al, (1990) | sleep and irritability in Pls (29-33 WkK.) Amplitude: unclear bed had th y ducti g
Duration: 4 days waterbed had the most reduction in
' irritability and restlessness.
The effect of waterbeds on No significant influences of waterbed
Darrah et neuromotor development N=107 Waterbed Dubowitz, INFANIB, were found on the motor
al, (1994) in Pls P (<32 WK.) Duration: not equal for all infants MALI, Peabody scales. development of very low-birth
' weight infants.
Zanardo et Tg‘; %ff(eCteﬂfsgig??;nm?an N=15 Hammock HR, RR and skin PlIs with BPD showed severe
al, (1995) Y Pls (27-30Wk.) Duration:15 min temperature. hypoxemia in the hammock.
The effect of sucrose Rocking: 15 min Physiological (HR and No significant difference was found
Johnston et | alone, rocking alone and N=85 Rate: 12 pulse/min SéZ) an% behavioral between the rocking and placebo
al, (1997) | the combination of sucrose (25-34WKk.) Amplitude: 2 cm groups for behavioral responses. A

and rocking on pain

Duration:15 min

responses.

non-significant effect was found with
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response in Pls

a combination of rocking and sucrose
on pain response.

Keller et
al, (2003)

The effect of hammock on
neuromuscular maturity,
growth and autonomic
stability in Pls.

N=20
(26-30 Wk.)

Hammock
Duration: three hours daily

Weight gain,
neuromuscular maturity
scale.

Positive effects were demonstrated
on HR, RR and Neuromuscular
Maturity Score

Zimmerma
nand
Barlow,
(2012)

The effectiveness of
vestibular stimulation on
respiratory and oromotor

systems in Pls.

N=27
(28-34 Wk.)

Vestibulite
Rate: 0.5 to 0.95 pulse/sec
Amplitude: 1.98 to 8.07cm
Duration: three 15 min per day

RR, Chest wall motor
pattern, SpO2, oral
feeding.

Vestibular stimulation made by
Vestibulite could provide the
effective modulation in RR and reset
the respiratory central pattern
generator with inducing the changes
in chest wall kinematics.

Costa et al,
(2016)

The effects of hammock
on neuromuscular maturity
and stability in Pls.

N=30
(32-35 Wk.)

Hammock
Duration: 40 min after diapering

N-PASS assessment,
NANDA international
Taxonomy.

The Pls in hammock showed a
significant improvement in stress,
posture and disorganization
compared with the nests.

Ribas et al,
(2019)

The effect of hammock on
pain, sleep_wake state,
heart rate, respiratory
frequency and SpO2

N=26
(30-37 Wk.)

Hammock
Duration: 2hours every day for 5
consecutive days

Premature Infant Pain
Profile, Neonatal Facial
Coding System scales,
Brazelton Neonatal
Behavioral
Assessment Scale,
HR, RR and SpO2.

The Pls in hammock had
significantly less pain and a better
sleep-wakeful state, Statistically
significant differences in HR, RR,
and SpO2 compared with the
traditional position group.

Costa et al,
(2019)

The effect of hammock on
sleep and wake state, HR
and SpO2

N= 20
(32-37WK.)

Hammock
Duration: 10 min after diaper change as a
stress stimulation

Systematic Observation
- Microanalytical
Encoding of Behavioral
Variables, HR, SpO2.

Positive effects were demonstrated
on behavioral responses, HR and
SpO2.

Pls=preterm infants; N=numbers; Wk.= week; SO2= saturation of oxygen; PO2 = partial pressure of oxygen; SpO2= saturation of arterial blood
with oxygen; HR= heart rate; RR= respiratory rate; REMs= rapid eye movement; RDS= respiratory distress syndrome; INFANIB= infant
neurological international battery; MAI= movement assessment; PCA= postconceptional age; AA=adjusted age; BPD= Bronchopulmonary
dysplasia; N-PASS= neonatal pain, agitation and sedation scale; NANDA= North American nursing diagnosis association.
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In a study conducted by Johnston et al.
(25), the effect of rocking stimulation (15
min) before and during heel stick
procedure on pain response in Pls was
evaluated. No significant effect of rocking
stimulations on facial expressions during
painful procedures was reported. Pelletier
et al., (27), Ribas et al. (13), Costa et al.
(14) and (18), investigated the effect of
30 min rocking stimulations after heel
stick, 2 hours every day for 5 consecutive
days, 40 min hammock and 10 min
hammock after diapering on pain
response, respectively. The results were
not in agreement with the findings
reported by Johnston et al. (25). Maybe
the short-term duration of rocking
stimulation (15 min) could be considered
as the possible cause for reporting
different findings. Therefore, it seems that
the duration of vestibular stimulations
should have a positive effect on pain
responses. Korner & Schneider (32)
applied waterbed on the visual and
auditory orientation in Pls with severe
respiratory distress syndrome (RDS). The
findings demonstrated a significant
improvement in the neurobehavioral
outcomes.

Fundamental changes like the critical
neural connections and neural tracts
myelination occur during the second half
of gestation (35). In Pls, the
neurodevelopmental outcomes would be
impaired  because of the brain
disorganization due to the brain adaptation
to hypoxia (36). In the neonatal period, the
frontal region cerebral white matter could
be developed with applying the mild low
stressed interventions (37). Orientation
skills including interacting with the
environment, bounding with the parents
and the visual tracking behavior were
reported to be lower in Pls than full term
ones (38). Therefore the early supervised
vestibular stimulations in the form of
rocking would be helpful to improve motor
and neurobehavioral development (39).

Int J Pediatr, VVol.10, N.10, Serial No.106, Oct. 2022

4-2. Neuromotor

In studies conducted by Clark et al. (10),
Keller et al. (16), Zimmerman et al. (17)
and Costa et al. (18), various types of
vestibular stimulations (e.g., sinusoidal
oscillation, hammock, Vestibu Glide) on
passive muscle tone, active motility,
posture, oral motor function,
neuromuscular maturity and posture in Pls
were investigated. The results showed that
vestibular  stimulations may improve
neuromotor development in Pls who were
at risk of developmental and motor delay.
In a study carried out by Darrah et al.,
waterbed stimulation was used in Pls and
no improvement was reported for
neuromotor outcomes (30). According to
the results, the duration of intervention
was not equal in all infants and the age of
infants was less than the age of the
participants selected in the other studies
(26-31week). Probably, age of infants as
well as the type and duration of vestibular
stimulations might inhibit the effect of
vestibular stimulations on neuromotor
development.

Previous studies have demonstrated higher
rates of neurosensory motor development
disorders in PIs born at <32 gestational
weeks in comparison to the term babies
(40). There is a critical effect of early life
experiences and external overstimulation
on the brain and especially the sensory
system maturation; therefore, the sensory
stimulations have an important role in the
growth and neurodevelopment of Pls (41).
These excessive and inappropriate
stimulations may have some awkward
effects on the immature brain which
cannot filter these deleterious inputs (41).
Particularly, the traditional Neonatal
Intensive Care Unit (NICU) was not a
compatible environment to develop the
brain and nervous system’s expectations;
and it seems that the environment,
schedules, and treatment programs in
NICU may be the most important factors
which may inhibit the influence of
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vestibular stimulation interventions in Pls
(42, 43). Therefore, it is recommended to
assess and follow up neuromotor criteria in
the early stage of the Pls (44).

4-3. Growth

Out of four studies (8, 12, 16, 26), only
one (12) reported that using non-
oscillatory waterbed stimulation improved
energy conservation and weight gain in
Pls. In the three remaining articles, no
improvement was found with applying
different types of vestibular stimulations
like waterbed and airbed with oscillation,
hammock and rocking on the growth
factors in Pls. It seems that unexplained
energy intake of infants, inadequate
cumulative duration of interventions, ages
less than 28 weeks, and type of
stimulation might be considered as
probable reasons for different reported
results.

Some studies demonstrated extra uterine
growth retardation in most Pls (45) due to
the  pathological  factors  including
gestational age, birth weight, nutrition
during hospitalization, degree of disease,
growth status before discharge, and their
motor and neurodevelopmental outcomes
(46, 47).

4-4. Vital signs
4-4.1. Respiration

In a study carried out by Tuck et al.,
rocking bed was used on unstable Pls with
idiopathic apnea, and the results showed
that rocking movements could provide the
effective modulation in respiratory rate
and changes in chest wall kinematics (19).
The above findings may be attributable to
the stimulation of diaphragm associated
by rocking (48) and increased
coordination between diaphragm muscle
and upper-airway. In four studies carried
out by Keller et al. (16), Costa et al., (14,
18), and Ribas et al. (13), hammock
simulations were employed to investigate
the respiratory status. The positive effects
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on respiratory rate were reported in stable
Pls.

Also, Zimmerman et al. demonstrated the
positive effect of Vestibu Glide with
different acceleration, rate and horizontal
glide displacements on the respiratory and
oral motor systems (17). The finding of
this study was in agreement with the
results of the previous studies. Some items
such as ages less than 28 weeks at the
beginning of stimulation, receiving
medications (e.g., theophylline) before
and during simulations, subjective
assessment of respiratory system, and
more adaptations occurred in types and
durations of simulations might be
associated with inadequate effect of
vestibular stimulations on respiratory
system.

4-4.2. Heart Rate (HR)

Korner et al, (8 and Jones (31)
investigated the effect of waterbeds with
oscillation (12-14 cycles/min) on HR and
no difference was determined between the
experimental and the control groups. In a
study carried out by Johnson et al., 15-
min-rocking stimulation before and during
pain induction was applied using heel
stick procedure (25). No difference was
reported for HR between the experimental
and the control group. It seems that the
infant’s HR may increase during pain (49)
and this can be considered as a positive
effect of applying vestibular stimulations
during heel stick needling (25).

In another study, the negative effect of
hammock stimulation on vital signs (HR,
respiration and temperature) in Pls with
Bronchopulmonary Dysplasia (BPD) was
reported (33). In the same line, Bottos et
al. reported no effect of hammock
stimulation on HR and respiration in Pls
with respiratory distress syndrome (RDS)
(34), but significant effects were
demonstrated on infants without RDS in
some other studies (13, 14). The negative
findings reported in those studies might be
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mainly attributable to the methodological
flaws occurring in the design of the
studies.

According to the findings, more relaxation
and HR adjustment were demonstrated in
infants applying different types of
vestibular stimulation. Stability of HR
may be associated with the following
items: improvement in quiet sleep, ages
above 28 weeks, stable Pls, receiving no
medication before and during the
procedure, and type of vestibular
stimulations.

Age of Pls at the beginning of
intervention (vestibular inputs) might be
an important factor to show the effects of
vestibular stimulations. Type of vestibular
stimulations might be considered as an
influencing factor for having better results
in vital signs. Using waterbed stimulations
may be associated with reduced body
temperature and lead to apneic attacks
(50), but no changes in temperature were
found using rocking stimulation in this
population.

5- CONCLUSION

Literature has demonstrated that
vestibular therapy can improve the
function of the central nervous system,
though few research studies have been
conducted on the effect of vestibular
stimuli on neurobehavioral and
neuromotor development as well as the
growth in Pls. This systematic review
showed that there is still no general
agreement for the effects of vestibular
stimulations and their characteristics (rate,
amplitude, duration and type) on the
neurodevelopmental status in Pls with
different gestational ages. In all Pls, sleep,
neurobehavioral, neuromotor, and vital
signs  were improved following the
vestibular stimulation. It seems that ages
between 28 to 37 weeks, long duration of
vestibular inputs and stable samples
without RDS at the time of intervention,
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were considered as important items to
improve the neurodevelopment in PIs.

6- AUTHORSHIP

All authors declare that this is
original work and that they meet the
criteria for authorship. Mohammad A
Mohseni-Bandpei, Aida Ravarian and
Nahid Rahmani designed the study,
extracted the data, conducted the analyses
and wrote the manuscript. Farin Soleimani
and Firozeh Sajedi conducted the analyses
and wrote the manuscript. All authors read
and approved the final manuscript.

7- CONFLICT OF INTEREST
None
8- REFERENCES

1. Blencowe H, Cousens S, Oestergaard
MZ, Chou D, Moller A-B, Narwal R,
Adler A, Garcia CV, Rohde S, Say L,
Lawn JE. National, regional, and
worldwide estimates of preterm birth rates
in the year 2010 with time trends since
1990 for selected countries: a systematic
analysis and implications. The Lancet.
2012; 379(9832):2162-72.

2. Chawan Paiboon S, Vogel JP, Moller
AB, Lumbiganon P, Petzold M, Hogan D,
Landoulsi S, Jampathong N,
Kongwattanakul K, Laopaiboon M, Lewis
C, Rattanakanokchai S, Teng DN,
Thinkhamrop J, Watananirun K, Zhang J,
Zhou W, Gillmezoglu AM. Global,
regional, and national estimates of levels
of preterm birth in 2014: a systematic
review and modeling analysis. Lancet
Glob Health. 2019; 7(1):e37-e46.

3. Chorna O, Solomon JE, Slaughter JC,
Stark AR, Maitre NL. Abnormal sensory
reactivity in preterm infants during the first
year correlates with adverse
neurodevelopmental outcomes at 2 years
of age. Arch Dis Child Fetal Neonatal Ed.
2014; 99(6):F475-F9.

4. Cabral TI, da Silva LG, Martinez CM,
Tudella E. Analysis of sensory processing

16897



Vestibular Stimulations for preterm infants

in preterm infants. Early human
development. 2016; 103:77-81.

5. Nandi R, Luxon LM. Development and
assessment of the vestibular system.
International journal of audiology. 2008;
47(9):566-77.

6. Korner, Kraemer HC, Haffner ME,
Cosper LM. Effects of waterbed flotation
on premature infants: a pilot study.
PEDIATRICS. 1975; 56(3):361-7.

7. Day BL, Fitzpatrick RC. The vestibular
system. Current biology. 2005;
15(15):R583-R6.

8. Korner AF, Ruppel EM, Rho JM.
Effects of water beds on the sleep and
motility of theophylline-treated preterm
infants. PEDIATRICS. 1982; 70(6):864-9.

9. Edelman AH, Kraemer HC, Korner AF.
Effects of Compensatory Movement
Stimulation on the Sleep-Wake Behaviors
of Preterm Infants. Journal of the
American Academy of Child Psychiatry.
1982; 21(6):555-9.

10. Cordero L, Clark DL, Schott L. Effects
of vestibular stimulation on sleep states in
premature infants. American journal of
perinatology. 1986; 3(4):319-24.

11. Korner AF, Lane NM, Berry KL, Rho
JM, Brown BWM. Sleep enhanced and
irritability reduced in preterm infants:
Differential efficacy of three types of
waterbeds. J Dev Behav Pediatr. 1990;
11(5):240-6.

12. Deiriggi PM. Effects of waterbed
flotation on indicators of energy
expenditure in preterm infants. Nurs Res.
1990; 39(3):140-6.

13. Ribas CG, Andreazza MG, Neves VC,
Valderramas SJRc. Effectiveness of
hammock positioning in reducing pain and
improving sleep-wakefulness state in
preterm infants. 2019; 64(4):384-9.

14. Costa KSF, Fernandes DdS, Paula
RAP, Guarda LEDA, Daré MF, Castral
TC, Ribeiro LM. Hammock and nesting in

Int J Pediatr, VVol.10, N.10, Serial No.106, Oct. 2022

preterm infants: randomized controlled
trial. 2019; 72:96-102.

15. Clark DL, Cordero L, Goss KC, Manos
D. Effects of rocking on neuromuscular
development in the premature.
Neonatology. 1989; 56(6):306-14.

16. Keller A, Arbel N, Merlob P, Davidson
S. Neurobehavioral and autonomic effects
of hammock positioning in infants with
very low birth weight. Pediatr Phys Ther.
2003; 15(1):3-7.

17. Zimmerman E, Barlow SM. The
effects of vestibular stimulation rate and
magnitude of acceleration on central
pattern  generation for chest wall
Kinematics in preterm infants. J Perinatol.
2012; 32(8):614-20.

18. Costa KSF, Beleza LdO, Souza LM,
Ribeiro LM. Hammock position and
nesting: comparison of physiological and
behavioral effects in preterm infants.
Revista gaucha de enfermagem. 2016; 37.

19. Tuck S, Monin P, Duvivier C, May T,
Vert P. Effect of a rocking bed on apnoea
of prematurity. Archives of disease in
childhood. 1982; 57(6):475-7.

20. Wiener-Vacher SR, Hamilton DA,
Wiener SI.  Vestibular activity and
cognitive  development in  children:
perspectives. Frontiers in integrative
neuroscience. 2013; 7:92.

21. Ryckman J, Hilton C, Rogers C,
Pineda R. Sensory processing disorder in
preterm infants during early childhood and
relationships to early neurobehavior. Early
human development. 2017; 113:18-22.

22. Braswell J, Rine RM. Evidence that
vestibular hypofunction affects reading
acuity in children. International journal of
pediatric ~ otorhinolaryngology.  2006;
70(11):1957-65.

23. White-Traut RC, Nelson MN, Silvestri
JM, Patel M, Berbaum M, Gu GG, Rey
PM. Developmental patterns of
physiological response to a multisensory

16898



Ravarian et al.

intervention in extremely premature and
high-risk infants. JOGNN - J Obstet
Gynecol Neonatal Nurs. 2004; 33(2):266-
75.

24. Dieter JNI, Emory EK. Supplemental
stimulation of premature infants: A
treatment model. J PEDIATR PSYCHOL.
1997; 22(3):281-95.

25. Johnston CC, Stremler RL, Stevens BJ,
Horton LJ. Effectiveness of oral sucrose
and simulated rocking on pain response in
preterm neonates. PAIN. 1997; 72(1-
2):193-9.

26. Saigal S, Watts J, Campbell D.
Randomized clinical trial of an oscillating
air mattress in preterm infants: Effect on
apnea, growth, and development. J Pediatr.
1986; 109(5):857-64.

27. Pelletier JM, Short MA, Nelson DL.
Immediate effects of waterbed flotation on
approach and avoidance behaviors of
premature infants. Phys Occup Ther
Pediatr. 1985; 5(2-3):81-92.

28. Page MJ, McKenzie JE, Bossuyt PM,
Boutron I, Hoffmann TC, Mulrow CD, et
al. The PRISMA 2020 statement: an
updated guideline for reporting systematic
reviews. Systematic  reviews. 2021;
10(1):1-11.

29. Maher CG, Sherrington C, Herbert RD,
Moseley AM, Elkins M. Reliability of the
PEDro scale for rating quality of
randomized controlled trials. Physical
therapy. 2003; 83(8):713-21.

30. Darrah J, Piper M, Byrne P, Watt MJ.
The Use of Waterbeds for Very
Low-Birthweight Infants: Effects on
Neuromotor Development. Dev Med Child
Neurol. 1994; 36(11):989-99.

31. Jones R. A controlled trial of a
regularly cycled oscillating waterbed and a
non-oscillating waterbed in the prevention
of apnoea in the preterm infant. Archives
of Disease in Childhood. 1981;
56(11):889-91.

Int J Pediatr, VVol.10, N.10, Serial No.106, Oct. 2022

32. Korner A, Schneider P, Forrest T.
Effects  of  vestibular-proprioceptive
stimulation on the neurobehavioral
development of preterm infants: A pilot
study. Neuropediatrics. 1983; 14(03):170-
5.

33. Zanardo V, Trevisanuto D, Dani C,
Bottos M, Guglielmi A, Cantarutti F.
Oxygen saturation in premature neonates
with bronchopulmonary dysplasia in a
hammock. Neonatology. 1995; 67(1):54-8.

34. Bottos M, Pettenazzo A, Giancola G,
Stefani D, Pettena G, Viscolani B,
Rubaltelli FF. The effect of a ‘containing
position in a hammock versus the supine
position on the cutaneous oxygen level in
premature and term babies. Early human
development. 1985; 11(3-4):265-73.

35. de Graaf-Peters VB, Hadders-Algra M.
Ontogeny of the human central nervous
system: what is happening when? Early
human development. 2006; 82(4):257-66.

36. Figueras F, Cruz-Martinez R,
Sanz-Cortes M, Arranz A, llla M, Botet F,
Costas-Moragas C, Gratacos E.
Neurobehavioral outcomes in preterm,
growth-restricted infants with and without
prenatal advanced signs of brain-sparing.
Ultrasound in obstetrics & gynecology.
2011; 38(3):288-94.

37. Als H, Duffy FH, McAnulty GB,
Rivkin MJ, Vajapeyam S, Mulkern RV,
Warfield SK, Huppi PS, Butler SC,
Conneman N, Fischer C, Eichenwald EC.
Early experience alters brain function and
structure. PEDIATRICS. 2004;
113(4):846-57.

38. Pineda RG, Tjoeng TH, Vavasseur C,
Kidokoro H, Neil JJ, Inder T. Patterns of
altered neurobehavior in preterm infants
within the neonatal intensive care unit. J
Pediatr. 2013; 162(3):470-6. el.

39. Sandler A, Coren A. Vestibular
Stimulation in Early Childhood: A
Review. J Early Intervention. 1981,
3(1):48-55.

16899



Vestibular Stimulations for preterm infants

40. Raniero EP, Tudella E, Mattos RS.
Pattern and rate of motor skill acquisition
among preterm infants during the first four
months corrected age. Rev Bras Fisioter.
2010; 14(5):396-403.

41. Rowley S, Williams J. Multi-sensory
stimulation and infant development.
Research Review Johnson & Johnson
Pacific. 2015.

42. Als H, B McAnulty G. The newborn
individualized developmental care and
assessment program  (NIDCAP) with
kangaroo mother care (KMC):
comprehensive care for preterm infants.
Current women's health reviews. 2011;
7(3):288-301.

43. Aucott S, Donohue PK, Atkins E,
Allen MC. Neurodevelopmental care in the
NICU. Ment Retard Dev Disabil Res Rev.
2002; 8(4):298-308.

44, Kara OK, Sahin S, Kara K, Arslan M.
Neuromotor and sensory development in
preterm infants: prospective study. Turkish
Archives of Pediatrics/Turk Pediatri
Arsivi. 2020; 55(1):46.

45. Clark RH, Thomas P, Peabody J.
Extrauterine growth restriction remains a
serious problem in prematurely born
neonates. PEDIATRICS. 2003;
111(5):986-90.

46. Guellec I, Lapillonne A, Marret S,
Picaud J-C, Mitanchez D, Charkaluk M-L,
Fresson J, Arnaud C, Flamant C,
Cambonie G, Kaminski M, Roze JC,
Ancel PY, Etude Epidémiologique sur les
Petits Ages Gestationnels (EPIPAGE;
[Epidemiological ~ Study on  Small
Gestational Ages]) Study Group. Effect of
intra-and extrauterine growth on long-term
neurologic outcomes of very preterm
infants. J Pediatr. 2016; 175:93-9. el.

47. Ehrenkranz RA, Dusick AM, Vohr BR,
Wright LL, Wrage LA, Poole WK. Growth
in the neonatal intensive care unit
influences neurodevelopmental and growth
outcomes of extremely low birth weight

Int J Pediatr, VVol.10, N.10, Serial No.106, Oct. 2022

infants. PEDIATRICS. 2006; 117(4):1253-
61.

48. Groswasser J, Sottiaux M, Rebuffat E,
Simon T, Vandeweyer M, Kelmanson I,
Blum D, Kahn A. Reduction in obstructive
breathing events during body rocking: A
controlled polygraphic study in preterm
and full-term infants. PEDIATRICS. 1995;
96(1 1):64-8.

49. Lindh V, Wiklund U, Sandman P,
Hakansson S. Assessment of acute pain in
preterm infants by evaluation of facial
expression and frequency domain analysis
of heart rate variability. Early human
development. 1997; 48(1-2):131-42.

50. Tourneux P, Cardot V, Museux N,
Chardon K, Léké A, Telliez F, Libert JP,
Bach V. Influence of thermal drive on
central sleep apnea in the preterm neonate.
Sleep. 2008; F 31(4):549-56.

16900



