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Abstract

Failure to correctly identify the anatomical landmarks of cochlear implantation (CI) challenges surgical success in conventional 
cochlear implantat surgery (CCIS). It seems that the use of the navigation system (NS) in CI can reduce the damage to the cochlear 
structures, also be effective in finding the correct location of the round window, especially in cases of anatomical differences, 
repeated surgeries and congenital defects. This study was aimed to determine evaluation of NS accuracy in cochlear implant 
surgery (CIS). In this cross-sectional survey, 20 patients who were candidates for CCIS and another 20 using the NS method were 
examined. First, mastoidectomy was performed, and then the correct location of CI was determined by CCIS and NS. Finally, the 
distance deviations of two methods were recorded. The mean (standard deviation) and minimum anatomical distance difference 
of CCIS and NS for the following locations were as follows: Facial nerve in the facial recess= 3.42±1.14 mm and 1.8 mm; Horizontal 
semi-circular canal= 2.90±1.02 mm and 1.10 mm; Pyramidal process = 3.16±1.55 mm and 1.40; mm; Round window membrane= 
3.28±1.76 mm and 1.2 mm; CI location= 3.9±1.38 mm and 1.13 mm. Also, the difference in the mean duration of surgery by CCIS 
(73.50±20.72) mm and NS (96.25±14.59) mm was significant (P=0.001). The deviation distance for CCIS and NS was more than 
the expected value (1 mm), which seems that NS did not have enough accuracy to detect the anatomical landmarks of CIS. 
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Abbreviations

CI: Cochlear Implantation; CIS: Cochlear Implant Surgery; 
CCIS: Conventional Cochlear Implant Surgery; NS: Navigation 
System.

Introduction

Today, CI is increasingly used to treat severe to profound 
sensor neural hearing loss and is considered one of the 
most successful methods of hearing restoration. CI consists 
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of two parts, the external, which processes speech and 
converts sound into an electrical signal. The internal, which 
is implanted during surgery and is considered the receptor 
part that obtains the electrical signals and transmits them 
to the cochlear nerve [1]. The surgeon faces many concerns 
during CIS, not only spending a lot of time to complete the 
mastoidectomy, but also taking care of the structures of the 
temporal bone, such as facial and chorda tympanic nerves, 
bony chain, sigmoid sinus, and etc. Consequently, a surgical 
method that is less invasive is more suitable for CI [2].

In recent years, minimally invasive tunnels have been 
designed; those are slightly larger in diameter than the CI 
electrode and are guided through the mastoid to the cochlea. 
Their micro stereoscopic frame and robotic arm are used 
to drill holes in a correct linear path [3-5]. The frame is 
anchored around the temporal bone and not only secures the 
drills during puncturing, but also aligns the surface markers 
for registration with an accuracy of 0.38 mm [6]. Currently, 
the micro stereoscopic frame system has not only gained 
extensive validation in vitro experiments, but is also applied to 
clinical patients [7]. In this regard, mastoid bone and air cells 
are carefully punctured to provide clear access to anatomical 
landmarks and reduce the possibility of damage to important 
structures such as facial nerve and chorda tympani. Then 
reveal the fascial recess, which is a space containing the facial 
nerve on the inner side, the chorda tympani nerve on the 
lateral side, and the cavity on the upper side, the electrode is 
implanted through the round window [8].

Despite the transparency of the surgical procedure, there is 
still a possibility of damage to related structures, including 
the facial nerve, and if the correct anatomy is not recognized, 
the possibility of cerebrospinal fluid leakage is also raised 
[9]. Lack of correct diagnosis of landmarks and the place of 
cochlear implantation challenges the success of surgery. This 
possibility increases in revision surgeries or in patients with 
congenital ear abnormalities [10,11].

Radiological imaging plays an important role in pre-surgical 
evaluations in all types of ear surgeries. The integration of 
imaging and surgical field can provide a technology that allows 
creating a proper view, anatomical assessment and choosing 
the right approach before-during surgery. This technology is 
known as computer assisted or image guided surgery or NS. 
It has been widely used for sinus and skull base surgeries and 
use in areas with complex anatomy that require high precision, 
including in other areas of the head and neck [12-14].

The use of this method in orthopedic, sinonasal, skull base 
and spinal surgeries is well known. But there is limited 
information about ear surgeries [15]. It seems that the use of 
NS in CIS can help to reduce the damage to related structures 
and also facilitate finding the correct location of round 

window and cochleostomy. Therefore, this study was aimed 
to determine evaluation of navigation system accuracy in CIS.

Methods

This survey was a cross-sectional pilot study, its sample 
size included 40 patients, who were candidates for CI in the 
otolaryngology department of university of medical sciences in 
2023. The data collection tool included a checklist of information 
regarding patients’ age, sex, implanted ear and other study 
data. Inclusion criteria were all candidate CCIS patients who 
underwent surgery from the beginning to the end of 2023. 
Exclusion criteria were CI revision surgeries and any underlying 
complications that did not allow long-term anesthesia.

Procedure
Before the surgery, written consent was obtained from the 
patients. Basic information including age, gender and ear of 
the candidate for CI were recorded in the questionnaires. For 
each patient, a CT scan was performed with the NS protocol 
and a resolution of 0.6 to a maximum of 1 mm. The surgery 
of the patients was performed under general anesthesia, the 
surgeon’s view was microscopic, and a radiology operator 
was also responsible for the evaluation with the NS system 
(Compo plus). Every day, two CIS were performed, and due to 
the sterilization conditions, only one of them was examined 
with the NS. The time of surgery was recorded from the time of 
surgical incision to the end. The same time was also recorded 
for patients who were evaluated without NS at the same time.

After cutting behind the ear, performing mastoidectomy and 
piercing the prosthesis site, anatomical landmarks including 
the dome of the Semicircular horizontal canal, the location of 
the facial nerve in the Fascial recess, the Pyramidal process, 
the Round window membrane and the approximate location 
of the CI were determined by CCIS and NS. The deviation 
distances were measured by these two methods. Before 
the end of the operation, the correctness of the electrode 
placement and its function were confirmed by the audiologist 
present in the operating room.

Data Analysis
Quantitative information was reported numerically 
(percentage) and qualitative information was reported through 
mean (standard deviation), Mann-Whitney, Chi-square and 
Fisher non-parametric tests. SPSS26 was used for data analysis 
and Value less than 0.05 was considered significant.

Limitations
The possibility of not having access to NS during surgery was 
one of the limitations, which was resolved with the necessary 
arrangements.
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Ethical Considerations
Non-participation in the study did not prevent the treatment 
of patients. No additional financial costs were imposed on 
the study participants and their names and details were kept 
confidential.

Results

Demographic characteristics of patients such as age, gender, 
cochlear implanted ear were obtained (Table 1). 

Variable
Evaluation method of cochleostomy site

Pvalue
CCIS NS

Age Mean±SD Mean±SD  

Year 9.72 ± 13.37 11.30 ± 16.34 *0.678

Gender Number (Percentage) Number (Percentage)  

Man 5 (0.25) 15 (0.75) **0.002
Woman 15 (0.75) 5 (0.25)  

Total 20 (100) 20 (100)  

Ear Number (Percentage) Number (Percentage)  

Right 14 (0.70) 19 (0.95) ***0.091
Left 6 (0.30) 1 (0.5)  

Total 20 (100) 20 (100)  

Table 1: Demographic characteristics of the patients of this research based on conventional cochlear implant surgery (CCIS) and 
Navigation system (NS).

The findings showed that there were no significant difference 
between NS and CCIS groups in terms of age (Pv = 0.678) 
and cochlear implanted ear (Pv = 0.091), but gender showed 
a significant difference (Pv = 0.002), which was due to the 

asymmetric distribution of women and men in two groups. 
There was no significant difference between the two groups 
in terms of prosthesis type and CI location (Table 2).

Variable Evaluation method of cochleostomy site
P.value*

Type of prosthesis CCIS Number (percentage) NS Number (percentage)

Nucleus 9 (0.45) 11 (0.55) 0.701
Advance 7 (0.35) 4 (0.20)  

Medel 4 (0.20) 5 (0.25)  
Total 20 (100) 20 (100)  

CI location

Round window 19 (0.95) 19 (0.95) 0.999

Cochleostomy 1 (0.5) 1 (0.5)  
Total 20 (100) 20 (100)  

Table 2: Prosthesis type and cochlear implant (CI) site of patients based on conventional cochlear implant surgery (CCIS) and 
navigation system (NS).

The mean and standard deviation of cochlear implant 
surgery time in the NS and CCIS groups were 96.25 ± 14.59 

mm and 73.50 ± 20.72 mm, respectively (Figure 1).
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Figure 1: Mean and standard deviation of cochlear implant 
surgery time based on conventional cochlear implant 
surgery (CCIS) and navigation system (NS).

Also, the mean time of CI surgery by NS method was 
significantly longer than CCIS (PV = 0.001). The mean ± 
standard deviation and the minimum difference of the 
anatomical landmarks determined by CCIS and NS were as 
follows: Fascial nerve in the fascial recess = 3.42 ± 1.14 mm 
and 1.8 mm, Horizontal semi-circular canal = 2.90 ± 1.20 mm 
and 1.10 mm, Pyramidal process = 3.16 ± 1.55 mm and 1.40 
mm, Round window membrane = 3.28 ± 1.76 mm and 1.20 
mm and CI location= 3.9 ± 1.38 mm and 1.13 mm (Table 3).

Deviation 
distance Mean

Standard 
deviation Minimum

Fascial nerve 
in the fascial 

recess 3.42 1.14 1.8
Horizontal 

semicircular 
canal 2.9 1.2 1.1

Pyramidal 
process 3.16 1.55 1.4

Round window 
membrane 3.28 1.76 1.2
CI location 3.9 1.38 1.13

Table 3: Mean and standard deviation of navigation system 
deviation distance (NS) and conventional cochlear implant 
surgery (CCIS).

With the passage of time from the beginning of the study to 
the end, the deviation distance of NS and CCIS decreased, but 
the differences were not statistically significant, while, the 
reduction of CCIS surgery time or duration of surgery was 
significant (Pv = 0.049), which indicated the increase of the 

surgeon’s skill over time (Table 4).

Variable R P.value*
Duration of CCIS time -0.127 0.049

Fascial nerve in the 
Fascial recess 0.318 0.172

Horizontal 
semicircular canal 0.196 0.408

Pyramidal process -0.251 0.286
Round window 

membrane -0.144 0.545

Table 4: Correlation between navigation system deviation 
distance (NS) and conventional cochlear implant surgery 
(CCIS) time.

Discussion

Image-guided or NS technology is now widely used in 
neurosurgery and hepatobiliary surgery, allowing the 
surgeon to delineate the boundaries of important anatomical 
and surgical structures [16,17]. It can also be used in CI 
and is valuable as a non-invasive quality management tool. 
However, to maintain the accuracy of the 1-mm deviation 
distance, more efforts are needed to perform NS-guided CIS 
[18]. In our study, the deviation distance determined by NS 
was more than the expected value or 1 mm, which seems 
that NS did not have enough accuracy for its use in CIS. 
However, with the passage of time from the beginning of the 
study, the deviation distance decreased, which seems to be 
related to the increase in the experience of the surgeon and 
CT scan personnel. Another advantage of using NS is helping 
the surgeon to determine the correct path of CI location, 
reducing the possibility of facial nerve damage and reducing 
surgical complications [1,15,18]. Also, the target evaluated 
with NS has better repeatability and accuracy than CCIS [17].

In the study conducted by Zhen et al. (2023) a three-
dimensional model of the cochlea, facial nerve, chorda 
tympani, ossicles, external auditory canal and temporal bone 
were manually reconstructed based on NS. The aim of this 
study was to optimize the implant angle, implant position 
and distance from the planned path to the facial nerve and 
chorda tympani. Then, assuming no damage to the facial 
nerve, tympani tendons, bones and other tissues, automatic 
path planning for minimally invasive CI was studied based 
on the damage mechanism model. The optimal implant 
placement angle was 23.26 degrees, the distance between 
the target of the planned path in Round window and the best 
implant axis was 0.112 mm. The distance of the path to the 
Fascial nerve and Chorda tympani was 0.612 mm and 0.494 
mm, respectively [19]. In Shih M, et al. [20] study, 3 patients 
with bilateral chronic Mastoiditis, Charge syndrome, and 
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Treacher Collins underwent bone conduction hearing aid 
surgery using NS. The results indicated a reduction in surgery 
time and the risk of complications caused by surgery such as 
damage to the dura and Sigmoid sinus, and no complications 
related to surgery were observed during or after surgery 
[20].

Wang J, et al. [21] investigated the surgical accuracy of 
CI under the NS while accessing the relevant anatomical 
structures. The accuracy of the entry and the target point 
were 0.471 ± 0.276 mm and 0.671 ± 0.268 mm, respectively. 
The minimum distance from the Facial nerve was reported as 
0.79 mm and from the bony chain as 1.96 mm, but in one case, 
the tympanum and in two cases the external ear canal were 
damaged during drilling [21]. In the study conducted by Al-
Amro M, et al. [15] 11 patients were examined; 10 patients 
underwent CI surgery and 1 patient underwent surgery for 
Baha implantation under the guidance of the NS. The mean 
surgical time was reported to be 161 minutes (from 90 to 220 
minutes). The results showed that none of the patients had 
complications and all surgery was performed successfully 
[15].

In the study by Chu et al. (2014), 2 patients underwent CI 
surgery using NS. The closest distance from the drill to 
the Facial nerve was measured as the main target, and the 
surgeon was alerted by auditory feedback, if the target 
was approached. Therefore, the possibility of damage to 
the facial nerve during surgery was reduced. If the drill is 
close to the scala vestibuli and as a result, the wrong path 
to the CI direction, the low tone signal will be heard. In case 
of approaching the scala tympani, as a result the correct 
path of the CI, the signal was announced with a higher tone, 
the surgeon was helped in determining the correct path of 
the CI and reducing the possibility of Facial nerve damage. 
Considering the advantages of this method and fewer 
complications, those researchers suggested the use of NS in 
CCIS [22]. Stelter K, et al. [18], in a study on a patient with 
sensorineural hearing loss, performed NS-guided CI. The 
deviation distance from the target was measured under NS 
observation without direct view of the surgical field. The 
mean deviation distance from the mastoid was 0.91 mm, 
from the Round window 1.01 mm and from the middle ear 
canal 0.9 mm [18]. In the study of Schipper et al. (2004) a 
deviation distance of 1.6 mm from the cochlear site in NS 
was observed. However, the researchers concluded that 
the target evaluated with the NS was better in terms of 
repeatability and accuracy compared to CCIS [23]. Kohan 
D, et al. [24] evaluated 11 patients who were candidates for 
glomus jugularis surgery and cholesterol granuloma using 
NS. The mean increase in surgical time was 36.7 minutes; 
the deviation distance from the desired goals was 1.1 mm at 
the level of the Tragus and 0.8 mm at the level of the Oval 
window. Overall, the mean accuracy of surgical assessment 

was reported to be 1 mm for 10 of 11 anatomical landmarks 
[24]. However, the reason for deviation distance in the results 
may be due to the difference in the tools used, the accuracy 
of the device, or the experience of the surgeon. It is hoped 
that by increasing the experience of surgeons and improving 
technology, NS guidance can be used in CI.

Conclusion

In this study, the anatomical distance difference determined 
by CCIS and NS was more than the expected value or 1 mm, 
which seems that NS did not have enough accuracy for its 
use in CIS. It is hoped that with the increase in the skill of 
specialist personnel and the advancement of technology, NS 
can replace CCIS, especially in cases of congenital defects and 
anatomical disorders.
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