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ABSTRACT 

It was intended to present a training method so that high-quality 

cardiopulmonary resuscitation (CPR) can be performed by analyzing chest 

compression according to differing support surfaces. 33 participants did 

150 chest compressions based on the adult CPR in the conditions of hard 

floor, bed, bed with backboard, ambulance stretcher, and ambulance 

stretcher with backboard by using manikin. 165 manikin assessed scores 

were collected and compression depth, compression rate, incorrect pressure 

point, incomplete recoil, and chest compression correctness were analyzed 

by using one-way ANOVA. The compression depth in all participants was a 

statistically significant difference (p<.001), and the difference between the 

hard floor and the other surfaces was confirmed. The compression rate in 

all participants was a statistically significant difference (p<.001), and the 

difference between the hard floor and the bed & bed with backboard was 

confirmed. The compression correctness in all participants was a 

statistically significant difference (p<.001), and there was the hard floor 

(93.2%), bed (67.8%), bed with backboard (66.8%), ambulance stretcher 

(9.0%), and ambulance stretcher with backboard (7.8%). To perform 

correct depth, correct pressure point, and complete recoil accordance with 

the American Heart Association (AHA) guidelines, chest compression on the 

floor must be performed. 

Keywords: High-Quality, Cardiopulmonary Resuscitation (CPR), Hard 

Floor, Bed, Ambulance Stretcher 
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1. INTRODUCTION 

Basic cardiopulmonary resuscitation (CPR) is a technique that lay rescuers as well as 

health care providers (HCPs) should be trained, and a treatment provided to cardiac arrest 

patient. Since high- quality CPR can improve the survival among cardiac arrest patient, the 

American Heart Association (AHA) has proposed adult cardiopulmonary resuscitation 

guidelines to minimize compression interruption and to maintain chest compression depth 

and rate (Panchal et al., 2020). The Resuscitation Education Guidelines also emphasizes 

that effective education contributes to improving cardiac arrest survival outcomes and can 

improve training performance by presenting realistic situations (Cheng et al., 2020). 

As mentioned above, there were studies that analyzed height and hardness of support 

surfaces (Uhm et al., 2010), or studies that analyzed body weight and height of providers, 

however there were no studies that analyzed support surfaces and providers together. In 

this study, the efficiency of chest compression using a manikin according to differing 

support surfaces and providers was analyzed to propose a chest compression training 

method so that high-quality CPR can be conducted in the field and clinical. 

1. LITERATURE REVIEW 

Since standard CPR training is generally applied to manikin placed on a hard floor, it may 

not be familiar to provide CPR to cardiac arrest patient lying on a bed or ambulation 

stretcher (Perkins et al., 2006; Cheng et al., 2018; Ho et al., 2021). It is not easy to achieve 

an optimal compression depth in case of the higher compression point and the softer 

mattress (Chi et al., 2008; Boe & Babb, 1999; Tweed et al., 2001; Perkins et al., 2003). 

Cardiac arrest is occurring more frequently in places such as home and residential area as 

well as hospital, so providers should be trained to provide high-quality CPR at any 

condition (Kim & Uhm, 2014). 

2. RESEARCH METHODOLOGY 

The participants of this study were paramedic students in the 3rd and 4th grades of 00 

University who participated in prerequisite training for clinical internship on June 23, 2022. 

The researchers obtained consent from the students for this study and examined personal 

data. Thirty-five students were able to withdraw their consent at any time during and after 

the training, and there was no disadvantage. Excluding two who withdrew their consent 

among the students, 33 participants practiced HCP adult CPR for 20 minutes using Resusci 

Anne Skill Reporter (Laerdal Medical, Stavanger, Norway) on a hard floor based on the 

2020 AHA Guidelines: Adult Cardiovascular Life Support (Panchal et al., 2020). 

2.1. Data Collection 
This research was conducted with randomized controlled cross-over manikin study. Just 

after training, the participants did standard, bedside, and ambulance stretcher-side chest 

compression in the conditions of hard floor, bed (61cm-high, Sungsim, Seoul, Korea), bed 

with backboard (Laerdal Medical, Stavanger, Norway), ambulance stretcher (105cm-high, 

Stryker Cot EZ-Pro R3, Michigan, USA), and ambulance stretcher with backboard by 

using Resusci Anne manikin. This skill assessment of 150 chest compressions in five 

surface conditions was carried out randomly to remove bias due to order effects, and 165 

manikin assessed scores were collected from the participants. 

2.2. Data Analysis 
The collected data was analyzed by using SPSS 22.0 for Windows (IBM Inc, New York, 

USA) at the ⍺=.05 (two-tailed) level. To compare hard floor and the other conditions at 

compression depth, compression rate, incorrect pressure point, incomplete recoil, and chest 
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compression correctness (correct depth + correct pressure point + complete recoil) 

number/compression number) was analyzed by using one-way ANOVA. Also, hard floor 

and the other conditions by the providers’ body weight, height, and sex was analyzed by 

using one-way ANOVA. The body weight and height were divided into two groups based 

on the medians respectively. 

3. RESULT AND DISCUSSION 

The average age of 33 participants was 21.6 years, with 25 female students and 28 third 

graders. The average body weight was 60.1kg, and the lighter body weight was 51.7kg, 

and the heavier body weight was 69.0kg based on the median 58.0kg. The average height 

was 164.8cm, and the shorter height was 159.2cm, and the taller height was 170.8cm based 

on the median 163.0cm. The detail of 33 participants is summarized in Table 1. 

Table 1: Participants’ characteristics 

Participants M(SD) 

Age(year) 21.6(1.5) 

Body weight(kg) 60.1(10.1) 

Median 58.0 

Lighter 51.7(3.3) 

Heavier 69.0(6.1) 

Height(cm) 164.8(7.6) 

Median 163.0 

Shorter 159.2(2.4) 

Taller 170.8(6.5) 

Gender  

female 25 

male 8 

Grade  

3rd 28 

4th 5 

M: mean, SD: standard deviation 

The compression depth in all participants was a statistically significant difference (p<.001), 

and the difference between the hard floor and the other surfaces was confirmed. The 

compression depth at the hard floor (57.9 mm), bed (53.5 mm), and bed with backboard 

(52.4 mm) was comply with the guidelines. The compression rate in all participants was a 

statistically significant difference (p<.001), and the difference between the hard floor and 

the bed & bed with backboard was confirmed. The compression rate at the bed (117.8/min), 

bed with backboard (118.0/min), and ambulance stretcher (119.5/min) was complied with 

the guidelines. The compression correctness in all participants was a statistically 

significant difference (p<.001), and the difference between the hard floor and the other 

surfaces was confirmed. The compression correctness was the hard floor (93.2%), bed 

(67.8%), bed with backboard (66.8%), ambulance stretcher (9.0%), and ambulance 

stretcher with backboard (7.8%). The manikin-assessed scores between differing surfaces 

are summarized in Table 2. 

Table 2: Comparison of manikin assessed skills between differing surfaces 
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Manikin 

assessed skills 

ⓐHard 

floor 
ⓑBed 

ⓒBed+ 

backboard 

ⓓAmbulance 

stretcher 

ⓔAmbulance 

stretcher+ 

backboard 

p 

Compression 

depth (50-

60mm) 

57.9(1.7) 53.5(5.3) 52.4(6.1) 25.2(12.0) 25.1(11.4) 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Compression 

rate (100-

120/min) 

123.3(4.5) 117.8(6.5) 118.0(5.7) 119.5(8.9) 122.1(8.8) 

<.001* 
ⓑⓒ** ⓐ** ⓐ** - - 

Incorrect 

pressure point 

(#) 

6.5(17.3) 11.0(20.9) 7.8(29.2) 8.7(21.7) 11.2(24.3) .901 

Incomplete 

recoil (#) 
0.1(0.4) 7.2(19.7) 0.5(1.4) 0.2(1.1) 1.4(7.5) .161* 

Compression 

correctness(%) 

93.2 67.8 66.8 9.0 7.8 
<.001* 

ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Data are presented as mean (standard deviation). 

*Welch 

**Games-Howell 

The compression depth in lighter body weight was a statistically significant difference 

(p<.001), and the difference between the hard floor and the other surfaces was confirmed. 

The compression depth at the hard floor (57.2mm) and bed (52.7mm) was comply with the 

guidelines. The compression depth in heavier body weight was a statistically significant 

difference (p<.001), and the difference between the hard floor and bed & ambulance 

stretcher & ambulance stretcher with backboard was confirmed. The compression depth at 

the hard floor (58.8mm), bed (54.3mm), and bed with backboard (56.4mm) was comply 

with the guidelines, and the compression depth was deeper than lighter body weight group. 

The compression rate in lighter body weight was a statistically significant difference 

(p=.002), and the difference between the hard floor and bed & bed with backboard was 

confirmed. The compression rate at the bed (117.4/min), bed with backboard (117.9/min) 

was comply with the guidelines. The compression correctness in lighter body weight was a 

statistically significant difference (p<.001), and the difference between the hard floor and 

the other surfaces was confirmed. The compression correctness was the hard floor (98.2%), 

bed (66.1%), bed with backboard (55.8%), ambulance stretcher (5.3%), and ambulance 

stretcher with backboard (1.2%). The compression correctness in heavier body weight was 

a statistically significant difference (p<.001), and the difference between the hard floor and 

the ambulance stretcher & ambulance stretcher with backboard was confirmed. The 

compression correctness was the hard floor (87.9%), bed with backboard (78.5%), bed 

(69.6%), ambulance stretcher with backboard (14.8%), and ambulance stretcher (12.9%). 

The manikin-assessed scores between differing surfaces by body weight are summarized in 

Table 3. 

Table 3: Comparison of manikin assessed skills between differing surfaces by body 

weight 
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Manikin 

assessed skills 

Body 

weight 

ⓐHard 

floor 
ⓑBed 

ⓒBed+ 

backboard 

ⓓAmbulance 

stretcher 

ⓔAmbulance 

stretcher+ 

backboard 

p 

Compression 

depth(50-

60mm) 

Lighter 
57.2(1.9) 52.7(5.3) 48.5(3.6) 18.8(9.6) 18.7(3.2) 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Heavier 
58.8(0.8) 54.3(5.4) 56.4(5.6) 31.9(10.7) 31.9(12.9) 

<.001* 
ⓑⓓⓔ** ⓐⓓⓔ** ⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Compression 

rate(100-

120/min) 

Lighter 
124.6(4.3) 117.4(7.2) 117.9(5.7) 118.5(11.3) 122.4(9.3) 

.002* 
ⓑⓒ** ⓐ** ⓐ** - - 

Heavier 122.0(4.4) 118.3(5.8) 118.1(6.0) 120.1(5.3) 121.8(8.6) .217 

Incorrect 

pressure point 

(#) 

Lighter 0.2(0.8) 9.2(20.2) 0.3(1.2) 1.7(4.4) 6.4(14.0) .120* 

Heavier 13.1(23.4) 12.9(22.2) 15.7(41.1) 16.2(29.5) 16.4(31.5) .995 

Incomplete 

recoil (#) 

Lighter 0.0(0.0) 7.5(21.3) 0.2(0.8) 0.0(0.0) 0.0(0.0) - 

Heavier 0.3(0.6) 6.8(18.5) 0.7(1.9) 0.5(1.5) 2.8(10.7) .468* 

Compression 

correctness (%) 

Lighter 
98.2 66.1 55.8 5.3 1.2 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Heavier 
87.9 69.6 78.5 12.9 14.8 

<.001 
ⓓⓔ*** ⓓⓔ*** ⓓⓔ*** ⓐⓑⓒ*** ⓐⓑⓒ*** 

Data are presented as mean (standard deviation) 

*Welch 

**Games-Howell 

***Tukey 

The compression depth in shorter height was a statistically significant difference (p<.001), 

and the difference between the hard floor and the other surfaces was confirmed. The 

compression depth at the hard floor (57.7mm) and bed (53.2mm) was comply with the 

guidelines. The compression depth in taller height was a statistically significant difference 

(p<.001), and the difference between the hard floor and bed & ambulance stretcher & 

ambulance stretcher with backboard was confirmed. The compression depth at the hard 

floor (58.3mm), bed (53.7mm), and bed with backboard (55.8mm) was comply with the 

guidelines. The compression rate in shorter height was a statistically significant difference 

(p<.010), and the difference between the hard floor and bed with backboard was confirmed. 

The compression rate at the bed (117.8/min), bed with backboard (117.3/min), and 

ambulance stretcher (119.4/min) was complied with the guidelines. The compression 

correctness in taller height was a statistically significant difference (p<.001), and the 

difference between the hard floor and ambulance stretcher & ambulance stretcher with 

backboard was confirmed. The compression correctness was the hard floor (90.6%), bed 

with backboard (89.6%), bed (66.8%), ambulance stretcher (18.5%), and ambulance 

stretcher with backboard (12.6%). The manikin-assessed scores between differing surfaces 

by height are summarized in Table 4. 
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Table 4: Comparison of manikin assessed skills between differing surfaces by height 

Manikin 

assessed skills Height ⓐHard 

floor 
ⓑBed 

ⓒBed+ 

backboard 

ⓓAmbulance 

stretcher 

ⓔAmbulance 

stretcher+ 

backboard 

p 

Compression 

depth(50-

60mm) 

Shorter 
57.7(1.8) 53.2(5.2) 49.1(6.1) 18.9(5.4) 20.2(4.3) 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Taller 
58.3(1.5) 53.7(5.6) 55.8(3.9) 31.8(13.5) 30.3(14.1) 

<.001* 
ⓑⓓⓔ** ⓐⓓⓔ** ⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Compression 

rate(100-

120/min) 

Shorter 
123.8(4.8) 117.8(7.2) 117.3(5.7) 119.4(11.5) 122.2(9.9) 

.010* 
ⓒ** - ⓐ** - - 

Taller 122.9(4.2) 117.8(5.9) 118.8(5.9) 119.6(5.1) 121.9(7.9) .086 

Incorrect 

pressure point 

(#) 

Shorter 4.1(14.5) 10.7(22.0) 14.4(40.1) 10.4(27.7) 2.5(7.4) .414 

Taller 9.1(20.0) 11.4(20.5) 0.7(2.8) 7.0(13.4) 20.5(31.9) .014* 

Incomplete 

recoil (#) 

Shorter 0.06(0.2). 7.7(21.2) 0.2(0.8) 0.0(0.0) 0.0(0.0) - 

Taller 0.2(0.5) 6.6(18.5) 0.7(1.9) 0.5(1.5) 2.8(10.7) .414* 

Compression 

correctness (%) 

Shorter 95.7 68.8 45.4 0.0 3.2 - 

Taller 
90.6 66.8 89.6 18.5 12.6 

<.001* 
ⓓⓔ** ⓓⓔ** ⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Data are presented as mean (standard deviation). 

*Welch 

**Games-Howell 

The compression depth in the female was a statistically significant difference (p<.001), and 

the difference between the hard floor and the other surfaces was turned out. The 

compression depth at the hard floor (57.6mm), bed (53.8mm), and bed with backboard 

(50.5mm) was comply with the guidelines. The compression depth in the male was a 

statistically significant difference (p<.001), and the difference between the hard floor and 

ambulance stretcher & ambulance stretcher with backboard was turned out. The 

compression depth at the hard floor (59.0mm), bed (52.4mm), and bed with backboard 

(58.1mm) was comply with the guidelines. The compression rate in the female was a 

statistically significant difference (p<.001), and the difference between the hard floor and 

bed & bed with backboard was turned out. The compression rate at the bed (117.3/min), 

bed with backboard (117.1/min), ambulance stretcher (119.4/min) was complied with the 

guidelines. The compression correctness in the female was a statistically significant 

difference (p<.001), and the difference between the hard floor and the other surfaces was 

turned out. The compression correctness was the hard floor (96.9%), bed (71.4%), bed 

with backboard (59.4%), ambulance stretcher (18.0%), ambulance stretcher with 

backboard (2.2%). The compression correctness in the male was a statistically significant 

difference(p<.001), and the difference between the hard floor and ambulance stretcher & 

ambulance stretcher with backboard was confirmed. The compression correctness was the 
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bed with backboard (89.9%), hard floor (81.8%), bed (56.5%), ambulance stretcher 

(25.8%), ambulance stretcher with backboard (25.3%). The manikin-assessed scores 

between differing surfaces by sex are summarized in Table 5. 

Table 5: Comparison of manikin assessed skills between differing surfaces by gender 

Manikin 

assessed skills Gender ⓐHard 

floor 
ⓑBed 

ⓒBed+ 

backboard 

ⓓAmbulance 

stretcher 

ⓔAmbulance 

stretcher+ 

backboard 

p 

Compression 

depth(50-

60mm) 

Female 
57.6(1.8) 53.8(5.0) 50.5(5.9) 20.4(8.4) 19.5(3.8) 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Male 
59.0(0.8) 52.4(6.4) 58.1(1.1) 40.0(9.0) 42.5(9.1) 

<.001* 
ⓓⓔ** ⓓ** ⓓⓔ** ⓐⓑⓒ** ⓐⓒ** 

Compression 

rate (100-

120/min) 

Female 
123.2(4.7) 117.3(7.0) 117.1(6.1) 119.4(9.7) 120.6(9.1) 

.001* 
ⓑⓒ** ⓐ** ⓐ** - - 

Male 
123.8(3.7) 119.4(4.8) 120.8(3.6) 119.6(6.2) 126.6(6.3) 

.029 
- ⓔ*** - - ⓑ*** 

Incorrect 

pressure point 

(#) 

Female 2.8(12.0) 8.2(18.5) 9.8(33.4) 7.7(23.2) 7.0(16.9) .192 

Male 18.1(25.9) 19.9(26.7) 1.4(3.9) 12.0(17.2) 24.6(38.1) .411 

Incomplete 

recoil (#) 

Female 0.04(0.2) 7.8(21.2) 0.2(0.6) 0.2(1.2) 0.0(0.0) - 

Male 0.4(0.7) 5.3(14.8) 1.3(2.6) 0.3(0.7) 5.6(15.1) .622* 

Compression 

correctness (%) 

Female 
96.9 71.4 59.4 3.6 2.2 

<.001* 
ⓑⓒⓓⓔ** ⓐⓓⓔ** ⓐⓓⓔ** ⓐⓑⓒ** ⓐⓑⓒ** 

Male 
81.8 56.5 89.9 25.8 25.3 

<.001 
ⓓⓔ*** - ⓓⓔ*** ⓐⓒ*** ⓐⓒ*** 

Data are presented as mean (standard deviation) 

*Welch 

**Games-Howell 

***Tukey 

There was a difference between the hard floor and the other surfaces in the compression 

depth in all participants, and much lower than the guidelines in the ambulance stretcher & 

ambulance stretcher with backboard. This result is consistent with the height impact in the 

studies designed with 78cm-high(2-min compression) and 63.5cm-high (5-cycle CPR) 

(Lee et al., 2012; Edelson et al., 2012), the compression depth result within the guideline 

range at 61cm-high bed (150 compressions) of this study suggests that compression within 

the guideline range is possible for a while under the bed condition. The compression rate in 

all participants show the results within or above the guideline range, which shows that it is 

more difficult to comply with compression depth than compression rate under the 

conditions of higher compression point. The need for a backboard is a controversy among 

researchers (Perkins et al., 2006; Andersen et al., 2007; Nishisaki et al., 2012; Cuvelier et 

al., 2022), however it is inferred that a backboard was unnecessary due to harder mattress 
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in this study. In other words, it is necessary to determine whether to apply a backboard 

according to the softness of mattress, so it is necessary to further check the correlation 

between the softness of mattress and compression depth. There was a difference between 

the hard floor and the other surfaces in the compression correctness in all participants, and 

it showed superior performance in the hard floor. This means that chest compression 

should be performed on a hard floor for correct depth, correct pressure point, and complete 

recoil, and that standing, kneeling, and footstool CPR should be trained to facilitate chest 

compression on a bed and ambulance stretcher (Hong et al., 2014). 

There was a difference between the hard floor and the other surfaces in the compression 

depth by body weight, and much lower than the guidelines in the ambulance stretcher & 

ambulation stretcher with backboard. The fact that the results were like compression depth 

in all participants means that there was no effect due to the relative weight difference of 

the participants in this study. In this experimental condition, 51.7kg of the lighter body 

weight group did not affect the compression depth, so it is inferred that it will affect 

negatively below this (Uhm et al., 2010), the need for training focusing on compression 

depth by body weight is raised. There was a difference between the hard floor and the 

other surfaces in the compression correctness by body weight, and the performance was 

superior in the hard floor. This means that chest compression should be applied on a hard 

floor for correct depth, correct pressure point, and complete recoil, and that chest 

compression should be trained to perform perfectly on a bed and ambulation stretcher. 

There was a difference between the hard floor and the other surfaces in compression depth 

by height, and much lower than the guidelines in the ambulance stretcher & ambulation 

stretcher with backboard. The fact that the results were like the compression depth in all 

participants means that there was no effect due to the relative height difference of the 

participants in this study. 159.2cm of the shorter height group did not affect the 

compression depth, so it is inferred that it will affect negatively below this (Uhm et al., 

2010), the need for training focusing on compression depth by height is raised. There was a 

difference between the hard floor & bed & bed with backboard and the other surfaces in 

the compression correctness in taller height, and the performance was superior in the hard 

floor & bed with backboard. This means that chest compression should be applied on a 

hard floor & bed for correct depth, correct pressure point, and complete recoil, also means 

that for shorter height CPR training should be conducted on an ambulance stretcher & 

ambulation stretcher with backboard. 

There was a difference between the hard floor and the other surfaces in the compression 

depth in the female, and much lower than the guidelines in the ambulance stretcher & 

ambulance stretcher with backboard. There was a difference between the hard floor and 

ambulance stretcher & ambulance stretcher with backboard in the compression depth in the 

male. The compression depth in the female & male complies with the guidelines in the 

hard floor, bed, and bed with backboard. It was extremely low in the ambulance stretch & 

ambulance stretcher with backboard in the compression correctness in the female, 

especially meaning that female should be skilled to facilitate chest compression on the 

ambulance stretcher & ambulance stretcher with backboard. 

4. CONCLUSION 

For correct depth, correct pressure point, and complete recoil, chest compression should be 

performed on a hard floor, and standing, knelling, and footstool CPR training should be 

carried out to correctly perform chest compression on a bed and ambulation stretcher. 



Tai-Hwan Uhm/ Afr.J.Bio.Sc. 6(7) (2024)  1212 

 

5. REFERENCES 

Andersen, L. Ø., Isbye, D. L., & Rasmussen, L. S. (2007). Increasing Compression Depth 

during Manikin CPR using a Simple Backboard. Acta Anaesthesiol Scand, 51(6), 747-750. 

https://doi.org/10.1111/j.1399-6576.2007.01304.x 

Boe, J. M., & Babb,s C. F. (1999). Mechanics of Cardiopulmonary Resuscitation 

Performed with the Patient on a Soft Bed vs a Hard Surface. Acad Emerg Med, 6(7), 754-

757. https://doi.org/10.1111/j.1553-2712.1999.tb00449.x 

Cheng, A., Lin, Y., Nadkarni, V., Wan, B., Duff, J., Brown, L., Bhanji, F., Kessler, D., 

Tofil, N., Hecker, K., & Hunt, E. A. (2018). The Effect of Step Stool Use and Provider 

Height on CPR Quality during Pediatric Cardiac Arrest: A Simulation-Based Multicentre 

Study. CJEM, 20(1), 80-88. https://doi.org/10.1017/cem.2017.12 

Cheng, A., Magid, D. J., Auerbach, M., Bhanji, F., Bigham, B. L., Blewer, A. L., Dainty, 

K. N., Diederich, E., Lin, Y., Leary, M., Mahgoub, M., Mancini, M. E., Navarro, K., & 

Donoghue, A. (2020). Part 6: Resuscitation Education Science: 2020 American Heart 

Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular 

Care. Circulation, 142, S551-579. https://doi.org/10.1161/cir.0000000000000903 

Chi, C. H., Tsou, J. Y., & Su, F. C. (2008). Effects of Rescuer Position on the Kinematics 

of Cardiopulmonary Resuscitation (CPR) and the Force of Delivered Compressions. 

Resuscitation, 76(1), 69-75. https://doi.org/10.1016/j.resuscitation.2007.06.007 

Cuvelier, Z., Houthoofdt, R., Serraes, B., Haentjens, C., Mpotos, N., & Blot, S. (2022). 

Effect of a Backboard on Chest Compression Quality during In-Hospital Adult 

Cardiopulmonary Resuscitation: A Randomised, Single-Blind, Controlled Trial using a 

Manikin Model. Intensive Crit Care Nurs, 69, 1-7. 

https://doi.org/10.1016/j.iccn.2021.103164 

Edelson, D. P., Call, S. L., Yuen, T. C., & Vanden Hoek, T. L. (2012). The Impact of a 

Step Stool on Cardiopulmonary Resuscitation: A Cross-Over Mannequin Study. 

Resuscitation, 83(7), 874-878. https://doi.org/10.1016/j.resuscitation.2012.03.005 

Ho, C. S., Hsu, Y. J., Li, F., Tang, C. C., Yang, C. P., Huang, C. C., Ho, C. S., & Chang, C. 

H. (2021). Effect of Ambulance Stretcher Bed Height Adjustment on CPR Quality and 

Rescuer Fatigue in a Laboratory Environment. Int J Med Sci, 18(13), 2783-2788. 

https://doi.org/10.7150/ijms.59037 

Hong, C. K., Park, S. O., Jeong, H. H., Kim, J. H., Lee, N. K., Lee, K. Y., Lee, Y. H, Lee, 

J. H., & Hwang, S. Y. (2014). The Most Effective Rescuer's Position for Cardiopulmonary 

Resuscitation Provided to Patients on Beds: A Randomized, Controlled, Crossover 

Mannequin Study. J Emerg Med, 46(5), 643-649. 

https://doi.org/10.1016/j.jemermed.2013.08.085 

Kim, J. H., & Uhm, T. H. (2014). Survival to Admission after Out-Of-Hospital Cardiac 

Arrest in Seoul, South Korea. Open Access Emerg Med, 6, 63-68. 

https://doi.org/10.2147/oaem.s68758 

Lee, D. H., Kim, C. W., Kim, S. E., & Lee, S. J. (2012). Use of Step Stool during 

Resuscitation Improved the Quality of Chest Compression in Simulated Resuscitation. 

Emerg Med Australas, 24(4), 369-373. https://doi.org/10.1111/j.1742-6723.2012.01545.x 



Tai-Hwan Uhm/ Afr.J.Bio.Sc. 6(7) (2024)  1213 

 

Nishisaki, A., Maltese, M. R., Niles, D. E., Sutton, R. M., Urbano, J., Berg, R. A., & 

Nadkarni, V. M. (2012). Backboards are Important When Chest Compressions Are 

Provided on a Soft Mattress. Resuscitation, 83(8), 1013-1020. 

https://doi.org/10.1016/j.resuscitation.2012.01.016 

Panchal, A. R., Bartos, J. A., Cabañas, J. G., Donnino, M. W., Drennan, I. R., Hirsch, K. 

G., Kudenchuk, P. J., Kurz, M. C., Lavonas, E. J., Morley, P. T., O’Neil, B. J., Peberdy, M. 

A., Rittenberger, J. C., Rodriguez, A. J., Sawyer, K. N., & Berg, K. M. (2020). Part 3: 

Adult Basic and Advanced Life Support: 2020 American Heart Association Guidelines for 

Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation, 142, 

S366-S468. https://doi.org/10.1161/cir.0000000000000916 

Perkins, G. D., Benny, R., Giles, S., Gao, F., & Tweed, M. J. (2003). Do Different 

Mattresses Affect the Quality of Cardiopulmonary Resuscitation? Intensive Care Med, 

29(12), 2330-2335. https://doi.org/10.1007/s00134-003-2014-6 

Perkins, G. D., Smith, C. M., Augre, C., Allan, M., Rogers, H., Stephenson, B., & Thickett, 

D. R. (2006). Effects of a Backboard, Bed Height, and Operator Position on Compression 

Depth during Simulated Resuscitation. Intensive Care Med, 32(10), 1632-1635. 

https://doi.org/10.1007/s00134-006-0273-8 

Tweed, M., Tweed, C., & Perkins, G. D. (2001) The Effect of Differing Support Surfaces 

on the Efficacy of Chest Compressions using a Resuscitation Manikin Model. 

Resuscitation, 51(2, 179-183. https://doi.org/10.1016/s0300-9572(01)00404-x 

Uhm, T. H., Oh, J. K., Park, J. H., Yang, S. J., & Kim, J. H. (2010). Correlation between 

Physical Features of Elementary School Children and Chest compression Depth. Hong 

Kong J Emerg Med, 17(3), 218-223. http://dx.doi.org/10.1177/102490791001700303 


