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 The Laplace law relates the wall tension with the radius of curvature and 

the pressure in hallow structures. It is expressed as tension T is directly 

proportional to the product of the radius of the curvature r, and the 

pressure p, in the hallow structure. The expression is quite straight 

forward and easy to understand. The difficulty arises when the law is 

applied to understand the physiological process, as many a times 

students tend to understand that tension and pressure changes 

unidirectionally, and therefore tend to believe that the estimate which 

they directly feel by palpating the hallow structure is pressure rather than 

tension. To make them understand the difference, a simple 

demonstration was done using a balloon and a needle to make the 

concept clear. The model presented here is less expensive and is of use 

in resource limited settings. The demonstration of the Laplace’s law 

using this techniques was found to be helpful in intuitive understanding 

of this basic biophysical principle in comprehending physiological 

principles based on Laplace’s law. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

There are several biophysical principles that are applied to comprehend the understanding of human 

physiology. Laplace law is one biophysical concept which helps to understand the tension in the wall of the 

hallow structures like urinary bladder, pregnant uterus, blood vessels, eyeball, bronchioles, heart wall and 

the aneurysms in the blood vessel, smaller vessels and cysts [1], [2]. According to Laplace law, the tension 

in the wall of the hallow structure T is directly proportional to the radius of the viscera, r and the pressure, p 

in the hallow structure i.e., T α r X p. There are several models and methods that are used to demonstrate 

the Laplace law [3- 5]. 

 

The pedagogical techniques like traditional didactic lecture, class room demonstration, small group 

demonstration, presentation by students as in seminar, assignments in textbook or journals and class room 

discussion could be used to teach the concept of Laplace’s law and its relevance in biophysics in terms of its 
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application in the physiological principles. 

 

We have used a few of these demonstration techniques and were successful in conveying the concept. 

However, we have made an attempt to improve the understanding of the concept by demonstrating the law 

in an interactive and intuitive way using a balloon and a needle. We have used a simple, low cost, easily 

available balloon and a needle for our demonstration. 

 

The students were taught about the Laplace’s law and its concepts either by a combination of the didactic 

lecture and a demonstration designated as group A students or by a didactic lecture alone, designated as 

group B students. The understanding of the concept by the students were assessed by pretest score and 

posttest score. The scores in the tests were used to compare and assess the two modes of teaching viz. 

combination of didactic lecture and demonstration and didactic lecture alone. 

 

2. Materials and methods 

The demonstration was done after obtaining the ethical committee clearance and informed consent was 

obtained from the participants. The first-year medical graduates were involved in this study. The students 

were assured of anonymity and confidentiality. Students were randomly allotted into two groups, namely 

group A and group B, which consisted of 50 and 51 students, respectively. Group A students were taught 

using a lecture and were also shown the demonstration. Group B students were taught using a lecture alone. 

All students were briefed about the study and then given the pretest in a lecture hall. The pretest 

questionnaire consisted of six multiple choice questions, of which five were designed to test a student’s 

knowledge of Laplace’s law, the relationship between wall tension and pressure and its significance and 

clinical implication. Students then attended a lecture that covered the above concepts. Group A students 

were shown the demonstration, and group B students attended the lecture alone. 

 

The demonstration was done during the lecture on hemodynamics of blood flow and circulation. The 

inflated balloons were distributed to the students. The balloons were inflated such that the ratio of the wide 

and narrow part is 10:1. The students were first asked to palpate the wide and narrow part of the balloon and 

were asked to note the difference in how they felt. The students observed that the narrower part is softer 

than the wider part. 

 

The students were then asked why that is so and most of the students opined that it is because of the 

differences in pressure in the wider and narrower part. The students were then asked, what will happen if a 

needle is inserted into the balloon and all students responded invariably that it will burst. To demonstrate 

the same, first the needle was inserted into the wider part and as anticipated the balloon burst. Then the 

needle was inserted into another similarly inflated balloon, but this time the needle was inserted into the 

narrower end of the balloon and this time the balloon didn’t burst. 

 

The students were then motivated to think why. Now they could relate the implication of the radius of the 

curvature and the wall tension, as the pressure is same across the wall of the balloon in accordance with the 

Pascals law and that the varying tension is the reason for the differences in the feel while palpating in wider 

and narrower part become very clear to the students. 

 

Discussions were carried out concurrently with the demonstrations to aid the students in their understanding 

of the concepts. To assess the impact of the demonstration the students were asked to give an anonymous 

written feedback (table 2) 
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A posttest was conducted after 2 days of completion of the demonstration. The posttest questionnaire was 

the same as that of the pretest questionnaire (table 1). Maximum number of marks in both the tests were 5, 

and the first question in both of the questionnaires was left out of scoring, as, it was not designed to test a 

student’s understanding of the concepts. 

 

The scores obtained by the 48 students in group A and 47 students in group B were used for analysis. The 

marks of the students who were not present during either the pretest or posttest or during the demonstration 

were not included in the analysis. 

 

Table 1: The questions that were used in pretest and the posttest 

S.No. Questions  

1 How well do you understand the concept of Laplace’s law? 

a) Poor 

b) Fair 

c) Good 

d) Very good  

e) Excellent 

2 Two large vessels of similar size aorta (< distensible) and vena cava (> distensible) Where the pressure 

and tension will be high? 

a) Aorta 

b) Vena cava 

3 Two vessels with very different size, vena cava and capillary. Wall tension is low in which vessel? 
a) Vena cava 

b) Capillary 

4 Content of elastic tissue in a vessel correlate with? 

a) Transmural pressure 

b) Wall tension 

5 Which of the following vessel can withstand higher transmural or internal pressure? 

a) Larger arteries 

b) Larger veins 

c) Arteriole 

d) Capillary 

6 What happens when two balloons with similar physical properties are inflated to different volumes, one 

balloon with a higher volume and another with a lower volume and are connected by a tube? 

a) Air moves from the balloon with larger balloon to smaller balloon until equilibrium? 

b) Air moves from the larger balloon to smaller one until larger balloon is completely deflated? 
c) Air moves from the smaller balloon to larger one until smaller balloon is completely deflated? 

d) Nothing happens? 

 

Table 2: Summary of the responses to the feedback questionnaire 

Feedback Question  n  % 

1. It helped me improve my understanding of the concept of Laplace’s law 

a) Strongly disagree 

b) Disagree 
c) Undecided 

d) Agree  

e) Strongly agree 

 

0 

0 
2 

40 

56 

 

0 

0 
2.04 

40.82 

57.14 

2. It helped me review the topic of the Laplace’s law. 

a) Strongly disagree 

b) Disagree 

c) Undecided 

d) Agree  

e) Strongly agree 

 

0 

0 

10 

37 

51 

 

0 

0 

10.20 

37.76 

52.04 

3. I shall recommend this demonstration for the forthcoming classes of medical students. 

a) Strongly disagree 

b) Disagree 

 

 

0 

 

 

0 
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c) Undecided 

d) Agree  

e) Strongly agree 

0 

2 

44 

52 

0 

2.04 

44.90 

53.06 

4. It motivated in learning the subject  

a) Strongly disagree 

b) Disagree 

c) Undecided 

d) Agree  
e) Strongly agree 

 

0 

0 

5 

41 
52 

 

0 

0 

5.1 

41.84 
53.06 

5. It helped in increasing the attention 

a) Strongly disagree 

b) Disagree 

c) Undecided 

d) Agree  

e) Strongly agree 

 

0 

0 

5 

39 

54 

 

0 

0 

5.1 

39.80 

55.10 

Other comments like “helpful”, “innovative” were given by majority of students   

Ninety-eight students submitted their feedback forms. n, is number of responses to each question. The 

responses are also expressed as percentages of the total no. of students. 

 

3. Results 

The number of students attended both pretest and the lecture were 101. The feedback was filled and 

returned by 98 students. Forty-eight students from group A attended the pretest, lecture, demonstration, and 

the posttest; the remaining two students were not present for either the pretest, the lecture, the 

demonstration, or the posttest. Forty seven students from group B attended the pretest, lecture, and the 

posttest; four students of this group were not present for either the pretest, the lecture, or for the posttest. 

 

The scores obtained by the students were expressed as means ± SD. There were 48 students in group A and 

47 students in group B. Pretest scores of group A and group B students were 2.8 ± 2.17 and 2.63 ± 2.19, 

respectively. Posttest scores of group A and group B students were 4.28 ± 0.89 and 3.9 ± 0.96, respectively. 

The pretest scores of group A were compared against group B using an unpaired t-test and were not found 

to be statistically significantly (P = 0.17). Posttest scores of each group were compared with their respective 

pretest scores using a paired t-test and were found to be statistically significantly different in both groups (P 

< 0.001). Comparison of the posttest scores of group A against those of group B using an unpaired t-test 

showed that they were statistically significant (P = 0.03). 

 

The collected data is represented as percentage of the students who have responded. 98% of the students 

have said that the demonstration has helped them in understanding the concept of the Laplace law. 90% of 

the students said that it helped in reviewing the topic. 98% of the students said that they would recommend 

the demonstration for the subsequent batches of medical, dental and paramedical students. 95% of the 

students said that it motivated them to learn the subject. 95% of the students said that it increased their 

attention. Majority of the students appreciated the demonstration and were wanting more such 

demonstration in future. Students described the demonstration as “helpful”, “innovative”. 

 

4. Discussions 

With the advent of information technology, there are several resource materials that are available in the 

digital platform, which the students resort to understand a concept. Evidences suggests that virtual 

experiment [6], model construction 3D or 2D [7] and directed case based learning [8] helps in improving 

the learning outcome in medical graduates. Students always prefer an intuitive, interactive demonstration 

while learning a concept. It is established that the demonstrations have shown to improve student interest in 
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the subject and help understand the concept [9- 12]. 

 

The demonstration of the Laplace law was done using a balloon and he needle which costed us less than 

100 rupees. Our demonstration can be of help in resource limited setting. The above model is one of the 

simplest method of demonstration of Laplace law than the existing models and demonstration techniques. 

The demonstration technique can also be of help in understanding the principles in placing the incision on 

the hallow structure which is tense. 

 

5. Conclusions 

We conclude that the demonstration of the Laplace law using the balloon and needle is effective in 

imparting the concept of the Laplace law. 
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