
research and studies ~ 

Effects of Tactile Stimulation on 
Premature Infant Weight Gain 
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A study was conducted to determine the effect of continuous tactile 
stimulation on weight gain in premature infants. Thirty infants made 
up the sample. The experimental group received continuous tactile 
stimulation by being placed on a pile decubitus pad for a five-day 
period. Infants in the control group received routine nursery care. 
Both groups were weighed daily on the same scale. Analysis of 
covariance was used to analyze the data, which resulted in a 
failure to reject the hypotheses of no difference. 

Over the past several decades, 
numerous studies have been con- 
ducted on the effects of different 
forms of stimulation on the devel- 
opment of the premature infant. 
The interest in this topic is gen- 
erated from the lack of knowledge 
concerning the ecology of the pre- 
mature infant. Most researchers 
agree that sensory deprivations are 
experienced by virtue of the in- 
fant's premature delivery. Rice 
discussed early interruption of in- 
trauterine life as being detrimental 
because the premature infant does 
not experience the usual tactile, 
kinesthetic, and vestibular stimu- 
lation provided by the movement 
of the mother, amniotic fluid, and 
the muscular walls of the uterus, 
placenta, and fetal body.' These 
forms of stimulation would nor- 
mally increase as fetal volume in- 
creases and amniotic fluid volume 
decreases. Most researchers be- 
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lieve that tactile stimulation is a 
positive commodity and is neces- 
sary for healthy mental and phys- 
ical development.* 

Katz states that the nature of 
premature care may lead to the 
loss of opportunities to develop 
individual and social behavior, be- 
cause these behaviors occur at 
particular times and premature 
care alters the critical periods of 
acquisition (when they live in in- 
cubators, infants born prematurely 
miss some very important experi- 
e n c e ~ ) . ~  This artificial environment 
is often devoid of sensory and pre- 
ceptual stimuli and may be one of 
many factors that interferes with 
the sequential maturation of the 
premature ir~fant.~.~ 

Kulka, Fry, and Goldstein theo- 
rize that inadequate stimulation of 
the premature infant, due to the 
nursery environment, may ulti- 
mately lead to an accumulation of 
tension, resulting in inadequate 
breathing patterns and primitive 
a n ~ i e t y . ~  Without appropriate tac- 

tile, visual, kinesthetic, and audi- 
tory stimulation, the premature in- 
fant may demonstrate an intellec- 
tual level significantly below that 
of full-term infants.6 

Numerous studies have exarn- 
ined various methods of environ- 
mental manipulation of the pre- 
mature infant and the influence on 
the premature infant's hospitaliza- 
tion c o u r ~ e . ' , ~ , ~ - ~  Sensory pathways 
controlling tactile activities are the 
first to complete myelinization in 
the infant.' Therefore, the infant 
may be more susceptible to forms 
of manipulation that involve the 
tactile receptors. According to 
White and Labarba, tactile and kin- 
esthetic stimulation, in the form of 
15-minute periods of rubbing var- 
ious areas of the premature infant's 
body, increased efficiency of 
digestion and metaboli~rn.~ Has- 
selmeyer also cites that increased 
amounts of handling of premature 
infants led to an increase in ob- 
servable quiescent behavior and 
that patterned vestibular stimula- 
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tion increased the level of matu- 
ration in low birth weight infants." 

Levine and Rice, in separate 
studies of animals, concluded that 
repetitive tactile stimulation pro- 
duces certain effects toward mat- 
uration.'," These effects include 
increased myelinization of nerve 
pathways, development of parallel 
level of sensimotor coordination, 
and a higher output of the soma- 
totropic hormone, thereby facili- 
tating a faster weight gain.'." 

In Rausch's investigation, pre- 
mature infants were provided with 
15 minutes of tactile (rubbing) and 
kinesthetic (passive movement) 
stimulation for 10 consecutive 
days.' The results indicated that 
treated infants gained increasingly 
more weight over the 10-day pe- 
riod, but the increases were not 
statistically significant. The results 
were explained by the fact that tac- 
tile-kinesthetic stimulation im- 
proves feeding ability via vagal 
stimulation, which then promotes 
peristalsis and excretion, thereby 
decreasing gastric retention and 
abdominal distention. 

Jay investigated the effect of hu- 
man touch on various physiologic 
 parameter^.^ Data were collected 
on seven dependent measures: 
weight gain or loss, daily temper- 
ature range, daily oxygen require- 
ments, frequency of apnea and 
bradycardia, hematocrit levels, 
daily fluid intake, and total length 
of hospital stay. Statistical signifi- 
cance was demonstrated for daily 
oxygen requirements and hema- 
tocrit levels in favor of the inter- 
vention group. Although statistical 
significance was found for less ap- 
nea over time in favor of the con- 
trol group, no statistically signifi- 
cant results were found for the 
other variables. 

In a pilot study using empirical 
observations and the case study 
approach, Kulka et al. hypothe- 
sized that tactile and kinesthetic 
stimulation would improve the de- 
velopmental process of the pre- 

mature infant.' Their postulations 
were based on the theory that 
there exist kinesthetic needs or 
drives, separate from, but equal in 
importance with, oral, anal, and 
phallic drives. These drives refer 
to pleasure or the release of accu- 
mulated tension. They believe that 
in the premature infant, motion 
and sensation are the first means 
of tension discharge. These inputs 
are in the form of mass movements, 
because myelinization of pyrami- 
dal tracts is incomplete and the ex- 
trapyramidal system is dominant. 
It was then assumed that through 
this motion the infant seeks and 
receives tactile or kinesthetic 
stimulation in an effort to relieve 
his own tension. Failure to release 
this tension accumulation in pre- 
mature infants can have grave re- 
sults. 

The results of the studies con- 
cerning the efficaciousness of tac- 
tile input on premature infants 
seem to be equivocal. Although 
several studies have shown a sig- 
nificant influence of tactile stimu- 
lation on certain measured vari- 
ables, others have not. These dis- 
crepancies may have been a result 
of two factors not yet throughly in- 
vestigated. First, researchers have 
not satisfactorily examined the in- 
fluence of continuous tactile stim- 
ulation on infants born prema- 
turely. Secondly, only two studies 
exist that have examined the influ- 
ence of the texture of the tactile 
stimuli on human infants.12*13 Em- 
pirical evidence has been given to 
the use of continuous tactile stimuli 
by Scott and Ri~hards. '~  In a pilot 
study using a sample of six subjects 
per group, the authors found that 
infants cared for on a lambswool 
pad alternating daily with conven- 
tional cotton bedding gained sig- 
nificantly more weight ( P  < 0.05). 
Each infant spent at least four days 
on each type of bedding. Their 
postulation was that tactile stimu- 
lation provided by the texture of 
the lambswool reduced oxygen 

consumption due to reduced 
movement. Because movement 
was decreased and the pile of the 
lambswool covered a greater body 
surface area, heat loss could thus 
be decreased. This would ulti- 
mately create a savings of 1.2 gm/ 
day in body weight. Because the 
sample size was small and the 
weight differences could have re- 
sulted from withdrawal from the 
lambswool pad, Scott et al. con- 
ducted a follow-up study with 
modifications in methodology." 
Thirty-four low birth weight infants 
in incubators were randomly as- 
signed to a control or experimental 
group. Infants in the experimental 
group were placed continuously on 
lambswool, and conventional cot- 
ton bedding was used for the con- 
trol group. The results indicated 
that infants placed on lambswool 
gained more weight than infants on 
conventional bedding. The re- 
searchers concluded that this ef- 
fect is probably due to texture 
rather than thermal insulation, be- 
cause the infants were in a ther- 
mally neutral environment. 

In 1959, Harlow examined the ef- 
fects of texture on infant rhesus 
m ~ n k e y s . ' ~  Infant monkeys taken 
away from a terry-cloth-covered 
surrogate mother and exposed to 
a wire mesh surrogate mother 
spent less time clinging to the 
mother and all but abolished ex- 
ploratory play. 

The study reported below deter- 
mines the effects of continuous 
tactile stimulation by a pile decu- 
bitus pad (pdp) on premature in- 
fants' weight gain over a period of 
five days. 

Theoretical Framework 

The rationale for the use of con- 
tinuously available tactile stimu- 
lation, with a focus on nature of the 
stimulus presented, was derived 
from the conceptual work of 
Weiss.' Six factors create the lan- 
guage of touch: duration, fre- 
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quency, location, intensity, sensa- 
tion, and action. Duration and fre- 
quency refer to length and amount 
of stimulus presentation. Long du- 
ration and greater frequency seem 
to allow the body greater time for 
more pronounced physiologic re- 
sponse. Location of stimulation 
contains two components: thresh- 
old, referring to the degree of in- 
nervation within the body area ca- 
pable of response; and extent, the 
number of areas touched relative 
to the number of areas available to 
be touched. Intensity refers to the 
extent of indentation applied, with 
extremes of light and heavy yield- 
ing greatest therapeutic quality. 
Sensation refers to the immediate 
comfort or discomfort received 
from specialized reception and 
transmission to the brain. Action 
is the rate of approach to a body 
surface. 

These tactile symbols should be 
considered qualitatively as they 
relate to facilitating adaptation or 
fostering maladaptation. The 
adaptive or maladaptive meaning 
of a symbol is determined by the 
varying afferent impressions on an 
individual’s skin. These impres- 
sions are ultimately transmitted to 
the cerebral cortex, where levels 
of activation are created that affect 
an individual’s perception. The 
central nervous system must re- 
ceive a certain level of arousal 
through tactile symbols before suf- 
ficient awareness of the body can 
occur. This arousal is termed tac- 
tile integration. On a continuum, 
tactile integration lies between 
tactile satiation and tactile depri- 
vation. The two concepts arise 
when an overload or a reduction of 
tactile sensory input exists. In con- 
trast, tactile integration enlivens 
the body by allowing for percep- 
tion, which cannot occur if input is 
absent or  blocked. These factors 
ultimately affect metabolism, in- 
testinal mobility, glandular, bio- 
chemical, and muscular functions.. 

Table 1. Characteristics of infants in the Experimental and Control Groups 

Experimental (N = 15) 

Mean Range Mean Range 

Control (N = 15) 

Weight on admission to the 
1845 1440-2360 study (gm) 1724 1340-2040 

Age on entry to the study (days) 6.8 3-14 5.7 2-1 2 
Apgar score at one minute 5.4 1-8 6.1 1-8 
Caloric intake per kilogram of 

body weight on entry into the 
study 99 97 46-1 23 67-1 30 

Percentage of male infants 26.7% 46.7% 

METHOD 

Sample 

The sample consisted of 30 pre- 
mature infants who weighed be- 
tween 1,300 and 2,500 gm on ad- 
mission into the study; were ap- 
propriate for gestational age; were 
a minimum of two days of age, had 
no congenital anomalies; were 
nipple-fed with a 20-calorie-per- 
ounce, commercially prepared for- 
mula; were delivered at the Uni- 
versity of South Alabama Medical 
Center Hospital between March 1 
and December 1, 1983; and were 
admitted to the premature nursery. 
Infants in this area are stable, not 
receiving assisted ventilation, and 
are awaiting discharge on achieve- 
ment of satisfactory weight. 

Infants were withdrawn from the 
study when they were discharged 
from the hospital, developed med- 
ical complications that necessi- 
tated transfer to the intensive care 
nursery, required gavage feedings, 
or were fed any formula that was 
not commercially prepared at 20 
calories per ounce. Fifteen infants 
made up each group (Table 1). 

Procedure 

On admission to the premature 
nursery, infants were assessed by 
the researcher to determine 
whether they met the study cri- 
teria. After the initial assessment. 

the infants were randomly as- 
signed to either the control group 
or experimental group. Infants in 
each group received standard 
nursery care as established by the 
institution. In addition to standard 
care, infants in the experimental 
group were placed on a sterile hy- 
poallergenic pile decubitus pad 
(pdp) for a period of five days. The 
pile decubitus pad consisted of ap- 
proximately 20 mm of 100% dacron 
polyester pile with a polyester 
backing. A satin pillow insert was 
woven into the pad for the infant’s 
face, to prevent possible inhalation 
of fibers. Before the initial use of 
pile decubitus pads, pads were 
laundered and sterilized by auto- 
clave to eliminate any bacterial 
contamination and minimize the 
liberation of inhalable fibers. When 
the pile decubitus pad was placed 
under the experimental infants, it 
came into contact with the entire 
body surface, with the exception of 
the diaper area. Infants were 
placed in a prone position onto the 
pad, except during time of feeding, 
changing pile decubitus pads, or 
diaper change. Infants in both con- 
trol and experimental groups were 
weighed daily at approximately the 
same time per hospital routine by 
a qualified premature nursery em- 
ployee. Weights were recorded on 
the infant’s chart. The infants were 
nude and the same scale was used 
for all weights. The scale was pe- 
riodically calibrated throughout 
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Table 2. 
Groups Across Days for Weight Gain in Grams 

Means and Standard Deviations for Stimulation and No Stimulation 

No Pad Stimulation Pad Stimulation 

Standard Standard 
Mean Deviation Mean Deviation 

Day 1 1860.66 236.98 1740.66 200.05 

Day 3 1896.00 224.84 1775.33 197.87 
Day 4 191 2.20 222.90 1795.33 197.26 

Day 2 1873.33 233.04 1759.33 199.33 

Day 5 1931.33 226.96 181 3.33 195.43 

2000 -- 
1950 -- 
1900 -- 

g 1850 -- 
CJ .- 2 c 1800 -- 

c 1750 -- 
L 
0) .- p 1700 -- 

I X  1650 -- 

the study. Infants in both groups 
received nipple feedings every 
three hours according to each in- 
fant’s needs, as determined by his/ 
her physician. Parents of infants in 
each group were allowed to visit 
and touch their infants as fre- 
quently as desired, according to 
nursery policy. 

Experimental Design and 
Variables 

The experimental design em- 
ployed to examine the effects of 
pad stimulation on weight gain of 
premature infants was 2 X 5 fac- 

No Stimulation 

0- 
1873 1860 

;?d Stimulation 

1740 

torial design, with repeated mea- 
sures on the last factor. This design 
allowed for the manipulation of the 
independent variables of the study: 
pad stimulation versus no pad 
stimulation and the five-day ex- 
perimental period. The dependent 
variable of the study was the 
amount of weight gain during the 
experimental period. 

Data Analysis 

Preliminary tests on the as- 
sumptions for a mixed-model anal- 
ysis of covariance (Bartlett’s and 
F-max) lead to a multivariate ap- 

Day 1 Day 2 Day 3 Day 4 Day 5 

DAYS 

Figure 1. Mean daily weights as a function of days. 
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proach. The data were then ana- 
lyzed with the use of a multivariate 
analysis of covariance, with the 
covariate being the initial weight 
on admission to the study. The use 
of covariance provided a method 
of statistical control for the factor 
of initial weight differences. An in- 
dependent t-test was performed to 
determine whether a mean differ- 
ence existed between groups in the 
amount of calories per kilogram of 
formula ingested. An additional, 
independent t-test was conducted 
to determine mean differences be- 
tween groups with the use of initial 
weights on admission to the study 
as the dependent variable. 

RESULTS 

An alpha of 0.05 was used for 
all tests of significance. The 
means and standard deviations 
for weight gain are reported in 
Table 2. 

The result of the independent t- 
test revealed no significant differ- 
ence (t = 0.634, P >  0.05) in calo- 
ries per kilogram of formula in- 
gested between the two groups. 
The independent t-test also showed 
no statistical significance (t = 1.5, 
P > 0.05) for initial weight be- 
tween the experimental and control 
groups. The analysis of weight 
gain revealed no significant stimu- 
lation main effect (F = 0.865, 
P > 0.05) or stimulation X days 
interaction effect (F= 0.964, P 
> 0.05). The analysis did reveal a 
significant main effect for days (F 
= 30.04, P < 0.05). These results 
indicate that there was no overall 
difference in weight gain between 
groups. However, as expected, both 
groups did increase in weight, on 
the average, over the five-day ex- 
perimental period (Figure 1). Since 
the infants did not exhibit any major 
neurologic or physical dysfunc- 
tions, they would be expected on 
the average to gain weight over 
time, hence the significant main ef- 
fect for the days factor. 
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ADAPTATION 

Reduced oxygen consumption 
Tension release 

Adequate weight gain 

i TACTlL E DEPRIVATION 

Routine nursery environment 

Length of time spent on the pad 
insufficient resulting in reduction 

of tactile sensory input 

TACTILE INTEGRATION 
(state of arousal) 

Duration and Frequency 
5 davs of continuous stimulation 

Location: Threshold and extent 
face unexposed to pile of the pad and 

height of the pile was insufficient 

Intensity 
weight of infant insufficient for 

the pile of the pad to be perceived 
as pleasurable 

Sensation 
texture of pad perceived as 

irritating or extremely 
comforta ble 

TACTILE SATIA TION 

Excessive exposure t o  the pad 
resulting in defensive blockage 

of stimuli 

I 
MA LA DAPTA TION 

Rapid oxygen consumption 
Tension accumulation 
Slowed myelinization 

Inadequate weight gain 

Figure 2. Continuum of tactile arousal. 

DISCUSSION 

The literature is replete with in- 
formation that supports the need 
for tactile stimulation through the 
use of human touch. In the absence 
of such stimulation, physiologic 
and emotional dysfunction occurs 
in both human beings and animals. 
What has not been sufficiently 
studied in relation to tactile stim- 
ulation is whether human touch 
can be substituted with other forms 
of stimulation and the same results 
achieved. This study examined the 
effects of placing infants on a pile 
decubitus pad. Results of the study 
revealed that the weight gains in 
both groups were of no statistical 
significance. This finding does not 

support the findings of Scott and 
R i ~ h a r d s ’ ~  or Scott et a1.” in which 
infants placed on lambswool were 
found to have a statistically signif- 
icant weight gain. 

A number of factors related to 
the treatment could have attrib- 
uted to the nonsignificant results. 
These include the quantity of time 
spent on the pad, lack of facial 
emersion into the pile of the pad, 
pile height, and the pad’s texture. 
Because natural and artificial fiber 
have different textures, infants 
lying on artificial material may be- 
come damp because of the mate- 
rial’s inability to absorb moisture.” 
Also, the weight of the infant could 
have affected the results, because 
heavier infants would receive more 
cutaneous stimulation. Any of 

these factors could have resulted 
in a decrease in the amount of tac- 
tile input that an infant had re- 
ceived (Figure 2). 

Had the infants been permitted 
to remain on the pad for a longer 
period of time, cellular activity may 
have been initiated, which would 
have allowed the significant weight 
gain. In contrast, continual contact 
with the pad may have created sa-  
tiation or adaptation of the tactile 
receptors, thus reducing the effec- 
tiveness of the pad. 

In several of the studies that re- 
ported significant gains in the de -  
pendent variables, the infants were 
exposed to multimodel stimulation, 
of which tactual stimulation was 
one type.899,’5 The treatment effect 
may have been a result of several 
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types of stimuli interacting rather 
than just one type of sensory stim- 
ulus. Multimodel stimulation may 
have kept the infants from becom- 
ing satiated with any one type of 
sensory input as long as they were 
not bombarded with sensory in- 
formation to the point where there 
was a sensory overload. 

CONCLUSION 

While caution should be exer- 
cised in generalizing the results of 
the current study to another pop- 
ulation and other types of pads, a 
basic clinical implication might be 
made. The practice of placing pre- 
mature infants on hypoallergenic 
pile decubitus pads in the absence 
of any other sensory stimulation 
program does not seem to effect 
weight gain. These results would 
seem to suggest, therefore, that 
placement on the pads would not 
be a cost-effective technique for 
increasing the rate at  which pre- 
mature children gain weight. Fur- 
ther investigations may show the 
use of decubitus pads to be bene- 
ficial when used in conjunction 
with other types of sensory stim- 
ulation. 

Further research should be con- 
ducted to determine the effects of 
using a pad with a higher pile, 
which liberates fewer fibers while 
varying the amount of exposure to 
this stimuli to prevent satiation. 
Also, it is recommended that the 

infant's face be exposed to the pad 
to receive the maximum benefits of 
stimulation. Because discrepancies 
exist between the use of natural 
and artificial fabrics, research 
should compare these two types of 
materials. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Rice DR. Neurophysiological de- 
velopment in premature infants 
following stimulation. Develop- 
mental Psychology 1977; 13( 1):69- 
76. 
Weiss S. The language of touch. 
Nurs Res 1979;28(2):76-80. 
Katz B. Auditory stimulation and 
developmental behavior of the 
premature infant. Nurs Res 1971; 

Brown J, Hepler R. Stimulation-a 
corollary to physical care. Am J 
Nurs 1976;76(4):578-81. 
Kulka A, Fry C, Goldstein F. Kin- 
esthetic needs in infancy. Am J Or- 
thopsychiatry 1960;30:562-71. 
Scarr-Salapatek S, Williams ML. 
The effects of early stimulation on 
low-birth-weight infants. Child Dev 

Jay SS. The effects of gentle human 
touch on mechanically ventilated 
very-short-gestation infants. Ma- 
tern Child Nurs J 1982;11(4):199- 
257. 
Rausch PB. Effects of tactile and 
kinesthetic stimulation on prema- 
ture infants. JOGN Nurs 1981; 

White JL, Labarba RC. The effects 
of tactile and kinesthetic stimula- 
tion on neonatal development in 
the premature infant. Dev Psycho1 

Hasselmeyer EG. Handling and 

20(3): 196-201. 

197344~94-101. 

10(1):34-7. 

1976;9:569-77. 

premature infant behavior. New 
York: New York University, un- 
published doctorial dissertation, 
1963. 

11. Levine S. Stimulation in infancy. 
Scientific American 1960;202(5): 

12, Scott S, Cole T, Lucas P, Richards 
M. Weight gain and movement pat- 
terns of very low birthweight ba- 
bies nursed on lambswool. Lancet 

13. Scott S, Richards M. Nursing low 
birthweight babies on lambswool. 
Lancet 1979;l: 1028. 

14. Harlow H. Love in infant monkeys. 
Scientific American 1959;200(6): 

15. Barnard K. The effect of stimulation 
on the duration and amount of 
sleep and wakefulness in the pre- 
mature infant. Dissertation Ab- 
stracts International 1972;33: 
2167B. 

81-6. 

1983;2:1014-6. 

68-74. 

Address for correspondence: Deborah 
Nelson, RN, School of Nursing, Uni- 
versity of South Alabama, EGLB, Room 
244, Mobile, AL 36688. 

Deborah Nelson is an assistant professor in 
maternal-child nursing at the University of 
South Alabama School of Nursing in Mobile. 
Ms. Nelson is a member of NAACOG and 
Sigma Theta Tau. 

Robert Heitman is an assistant professor in 
Health and Leisure Services at the University 
of South Alabama. 

Cindy Jennings is an assistant professor in 
maternal-child nursing at the University of 
South Alabama School of Nursing. Ms. Jen- 
nings is a member of ANA. 

MayJJune 1986 JOG" 267 




