
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


의학석사 학 논문 

 

 

The effect of systemic steroid on hearing 

preservation after cochlear implantation via 

round window approach: A guinea pig model 

 

정원창 근법을 이용한 와우이식에서의  

신  스테로이드의 청력 보존 효과:  

기니픽 모델 

 

 

2016년 1월  

 

 

서울 학교 학원 

의학과 이비인후과 공 

장 문  



A thesis of the Degree of Master 

 

 

정원창 근법을 이용한 와우이식에서의  

신  스테로이드의 청력 보존 효과:  

기니픽 모델 

 

The effect of systemic steroid on hearing 

preservation after cochlear implantation via 

round window approach: A guinea pig model 

 

 

January 2016 

 

 

The Department of Otorhinolaryngology  

Head and Neck Surgery, Seoul National 

University College of Medicine 

Mun Young Chang 

 



 

정원창 접근법  한 우 식에   

전신적 스테로 드  청력 보존 효과:  

니픽 모  

 

지도 수 준호 

 논문  문  사학 논문 로 제 함 

 

2016년 1월  

 

서울 학교 학원 

학과 비 후과전공 

 문  

 

장문 의 석사학 논문을 인 함 

2016년 1월  

 

   원  장               (인) 

부  원 장               (인) 

       원               (인) 



 

The effect of systemic steroid on hearing 

preservation after cochlear implantation via 

round window approach: A guinea pig model 

 

by 

Mun Young Chang 

 

 

A thesis submitted to the Department of 

Otorhinolaryngology Head and Neck Surgery in 

partial fulfillment of the requirement for the Degree  

of Master at Seoul National University 

College of Medicine 

 

 

 

January 2016 

 

 

Approved by Thesis Committee: 

 

Professor                   Chairman 

Professor                   Vice chairman 

Professor                   

 



i 

 

ABSTRACT 

 

This study aimed to evaluate the efficacy of perioperative 

systemic steroid administration and to compare the effects of its 

two postoperative administration periods, three days and seven 

days, for long-term hearing preservation after cochlear 

implantation via round window approach. Thirty Dunkin-Hartley 

guinea pigs were randomly segregated into three experimental 

groups: the control group (n = 10); the 3-day infusion group 

receiving steroid for postoperative three days (n = 10); and the 

7-day infusion group receiving steroid for postoperative seven 

days (n = 10). All animals, regardless of group, received 

electrode insertion surgery. A slim straight dummy practice 

electrode for human (Cochlear Ltd, Lane Cove NSW, Australia) 

was inserted to a depth of 2.25 mm via a round window. A mini-

osmotic pump (10μl/hr, Alzet, USA), filled with dexamethasone 

sodium phosphate (4mg/ml), was inserted subcutaneously 12 

hours prior to electrode insertion, and removed three days or 

seven days after electrode insertion, depending on the group. 

The hearing thresholds (tone pips at 2, 8, 16, 24, 32 kHz) were 

measured four times—once prior to electrode insertion, and at 1 

week, 4 weeks, and 12 weeks after electrode insertion—by an 

auditory brainstem response. Histologic evaluation of the cochlea 
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was performed at 12 weeks after electrode insertion. At 4 weeks 

after electrode insertion, auditory brainstem response threshold 

shifts in the 7-day infusion group were significantly lower than 

the control group at all frequencies. The 7-day infusion group 

kept significantly better hearing preservation compared with the 

control group after 12 weeks of implantation. The tissue 

response, including fibrosis and ossification was significantly 

reduced in the 7-day infusion group compared with the control 

groups. The outer hair cells of the basal, middle and apical turns 

and inner hair cells of the basal and middle turns were preserved 

significantly more in the 7-day infusion group than in the control 

group. The spiral ganglion cell densities of the basal, middle and 

apical turns were significantly higher in the 7-day infusion group 

compared with the control group. Based on our results, it appears 

that there is an effective postoperative period that is optimal for 

hearing preservation after electrode insertion. Administration of 

perioperative systemic steroid during this period could contribute 

to residual hearing preservation.  

--------------------------------------

Keywords: cochlear implantation, hearing preservation, residual 

hearing, steroid, round window approach 

Student number: 2014-21131 
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INTRODUCTION 

 

As the technology of cochlear implants and surgical techniques 

improve, the indication criteria for cochlear implantation have 

been extended. Patients with residual hearing at low frequencies 

are becoming the candidate for cochlear implantation.1 Electric-

acoustic stimulation (EAS), which is the use of cochlear implant 

aided by residual hearing in the same ear, has demonstrated 

auditory benefits, including speech recognition in the noise 

circumstance, sound resolution, and music recognition.2 Recently, 

topics surrounding the preservation of residual hearing regarding 

cochlear implantation has become increasingly popular. In efforts 

to preserve residual hearing, surgical techniques and 

pharmacological treatment must be improved.  

As a surgical technique for cochlear implantation, 

cochleostomy has been widely used. However, despite its wide 

usage, conventional cochleostomy has some demerits that are 

caused by acoustic trauma and formation of bone dust during the 

procedure.1,3,4 Therefore, a cochleostomy based on “soft 

surgery” and round window approach have been promoted. These 

techniques have been used widely in clinical practice. However, 

in animal studies evaluating the hearing preservation, 
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cochleostomy has commonly been used, while a round window 

approach has never been applied. As acoustic trauma caused by 

cochleostomy can make additional hearing loss, it can conceal the 

hearing preservation effect of tested methods. 

Steroid, as a form of pharmacological treatment, has been 

developed. The effect of steroid for the residual hearing 

preservation has been shown in several previous studies.5-12 

There are two ways for delivering steroids into the cochlea: local 

and systemic delivery. Local delivery was highlighted as it 

reduces the systemic adverse effects of steroids. However, local 

delivery has several limitations. First, it takes a long time for the 

steroids to diffuse sufficiently throughout the round window.11 As 

local delivery is usually performed in the operating room before 

cochlear implantation, it may extend the time for general 

anesthesia. Furthermore, it was reported that the long diffusion 

period was not reduced in spite of the high concentration of 

steroids.11 Second, there is doubt that locally delivered steroid 

could reach the apical turn of the cochlea. It was reported that 

there was a substantial difference of steroid dose between the 

basal and apical turns after local delivery of steroids.13 Therefore, 

although locally delivered steroid could reach the apical turn, 

there still exists uncertainty that the dose is sufficient enough to 

prevent hearing loss. Conversely, systemically delivered steroid 
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was reported to reach the cochlea and subsist for several 

hours.14 Systemic steroid application may be an alternative to 

local application  because of for these reasons.  

Previous studies that used the systemic approach only 

administered the steroid preoperatively,5,11 and to the best of our 

knowledge, there has not been a report which includes 

postoperative systemic steroid administration. In addition, there 

has not been an animal study that evaluated the efficacy of 

systemic steroid for hearing preservation in cochlear implantation 

using a round window approach. We aimed to evaluate the effects 

of perioperative, including postoperative, steroid administration 

for the preservation of residual hearing in a guinea pig model via 

round window approach.  
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METHODS 

 

Experimental Design  

This study was approved by the Institutional Animal Care and 

Use Committee of Seoul National University Hospital (12-0379-

C2A1). Auditory brainstem response (ABR) recording and 

surgical procedures were performed under anesthesia using 

intramuscular administration of ketamine (40 mg/kg) mixed with 

xylazine (4 mg/kg). Thirty Dunkin-Hartley guinea pigs were 

randomly segregated into one of three experimental groups: the 

control group (n = 10); the 3-day infusion group receiving 

steroid for postoperative three days (n = 10); and the 7-day 

infusion group receiving steroid for postoperative seven days (n 

= 10). Steroid was delivered systemically through a mini-

osmotic pump (ALZET®) with an infusion rate of 10.0 µl/hr. This 

mini-osmotic pump was filled with dexamethasone sodium 

phosphate (5 mg/ml) 1.6 ml and normal saline 0.4 ml, and it was 

inserted into the subcutaneous pocket of the back about 12 hours 

prior to electrode insertion. After a set period—postoperative 

three days or seven days, depending on the group—the mini-

osmotic pump was removed and the volume of remained solution 

in the pump was measured.  
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Auditory Brainstem Response Recordings  

The hearing of the left ear of all animals was estimated by 

ABRs to tone pips before surgery. ABRs were recorded using 

subdermal needle electrodes below the both ears and at the 

vertex. Tone pips of 2, 8, 16, 24 and 32 kHz were presented as 

the sound stimuli (1562 μm duration, cos shaping, 21 Hz). ABRs 

were measured employing the Intelligent Hearing System (HIS 

Inc., Miami, FL, USA) which used IHS high-frequency 

transducers (HFT9911—20—0035) and IHS high-frequency 

software (ver. 2.33). The responses were amplified (100,000×), 

band pass-filtered (100—1500 Hz), and then averaged over 

stimulus repetitions. Two researchers, without information about 

the experimental group and animal number, investigated 

thresholds by decreasing stimuli intensity in 5 dB decrements. 

The lowest level that recognizable responses present was 

determined as threshold. Animals then underwent electrode 

insertion. Further ABR thresholds were measured at 1, 4 and 12 

weeks postoperatively. The threshold shift was calculated by 

subtracting the preoperative threshold from each of the 

postoperative thresholds. Therefore, a threshold shift more than 

zero meant an elevation of threshold. 
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Electrode Insertion Surgery  

All animals received electrode insertion surgery at the left 

side. Analgesic medication, meloxicam (0.2 mg/kg) was 

administered to all animals before and after surgery. A 4-mm 

cutting burr was used to perform bullectomy and expose the 

round window under the operating microscope. An incision was 

made on the round window membrane. A slim straight dummy 

practice electrode for humans (Cochlear Ltd, Lane Cove NSW, 

Australia) was inserted through the round window with a depth of 

2.25 mm, and then left in situ. The soft tissue was packed around 

the electrode to reduce the possibility of electrode migration and 

perilymph leakage.  

 

Histological Analyses  

After the last ABR recording, an overdose of ketamine was 

administered to animals. Then animals were perfused with 0.9% 

saline and 4% (v/v) paraformaldehyde (PFA), and the cochleae 

were extracted. The harvested cochleae were placed in 4% PFA 

in PBS overnight and decalcified in 4% (w/v) EDTA (pH 7.4) 

(Santa Cruz Biotechnology, Santa Cruz, CA) in PBS for more than 

2 weeks. After completion of decalcification, the electrodes were 

removed, and the trimmed cochleae were embedded in paraffin. 
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Sections of 5 μm were taken every 125 μm from the mid-

modiolar area through the cochlea. Hematoxylin and eosin (H&E) 

staining was performed. Histological analyses of the basal, middle 

and apical turns of the cochlea were performed under the light 

microscopy (CX31; Olympus, Tokyo, Japan). A tissue response 

was apparent on the lower basal turn, where the electrode was 

inserted. There was no apparent tissue response on the apical 

and middle turns. Microscopic images of 8-10 sequential 

sections around the region with the most apparent tissue 

responses in 125-μm steps were converted to JPEG files and 

saved at the same magnification to measure the tissue responses, 

such as fibrosis and ossification. The areas of the scala tympani, 

fibrosis and ossification were measured employing Image J 

software (National Institute of Health, Bethesda, MD). The 

percentage of each area in scala tympani was calculated and 

averaged across 8-10 sequential sections. To count the outer 

hair cells (OHCs) and inner hair cells (IHCs) of the basal, middle 

and apical turns, 8-10 sequential sections around the mid-

modiolar region were examined. The numbers of OHCs and IHCs 

were averaged across 8-10 sequential sections. To measure the 

spiral ganglion cell densities, microscopic images of the basal, 

middle and apical turns of the mid-modiolar section were 

examined. All type I cells with a clear nucleus were counted in 

the Rosenthal’s canal. These were divided by the canal area 
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using Image J software.  

 

Calculation of Human Equivalent Dose of delivered 

steroid 

The volume of delivered dexamethasone sodium phosphate 

was calculated from the volume of remained solution in the pump 

after a set period; postoperative three days or seven days. Then, 

the daily doses of delivered dexamethasone sodium phosphate 

were calculated. From these results, the human equivalent doses 

of dexamethasone sodium phosphate were calculated.15 

 

Statistical Analyses  

IBM SPSS software version 21.0 was used for statistical 

analyses. The differences of threshold shifts and histological 

findings among the experimental groups evaluated using the 

Kruskall-Wallis test and Bonferroni correction method. 

 



9 

 

RESULTS 

 

ABR and Steroid Treatment  

There was no significant difference of ABR threshold among 

the three groups before electrode insertion. At 1 week after 

electrode insertion, ABR threshold shifts at 2 and 32 kHz were 

lower in the 7-day infusion group than the control group with 

statistical significance (Bonferroni corrected p = 0.009 and 

0.006). ABR threshold shift at 32 kHz was lower in the 3-day 

infusion group than the control group with statistical significance 

(Bonferroni corrected p = 0.021). At 4 weeks after electrode 

insertion, ABR threshold shifts at all frequencies were lower in 

the 7-day infusion group than the control group with statistical 

significance (Bonferroni corrected p < 0.001, p = 0.006, 0.009, 

0.03 and 0.021). ABR threshold shift at 2 kHz was significantly 

lower in the 7-day infusion group than the 3-day infusion group 

(Bonferroni corrected p = 0.021). At 12 weeks after surgery, 

ABR threshold shifts at 2, 8, 24 and 32 kHz were significantly 

lower in the 7-day infusion group than the control group 

(Bonferroni corrected p = 0.003, 0.009, 0.003 and 0.003). ABR 

threshold shift at 32 kHz was statistically significantly lower in 

the 3-day infusion group than the control group (Bonferroni 
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corrected p = 0.009). ABR threshold shift at 2, 8 and 24 kHz was 

significantly lower in the 7-day infusion group than the 3-day 

infusion group (Bonferroni corrected p = 0.003, 0.018 and 

0.003) (Fig. 1). 

 

Tissue Response and Steroid Group 

The mean percentages of the tissue response, including 

fibrosis and ossification in the control (n=8), 3-day infusion 

(n=10) and 7-day infusion (n=10) groups were evaluated. The 

tissue response occurred more in the control group (52.5 % ± 

27.4%) than in 3-day infusion group ( 25.4 % ± 20.1%) and 7-

day infusion gropu (7.6 % ± 7.8%). The tissue response was 

significantly reduced in the 7-day infusion group compared with 

the 3-day infusion and control groups (Bonferroni corrected p = 

0.006 and 0.003). Fibrosis was also significantly reduced in the 

7-day infusion group compared with the 3-day infusion and 

control groups (Bonferroni corrected p < 0.001). Ossification was 

significantly reduced in the 7-day infusion group compared with 

the control group (Bonferroni corrected p = 0.048). The tissue 

response in the 3-day infusion group did not show a statistically 

significant difference compared with the control group (Fig. 2 and 

3).  
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Hair Cell and Spiral Ganglion Cell Counts 

OHC counts of the basal, middle and apical turns were 

significantly higher in the 7-day infusion group compared with 

the control group (Bonferroni corrected p < 0.05). OHC counts of 

the mid and apical turns were significantly higher in the 7-day 

infusion group compared with the 3-day infusion group 

(Bonferroni corrected p < 0.001). IHC counts of the basal and 

middle turns were significantly higher in the 7-day infusion 

group compared with the control group (Bonferroni corrected p < 

0.05). IHC counts of the basal turn were significantly higher in 

the 7-day infusion group compared with the 3-day infusion 

group (Bonferroni corrected p < 0.05). The 3-day infusion group 

failed to show significantly better results compared with the 

control group (Fig. 4 (A) and (B)). The spiral ganglion cell 

densities of the basal, middle and apical turns were significantly 

higher in the 7-day infusion group compared with the control 

group (Bonferroni corrected p < 0.05). The spiral ganglion cell 

densities of the basal and apical turns were significantly higher in 

the 7-day infusion group compared with the 3-day infusion 

group (Bonferroni corrected p < 0.05). Moreover, the 3-day 

infusion group failed to show a significantly higher spiral ganglion 

cell density compared with the control group (Fig. 4 (C) and 5). 
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Calculation of Human Equivalent Dose of delivered 

steroid 

The volumes and daily doses of delivered dexamethasone 

sodium phosphate were described in Table 1. The calculated 

human equivalent doses of dexamethasone sodium phosphate 

were 0.5 and 0.5 mg/kg/day for 3-day and 7-day infusion 

groups, respectively (Table 1).15 
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DISCUSSION 

 

The otoprotective effects of steroids in cochlear implantation 

have been proven by several animal studies, while no animal 

study used systemic steroid administration 

postoperatively.5,7,11,12,16 If there is a time delay between 

electrode insertion and irreversible histologic changes, which 

induces residual hearing loss, otoprotective medications 

administered postoperatively during this period can block the 

progression of irreversible histologic changes. There were two 

experiments that evaluated the time course of histologic changes 

in the cochlea. In the first experiment that guinea pigs were 

exposed to intense continuous noise, degeneration of IHC and 

OHC began 5 days after noise-exposure. Degeneration of spiral 

ganglion cell was observed 4 weeks after noise-exposure.17,18 In 

the second experiment that subcutaneous implants were made in 

rats, fibroblast recruitment and activation started on the 14th day 

after implantation.19 Although the settings of Fredelius and Patil’

s experiment are not exactly the same as ours, the 

aforementioned irreversible changes are estimated to occur 

several days after electrode insertion. As such, it is predicted 

that if some treatment blocks the pathway that induces the loss 
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of OHC, IHC, and spiral ganglion cell and fibrosis during this 

period, more OHC, IHC and spiral ganglion cell could survive and 

fibrosis could be reduced. Therefore, we hypothesized that 

perioperative, including postoperative, administration of systemic 

steroid could be beneficial for hearing preservation.  

We administered systemic steroid using a mini-osmotic pump. 

The delivery rate of the mini-osmotic pump reaches steady state 

after about 5 hours and keeps constant during the remaining 

period.20 To make sure that the postoperative delivery rate is 

constant, the mini-osmotic pump was inserted about 12 hours 

prior to electrode insertion. Moreover, we wanted to evaluate the 

effect of systemic steroid according to postoperative 

administration period. In this study, we made two sets of period 

for systemic steroid delivery: postoperative three days and 

seven days. The 7-day infusion group achieved better hearing 

preservation than the control group, while the 3-day infusion 

group failed. It could be tempting to predict that a longer duration 

of steroid administration may be more effective to hearing 

preservation. However, due to adverse effects of systemic 

steroid use, unnecessary use of steroids should be prohibited. To 

investigate the appropriate minimal duration for systemic steroid 

use, we analyzed the threshold shifts that occurred before and 

after the one week mark post-electrode insertion. Most of the 
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hearing loss occurred at the first week after electrode insertion 

in all experimental groups (Fig. 6). This pattern of hearing loss 

after electrode insertion was consistent with the results of a 

previous study.11 In addition, although administration of steroid 

was stopped at 7 days post electrode insertion, the mean 

threshold shifts of the 7-day infusion group, which occurred 

from 1 to 12 weeks after electrode insertion, were less than 5 dB 

at all frequencies, except at 32 kHz; and the mean threshold shift 

at 32 kHz was 7.5 dB. Therefore, administration of steroids for 

more than 7 days does not seem to significantly contribute to 

hearing preservation. Considering the adverse effects of 

systemic steroid, it is not recommendable to administer steroids 

for more than 7 days after electrode insertion. Consequently, the 

optimal period of systemic steroid administration seems to be 

about 7 days. 

Several studies have been performed to investigate the 

histologic changes that induce hearing loss after cochlear 

implantation. The loss of OHC, IHC and spiral ganglion cell, as 

well as intracochlear tissue responses, including fibrosis and 

ossification, have been reported as the main histologic 

changes.5,11,21-23 The pathophysiology of these changes after 

electrode insertion has been reported by several studies. The 

reactive oxygen species (ROS) and pro-inflammatory and 
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apoptotic cytokines, such as tumor necrosis factor-alpha (TNF-

α), were suggested as the main factors. They lead OHC, IHC and 

spiral ganglion cell to apoptosis or necrosis.6,10,22,24-28 In addition, 

TNF-α recruits various inflammatory cells and induces 

inflammatory response.29-32 After these acute reactions, fibrosis 

and ossification are formed in the cochlea by chronic 

inflammation and foreign body reaction.11,33 The three outlined 

otoprotective effects of steroids are as follows: anti-apoptotic, 

anti-oxidative, and anti-inflammatory effects, which block the 

effects of ROS and TNF-α.6,10,34-39 Therefore, we expected that 

steroid administration could protect OHC, IHC, and spiral ganglion 

cell and prevent tissue responses, such as fibrosis and 

ossification after electrode insertion. In this study, such changes 

were evaluated. The 7-day infusion group achieved better 

results than the control group; however the 3-day infusion group 

achieved better results only in preventing fibrosis than the 

control group. These histologic protections in the 7-day infusion 

group may contribute to hearing preservation. Based on these 

results, we could suggest that there might be an effective 

postoperative period that is optimal for hearing preservation after 

electrode insertion; and better hearing preservation can be 

achieved by postoperatively administrating steroids for about 7 

days or more.  
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To evaluate the safety of systemic steroid administration after 

electrode insertion, we calculated the human equivalent dose of 

delivered dexamethasone sodium phosphate for the 7-day 

infusion group (0.5 mg/kg/day) (Table 1).15 The preoperative 

administration period was calculated as 6 hours considering the 

time required to reach a constant delivery rate.20 The dose for a 

70 kg adult is 35 mg/day. Considering that methylprednisolone 

1000 mg/day (dexamethasone sodium phosphate 187.5 mg/day) 

is administer to the patient with optic neuropathy,40,41 this dose is 

not intolerable. Therefore, the systemic steroid dosage 

suggested from this study maybe applicable to humans.  

This study had a few limitations. The level of steroid in the 

blood and main molecular factors for hearing loss, such as ROS 

and TNF-α, were not measured in this study. As the delivery 

rate of the mini-osmotic pump reaches steady state about 5 

hours after the pump insertion, the level of steroid in the blood 

was inferred as constant. However, direct measurement of these 

factors could make the results of this study more solid. Further 

studies are needed to confirm the otoprotective effects of 

perioperative systemic steroid administration. 
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CONCLUSION 

 

In this study, perioperative steroid application, including 

postoperative seven days, showed significant residual hearing 

preservation. These effects might be attributed to the protection 

of OHC, IHC, and spiral ganglion cell, and prevention of tissue 

responses, such as fibrosis and ossification. Based on our results, 

it appears that there is an effective postoperative period optimal 

for hearing preservation after electrode insertion. Administration 

of steroid during this period could contribute to residual hearing 

preservation.  
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Table 1. Calculation of human equivalent dose of delivered 

dexamethasone sodium phosphate. 

Group Delivered 

volume 

Delivered 

dose 

Daily dose Human 

equivalent 

dose 

3 day infusion 

group 

0.7 ml 2.8 mg 2.2 mg/kg 0.5 mg/kg 

7 day infusion 

group 

1.7 ml 6.8 mg 2.4 mg/kg 0.5 mg/kg 
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(A)                             (B) 

 

(C)  

 

Figure 1. Threshold shifts after electrode insertion.  

Frequency-specific threshold shifts for the control, 3-day and 

7-day infusion groups. (A) One week after electrode insertion. 

(B) Four weeks after electrode insertion. (C) Twelve weeks 

after electrode insertion. *Statistically significant difference in 
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the threshold shift compared with the control group (Bonferroni 

corrected p < 0.05). †Statistically significant difference in the 

threshold shift compared with the 3-day infusion group 

(Bonferroni corrected p < 0.05). Error bar means standard error. 

 



30 

 

(A)                            (B) 

 

Figure 2. Tissue response in the lower basal turn at 12 weeks 

after electrode insertion.  

Tissue response, including fibrosis and ossification, was reduced 

in the 7-day infusion group (A) compared with the control group 

(B). 
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Figure 3. Tissue response after electrode insertion.  

Tissue response was significantly reduced in the 7-day infusion 

group compared with the 3-day infusion and control groups 

(Bonferroni corrected p = 0.006 and 0.003). Fibrosis was also 

significantly reduced in the 7-day infusion group compared with 

the 3-day infusion and control groups (Bonferroni corrected p < 

0.001). Ossification was significantly reduced in the 7-day 

infusion group compared with control group (Bonferroni 

corrected p = 0.048). *Statistically significant difference 

between the groups (Bonferroni corrected p < 0.05). Error bar 

means standard error. 
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(A)                            (B) 

 

(C) 

 

Figure 4. Hair cell and spiral ganglion cell counts.  

(A) OHC counts of the basal, middle and apical turns were 

significantly higher in the 7-day infusion group compared with 

the control group (Bonferroni corrected p < 0.05). OHC counts of 

the mid and apical turns were significantly higher in the 7-day 

infusion group compared with the 3-day infusion group 

(Bonferroni corrected p < 0.001). (B) IHC counts of the basal 

and middle turns were significantly higher in the 7-day infusion 
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group compared with the control group (Bonferroni corrected p < 

0.05). IHC counts of basal turn were significantly higher in the 

7-day infusion group compared with the 3-day infusion group 

(Bonferroni corrected p < 0.05). (C) spiral ganglion cell densities 

of the basal, middle and apical turns were significantly higher in 

the 7-day infusion group compared with the control group 

(Bonferroni corrected p < 0.05). Spiral ganglion cell densities of 

the basal and apical turns were significantly higher in the 7-day 

infusion group compared with the 3-day infusion group 

(Bonferroni corrected p < 0.05). *Statistically significant 

difference between the groups (Bonferroni corrected p < 0.05). 

Error bar means standard error. 

OHC, outer hair cell; IHC, inner hair cell. 
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(A)                            (B) 

  

Figure 5. The spiral ganglion cell density of the middle turn at 12 

weeks after electrode.  

The spiral ganglion cell density was higher in the 7-day infusion 

group (A) compared with the control group (B). 
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(A)                             (B) 

 

(C)  

 

Figure 6. Threshold shifts occurred at two periods: before and 

after the one week mark post-electrode insertion.  

The period after one week mark post-electrode insertion 

included from the one week post-electrode insertion to 12 

weeks post-electrode insertion. Most of the hearing loss 

occurred before the 1 week mark. In the 7-day infusion group, 

threshold shifts between 1 week and 12 weeks post-electrode 
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insertion were less than 5 dB at all frequencies, except 32 kHz. 

(A) Control group. (B) 3-day infusion group. (C) 7-day infusion 

group. Error bar means standard error. 
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국  록 

 

본 연구는 원창 근법  이용한 우이식 후 장  잔청 보존  

한 후 스 로이드 여  효과   가지 후 스 로이드 

여 간, 3일과 7일  효과를 하  한 연구이다.  30마리

 킨-하틀리 니픽  작 로 3개  군 로 배 하 다: 조

군 (n=10); 후 3일간 스 로이드 여군 (n=10), 후 7일간 스

로이드 여군 (n=10). 모든 동 에  극 삽입  시행하

다. 인체에 사용하는 slim straight dummy practice electrode 

(Cochlear Ltd, Lane Cove NSW, Australia)를 원창  통해 

2.25mm 이로 삽입하 다. 덱사 타손 (4mg/ml) 로 채운 소  

삼 압 연속약 주입폄프 (10μl/hr, Alzet, USA)를 극 삽입 12시

간 에 피하 주 니에 삽입한 후 극 삽입 3일  7일 후에 

거하 다 (3일 여군과 7일 여군). 극 삽입 , 극 삽입 1, 4, 

12주 후에 청 뇌간반  이용하여 청력 역치 (2, 8, 16, 24, 32 

kHz)를 측 한다. 극 삽입 12주 후에 우  조직학  검사를 시

행하 다. 극 삽입 4주 후, 7일 여군  청력 역치 변 는 조군

보다 하게 작았다. 극 삽입 12주 후 지 7일 여군  조군

보다 좋  청력  지하 다. 조직학  검사 상 우 고실계에 삽입

 극 주 로  골 가 7일 여군보다 조군에   많이 

발생하 다. 회 , 간회 , 첨부회  외 모 포  나 신경

포, 회 , 간회  내 모 포는 조군보다 7일 여군에
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 하게  많이 보존 었다. 이 결과를 바탕 로 볼 , 극 삽

입 후 잔청 보존  한 가역 인 간이 존재하는 것 로 단 다. 

이 간 동안 후 신 인 스 로이드를 여한다면 잔청 보존

 효과를 얻   있  것 로 상 다.  
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