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SUMMARY: 29 

Under adequate anesthesia with a simplified anesthesia device, the mouse heart was 30 

externalized through the intercostal space, and myocardial infarction was successfully induced by 31 

ligating the left anterior descending artery (LAD) using materials readily available in most 32 

laboratories. 33 

 34 

ABSTRACT: 35 

Myocardial infarction (MI) represents one of the leading causes of death. MI models are widely 36 

used for investigating the pathomechanisms of post-MI remodeling and evaluation of novel 37 

therapeutics. Different methods (e.g., isoproterenol treatment, cryoinjury, coronary artery 38 

ligation, etc.) have been used to induce MI. Compared with isoproterenol treatment and 39 

cryoinjury, coronary artery ligation may better reflect the ischemic response and chronic 40 

remodeling after MI. However, traditional methods for coronary ligation in mice are technically 41 
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challenging and require commercially available apparatus. The current study describes a simple 42 

and efficient process for induction of MI in mice with readily available materials. The mouse chest 43 

skin was cut open under stable anesthesia with a simplified anesthesia device made of centrifuge 44 

tubes. The heart was immediately externalized through the intercostal space after blunt 45 

separation of the pectoralis major and pectoralis minor. The left anterior descending branch (LAD) 46 

was ligated with a 6-0 suture 3 mm from its origin. Following LAD ligation, staining with 2,3,5-47 

Triphenyl tetrazolium chloride (TTC) indicated successful induction of MI and temporal changes 48 

of post-MI scar size. Meanwhile, survival analysis results showed overt mortality within 7 days 49 

after MI, mainly due to cardiac rupture. Moreover, post-MI echocardiographic assessment 50 

demonstrated successful induction of contractile dysfunction and ventricular remodeling. Once 51 

mastered, an MI model can be established in mice within 2-3 min with readily available materials. 52 

 53 

INTRODUCTION: 54 

Myocardial infarction (MI) represents one of the significant causes of death and disability 55 

worldwide1-5. Despite timely reperfusion, there is currently a lack of effective therapies to treat 56 

post-MI cardiac remodeling. Correspondingly, considerable efforts have been made to 57 

mechanistic exploration and therapy exploitation for MI6-8. Of note, the establishment of MI 58 

models is a prerequisite to meet these ends.  59 

 60 

Several methods (e.g., isoproterenol treatment, cryoinjury, coronary artery ligation, etc.) have 61 

been proposed to induce MI models in small animals. Isoproterenol treatment is a simple method 62 

for MI induction, but it cannot induce infarction of the targeted area9. Cryoinjury leads to 63 

myocardial necrosis via the generation of ice crystals and disruption of the cell membrane rather 64 

than direct ischemia10. By contrast, coronary artery ligation permits precise control of occlusion 65 

site and extent of infarct area and faithfully recapitulates remodeling response following 66 

infarction11,12. Coronary artery ligation is typically performed following intubation, mechanical 67 

ventilation, and thoracotomy, which is technically challenging13,14. Several modified protocols for 68 

coronary artery ligation (eg., ventilation free) were reported and potentiated the induction of MI, 69 

but commercial apparatus is required15-17. These issues pose a significant financial and technical 70 

barrier for groups wishing to engage in research using MI models. This report presents a unique 71 

approach for induction of MI in mice. The current method is easy, timesaving, and uses surgical 72 

tools and equipment found readily in most laboratories. 73 

 74 

PROTOCOL:  75 

The experiments involving animal work are performed with all necessary approvals from the 76 

Laboratory Animal Welfare Ethics Committee of Renji Hospital, Shanghai Jiao Tong University, 77 

School of Medicine (R52021-0506). Female and male C57BL/6J mice aged between 8-10 weeks 78 

were used in the study. 79 

 80 

1. Preparation of the simplified anesthesia equipment 81 

 82 



1.1. Take a 15 mL centrifuge tube, and make a cut perpendicular to the long axis of the tube about 83 

3 cm from the opening (Figure 1A-a). 84 

 85 

NOTE: Ensure that the cut is greater than half of the circular circumference of the tube lumen so 86 

that the valve can be successfully inserted. 87 

 88 

1.2. Drill holes (diameter, 2 mm) at the centrifuge tube wall between the cut and the tube opening 89 

(Figure 1A-a). 90 

 91 

1.3. Cut a suitably sized piece of the valve from a plastic sheet and insert the valve into the cut on 92 

the tube wall (Figure 1A-a). 93 

 94 

NOTE: The valve can be used to control the release rate of isoflurane by changing the depth of 95 

the insertion. 96 

 97 

1.4. Fill the bottom of the tube with a cotton ball; add 0.5 mL of isoflurane (as obtained, see Table 98 

of Materials) into the cotton ball and close the valve. 99 

 100 

1.5. Test the anesthesia efficacy by masking the mice with tubes prepared as described above. 101 

Monitor the breathing rate and anesthesia depth by toe pinch response. 102 

 103 

NOTE: A breathing rate less than 10 times/10 s suggests excessive anesthesia, and the insertion 104 

depth of the valve should be adjusted. In the current study, the tube with 20 holes was used for 105 

subsequent study. For all the procedures involving anesthesia, a gas filter filled with activated 106 

charcoal sheets must be used (Figure 1A-j), and surgery should be performed within a hood. 107 

 108 

2. Operative preparation and anesthesia 109 

 110 

2.1. Prepare and sterilize all the required instruments on the day of surgery, including a pair of 111 

forceps, a micro-mosquito hemostat, a pair of surgical scissors, two pairs of needle holders, 4-0 112 

silk surgical suture, 6-0 silk surgical suture, a gas filter, and a light source (see Table of Materials) 113 

(Figure 1A).  114 

 115 

2.2. Put on a surgical mask and sterile gloves. 116 

 117 

2.3. Apply the depilatory cream to the mouse chest and wait for 1 min. Gently wipe off the 118 

depilatory cream and hair with wet gauze. 119 

 120 

2.4. Hold the mouse with the dominant hand after depilation, open the valve in the anesthesia 121 

tube and mask the mouse with the tube. Confirm adequate anesthesia by the lack of toe pinch 122 

response.  123 



 124 

NOTE: Masking the mouse with the anesthesia tube for about 15 s will be adequate to induce 125 

anesthesia. 126 

 127 

2.5. Apply sterile eye cream to both eyes to prevent corneal dryness. 128 

 129 

2.6. Secure the mice on a surgery platform in the supine position. Apply povidone-iodine swabs 130 

(see Table of Materials) to the chest three times and cover the disinfected chest with a sterile 131 

drape. 132 

 133 

3. Induction of myocardial infarction 134 

 135 

3.1. Change the contaminated gloves to ensure sterility. 136 

 137 

3.2. Make a 0.5 cm skin cut along the line connecting the xiphoid and armpit. 138 

 139 

3.3. Bluntly separate the pectoral major and pectoral minor muscles using forceps and a micro-140 

mosquito hemostat to expose the fourth intercostal space. 141 

 142 

3.4. Open the fourth intercostal space using a micro-mosquito hemostat. 143 

 144 

3.5. Externalize the heart by pushing the heart toward the fourth intercostal space with the index 145 

finger of the left hand. 146 

 147 

3.6. Secure the heart with the left hand, and ligate the left anterior descending branch with a 6-148 

0 suture 3 mm from its origin. 149 

 150 

3.7. Place the heart back into the thoracic cavity quickly. 151 

 152 

NOTE: It is safe to externalize the heart for less than 30 s. 153 

 154 

3.8. Evacuate the air out of the thoracic cavity by a gentle press of the chest cavity manually. 155 

 156 

3.9. Close the skin with a 4-0 silk suture. 157 

 158 

3.10. Place the mice on a pad (37 °C) immediately after the operation. 159 

 160 

3.11. Return the operated mice to cages when fully recovered. 161 

 162 

NOTE: The mice will be fully recovered within 3-5 min after surgery. 163 

 164 



 165 

3.12. Inject buprenorphine (3 mg/kg) subcutaneously twice a day to reduce post-operative 166 

pain for the first 48 h after operation. 167 

 168 

4. Harvesting the tissues 169 

 170 

4.1. Sacrifice the mice at different time points after MI establishment by cervical dislocation. 171 

 172 

4.2. Secure the sacrificed mice on the surgery platform in the supine position. 173 

 174 

4.3. Make a ventral incision (~3-4 cm) in the upper abdomen. Cut off the ribs from both sides of 175 

the thorax cavity, and remove the diaphragm. 176 

 177 

4.4. Perfuse the heart with 10 mL cold phosphate-buffered saline (1x PBS, 4 °C) through 178 

intraventricular injection. 179 

 180 

4.5. Collect the heart by cutting off the aortic root and immediately store the heart at -80 °C. 181 

 182 

NOTE: According to the authors' experience, it is feasible to perform TTC staining within two 183 

weeks of storage. 184 

 185 

4.6. Stain the heart with 2,3,5-Triphenyte-trazoliumchloride (TTC).  186 

 187 

4.6.1. Slice the frozen heart into 1 mm thick sections on ice using razor blades. 188 

 189 

4.6.2. Incubate the prepared heart slices in 1% TTC solution (dissolved in 1x PBS) at 37 °C for 190 

10-15 min. 191 

 192 

NOTE: After 15 min incubation, discard the TTC solution and immerse the stained heart slices into 193 

1x PBS. 194 

 195 

4.7. Photograph the slices using a digital camera. 196 

 197 

REPRESENTATIVE RESULTS: 198 

The experimental protocol and some of the critical steps are shown in Figure 1. The simplified 199 

anesthesia equipment induced anesthesia. As shown in Figure 2A, the anesthesia was stable, as 200 

reflected by the regular breathing rates (varied from 90-107 breaths/min in the tested mice). 201 

Following coronary artery ligation, TTC staining analysis indicated successful induction of 202 

myocardial infarction and temporal changes of post-MI scar size (Figure 2B). Meanwhile, survival 203 

analysis results showed overt mortality within 7 days after MI in male and female C57BL/6J mice 204 

(Figure 2C,D). Ventricular rupture (56% in male mice; 40% in female mice) was a common reason 205 



for post-MI death. Moreover, post-MI echocardiographic assessment demonstrated successful 206 

induction of contractile dysfunction and ventricular remodeling (Figure 2E,F). 207 

 208 

FIGURE LEGENDS: 209 

 210 

Figure 1: Materials and critical steps in the modified methods for MI induction. (A) Surgical 211 

instruments and materials needed for this protocol. (a) The simplified anesthesia device was 212 

made from a 15 mL centrifuge tube. (b) 4-0 silk suture. (c) 6-0 silk suture. (d) Forceps. (e) Scissors. 213 

(f-g) Needle holders. (h) Micro-mosquito hemostat. (i) Light source. (j) Gas filter. (B) 214 

Representative images showing key steps for inducing MI in mice. (a) The mouse is held with the 215 

dominant hand after depilation, and anesthesia was induced by masking the mouse with the 216 

anesthesia tube. (b) The mouse was secured, and povidone-iodine was applied to the surgical site. 217 

(c) The surgical site is draped. (d) A 0.5 cm cut at the surgical site. (e) Exposed ribs. The arrow 218 

indicates the ribs. (f) Dissected the pectoral major and pectoral minor muscles to expose the 219 

fourth intercostal space. (g) Externalized heart. (h-i) Ligated LAD with a 6-0 silk suture. The arrow 220 

indicates LAD. (j) The heart is placed back into the chest cavity. (k) Air was evacuated from the 221 

thoracic cavity. (l) The skin closed with 4-0 silk sutures. 222 

 223 

Figure 2: Histological and functional changes after coronary artery ligation. (A) Breathing rates 224 

in mice anesthetized by the simplified anesthesia equipment (n=10). (B) TTC staining results of 225 

heart slices (4 slices from each heart) were collected at different time points post-MI. The white 226 

area indicated an infarcted area, and the red area revealed viable myocardium. (C) The Kaplan-227 

Meier curve shows the post-MI mortality rate in male mice (n=20 per group). (D) The Kaplan-228 

Meier curve shows the post-MI mortality rate in female mice (n=20 per group). (E) Representative 229 

images of echocardiographic analysis at different time points after MI (sham, 3 days, 7 days, 21 230 

days, and 28 days post-MI). (F) The quantitative analysis of the left ventricular ejection fraction 231 

(LVEF), left ventricular fractional shortening (LVFS), left ventricular end-systolic diameter (LVsD), 232 

and left ventricular end-diastolic dimension (LVdD) values among the indicated groups (n=5 per 233 

group). **p<0.01 or ***p<0.001 vs. sham; ##p<0.01 or ###p<0.001 vs. 3 days post MI. One-way 234 

analysis of variance with posthoc Tukey HSD (Honestly Significant Difference) test was performed 235 

for statistical analysis. 236 

 237 

DISCUSSION: 238 

The present report demonstrated a new protocol for MI induction in mice with readily available 239 

materials, which was modified from a method reported by Gao16. Murine MI models are 240 

indispensable for mechanistic exploration and drug screen for post-MI dysfunction and 241 

remodeling12. Among the existing techniques for MI induction, coronary artery ligation represents 242 

the most commonly practiced one. Coronary artery ligation faithfully recapitulates the ischemia 243 

nature of myocardial infarction and leads to a scar healing and remodeling response similar to 244 

the clinical scenario18,19. However, the conventional protocol for coronary artery ligation involves 245 

intubation, ventilation, and a wide opening of the chest, which is technically challenging and time-246 



consuming. Over the past years, different protocols for coronary artery ligation have been 247 

reported and potentiated the establishment of MI to some extent15-17. The current study 248 

presented a simple and efficient protocol using surgical tools and equipment readily found in 249 

most laboratories. 250 

 251 

Critical steps and troubleshooting 252 

For optimal performance in practicing this method, several key steps are worth noting. To 253 

externalize the heart, the chest cavity should not be squeezed fiercely, which would negatively 254 

affect the coronary blood flow and obscure the coronary artery, leading to the invisibility of the 255 

coronary artery and failure of LAD ligation. Moreover, this may result in severe lung injury. For 256 

most cases, a gentle push against the right side of the chest wall will successfully externalize the 257 

heart through the opened intercostal space. Occasionally, a feeling of resistance during heart 258 

externalization may indicate a mismatch of the heart apex and the intercostal opening. This may 259 

be addressed by slight movements of the micro-mosquito hemostat along the midaxillary line. 260 

Another critical point is the adequate evacuation of the residual air in the thorax cavity before 261 

suturing the skin. Failing to do so will increase post-operative mortality due to pneumothorax.  262 

 263 

Advantages and limitations 264 

Conventional methods for coronary ligation require intubation, mechanical ventilation, ribs being 265 

cut, and are not easy for coronary artery identification due to high heart rate. These issues 266 

dramatically prolong the operation time and increase operation-related mortality. Compared to 267 

conventional methods, the modified protocol presents the following advantages: (1) it is free 268 

from ventilation, which is one of the causes of operation-related death in conventional practice; 269 

(2) it is timesaving (i.e., it takes approximately 3 min from anesthesia, LAD ligation to successful 270 

skin suturing); (3) the surgical tools and materials required are readily available in most 271 

laboratories. However, a significant limitation of this unique method is the limited time allowed 272 

for LAD ligation after heart externalization due to the lack of mechanical ventilation support. Thus, 273 

high mortality caused by pneumothorax may be expected for beginners. Based on the authors' 274 

experience, heart externalization for less than 30 s is well tolerated by all the tested mice. This 275 

time window is adequate for an experienced technician to finish MI induction with low 276 

perioperative mortality (<5%). 277 

 278 
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mechanical ventilation support. Thus, high mortality caused by pneumothorax may be 

expected for beginners. Based on the authors’ experience, heart externalization for 

less than 30 seconds is well tolerated by all the tested mice, and this time window is 

adequate for an experienced technician to finish MI induction with low perioperative 

mortality (<5%)” (underlined, lines 219-224). 

 

Q9). Please ensure that the references appear as the following: [Lastname, F.I., 

LastName, F.I., LastName, F.I. Article Title. Source (ITALICS). Volume (BOLD) (Issue), 

FirstPage–LastPage (YEAR).] For 6 and more than 6 authors, list only the first author 

then et al. Please include volume and issue numbers for all references, and do not 

abbreviate the journal names. Make sure all references have page numbers or if 

early online publication, include doi. 

Response: Thanks for the comment. The references have been revised as suggested. 

 

 

Response to Reviewer #1: 

Q1). please state advantages and disadvantages of this method compared to other 

method. Moreover, manuscript should be checked by a native speaker for 

grammatical errors and typos. 

Response: Thanks for the comments. We have asked for professional copy-editing 

services to correct grammatical errors and typos. Moreover, advantages and 

disadvantages of this method compared to others have been added in the revised 

Discussion section to read: “Compared to conventional methods, the modified protocol 

presents the following advantages: (1) it is free from ventilation, which is one of the 

causes of operation-related death in conventional practice; (2) it is timesaving (i.e., it 

takes approximately 3min from anesthesia, LAD ligation to successful skin suturing); 

(3) the surgical tools and materials required are readily available in most laboratories. 

However, a major limitation of this novel method is the limited time allowed for LAD 

ligation after heart externalization, due to the lack of mechanical ventilation support. 

Thus, high mortality caused by pneumothorax may be expected for beginners. Based 

on the authors’ experience, heart externalization for less than 30 seconds is well 



tolerated by all the tested mice, and this time window is adequate for an experienced 

technician to finish MI induction with low perioperative mortality (<5%)” (underlined, 

lines 215-224). 

 

Response to Reviewer #2: 

Jiang et al. report a modified method for induction of myocardial infarction in mice. 

The main advantage proposed by the authors is that the procedure can be performed 

with readily available materials. 

Q1). How is the initial anesthesia in the conscious mice induced? Since the 

simplified anesthesia equipment is the only difference of this method compared to 

the procedure reported from Gao et al. (Circ. Res. 2010) the authors should provide 

more details (also pictures) in this regard. 

Response: Thanks for the comment. We have added description for the initial anesthesia 

to read: “Hold the mouse with the dominant hand after depilation, open the valve in the 

anesthesia tube and mask the mouse with the tube” (underlined, lines 106-107). Moreover, 

we added a corresponding picture for initial anesthesia in the revised Figure 1B-a. 

 

Figure 1. Required materials and key steps in the modified methods for MI induction. 

Q2). The authors should also provide more information on the breathing rates with 

the used anesthesia equipment. How was the variability of the breathing rate within 



the operated mice? How well can the anesthesia be controlled with the use of one 

prepared tube (e.g. with 20 holes)? How long will the anesthesia last if the tube is 

filled with 0.5 ml isoflurane? 

Response:  

(1) During operation, the mice were covered by drape and breathing rate is hard to be 

counted. Instead, we recorded the breathing rate in another batch of mice (n=10) with 

the prepared tube. As shown in the figure below, the breathing rate varied from 90 to 

107 per minute. 

 

(2) Masking the mice with the tube for about 15s is adequate for initial anesthesia, then 

observe the breathing rate. A breathing rate less than 10 times/10s suggests excessive 

anesthesia, and insertion depth of the valve should be adjusted (lines 94-95). With the 

use of the prepared tube (with 20 holes), all the tested mice exhibited adequate and 

stable anesthesia. 

(3) If the tube is filled with 0.5 ml isoflurane, the anesthesia would last for 47.3±4.2 min 

(evidenced by lack of toe pinch response). 

Q3). Can the procedure be performed without microscope or magnifying glasses? 

Since the authors stress the simplified equipment, the manuscript should include 

all necessary tools. It is hard to imagine that the LAD can be seen/ligated without 

microscope. 

Response: As suggested, we included all necessary tools in the revised manuscript, 

including a pair of forceps, a micro-mosquito hemostat, a pair of surgical scissors, two pairs 

of needle holders, 4-0 silk surgical suture, 6-0 silk surgical suture, a gas filter, and a light 

source (Figure 1A). The LAD can be seen and ligated without a microscope or magnifying 

glasses, and the illumination of the light source is sufficient for LAD identification (LAD 

indicated by arrow in Figure 1B-h). After heart externalization, securing the heart with the 

left hand would lead to temporary congestion of coronary artery, and this may potentiate 

the visualization of LAD. 



 

Figure 1. Required materials and key steps in the modified methods for MI induction. 

Q4). Line 104 Please specifiy which kind of gas filter is necessary. 

Response: As suggested, we revised the description for the gas filter to read: “For all the 

procedures involving anesthesia, gas filter filled with activated charcoal sheets must be 

used”, and the picture for the gas filter was shown in Figure 1A-j (underlined, lines 96-97). 

Q5). Figure 2D The authors should revise the included statistics (e.g. indicate 

significant differences between each groups rather than one p value and specify 

which multiple comparison test was used). Also please report sample size or display 

single data points for each animal. 

Response: As suggested, one-way analysis of variance with post-hoc Tukey HSD 

(Honestly Significant Difference) test was performed for statistical analysis and sample 

size was reported in the figure legend. 

Q6). Figure 2C/D The functional differences in fig 2D are not reflected in the 

representative m-mode pictures in fig. 2C (e.g. day 3 seems almost like baseline). 

Response: As suggested, more representative M-mode pictures were presented. 



 

Figure 2. Histological and functional changes after coronary artery ligation 

Q7). Figure 2A Please specify if fig2A displays 4 different hearts per each timepoint 

or 4 slices from the same heart (from base to apex). 

Response: Sorry for the confusion. Fig 2A displays 4 slices from the same heart (from base 

to apex). We have revised Fig 2A. 

Q8). Line 168. What were the other reasons for post-MI death? 

Response: Cardiac rupture was identified by the presence of blood in the thoracic cavity 

and signs of ventricular rupture. While some other mice might die due to cardiac arrhythmia 

or acute heart failure because autopsy showed no blood in the thoracic cavity. 

 

Response to Reviewer #3: 

Manuscript Summary: 



Jiang and co-workers investigated the utility of a ventilation-free, open-chest 

surgical procedure in mice undergoing permanent coronary artery ligation to induce 

experimental myocardial infarction. Such a procedure would not require equipment 

for mechanical ventilation and vaporizer for anesthetics and would thus significantly 

cut costs, if proven to be equivalent to the standard procedure using endotracheal 

intubation and mechanical ventilation. In general, the authors demonstrate 

feasibility of the procedure, but questions concerning procedural 

complications/mortality remain. 

Q1). Figure 2B shows a 28-day post ligation mortality approaching 50% in the MI 

group, which is high compared to published studies using coronary artery ligation 

as a method to experimentally induce myocardial infarction in mice. It is not clear 

whether the high mortality results from sex- and/or strain-related complications 

(male C57BL/6J mice are prone to myocardial rupture following permanent LAD 

artery ligation), from procedure-specific complications (i.e., ventilation-free 

procedure), or from both. To distinguish between the two, experiments should be 

repeated in female C57BL/6J mice or in a different mouse strain exhibiting lower 

rates of myocardial rupture. In line 194, it is stated that the number of mice was 20 

per group. Does this number include those mice that died during or immediately 

following the procedure? Since a ventilation-free approach limits the time that is 

available for the ligation to <1 min, I would expect the procedural mortality and 

success to be higher and lower, respectively, than in ventilated mice undergoing 

ligation. 

Response:  

(1) The mortality rate in our model may differ compared with some studies, but a search in 

Pubmed indicated that our model presented similar mortality rate with some published 

studies using coronary artery ligation to induce MI in mice (PMID: 11489778, PMID: 

11375279, PMID: 31792327, PMID: 30233357, PMID: 24718482, PMID: 25121738). The 

initial infarct size may affect post-MI mortality. As shown in the work by Timothy D 

O'Connell (PMID: 20692266), mortality was significantly increased in mice with proximal 

ligation of LAD compared with distal ligation. Thus, the difference in mortality between our 

model and others may be attributable to the difference in the initial infarct size. 

(2) As suggested, we further established MI models in female C57BL/6J mice. As shown 

in the figure below, female mice (left panel) exhibited lower post-MI mortality rate compared 

with male mice (right panel). 



 

(3) The number of mice (20 per group) includes all the mice that died during or immediately 

following the procedure. It is natural to think that ventilation-free approach will lead to higher 

procedural mortality than in ventilated mice undergoing ligation. However, higher 

procedural mortality is mainly confined to beginners. Once mastered, this novel method is 

related to high perioperative survival rate (>95%). In fact, all the 20 mice survived during 

the MI induction procedure in current study. The high perioperative survival by this novel 

method is possibly attributable to the short operation duration, quick recovery from 

anesthesia, minimal tissue injury (no intubation, no rib cutting, and blunt dissection of 

pectoralis major and pectoralis minor muscles). Therefore, high mortality for beginners 

is a major limitation of current protocol, and this limitation was included in the revised text 

(underlined, lines 219-224). 

Q2). Line 199: ANOVA was used to detect significant differences in 

echocardiographic outcome. Please indicate which time points differed from each 

other, using post hoc analyses. 

Response: As suggested, one-way analysis of variance with post-hoc Tukey HSD 

(Honestly Significant Difference) test was performed for statistical analysis, and 

statistical difference between two groups were indicated in the revised Figure 2 and 

figure legend. 

Q3). Line 120 and 146: supine position instead of prone position. 

Response: Thanks for the suggestion. This has been corrected. 


