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บทคััดย่่อ

 บทนำ
	ก ารช่วยกู้้�ชีพผู้้�ป่่วยที่่�เกิิดภาวะหััวใจหยุดเต้้นนอกโรงพยาบาลโดยผู้้�พบเห็็นเหตุการณ์สามารถ 

เพิ่่�มโอกาสการรอดชีีวิิตให้้แก่่ผู้้�ป่วยได้้ แต่่ในกรณีที่่�ผู้้�พบเห็็นเหตุการณ์์เป็็นเด็็กอาจจะมีีน้้ำหนักตัวที่่�น้้อย 

หรืือเกิิดความเหนื่่�อยล้้าได้้มากกว่าผู้้�ใหญ่ปััจจุุบัันได้้มีีการศึกษาว่่าการกดหน้าอกด้วยเท้้ามีีประสิิทธิิภาพ 

ไม่่ต่่างจากการกดหน้าอกด้วยมืือในผู้้�ใหญ่ สามารถใช้้ได้้ในสถานการณ์พิิเศษ แต่่การศึึกษาการกดหน้าอก

ด้้วยเท้้าในเด็็กยัังมีีจำนวนน้้อย ยัังไม่่มีีข้้อสรุุปชััดเจนว่่าในสถานการณ์ที่่�ผู้้�พบเห็็นเหตุการณ์เป็็นเด็็กหรือ 

มีีน้้ำหนัักตััวน้้อย การใช้้เท้้ากดหน้้าอกจะมีีผลต่่อการกดหน้้าอกอย่่างมีีประสิิทธิิภาพหรืือไม่่ 

 วััตถุุประสงค์์
	วั ตัถุปุระสงค์์หลักั คือื เพื่่�อศึกึษาประสิิทธิภิาพในการกดหน้าอกด้วยเท้้าเปรีียบเทีียบกับัการกดหน้าอก

ด้ว้ยมือืตามวิธีีการมาตรฐานในกลุ่่�มเด็ก็นักัเรียีนที่่�มีอีายุนุ้อ้ยกว่า่ 15 ปี ีวัตัถุปุระสงค์ร์อง คือื เพื่่�อศึกึษาความ

สัมัพันธ์ร์ะหว่า่งน้้ำหนักัตัวัของผู้้�กดหน้า้อกกับัประสิทิธิภิาพของการกดหน้า้อกทั้้�งวิธิีกีารกดหน้า้อกด้ว้ยเท้า้

และการกดหน้้าอกด้้วยมืือ
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 วิิธีีการศึึกษา
	 งานวิิจััยแบบการทดลองชนิิดCrossoverจััดทำระหว่่างเดืือนมกราคมถึึงตุุลาคม 2566 มีีผู้้�เข้้าร่่วม 

งานวิิจััยเป็็นนัักเรีียนชั้้�นมััธยมศึึกษาตอนต้้น อายุุ 13-15 ปีี จำนวน 44 คน ใช้้หุ่่�นCPR Training Manikins 

ในการเก็็บข้้อมููล 3 อย่่าง ได้้แก่่ 1) อััตราการกดหน้้าอก 2) ค่่าเฉลี่่�ยความลึึกในการกดหน้้าอก 3) ร้้อยละ

ของการขยายตััวกลัับของทรวงอกในระยะเวลา 2 นาทีี โดยให้้นัักเรีียนผู้้�เข้้าร่่วมงานวิิจััยจัับฉลากแล้้ว 

แบ่่งเป็็นสองกลุ่่�มย่่อย แต่่ละกลุ่่�มจะทำการกดหน้้าอกด้้วยวิิธีีที่่�ต่่างกัันเป็็นเวลา 2 นาทีี จากนั้้�นพััก 10 นาทีี 

แล้้วเปลี่่�ยนวิิธีีการกดหน้้าอกและทำซ้้ำอีีก 2 นาทีี 

 ผลการศึึกษา
	อั ัตราเร็็วในการกดหน้้าอกด้้วยมืือเร็็วกว่่าการกดด้้วยเท้้า 11.3±14.2 ครั้้�งต่่อนาทีี (P<0.001) ส่่วน

ความลึกในการกดหน้าอกมีค่่าเฉลี่่�ยของการกดด้้วยเท้้าลึึกกว่าการกดด้้วยมืือ -14.7±7.4 มิิลลิิเมตร 

(P<0.001) และการกดหน้าอกด้วยมืือมีีร้้อยละการคืนตััวของทรวงอกสููงกว่าการกดหน้าอกด้วยเท้้า อยู่่�ที่่�

ร้้อยละ 26.2±23.9 (P<0.001)

 สรุุปผลการศึึกษา
	 ในเด็็กนักเรียีนอายุุ 13-15 ปี ีการกดหน้าอกด้วยเท้้ามีีข้อ้ได้้เปรีียบการกดหน้าอกด้วยมืือในด้้านความ

ลึกึของการกดหน้า้อก อย่า่งไรก็ต็าม การกดหน้า้อกด้ว้ยมือืยังัมีอีัตัราเร็ว็ของการกดหน้า้อกและร้อ้ยละการ

ขยายตััวกลัับของหน้้าอกที่่�ตรงตามมาตรฐานมากกว่่าการกดหน้้าอกด้้วยเท้้า ส่่วนน้้ำหนัักของผู้้�กดหน้้าอก

ไม่่มีีผลต่่อประสิิทธิิภาพในการหน้้าอกโดยภาพรวม 

 คำสำคััญ
	ก ารกู้้�ชีีพ, การกดหน้้าอกด้้วยฝ่่าเท้้า, การทดลองในหุ่่�นทดลอง, เด็็กนัักเรีียน



Abstract

 Introduction
	 Cardiopulmonary resuscitation (CPR) by a bystander can increase the survival rate of 

patients experiencing out-of-hospital cardiac arrest (OHCA). However, performing high-quality 

CPR using the standard hand-only technique may not be possible in cases where the  

bystander is a child. In special situations, it has been found that using the foot for chest 

compressions is equally effective as using the hand in adults. However, the effectiveness of 

this method when the bystander is a child is under-researched. Thus, we aimed to investigate 

the efficacy of chest compressions performed using a foot compared to those performed 

using a hand in children under 15 years of age. The investigation focused on three key  

parameters: 1) compression rate, 2) compression depth, 3) percentage of full chest recoil 

over two minutes.
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 Method
	 This crossover randomized controlled trial study was conducted between January and 

October 2023. We recruited 44 student participants aged 13-15 years. The participants used 

CPR Training Manikins with feedback data. Methods of chest compressions were assigned by 

simple random sampling, and after two minutes, the participants switched to the alternative 

method.

 Results
	 Compression rate by hand exceeded by foot (11.3±14.2 bpm, P<0.001), while the per-

centage of full chest recoil by hand surpassed that during foot compressions (26.2±23.9%, 

P<0.001). Conversely, compression depth by foot was greater than by hand (-14.7±7.4 mm, 

P<0.001).

 Conclusion
	 In school-aged children, chest compressions using a foot have an advantage in com-

pression depth compared to hand compression. However, manual chest compressions 

maintain a faster compression rate and a higher percentage of chest recoil, aligning with es-

tablished standards. The weight of the chest compressor does not significantly impact the 

overall efficiency of chest compressions.

 Keywords
	 Cardiopulmonary resuscitation, Chest compression by foot, Manikin study, School-aged 

children
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Introduction
	 In s i tuat ions where a pat ient  
experiences out-of-hospital cardiac arrest 
(OHCA), cardiopulmonary resuscitation 
(CPR) by bystanders at the scene can  
increase patients’ survival rate1-2.Still,  
in some situations, the bystanders are 
unable  to  per fo rm manual  ches t  
compression, which is a standard method, 
because of their physical limitations.The 
bystander who is a child or has a low body 
weight causes the chest compression to 
be less effective than desired3-4, especially 
in chest compression depth5-6.This will 
reduce the patient’s chance of survival. 
	 Currently, research is being conduct-
ed to find a new method of chest com-
pressions that can improve the effective-
ness of chest compressions in special 
situations where bystanders cannot use 
their hands to perform effective chest 
compressions. A method studied to be as 
effective as manual chest compressions 
in adults is chest compression using the 
foot7-13. However, only a few studies have 
been conducted about chest compressions 
using the foot in child bystanders14, making 
it unclear whether foot compressions  
will improve the effectiveness of chest 
compressions in child bystanders.

Objectives
	 Primary objectives
	 To investigate the effectiveness  
of chest compressions using the foot 

compared to the hand in school-aged 
children under 15 years. Including:  
1. Compression rate 2. Compression depth 
3. Percentage of full chest recoil over two 
minutes. 
	 Secondary objectives
	 To study the relationship between 
body weight and the effectiveness of chest 
compressions, using both foot and hand 
methods.

Method
	 Study design
	 A crossover randomized controlled 
trial was conducted between January and 
October 2023. It involved participants who 
were students in the early secondary 
levels of a selected school in Chonburi 
province. The total number of participants 
was 44, and the selection criteria for  
inclusion in this study were as follows: 
studying in grades 7-9 of the selected 
school in the Si Racha district, aged  
between 13-15 years. Exclusion criteria 
include individuals with chronic illnesses 
such as heart and vascular diseases,  
asthma, or blood disorders, pregnant 
persons, or those with physical limitations. 
Participants who willingly consented to 
participate in the study signed the informed 
consent document, and parental consent 
was obtained for each part ic ipant,  
ensuring full compliance with ethical 
guidelines and protocols.
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	 Research ethics

	 This research has been approvedby 

the Research and Ethics Committee Queen 

Savang Vadhana Memorial Hospital with 

project number IRB 009/2566.

	 Research tools

	 The research utilized Resusci Anne® 

QCPR Training Manikins with SimPad  

SkillReporter that provide feedback on 

the following parameters:

	 1.	 Compression depth (measured 

in millimeters, mm)

	 2.	 Compression rate (measured in 

beats per minute, bpm)

	 3.	 Percentage of full chest recoil 

(%)

	 Data collection

The steps are shown in the study flow 

diagram (Figure 1).

	 1.	 The participants were instructed 

on hand and foot placement on the chest12 

and shown how to per form chest  

compress ions through v ideo cl ips .  

Each participant then practiced chest 

compressions on the training manikin two 

times for one minute per method.

	 2.	 Participants were randomized 

into two equal subgroups by drawing  

a number 1 or 2. Group 1 started with 

manual chest compressions, and Group 2 

initiated with foot compressions.

	 3.	 Participants’ vital signs were 

measured, including blood pressure, heart 

rate, and respiratory rate, before and after 

every round of chest compressions.

	 4.	 Each group performed chest 

compressions on the assigned manikin, 

which can record chest compression data 

for a 2-minute interval. 

	 5.� After completing two minutes, 

participants were given a 10-minute rest 

and then switched groups.The group that 

started using hands switched to using feet, 

and the other vice versa.

	 6.	 Each group performed chest 

compressions on the manikin using the 

assigned method for another two minutes.

	 7.	 Recorded data from both hand 

and foot compressions were collected 

and analyzed for each participant and 

each group.

	 Data analysis

	 Data underwent statistical analysis 

using IBM SPSS Statistics, version 28, and 

Stata software, version 14. General data 

was analyzed using descriptive statistics, 

presenting measures such as mean  

(Frequency), percentage, mean (Mean),and 

standard deviation (SD). For parametric 

statistical hypothesis testing, the Paired 

T-test was used. The significance level for 

hypothesis testing was set at 0.05.
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Figure 1	Study flow diagram

Results

Table 1	 Baseline characteristics

	Characteristics Total (n=44) (%)

Gender
	 Male
	 Female

18 (40.9)
26 (59.1)

Age (year) : Mean±SD
	 13
	 14
	 15

13.95±0.7
12 (27.3)
22 (50.0)
10 (22.7)

Height (centimeters) : Mean±SD 160.17±6.7

Weight (kilograms) : Mean±SD
	 <50
	 >50

50.89±12.4
27 (61.4)
17 (38.6)
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	 The study included 44 participants, 

40.9% male and 59.1% female. The  

average age was 13.95±0.71 years. The 

average height was 160.2±6.7 centimeters. 

The average weight was 50.9±12.4  

kilograms.

	 Participants were further categorized 

based on weight:

	 1.	 Those  we i gh ing  be low 50  

kilograms comprised 61% (n=27) of  

participants.

	 2.	 Those weighing 50 kilograms 

constituted 39% (n=17) of participants.  

As shown in Table 1

	 The study’s results in comparing 

compression rates between hand and foot 

compressions are presented in Table 2. It 

was found that the average chest com-

pression rate by hand was 109.4±11.3 

bpm, while the average chest compression 

rate by foot was 98.1±9.2 bpm.The aver-

age difference between the two groups 

was 11.3±14.2 bpm (P<0.001). 

	 Upon further analysis, we found that 

hand compressions had a higher average 

compression rate than foot compressions 

Table 2	 Comparison of compression rate between hand and foot compression and the 

relationship between the participant’s body weight and compression rate of both hand 

and foot compression.

Total (n=44) Mean compression rate* (SD) 95% CI p-value

Compression by hand 109.41 (11.32) 105.97-112.85

Compression by foot 98.09 (9.18) 95.30-100.88

Compression rate difference 11.3 (14.16) 7.01-15.62 <0.001

Body weight <50 kg (n=27) Mean compression rate (SD) 95% CI p-value

Compression by hand 109.04 (11.32) 105.08-112.99

Compression by foot 99.63 (9.18) 96.12-103.14

Compression rate difference 9.41 (14.16) 4.92-13.89 <0.001

Body weight ≥50 kg (n=17) Mean compression rate (SD) 95% CI p-value

Compression by hand 110.00 (13.46) 103.08-116.92

Compression by foot 95.65 (9.37) 90.83-100.47

Compression rate difference 14.35 (17.72) 5.24-23.47 0.004

*Mean compression rate (measured in bpm)
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in both weight groups (below 50 kilograms 

and above 50 kilograms). Specifically, the 

mean difference was greater than 9.4±11.3 

bpm (P<0.001) for the group with weight 

below 50 kilograms and greater than 

14.4±17.7 bpm (P=0.004) for the group 

with weight above 50 kilograms. It shows 

no correlation between the participant’s 

body weight and the effectiveness of chest 

compression in terms of compression rate.

	 Table 3 presents the results of a 

study comparing the chest compression 

depth between hand and foot compressions. 

It was found that the average chest  

compression depth by using the hand was 

22.3±4.4 mm. The mean compression 

depth using the foot was 40.0±8.7 mm. 

The mean difference between the two 

groups was -14.7±7.4 mm (P<0.001). 

	 Analysis of the difference between 

hand and foot compressions based on 

participants’ body weight in the group 

weighing less than 50 kilograms shows 

significantly shallower compression depth 

with hand compression compared to foot 

compression, with a mean difference of 

Table 3	 Comparison of compression depth between hand and foot compression and 

the relationship between the participant’s body weight and depth of both hand and foot 

compression.

Total (n=44) Mean compression depth* (SD) 95% CI p-value

Compression by hand 25.32 (4.41) 23.98-26.66

Compression by foot 40.05 (8.68) 37.41-42.68

Compression depth difference -14.73 (7.36) -16.96- -12.49 <0.001

Body weight <50 kg (n=27) Mean compression depth (SD) 95% CI p-value

Compression by hand 23.11 (3.67) 21.66-24.56

Compression by foot 35.67 (6.21) 33.21-38.12

Compression depth difference -12.56 (6.05) -14.95- -10.16 <0.001

Body weight ≥50 kg (n=17) Mean compression depth (SD) 95% CI p-value

Compression by hand 28.82 (3.03) 27.27-30.38

Compression by foot 47.00 (7.49) 43.15-50.85

Compression depth difference -18.18 (8.08) -22.33- -14.02 <0.001

*Mean compression depth (measured in compression mm)
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-12.6±6.1 mm (P<0.001) .  S imilarly ,  

hand compression shows a shallower 

compression depth in the group weighing 

more than 50 kilograms compared to  

foot compressions, with a mean difference 

of -18.2±8.1 mill imeters (P<0.001).  

Demonstrating there is no relationship 

between the body weight of both groups 

and the effectiveness of chest compression 

in terms of compression depth.

	 The results of the study comparing 

the percentage of chest recoil in chest 

compression between hand and foot 

compressions are presented in Table 4. It 

was found that chest compression by hand 

has an average percentage of full chest 

Table 4. Comparison of the percentage of full chest recoil between hand and foot 

compression and the relationship between the participant’s body weight and percent-

age of full chest recoil of both hand compression and foot compression.

 Total (n=44)
Mean percentage of full chest 

recoil*(SD) 95% CI p-value

Compression by hand 99.48 (2.15) 98.82-100.13

Compression by foot 73.30 (23.45) 66.17-80.43

Full chest recoil percentage 
difference

26.18 (23.89) 18.92-33.45 <0.001

Body weight <50 kg (n=27)
Mean percentage of full chest 

recoil (SD)
95% CI p-value

Compression by hand 99.74 (1.16) 99.28-100.20

Compression by foot 79.96 (20.47) 71.87-88.06

Full chest recoil percentage 
difference

19.78 (20.65) 11.61-27.95 <0.001

Body weight ≥50 kg (n=17)
Mean percentage of full chest recoil 

(SD)
95% CI p-value

Compression by hand 99.06 (3.15) 97.44-100.68

Compression by foot 62.71 (24.56) 50.08-75.33

Full chest recoil percentage 
difference

36.35 (25.73) 23.12-49.58 <0.001

*Mean percentage of full chest recoil (%)
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recoil at 99.5±2.2%. The mean percentage 

of full chest recoil by foot compressions 

was 73.3±23.5%. The average difference 

between the two groups was 26.2±23.9% 

(P<0.001).

	 Analyzing the differences in the 

mean of chest recoil percentage using 

hand and foot compressions in the group 

weighing below 50 kilograms found that 

hand compression has a greater average 

percentage of chest recoil when compared 

with chest compressions using foot at 

19.8±20.7% (P<0.001). While the difference 

among people weighing more than  

50 kilograms is36.4±25.7% (P<0.001). It 

indicates no relationship between the 

part ic ipant’s body weight and the  

effectiveness of chest compressions in 

terms of the percentage of chest recoil.

Discussion

	 This study demonstrated that  

manual chest compressions in children 

aged 13-15 can provide an appropriate 

chest compression rate of 109.4±11.3 bpm, 

and the percentage of full chest recoil is 

99.5±2.2%. In contrast, foot compression 

had a slightly lower chest compression 

rate (98.1±9.2 bpm) and a lower percentage 

of full chest recoil of 73.3±23.5%.  

Statistical analysis revealed significant 

differences in both compression rate 

(p<0.001) and chest recoil percentage 

(p<0.001) between the two methods. 

However, while foot compressions showed 

statistically significant differences, the 

study found that the mean depth of foot 

compressions (40.0±8.7 mm). At the same 

time, hand compressions resulted in a 

shallower depth (22.3±4.4 mm) with a 

significant difference (p<0.001). Consistent 

with the 2020 American Heart Association 

(AHA) Guideline for Cardiopulmonary  

Resuscitation and Emergency Cardiovas-

cular Care15 that states high-quality CPR 

should include minimizing interruptions 

in  ches t  compress ions ,  adequate  

compression rate (100-120/min) and  

compression depth (5-6 centimeters), 

avoiding leaning on the chest and  

avoiding excessive ventilation.

	 When analyzed by the participant’s 

body weight, both the group weighing 

below 50 ki lograms and the group  

weighing exceeding 50 kilograms provided 

the same results in the compression rate 

and percentage of full chest recoil. That 

is, chest compression by hand in both 

groups was greater than foot compressions. 

However, chest compression depth using 

foot yields results closer to the predefined 

AHA value15 (5-6 cm) than manual chest 

compressions in both groups, especially 

in groups weighing more than 50 kilograms. 

From the results in Tables 2-4, it can be 

concluded that the participant’s body 
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weight is not related to the effectiveness 

of chest compression in either method of 

chest compressions. For both those who 

weigh under and over 50 kilograms, chest 

compressions by hand are more effective 

than foot compressions based on the 

standards set by the AHA15.

	 From the previous study of Otero- 

Agra11, our study can be consistent with 

the result that using the hand in chest 

compress is better than using the foot. 

However, using the foot to compress  

the chest has an efficiency close to the 

standard in terms of compression depth 

and rate. Therefore, it may be used in 

place of manual chest compressions  

if necessary. Moreover, our study is  

consistent with the Takahashi12 study in 

adults, showing that the depth of chest 

compression was more significant than 

that using foot compressions. However, 

The resul ts  o f  th i s  s tudy prov ide  

contradictory findings to Kherbeche14,  

who compared the effectiveness of hand 

and foot compressions in school children. 

It was found that using feet produced a 

lower compression depth than using hands 

when performing chest compressions.

	 This study used manik ins;  no  

studies have been conducted on actual 

patients, so the results in actual patients 

may differ. From all the results of this 

study, it can be evident that manual chest 

compressions remain the standard  

method recommended for most patients. 

Chest compressions by foot should be 

considered only in specific circumstances 

and cannot be used as a substitute for 

manual chest compressions.

Suggestion

	 We collected data about the  

effectiveness of chest compressions  

reported by the SimPad SkillReporter but 

did not record participants’ foot location 

on the manikin during the experiment. 

This makes it impossible to tell the  

accuracy of  the area where chest  

compressions are received. We recommend 

that additional studies be conducted to 

examine the accuracy of foot placement 

in chest compression compared to the 

accuracy of hand placement.

	 Additionally, a study used a footstool 

during chest compressions12 to compare 

with manual and foot-standing compressions. 

It was found that standing on a footstool 

during chest compressions increases the 

depth of foot compressions. However, no 

study has examined the percentage of 

chest recoil, and a footstool has not been 

used in any study about chest compressions 

by child bystanders. Therefore, we  

recommend using a footstool in future 

studies to see the effectiveness of the 

percentage of chest recoil compared to 
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