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Introduction: A barrier to cardiopulmonary resuscitation (CPR) training in low-income countries is limited 
resources. Our goal was to build a CPR training model of simple design that would provide a good 
feedback system.

Methods: We developed a low-cost, Basic Life Support training manikin made entirely of natural rubber. 
Our in-house manikin provides feedback when performing correct chest compression and rescue 
breathing. The properties of the manikin were tested using simulated chest compression in a laboratory 
and compared with a commercial manikin. Forty healthy nurse volunteers with CPR experience 
performed CPR in both types of manikins and responded to questionnaires.

Results: A tensile test in a laboratory demonstrated that both types of manikins had acceptable ranges 
of properties for real-situation CPR in cardiac arrest patients. There were no differences in aesthetic 
properties, and the manikins felt to the volunteers like a real patient when they were performing chest 
compression. The feedback response was clear when chest compressions and rescue breathing were 
performed correctly, and the overall satisfaction with the manikin was good. In addition, the mean scores 
in terms of the manikin feeling like a real patient when performing rescue breathing and the positive 
feedback from the rubber manikin were statistically higher than those for the commercial manikin 
(p=0.001 vs. p=0.023).

Conclusion: The in-house developed CPR manikin employing real-time feedback by simple 
mechanics is effective compared with a commercial manikin. The advantage of our manikin is that 
it is easy to build and costs substantially less than a commercial manikin. The use of an in-house 
developed manikin could make effective CPR training more available in limited-resource areas. [West J 
Emerg Med. 2020;21(1)91-95.]
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INTRODUCTION
Cardiopulmonary resuscitation (CPR) is a lifesaving skill 

used in many situations such as drowning and acute cardiac 
arrest due to heart disease. Basic CPR, which is performed 
with chest compressions and rescue breathing, increases the 
chance of survival.1 The CPR technique performed properly 
can save lives, especially within four minutes after the cardiac 
arrest.2,3 A study reported that the early initiation of CPR by 
bystanders was associated with a good outcome.4 Therefore, 

everyone should have the proper knowledge and skills to 
perform CPR, especially physicians, nurses, and paramedics.

The key to success of CPR is proper training, which 
provides the learner with Basic Life Support (BLS) knowledge 
and the opportunity to practice the needed skills. Skill 
development is achieved by practicing CPR on manikins that 
simulate the human body. Over the past 50 years, the number 
of CPR training sessions for the general public has increased.5 
A study reported that 65% of the population in the United 
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Population Health Research Capsule

What do we already know about this issue?
Cardiopulmonary resuscitation (CPR) skill 
development is achieved by practicing CPR 
on manikins that simulate the human body.

What was the research question?
Our goal was to build a low-cost CPR 
training model of simple design that would 
provide a good feedback system.

What was the major finding of the study?
We designed an in-house developed manikin 
for CPR training that provides real-time 
feedback using simple mechanics and has a 
low manufacturing cost.

How does this improve population health?
The use of our in-house developed manikin 
could make effective CPR training more 
available in limited-resource areas.

States (U.S.) had received CPR training at some point in 
their lifetime.6 However, one study in Pakistan reported that 
only 37% of medical students had even a basic knowledge of 
CPR.7 We wanted to produce a cost-effective CPR training 
model of simple design that could teach proper CPR with 
a good feedback system that responded to the correct CPR 
maneuvers. Our aim is to make CPR manikins more available 
in limited-resource areas.

METHODS
Design

We developed an in-house, low-cost, BLS training 
manikin made entirely of natural rubber. The manikin 
provides feedback when the user performs chest compressions 
and rescue breathing correctly. We are making this [patent-
pending] intellectual property available at no charge for non-
profit proposes to those who request it from us. 
A durable, natural rubber film sheathes the outside of the 
manikin, which is the same size as an adult body from head 
to waist. The inside of the manikin is made from natural 
rubber foam that consists of two types of material: 1) the first 
material, in the center of the chest, is a very elastic, high-

density rubber that simulates the heart;; and 2) the remainder 
of the manikin is made of low-density natural rubber foam to 
form the head, neck, and body (Figure 1).

Inside the rubber that forms the heart, a twin air-
space mechanism reacts to chest compressions. As chest 
compression is performed, the upper air space collapses. At a 
chest compression depth of 1-2 inches, the bottom air space 
collapses and releases air through a tube that leads to the 
outside of the manikin, and a whistle at the opening makes a 
sound (Figure 2).

The mouth of the manikin is open. Its back and the back 
of the head are flat. The neck is curved and concave with 

Figure 1. The cardiopulmonary resuscitation manikin consists of 
a high-density and highly elastic rubber to serve as the heart (H), 
and low-density foam rubber to form the head, neck, and body (L).

Figure 2. A, B, C, and D show the rubber foam cardiac 
mechanism: A) U = upper air space, L = lower air space, T = tube, 
W = whistle; B) cross-section of the pressure-sensing mechanism, 
U = upper air space, L = lower air space; C) beginning of chest 
compression; D) 1-2 inch depth of chest compression.

a tilted occiput. In the innermost part of the manikin’s oral 
cavity, a tube connects the mouth to a space at the back of 
the manikin’s head where a whistle is installed. The whistle 
makes a sound while the user is blowing into the mouth of 
the manikin (Figure 3). The detailed process of building this 
manikin is described in the Appendix.
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Figure 3. A and B show the mechanism that senses the 
breathing: O = oral cavity; T = tube; W = whistle. A) Blowing into 
the mouth without the chin lift maneuver limits the sound from the 
manikin; B) A loud whistle sound is produced when blowing into 
the mouth after the chin lift maneuver.

Compression Test
This study was approved by the Ethics Committee and the 

Institutional Review Board of the Faculty of Medicine, Prince of 
Songkla University, Thailand. The natural rubber properties of 
the CPR manikin were tested in a laboratory using a simulated 
chest compression, universal testing machine (Zwick/Roell Z010; 
Zwick GmbH & Co, Ulm, Germany). To evaluate the tensile 
strength of the materials, chest compression was performed on 
both a commercial manikin (Prestan Adult Manikins, Prestan 
Products, LLC, Ohio, USA) and the natural rubber manikin that 
we developed in-house. The testing demonstrated that when both 
manikins (Figure 4) were compressed to a depth of 1.5 inches, 
the materials of both were in an acceptable range of a real CPR 

Figure 4. Prestan adult manikin (A) and natural rubber manikin (B).
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Figure 5. Tensile test results of simulated chest compression.

situation in cardiac arrest patients (155-443 Newtons in males, 
and 123-327 Newtons in females)8 (Figure 5).

CPR Test
Forty healthy nurses, aged 20-50 years, volunteered for 

the CPR test. All of them had real-life CPR experience and no 
morbidities that would have limited their performance of CPR on 
the manikins. The volunteers were randomized into two groups 
by opaque envelopes containing a computer-generated sequence. 
The first group of 20 volunteers performed CPR on the rubber 
manikin using both chest compression and rescue breathing 
at a ratio of 30:2 (5 cycles), and then did exactly the same on 

the commercial manikin. The second group of 20 volunteers 
performed CPR following the same steps as the first group but 
performed CPR on the commercial manikin first and then on the 
natural rubber manikin. We collected data from the volunteers 
using a self-reported questionnaire on which they responded to 
questions about the appearance, response, and feedback of the 
two manikins, as well as the volunteers’ overall satisfaction with 
the manikins. The questionnaire for each manikin was completed 
immediately after CPR on each manikin.

Statistical analysis
We performed the statistical analysis using the R software 

version 3.1.0 (R Foundation for Statistical Computing, Vienna, 
Austria). Using Student’s t-test, we analyzed the continuous data 
of the rubber manikin and the imported commercial manikin to 
detect differences. Statistical significance was assumed if p<0.05.

RESULTS
The feedback data of the volunteers are shown in Table 1. 

There were no differences in terms of appearance with users 
reporting that the manikin felt like a real patient while they were 
performing chest compression. The volunteers also reported 
satisfaction with the in-house manikin’s positive feedback 
response when chest compression was correctly performed, and 
they reported overall satisfaction with the manikin (p=0.42, 0.83, 
0.88, and 0.12, respectively). However, the mean score regarding 
the manikin feeling like a real patient while performing rescue 
breathing was statistically significantly higher for the in-house 
developed manikin (p = 0.001), as was the mean score of positive 
feedback (p = 0.023).

DISCUSSION
Effective CPR increases the chance of survival in cardiac 

arrest patients by two- to three-fold if CPR is done immediately 
after cardiac arrest.9–12 Participation in a CPR training program is 
key to successfully learn and/or improve the skills of healthcare 
workers. But it is also important that the general population 
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Table 1. Results of simulated cardiopulmonary resuscitation (CPR) from both types of manikin.
Rubber Commercial P value

Appearance
     Aesthetic properties 4.18 (0.71) 4.05 (0.78) 0.42
Chest compression 
     Feels like a real patient 4.15 (0.66) 4.13 (0.76) 0.83
     Response when performing correct CPR 3.98 (0.77) 4.00 (0.75) 0.88
Rescue breathing
     Feels like a real patient 4.13 (0.69) 3.65 (0.77) 0.001
     Response when performing correct CPR 4.18 (0.81) 3.80 (0.85) 0.023
Overall satisfaction 4.10 (0.59) 3.90 (0.71) 0.12

Data are presented as mean and standard deviation.

have the knowledge and skills to perform CPR, in the event that 
a bystander is the first responder. To this end, many learning 
tools have been introduced over the last decade including self-
instruction13 and simulation.14 To improve the quality of training, 
a manikin needs to feel like a real human and provide a real-
time feedback system when the learner is performing CPR.15 
Our study reports the results of the testing of the properties and 
performance of an in-house developed, rubber CPR manikin. The 
tensile strength was tested using a chest compression mechanism. 
Nurses with CPR experience performed chest compressions and 
rescue breathing on both the commercial, imported manikin and 
the rubber manikin. 

Many manikins on the market have electronic systems to 
provide real-time feedback when users apply the correct chest 
compression force. The feedback systems include a computer 
monitor screen or a light that indicates correct compression. 
In rescue breathing, some manikins use chest expansion as 
a feedback response. In our study, we developed a low-cost 
CPR manikin of simple design. It provides real-time feedback 
responses via whistling sounds when the trainee performs chest 
compression and rescue breathing correctly. The sounds are 
caused simply by air passing through a whistle, a simple design 
that substantially reduces the cost of manufacturing. We believe 
that the development of this low-cost CPR manikin can expand 
or make CPR training more readily available in areas or countries 
with limited resources.

The cost breakdown of the rubber manikin can be 
categorized into the price of the raw materials, the fiberglass 
mold, and the fabrication of the rubber foam. The raw material 
is latex, which is not expensive and is readily available in many 
countries. Moreover, the fiberglass mold is simple and cheap. 
Lastly, the fabrication of rubber foam is not complicated; it 
does not require a lot of technical knowhow or technologically 
advanced equipment and/or facilities. Furthermore, the 
technology required for the production of this manikin can be 
easily transferred to small and medium-size enterprises. In our 
setting, the cost of the low-fidelity natural rubber CPR manikin 
under study was about 100 U.S. dollars. Meanwhile, the cost of 

the commercial product used for comparison in this study was 
about 400 U.S. dollars. 
 
LIMITATIONS

Some limitations of this study need to be acknowledged. First, 
we performed the comparison with only one type of commercial 
CPR manikin that was available in our hospital. The costs of other 
commercial products in Thailand are shown in the appendix. 
Second, this study could not blind the volunteers to the manikins 
tested (ie, they were aware of which manikin was which). 

CONCLUSION
We designed a low-cost manikin for CPR training that 

provides real-time feedback using simple mechanics and has a 
low manufacturing cost. We believe that, based on this model for 
creating a low-cost manikin, this concept could be expanded on 
for other training venues.

ACKNOWLEDGMENTS
The authors wish to thank Mr. Glenn Shingledecker and 

Mr. Edmond Subashi for their assistance with the English 
proofreading of this report.

Address for Correspondence: Varah Yuenyongviwat, MD, Prince of 
Songkla University, Department of Orthopedics, Faculty of Medicine, 
Hat Yai, Songkhla 90110, Thailand. Email: varahortho@gmail.com.

Conflicts of Interest: By the WestJEM article submission agreement, 
all authors are required to disclose all affiliations, funding sources 
and financial or management relationships that could be perceived 
as potential sources of bias. The study was funded by the Faculty of 
Medicine, Prince of Songkla University, Thailand. There are no other 
conflicts of interest or sources of funding to declare.

Copyright: © 2020 Anuntaseree et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Volume 21, no. 1: Month 2020 95 Western Journal of Emergency Medicine

Anuntaseree et al. An In-house Developed Natural Rubber Cardiopulmonary Resuscitation Manikin

REFERENCES
1.     Zhan L, Yang LJ, Huang Y, et al. Continuous chest compression versus 

interrupted chest compression for cardiopulmonary resuscitation of non-
asphyxial out-of-hospital cardiac arrest. Cochrane Database Syst Rev. 
2017;3:CD010134. 

2.     Safar P, Bircher NG. Cardiopulmonary cerebral resuscitation. An 
Introduction to Resuscitation Medicine. Guidelines by the World 
Federation of Societies of Anaesthesiologists (WFSA) (3rd Ed). 1988. 
London: Saunders.

3.     Cole SL, Corday E. Four-minute limit for cardiac resuscitation. J Am Med 
Assoc. 1956;161(15):1454-8.

4.     Krishna CK, Showkat HI, Taktani M, et al. Out of hospital cardiac arrest 
resuscitation outcome in North India:  CARO study. World J Emerg Med. 
2017;8(3):200-5. 

5.     Friesen J, Patterson D, Munjal K. Cardiopulmonary resuscitation in 
resource-limited health systems: considerations for training and delivery. 
Prehosp Disaster Med. 2015;30(1):97-101. 

6.     Blewer AL, Ibrahim SA, Leary M, et al. Cardiopulmonary resuscitation 
training disparities in the United States. J Am Heart Assoc. 
2017;6(5):e006124.

7.     Zamir Q, Nadeem A, Rizvi AH. Awareness of cardiopulmonary 
resuscitation in medical students and doctors in Rawalpindi-Islamabad, 
Pakistan. J Pak Med Assoc.  2012;62(12):1361-4. 

8.     Tomlinson AE, Nysaether J, Kramer-Johansen J, et al. Compression 
force-depth relationship during out-of-hospital cardiopulmonary 

resuscitation. Resuscitation. 2007;72(3):364-70. 
9.     Berg RA, Sanders AB, Kern KB, et al. Adverse hemodynamic effects 

of interrupting chest compressions for rescue breathing during 
cardiopulmonary resuscitation for ventricular fibrillation cardiac arrest. 
Circulation. 2001;104:2465–70.

10.   Dowie R, Campbell H, Donohoe R, et al. ‘Event tree’ analysis of out-
of-hospital cardiac arrest data: confirming the importance of bystander 
CPR. Resuscitation. 2003;56:173–81. 

11.   Gallagher EJ, Lombardi G, Gennis P. Effectiveness of bystander 
cardiopulmonary resuscitation and survival following out-of-hospital 
cardiac arrest. JAMA. 1995;274:1922–5.

12.   van Hoeyweghen RJ, Bossaert LL, Mullie A, et al. Quality and efficiency 
of bystander CPR. Belgian Cerebral Resuscitation Study Group. 
Resuscitation. 1993;26:47–52. 

13.   Hsieh MJ, Bhanji F, Chiang WC, et al. Comparing the effect of self-
instruction with that of traditional instruction in basic life support courses: 
a systematic review. Resuscitation. 2016;108:8-19. 

14.   Sutton RM, Niles D, Meaney PA, et al. “Booster” training: evaluation 
of instructor-led bedside cardiopulmonary resuscitation skill training 
and automated corrective feedback to improve cardiopulmonary 
resuscitation compliance of Pediatric Basic Life Support providers during 
simulated cardiac arrest. Pediatr Crit Care Med. 2011;12(3):e116-21.

15.   Cortegiani A, Baldi E, Iozzo P, et al. Real-time feedback systems for 
cardiopulmonary resuscitation training: time for a paradigm shift. J 
Thorac Dis. 2018;10(2):162-3. 


