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A B S T R A C T

Objective

To explore the effects of intraoral pressure on colostrum intake.

Methods

Healthy women with full-term infants were admitted in the study after birth. Intraoral pressure was detected before 
and after the mothers’ onset of lactation by a pressure sensor during a breastfeeding session. Colostrum intake was 
measured by weighting the infant before and after breastfeeding. The onset of lactation was confirmed by the mothers’ 
perceptions of sudden breast fullness.

Results

The newborns’ peak sucking pressure was 19.89±7.67kPa before the onset of lactation, dropping to 11.54±4.49kPa 
after mothers’ onset of lactation (p<0.01). The colostrum intake was 4.02±4.26g before the onset of lactation, and 
11.09±9.43g after the onset of lactation. Sucking pressure was correlated with the amount of colostrum intake before 
and after the onset of lactation after adjusting the confounding factors.

Conclusion

The newborns’ intraoral pressure at early stage played a predominant role in colostrum intake. It is recommended to 
initiate breastfeeding immediately after the birth to take advantages of the active and robust sucking response. It is 
valuable to understand the importance that the sucking pressure plays in the colostrum intake and active immunity 
achievement during the first several days after birth. 
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R E S U M O

Objetivo 

Explorar o efeito das pressões intraorais na ingestão de colostro.

Métodos 

Mulheres saudáveis com bebês a termo foram matriculadas após o nascimento. As pressões intraorais foram detectadas 
antes e após o início da lactação pelas mães através de um sensor de pressão durante uma sessão de amamentação. 
A ingestão de colostro foi mensurada pelo peso da criança antes e após a amamentação. O início da lactação foi 
confirmado pela percepção das mães de plenitude súbita da mama.

Resultados 

O pico de pressão de sucção dos recém-nascidos foi de 19,89±7,67kPa antes do início da lactação e caiu para 
11,54±4,49kPa após o início da lactação (p<0,01). A ingestão de colostro foi de 4,02±4,26g antes do início da lactação 
e 11,09±9,43g após o início da lactação. A pressão de sucção foi correlacionada com a quantidade de ingestão de 
colostro antes e após o início da lactação depois de terem sido feitos ajustes dos fatores de confusão.

Conclusão 

A pressão intraoral dos recém-nascidos no estágio inicial teve um papel predominante na ingestão de colostro. 
Recomenda-se iniciar a amamentação imediatamente após o nascimento para aproveitar as vantagens da resposta ativa 
e robusta à sucção. É importante entender a importância que a pressão de sucção desempenha na ingestão de colostro 
e na conquista da imunidade ativa durante os primeiros dias após o nascimento.

Palavras-chave: Colostro. Lactação. Recém-nascido. Sucção.

I N T R O D U CT I O N

Negative intraoral pressure is the main driving force in drawing milk out of the breast during 
breastfeeding in the infant with maturation. It is generated by the combination of the tongue’s peristaltic 
movements and facial muscles contracting around the nipple during breastfeeding [1]. The tongue surrounds 
the nipple and forms an airtight space during the suction. As the infant lowers the jaw and moves the 
tongue backwards, a larger area is created inside the oral cavity. This enlarged space in the oral cavity results 
in increased pressure in the mouth, thus prompting milk to flow out from the breast into the infant’s 
mouth [2].

Previous studies have explored the effects of intraoral pressure during breastfeeding. It was 
demonstrated that milk flows from the nipple into the infant’s mouth coincided with the peak of intraoral 
pressure by approaches of ultrasound detection and pressure sensor measurement [3]. Cannon et al. [2] 
addressed the correlation between the volumes of milk transfer and intraoral pressure application in infants 
with maturation. Baseline pressures are responsible for holding the nipple during suction, while the peak 
pressures occur as the tongue moves downward to the lowest position for milk removal. Additionally, 
intraoral pressure reduction supports the larynx elevation by palatal fixation of the tongue during swallowing 
[4]. Therefore, intraoral pressure is integral to adequate milk intake and successful breastfeeding outcomes 
[5]. However, most recent studies focused on the infant with maturation. Little is known about the role of 
intraoral pressure in newborns during the first several days after birth.

In mammals, sufficient colostrum intake is necessary for the survival of the cubs [6]. Colostrum 
consumption is determinant for successful breastfeeding [7]. The onset of lactation is the onset of copious 
milk production after the delivery. Though little colostrum is acquired before the mothers’ onset of lactation, 
active suckle response after the birth is essential for cubs to acquire energy and immunological substances 
during the first several days after birth. In human beings, early initiation of breastfeeding has been proven to 
decrease neonatal death [8-10]. However, it is not clear if negative intraoral pressure plays a role in colostrum 
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intake during early breastfeeding. Therefore, this study compared infant negative intraoral pressures before 
and after the onset of lactation, and further explored the role of intraoral pressures in colostrum intake in 
early breastfeeding.

M E T H O D S

This study was carried out in the Affiliated Hospital of Nantong University from October 2014 to 
August 2019. Healthy single-birth primiparas aged from 20 to 35 were recruited after vaginal delivery. They 
delivered full-term newborns with Apgar scores above 7, and initiated breastfeeding. Women presenting 
the following conditions were excluded: (1) breastfeeding contraindication; (2) infant was transferred to 
newborn intensive care unit; (3) breast surgery/injury history; (4) flat nipple; (5) maternal smoking; (6) pre-
gestational Body Mass Index (BMI)>27kg/m2; (7) cesarean section or vaginal delivery by obstetric forceps 
or vacuum extractor; or (8) other conditions impeded the normal onset of lactation, such as diabetes, 
hypertension, hypothyroidism, hypopituitarism, and postpartum haemorrhage. This protocol was proved 
by the Ethics Committee of Nantong University (n. 2014-069) and registered in the Chinese Clinical Trial 
Registry (n. ChiCTR-OOC-14005294).

Infant negative intraoral pressure was measured by Geddes’s methods [3]. The measurements were 
performed two hours after the preceding breastfeeding session to capture the pressure when the baby was 
hungry. The measurement of intraoral pressure was described in detail in our previous research [11]. A soft 
tube with a 2.7mm external diameter was placed alongside the nipple and contained by the infant’s mouth 
while breastfeeding. The other side of the tube was connected to a negative pressure sensor (TCT-1202; 
Lenosensor Co., Ltd, Beijing, China). There is a 0.02% repeatability error and 0.5% (full scale) precision for 
the pressure sensor.

The detection of intraoral pressure fluctuations lasted for 30 seconds in consideration of the potential 
risk to newborn suction. Measurements began when the baby had a regular and stable sucking rhythm. 
Newborns typically suck 1.7±0.2 times/second [12]. Thirty-second measurements could detect about 50 
sucks. The peak intraoral pressure was -199mmHg for the first breast; then weakened to -187mmHg 
finally through continued measurement of the whole breastfeeding period [13]. Therefore, thirty-second 
measurements may generate a 10% detection error.

The data of each measurement was analyzed by a data collection management software (M400, 
Lenosensor Co., Ltd, Beijing, China). The assessor who abstracted the data was not informed of the study’s 
objective. The peak, mean, and baseline intraoral pressures were automatedly provided by this software. We 
detected the intraoral pressure on the first day of birth and the day after the onset of lactation.

Each time the intraoral pressure was measured, colostrum intake was determined by weighing the 
infant before and after breastfeeding using an electronic infant scale with an accuracy of 2g. Changing the 
infant’s diaper or clothes during the breastfeeding was not allowed. Colostrum intake was calculated as 
infant weight gain after breastfeeding. Because of the insensible water loss from breathing and through 
the skin (1.29g/kg/hour), the infants’ weight after breastfeeding may be lighter than before [14]. Therefore, 
the data of colostrum intake was adjusted for insensible water loss according to net infant weight (weight 
without clothes and diaper, and no breastfeeding within 1 hour) and breastfeeding duration (Adjusted 
colostrum intake=infant weight after breastfeeding-infant weight before breastfeeding+1.29g/kg/hour*net 
infant weight*breastfeeding duration).

The timing of the onset of lactation was assessed by the mothers’ perceptions of fullness in breasts. 
Starting after the birth, every four hours our staff nurse asked the mothers if and when they felt a sudden 
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fullness in breasts to confirm the onset of lactation [15]. Maternal perceived breast fullness has been verified 
in its sensitivity and specificity in confirming the onset of lactation by a high correlation with the test-
weighing milk volume and breast milk biomarkers [16].

Confounding factors of colostrum intake and the onset of lactation were explored. Data on 
socioeconomic status, maternal pre-gestational Body Mass Index (BMI), BMI gain during pregnancy, 
duration of labor, oxytocin administration, episiotomy, newborn birth weight, gender, gestational age, first 
breastfeed, sucking frequency, sucking duration, infant breastfeeding performance (Infant Breastfeeding 
Assessment Tool, IBAT), formula supplement, pacifier usage, time from birth to first intraoral pressure 
measurement, maternal pain, fatigue, and EPDS (a Chinese version of the Edinburgh Postnatal Depression 
Scale) scores were collected through medical records or face-to-face interviews carried out by our trained 
nursing staff [17,18].

The sample size was estimated by continuous variable intraoral pressure from matched pairs of study 
subjects. Our preliminary experiment indicated that the difference in intraoral pressure before and after the 
onset of lactation was 16mmHg with a standard deviation of 27.5. A two-sided level of significance of 0.05 
and power of 0.8 was set. Factoring in a 20% increase in sample size to account for dropout, 30 subjects 
were needed.

The data was imported into Epidata 3.1 and analyzed with Stata 10.0. Data were tested for normal 
distribution with the Shapiro-Wilk test and for homogeneity of variances by Levene’s test. Normally 
distributed data were expressed by mean and standard deviation. The paired t test was conducted to analyze 
the difference of intraoral pressure before and after the onset of lactation. The Pearson correlation method 
was used to explore the relationship between the intraoral pressure and colostrum intake. Their correlation 
was expressed with correlation coefficient r. Non-normally distributed data were expressed by median 
(interquartile range). Wilcoxon test and Spearman’s correlation coefficient were adopted. Multivariate 
regression was followed to control the confounding factors. In multivariate regression, breastfeeding 
frequency, sucking duration, IBAT score, maternal age, and newborn gender were taken as confounding 
variables. 

R E S U L T S

Among the 34 participants enrolled, two infants were transferred to the neonatal department after 
enrollment and one mother required an early discharge. Therefore, the data on intraoral pressure of three 
infants were incomplete.

On average, the timing of the onset of lactation was 52.94±16.80 hours after birth. Before the 
onset of lactation, the peak intraoral pressure was 19.89±7.67kPa for those infants after normal vaginal 
birth. However, after the onset of lactation, the peak intraoral pressure dropped to 11.54±4.49kPa. (Table 
1) The colostrum intake was 4.02±4.26g before the onset of lactation, and 11.09±9.43g after the onset of 
lactation.

Before the onset of lactation, the correlation coefficient r was 0.47 between colostrum intake and 
peak intraoral pressure (p<0.01). After the onset of lactation, the correlation between the two was still 
significant (r=0.54, p<0.01) (Table 2).

Potential confounders were pre-gestational BMI (p=0.01) and sucking duration (p=0.045) to 
colostrum intake before the onset of lactation, and maternal age (p=0.048), newborn gender (p=0.02), 
breastfeeding frequency (p=0.04), sucking duration (p=0.04), and IBAT (p=0.03) to colostrum intake after 
the onset of lactation (Table 3).
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Table 1 – Sucking pressure before and after the onset of lactation (kPa). Affiliated Hospital of Nantong University from 2014 to 2019.

Variables
Peak sucking pressure Mean sucking pressure Baseline sucking pressure

Mean SD Median IQR Median IQR

Before onset of lactation 19.89 7.67   9.55 6.90 2.10 1.20

After onset of lactation 11.53 4.49   6.00 4.60 1.30 1.10

t/Z  16.40*     -3.00**   -1.37**

p <0.01 <0.01 0.17

Note: n=34; *Paired t test was conducted; **Wilcoxon test was conducted. Three infants had incomplete data; IQR: Interquartile Range.

Table 2 – Bivariate correlation between the colostrum intake and sucking pressure. Affiliated Hospital of Nantong University from 2014 to 2019.

Variables
Colostrum Intake

r p

Before onset of lactation

Peak sucking pressure BOL 0.47** <0.01

Mean sucking pressure BOL 0.36**   0.04

Baseline sucking pressure BOL 0.37**   0.03

After onset of lactation

Peak sucking pressure AOL 0.54** <0.01

Mean sucking pressure AOL 0.40**   0.03

Baseline sucking pressure AOL 0.47** <0.01

Note: *Pearson Correlation; **Spearman’s Correlation. AOL: After the Onset of Lactation. BOL: Before the Onset of Lactation

Table 3 – Potential variables to colostrum intake by bivariate correlation. Affiliated Hospital of Nantong University from 2014 to 2019.

1 of 2

Variables
Descriptives of each variable Colostrum Intake BOL Colostrum Intake AOL

Mean±SD Mean (IQR) N (%) X2/t p c2/t p

Maternal age (years) 25.91±1.85 -0.53 0.19 -2.07 0.48

Race   0.62 0.54  0.38 0.71

Han 33 (97.06)

Minority 1 (2.94)

Residence   0.13 0.89  1.65 0.11

Native 26 (76.47)

Immigrant 8 (23.53

Household income (10,000CNY/per year) 8.00±4.04 -0.20 0.84 -0.78 0.44

Maternal education(year)  0.69 0.49 -1.13 0.27

<9 3 (8.82)

9-11 3 (8.82)

11-15 25 (73.54)

>15 3 (8.82)

Employment status  0.35 0.73 -0.38 0.70

Employed 14 (41.18)

Unemployed 20 (59.82)

Marriage

Unmarried 0 (0)

Married 34 (100)

Frequencies of antenatal care 9.97±1.27 -1.00 0.33 -1.23 0.23

Pre-gestational BMI(kg/m2) 20.18±2.16 -2.61 0.01 0.40 0.69

Gestational BMI gain (kg/m2) 5.36±1.40  0.72 0.48 0.81 0.42

Gestational age (week) 39.64±1.51 -0.72 0.48 1.39 0.17

Birth weight (g) 3,292.65±304.30  0.46 0.65 0.85 0.40
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Table 3 – Potential variables to colostrum intake by bivariate correlation. Affiliated Hospital of Nantong University from 2014 to 2019.

2 of 2

Variables
Descriptives of each variable Colostrum Intake BOL Colostrum Intake AOL

Mean±SD Mean (IQR) N (%) X2/t p c2/t p

Newborn gender -0.70 0.49 -2.43 0.02

Male 13(38.24)

Female 21(61.76)

Time of first breastfeeding (min) 37.00 (29.00) -1.22 0.23 -1.31 0.20

Time of first breastfeeding (min) 10.00 (15.00) -0.19 0.85 0.23 0.82

Breastfeeding frequency (times/24h) 8.81±1.50   1.51 0.14 2.20 0.04

Sucking duration (min/24h) 180.61±71.32   2.08 0.45 2.16 0.04

Frequency of giving formula (times/24h) 2.91±1.86 -1.33 0.19 -0.42 0.68

Volume of formula within (ml/24h) 58.19±43.46 -0.74 0.46 -0.58 0.57

Pacifier usage   0.90 0.38 0.48 0.63

Yes 22 (64.71)

No 12 (35.29)

IBAT 10.73±2.25   1.74 0.09 2.23 0.03

EPDS 4.74±2.62   0.30 0.77 1.17 0.25

Episiotomy   0.58 0.56 0.98 0.33

Yes 18 (52.94)

No 16 (47.06)

Duration of Labor (h) 7.78±2.89   0.24 0.81 1.27 0.21

Oxytocin during labor   1.38 0.18 1.28 0.21

Yes 12 (35.29)

No 22 (64.71)

Note: N=34; BMI: Body Mass Index; IBAT: Infant Breastfeeding Assessment Tool; EPDS: Edinburgh Postnatal Depression Scale.

Table 4 –	 Relationship of sucking pressure to colostrum intake by multivariate regression. Affiliated Hospital of Nantong University from 2014 

to 2019.

Factors of Colostrum intake BOL

Coef. t p 95%CI

Peak sucking pressure BOL  0.24  2.99 <0.01  0.08  0.40

Pre-gestational BMI -0.74 -2.59   0.01 -1.31 -0.16

F=8.71 p=0.00 R2=0.36 Adjust R2=0.32

Factors of Colostrum intake AOL

Coef. t p 95%CI

Peak sucking pressure AOL  0.78  2.52   0.02  0.14  1.42

IBAT scores  1.56  2.31   0.03  0.17  2.95

Newborn gender -8.78 -3.19 <0.01 -14.45 -3.13

F=9.58 p=0.00 R2=0.53 Adjust R2=0.47

Note: Variables that were related to Colostrum intake BOL by bivariate correlation (p<0.05, peak sucking pressure BOL, Pre-gestational BMI, and Sucking 
duration) were taken as confounding factors in Model of Factors of Colostrum intake BOL by Multivariate Regression Analysis. Variables that 
were related to Colostrum intake AOL by bivariate correlation (p<0.05, peak sucking pressure AOL, maternal age, newborn gender, Breastfeeding 
frequency, Sucking duration, and IBAT) were taken as confounding factors in Model of factors of Colostrum intake AOL. AOL: After the Onset of 
Lactation. BOL: Before the Onset of Lactation.

After controlling the above confounders, peak intraoral pressure was a significant factor to colostrum 
intake before and after the onset of lactation. Peak intraoral pressure before the onset of lactation and 
pre-gestational BMI accounted for 23% of colostrum intake before the onset of lactation. After the onset 
of lactation, variables of peak sucking pressure, newborn gender, and IBAT contributed with 47% of the 
colostrum intake (Table 4). 
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D I S C U S S I O N

This study compared infant negative intraoral pressures before and after the onset of lactation, and 
explored the role of intraoral pressures in colostrum intake in early breastfeeding. A new finding is that the 
peak intraoral pressure before the onset of lactation was much higher than that after the onset of lactation. 
A higher intraoral pressure presented advantages for colostrum intake.

In the present study, the correlation between peak intraoral pressure and colostrum intake before 
the onset of lactation was 0.47. Their relationship was still significant after controlling the confounders. 
Literature has proven the relationship between the volumes of milk flow and intraoral pressure [2,19]. 
Our result regarding the correlation between the suction pressure and colostrum intake after the onset of 
lactation supported this point again.

However, few articles reported the suction and colostrum intake during the first day after birth. 
Sucking is a natural reflex mastered by newborns [20]. This inherent sucking response is the most activated 
in the first several days, and it is necessary for colostrum intake. Thought no direct evidence has been 
collected from human beings, it is reported that newborn calves have their strongest suckle response during 
the first eight hours after birth. The vigour of the suckle response is considered a vital survival feature, 
promoting the timely consumption of colostrum. On the contrary, insufficient colostrum intake leads to 
lower odds of acquiring optimal passive immunity because of lower IgG absorption from colostrum [7]. The 
level of immunoglobulin in colostrum declined remarkably over the two first days of life, and the selective 
transfer of Ig G1 ends at 12-16 hour after birth [21]. Accordingly, an active suckle response is the primary 
determinant of survival in mammals through the provision of energy and immune protection [9]. Colostrum 
has shown clinical benefits in preterm infants’ recovery by increasing their intake of enteral protein [22].

A 2017 systematic review stated that the mortality risk increased 1.19 times for neonates with delays 
in breastfeeding initiation of over 24 hours after birth [10]. Therefore, higher intraoral pressure before the 
onset of lactation provided new evidence to confirm the benefit of early, active, and enough suction during 
the first several days.

Another possible explanation of our data is related to hormone secretion. Intraoral pressure is the 
main stimulus to oxytocin and prolactin secretion [23]. The nipple is the most sensitive area during the first 
several days postpartum [24]. This sensitivity is the determinant event activating the suckling-induced release 
of oxytocin and prolactin [25]. Prolactin is necessary for the initiation and maintenance of lactation in the 
first postpartum weeks [26]. Oxytocin acts on myoepithelial cells of lactiferous ducts for their contraction, 
which pushes milk toward the nipple for infants to acquire the milk by sucking activity [27].

As to the reason why infants applied a higher suction pressure before the onset of lactation than that 
after the onset of lactation, we attribute it to infants’ ability to adjust the milk flow by intraoral pressures. 
Before the onset of lactation, less milk is stored in the breast and the ejection response comes slowly [28]. 
Therefore, a relatively higher intraoral pressure is provided aimed to acquire sufficient colostrum for survival. 
After the onset of lactation, copious milk production forces the infant to make accommodating changes in 
milk flow by modulating the amplitude of intraoral pressures. Therefore, the control of suction is considered 
the earliest purposeful motor skill of the infant’s movement behaviors [29,30].

Implied by our findings, higher peak intraoral pressure before the onset of lactation may be an 
innate response for optimal colostrum intake. Thus, it is a survival ability for the full-term infant to achieve 
active immunity and sufficient colostrum as early as possible. Clinicians and mothers are recommended to 
initiate breastfeeding immediately after birth to take advantages of the active and robust sucking response. 
Additionally, peak intraoral pressure is related to colostrum transfer. Therefore, maintaining enough sucking 
strength stimulation may be an effective way to promote sufficient colostrum intake.
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The main limitation of the study was the small sample size and the restriction of data collection to 
one center, which limited the application of our results. In addition, this study focused on full-term newborns 
via normal delivery. In the future, infants with breastfeeding difficulties, including preterm neonates or 
newborns by cesarean section, could be assessed to analyze the relationship between the suction pressure 
and colostrum intake.

C O N C L U S I O N

Newborns’ intraoral pressure at early stage played a predominant role in colostrum intake. It is 
recommended to initiate breastfeeding immediately after the birth to take advantages of the active and 
robust sucking response. It is valuable to understand the importance that the sucking pressure plays in the 
colostrum intake and active immunity achievement during the first several days after birth.
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