
Introduction

Skin-to-skin care, also called the ‘kangaroo care,’ is prac-

ticed on newborns, usually preterm infants, wherein the infant

is held close to the mother’s chest. The mother and the infant

are bonded skin-to-skin and chest-to-chest, which provides

warmth and security for the infant [1]. Given that infants can-

not verbally express their pain and that their underdeveloped

neural system makes them insensitive to pain stimulation-in-

duced ache and stress, their feelings of pain have not been

discussed much in previous studies [2-4]. Pain does not only

cause neonatal hyperalgesia, high oxygen consumption, high

metabolism, acid electrolyte imbalance and other complica-

tions among infants, but can also affect their nervous system’s

structure and function which results in a series of long-term

changes in their behaviour, such as inattentiveness, hyperac-

tivity, and other disorders. Pain can also cause short-term neg-

ative reactions among infants. Pain stimulations, such as heel

lancing [5], nasogastric tube placement, and mechanical ven-

tilation cause significant physiological reactions like acceler-

ated heart rate [6], decreased oxygen saturation [7], increased

blood pressure (BP) [8], and intracranial pressure (ICP) [9],

which changes the cerebral blood flow that results to period-

ical hypoxemia, fluctuation in BP levels, reperfusion injuries,

and venous congestion. The infant responds to these stimula-

tions via behavioural reactions such as crying, changing of

facial expressions (wrinkling of brows, squeezing of eyes,

and etching deep lines around their noses), moaning, and

changing of body posture and movement. The most ac-

knowledged among these responses are the infant’s crying

and changing of facial expressions [10]. An infant who expe-

riences pain at an early stage undergoes long-term behav-

ioural changes afterwards. For example, the male infant who

is circumcised without any anaesthesia becomes more sensi-

tive to pain stimulation, such as when he receives a vaccine

shot after four to six months [11]. Staying in the Neonatal In-

tensive Care Unit (NICU) is also found to significantly in-

crease the infant’s sensitivity to pain. Twenty-eight-week

preterm infants who have stayed in the NICU for four weeks

have developed a stronger sensitivity to pain as compared to

32-week preterm infants. Such sensitivity to pain is directly

related to the frequency of invasive medical procedures.

Compared to the full-term infants, infants with very low birth

weight who have undergone prolonged hospitalization or

repetitive invasive medical procedures develop somatic

symptoms in 4.5 years, along with attention deficit hyperac-

tivity disorder (ADHD), learning difficulties, cognitive and

behavioural dysfunctions, and poor adaptability [12]. Pain

control can be categorized into two groups, namely, drug and

non-drug. Non-drug pain relief methods, such as skin con-

tact, touching, feeding of syrup and other non-nutritive suck-

ing, are commonly used by mothers in fear of the drugs’ side

effects to their children. Chen and Liu [13] found that infants

can perceive pain and respond via significant physiological

reactions. The field of healthcare does not think highly of pain
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among infants, which lead to ineffective pain relief measures

for infants who undergo diagnostic and therapeutic opera-

tions. Such topic has been largely ignored as doctors cannot

completely determine safe medicine dosages for infants and

certain non-drug pain relief methods lack systematic research.

Therefore, the infants’ pain must be recognized, prevented,

and quantified at an early stage to effectively intervene with

their health and to maintain their physiological and psycho-

logical stabilities. Non-drug methods can sufficiently reduce

pain among infants. This study aimed to investigate the ef-

fects of skin-to-skin care in the heart rate, transcutaneous oxy-

gen saturation, facial expressions, physical activity, and sound

performance of infants, to evaluate the feasibility of this pain

relief method, and to provide a reasonable theory for the mit-

igation and prevention of neonatal pain.

Materials and Methods

Subjects
Between April 2010 and December 2010, the authors selected

40 infants, 15 male and 25 female, from the present hospital’s ob-

stetrics ward as their study subjects. Every subject underwent heel

lancing 72 hours after their birth. The infants were selected based

on the following criteria: 1) weighed greater than 2.5 kg, 2) ob-

tained a ten-point Apgar Score five minutes after their birth, 3)

gestational age greater than 37 weeks, and 4) the mother must sign

Informed Consent Agreements and voluntarily participate in this

research. Neonates were excluded from the study based on the

following criteria: 1) if they cried 15 seconds before the heel lanc-

ing, 2) if they had received sedatives and analgesics within 24

hours, 3) if they had received surgery; 4) if they had congenital

anomalies, 5) if they had infections that required antibiotics, 6) if

they had experienced abortive heel lancing beforehand, and 7) if

their mothers had a cold, fever or gastroenteral illness. This study

was conducted in accordance with the declaration of Helsinki and

with approval from the Ethics Committee of Wuxi Maternity and

Child Health Hospital Affiliated to Nanjing Medical University.

Written informed consent was obtained from all participants.

Grouping method
Random number table method was used to divide ten infants

into groups at a single time. The selected infants were assigned a

number ranging from 0 to 9 based on their birth order. Those as-

signed with numbers 0 to 4 were placed in the intervention group,

whereas those assigned with 5 to 9 were placed in the control

group. This selection method was repeated until both groups had

20 infants.

Intervention method
Control group: After the infants were routinely bathed, they were

wrapped up in clothes to reduce body temperature loss. They re-

mained wrapped up during and one minute after the heel lancing.

Intervention group: 20 minutes before the heel lancing, the

authors approached the mothers on their bedsides and helped

them prepare for the kangaroo care. The room temperature was

set between 26ºC and 28ºC, the doors and windows were closed,

the mothers were lifted head-side of bed, and the infants were

handed to them still wrapped up in clothes or covers. After-

wards, certain pieces of clothing were removed to reveal large

portions of the infants’ skins. The infants were then held close to

their mothers’ naked chests. The authors assisted the mothers to

place their infants in a vertical or frog position skin-to-skin to

their chests. They also instructed the mothers on how to hold

their infants’ buttocks with one hand and the other hand over

their backs to avoid the infants from slipping and to enhance the

skin-to-skin contact. The nurse administered heel lancing after

15 minutes. The mother and the infant would remain in their po-

sitions during and one minute after the heel lancing.

Physiological measures
The research process was divided into three phases, namely, ten

seconds before the heel lancing, during the heel lancing (from

puncturing the heel until a sufficient amount of blood had been

drawn), and the recovery phase (ten seconds after the heel lanc-

ing). A multifunction monitor was used to record the infant’s heart

rate and oxygen saturation at three different phases. The re-

searcher would record the infant’s heart rate and oxygen saturation

every ten seconds before the heel lancing to the end of the recov-

ery phase.

Pain score
Douleur Aiguë Nouveau-né (DAN) Scale [14] was used to

quantify the infant’s pain. The infant’s facial expression was

scored between 0 to 4 points, the body movements between 0 to

3 points, and crying between 0 to 3 points, which totalled to 10

points. The score reflected the intensity of the pain among the se-

lected infants. The researcher also recorded the duration of the in-

fant’s facial expressions and crying.

Statistical analysis
SPSS v15.0 software was used to process the data and to ex-

press all information in mean ± SD (standard deviation). The

measurement data, such as birth weight, were expressed in mean

and SD. The numerical data, such as gender or type of delivery,

were expressed in frequency and percentage and were analyzed

via T test. The duration of the facial expression and crying were

analyzed by the Wilcoxon rank-sum test (Mann-Whitney U test).

The heart rate and oxygen saturation rate were analyzed via Re-

peated Measure ANOVA.

Results

General condition
The intervention and control groups had no statistically

significant difference in their birth weight, gestational age,

sex, and type of delivery (p > 0.05) (Table 1).

Table 1. — Comparison of general information between
control group and study group (X±S).
General Study Control Intervention t value p value

Information group group Group

(N=40) (N=20) (N=20)

Birth weight (g) 3,740.00± 3,337.00± -1.170 0.249

298.90 409.10

Gestational age

(week) 39.36±0.63 39.30±0.94 -0.216 0.830

Gender

Male 17 7 10

Female 23 13 10 2.333 0.062

Type of delivery

Vaginal 7 4 3

Cesarean 33 16 17 0.406 0.419



Infantile heart rate
Table 2 compares the two groups’ neonatal heart rates

at different time periods. The neonatal heart rates were

stable before the blood collection. The intervention

group’s change in heart rate was less than that of the con-

trol group before the blood collection and the recovery

stage. Repeated measurement of variance (F = 369.695,

p = 0.000) indicated a statistically significant difference

in the two groups’ heart rates at different time points. The

time * grouping (F = 5.390, p = 0.000) showed a statisti-

cally significant difference in the interaction time and

packet.

Infantile oxygen saturation rate
Table 3 compares the oxygen saturation of the infants at

different time points. During the blood collection, the

neonatal oxygen saturation decreased in varying degrees

among the two groups, in which the intervention group’s

blood oxygen saturation remained at approximately 80%

before recovering to 98.10% after ten seconds from the

blood collection. Moreover, the intervention group experi-

enced less reductions in oxygen saturation compared to the

control group at each time point.

Pain index
Table 4 shows a statistically significant difference (p <

0.01) between the two groups’ pain indicators.

Discussion

Kangaroo care is a non-drug therapy, which has been

identified by few Chinese studies to have an intervention ef-

fect on pain [15]. By examining the infant’s heart rate, tran-

scutaneous oxygen saturation, and acute pain during a

randomized, controlled trial, the present authors observed

that the skin contact between the mother and child had an in-

tervention effect on neonatal pain. Heel lancing is the most

common medical procedure for neonatal pain [16]. Pain

stimulation leads to a series of physiological responses,

which cause both short- and long-term effects. A proper and

acute assessment of infantile pain, along with a positive and

effective intervention, can eradicate its harmful effects [17].

By holding them close to their mothers’ chests, the infants

have 82% less chances to cry and 65% less chances to make

facial expressions during the heel lancing [18]. The present

experiment shows that the infants in the intervention group

had cried (41.90 ± 8.93 s) and had made facial expressions

(71.15 ± 16.45 s) for a shorter time than those in the control

group. The intervention group also has a DAN score (5.85

± 0.98) that is lower than that of the control group. A statis-

tically significant difference between the two groups was

observed (p < 0.01). Kangaroo care reduces the infants’ re-

sponses to pain by providing them a safe and cosy environ-

ment. The mothers’ comfort and encouragement has a major

role in the infants’ resistance to pain stimulation [19]. Table

2 shows that before heel lancing, the control and interven-

tion groups had no statistically significant difference on

heart rate (p > 0.05), which indicates the absence of pain

stimulation among infants before the heel lancing. However,

the heart rate changes among the two groups during the

seven ten-second intervals ten and 60 seconds after the heel

lancing. Based on time, interaction, and grouping factors,

there is a statistical significance between the two groups (p
< 0.01). Given that time equals to F = 369.695, p = 0.000,

Table 2. — Comparison of infantile heart rate at different time spot between groups (bpm).
Item Before HL Heel lance (HL) After HL F value

10 s 20 s 30 s 40 s 50 s 60 s Time Interaction Grouping

Intervention group 118.05± 124.95± 132.30± 138.30± 145.40± 151.60± 156.65± 134.80±

6.09 6.32 4.93 3.39 4.76 4.49 5.26 6.18
369.69* 5.390* 153.282*

Control group 120.60± 136.70± 144.80± 154.65± 162.65± 170.35± 174.50± 144.80±

5.62 5.17 5.00 5.58 5.58 4.37 2.84 12.15

* p < 0.01

Table 3. — Comparison of infantile oxygen saturation rate at different time spot between groups (%).
Item Before HL Heel lance (HL) After HL F value

10 s 20 s 30 s 40 s 50 s 60 s Time Interaction Grouping

Intervention group 98.35± 88.00± 84.75± 86.15± 87.70± 82.15± 78.20± 98.10±

0.75 4.08 3.39 6.22 7.89 10.10 5.82 0.85
71.377* 2.358* 9.535*

Control group 97.40± 84.95± 81.50± 78.95± 78.50± 76.15± 75.05± 93.30±

1.39 9.88 9.61 7.13 8.61 8.99 10.76 4.00

* p < 0.05
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Table 4. — Comparison of pain index between groups.
Items Average rank-sum Average rank-sum of p value

of control group intervention group

Pain facial 21.75 9.25 0.041

expression time (s)

Crying time (s) 22.28 10.72 0.033
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Table 2 shows the statistical significance of the two groups’

heart rates at different time periods. During the heel lancing,

both groups’ heart rates accelerates (Time * Grouping: F =

5.390, p = 0.000) which indicates the statistical significance

of time and grouping interaction. The heart beat accelera-

tion rate of the intervention group is much lower than that

of the control group. Skin-to-skin contact between the

mother and infant reduces the changes in the infant’s heart

rate during the pain stimulation. Other studies also found

that while administering kangaroo care, the mothers’ respi-

ration, heart beat, and blood flow all mimicked their condi-

tion when the infants are still in their uterus, which enhances

the security of the infants [20]. Infants become more secure

when their mothers hold them close to their chests, touch

them, and let them feel their heartbeat [21]. The present data

shows that after the heel lancing, the heart rate of the inter-

vention group became lower than 160 bpm. Therefore, the

kangaroo care is proven to sufficiently support the infantile

ventricular relaxation and to reduce the negative effects to

the infant’s cardiac output and heart rate acceleration.

During kangaroo care, the mother’s temperature is

quickly transferred to the newborns. After an hour of kan-

garoo care, the newborns’ body temperature reaches the

normal level and stays within that range [22]. Body tem-

perature is the major factor to the infant’s blood oxygen

saturation rate. There is no statistical significance between

the control and intervention groups’ blood oxygen satura-

tion rate before the heel lancing. However, a statistically

significant difference (p < 0.05) was observed between the

two groups’ blood oxygen saturation rate during the seven

ten-second intervals ten and 60 seconds after the heel lanc-

ing. During the heel lancing, the blood oxygen saturation

rate of both groups dropped significantly, which indicates

that acute pain lowers the infant’s blood oxygen saturation

rate. Table 3 shows Time: F = 71.377, p = 0.000. The two

groups’ blood oxygen saturation rates had a statistical sig-

nificance at different time spots. During the four ten-sec-

ond intervals 30 to 60 seconds after the heel lancing, the

blood oxygen saturation rate of the control group became

lower than 80%. However, 60 seconds after the heel lanc-

ing, the blood oxygen saturation rate of the intervention

group became lower than 80%. Given that Time * Group-

ing: F = 2.358, p = 0.024, the time and grouping interac-

tion shows a statistical significance. Although both groups’

blood oxygen saturation rates dropped during the heel

lancing, the blood oxygen saturation rate of the interven-

tion group remained around 80%. During the last ten sec-

onds of the heel lancing, the infantile blood oxygen

saturation rate recovered to 98.10%. During most time

spots, the infantile blood oxygen saturation rate of the in-

tervention group was lower than that of the control group.

All of these findings indicate that skin contact between the

mother and infant significantly reduces the duration of

pain stimulation. Therefore, this pain relief method pre-

vents and ultimately reduces the infantile hypoxemia.

When the pain stimulation is unavoidable during the in-

fantile period, kangaroo care can be administered to re-

duce the hypoxemia that is caused by pain and improve

the development of the infants’ systems [23]. The present

study proved that the skin contact between the mother and

infant reduces the effects of pain stimulation for full-term

infants during heel lancing. Unfortunately, this research

was conducted at a small-sample scale. In actual practice,

the inaccuracy of many factors, such as environmental fac-

tors, crying of infants, and probe position of life monitor,

had different effects on experimental data collection,

which ultimately reduced the sample size. The present au-

thors hope to continue this research at a much broader pop-

ulation. After improving their surveillance method, they

hope to find an effective way to reduce the effects of pain

stimulation to infants, to help develop their personalities

and intelligence at an early stage, and to improve their so-

cial adaptability. 
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