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Abstract
Objective The objective of this study was to evaluate the clinical outcomes of conventional two-dimensional (2D) endoscope 
with a novel computer-based three-dimensional (3D) imaging system for otologic surgical procedures.
Methods A conventional 2D monocular endoscope with a novel computer-based 3D imaging system was applied to 18 
otologic surgical procedures, including chronic otitis media (COM), cholesteatoma, otosclerosis, external canal osteoma and 
cochlear implant. Operation duration and complications of COM and attic cholesteatoma were recorded to compare 2D and 
3D endoscopic ear surgery. Questionnaires were completed by 35 observers participating in the procedures and were used 
to evaluate clinical and potential side effects.
Results The surgical procedures were performed smoothly for all patients. No patient required switching to conventional 
2D endoscopic surgery. No significant differences were apparent in operation duration using the 3D imaging system for 
chronic otitis media and attic cholesteatoma compared with conventional 2D endoscopic ear surgery. Thirty-five observ-
ers completed the questionnaires. Most of them agreed that this 3D imaging system enabled them to perceive stereoscopic 
vision (94%), provide superior depth perception (85%). Furthermore, 97.1% reported no visual fatigue or discomfort when 
observing the 3D images.
Conclusion Our study demonstrated that the computer-based 3D imaging system enables the application of 3D vision tech-
nology to otologic surgery. The system has no obvious side effects, such as visual fatigue or time delay. It not only facilitates 
performing the related surgical procedures but also helps in teaching and learning endoscopic ear surgeries.
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Introduction

In recent decades, endoscopic ear surgeries have been more 
popular and widely used [1–4]. The endoscopic surgery 
overcomes the limitations of conventional microscopic ear 
surgery and offers greater accessibility to a narrow external 

auditory meatus or a prominent anterior bony overhang of 
the ear canal. Moreover, an endoscope offers improved visu-
alization of the middle ear because the light source is located 
at the distal tip of the scope [5–9]. Although endoscopic 
ear surgery is widely applied, it does not provide the ste-
reoscopic vision offered by microscopic ear surgery. Endo-
scopic surgeons learn to overcome this limitation through 
a series of visual cues that include the movement of the 
endoscope forward and backward in the operative field and 
the interaction of the surgical instruments with anatomic 
structures. Despite this adjustment, the depth perception 
provided by endoscopic ear surgery is not as precise as that 
offered by microscopic ear surgery. Therefore, a 3-dimen-
sional (3D) imaging system was developed to provide the 
depth perception and regain stereoscopic vision.

A 3D imaging system with a binocular technique has been 
introduced for laparoscopic surgery [10], sinus surgery [11, 
12], and skull base surgery [13]. However, it is not consid-
ered appropriate for endoscopic ear surgery because of the 
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precise maneuvers at close range and the thin endoscope 
required for the procedure. This is because of the intrin-
sic limitation of the binocular technique, a large binocular 
parallax, which leads to double vision when applied at a 
close range. Up to now, there was only one clinical pilot 
study about 3D binocular 4 mm endoscope applied in ear 
surgeries for 8 patients, but there was no comparison of the 
outcomes between 2D and 3D technologies [14]. In 2013, a 
monocular 3D endoscope, named VS3 system (Visionsense, 
Petach Tikva, Israel), was developed and applied to sinus 
surgeries [15, 16]. This system uses the “insect eye” technol-
ogy that incorporates a microscopic array of lenses in front 
of a single video chip at the end of the endoscope, acting as 
separate visual receptors, in turn generates 3D vision. The 
VS3 system is also 4 mm in diameter, making it theoretically 
applicable to endoscopic ear surgery and a suitable alterna-
tive to the aforementioned system. However, no evidence 
of clinical ear surgeries practice could be assessed so far. In 
2015, a novel imaging system with a computer-based pro-
cessor to generate 3D images was first introduced for tran-
surethral endoscopic surgery [17]. This imaging processor 
converts the single signal input from a 2D endoscope to a 
pair of images and mimics binocular vision to create a 3D 
visualization. We hypothesize that this system is another 
option for endoscopic ear surgery because the processor can 
generate 3D images in real time according to the input of 
the algorithm from a conventional two-dimensional (2D) 
endoscopic image. The processor converts the conventional 
2D endoscopic image into a pair of images, as received from 
two viewpoints, to imitate the parallax of the eyes [17]. The 
major breakthrough of the technique was that the imaging 
system could be applied with any conventional monocular 
2D endoscope. Therefore, a smaller diameter (less than 
4 mm) 2D endoscope equipped with a novel 3D imaging 
system can enable ear surgeons to operate with 3D vision.

This is the first study to apply the computer-based 3D 
imaging system to endoscopic ear surgeries. Herein, we 
discuss the preliminary clinical outcomes and potential 
side effects exhibited in 18 patients. We also compared the 
surgical outcomes and the operation time of chronic otitis 
media and cholesteatoma surgeries based on 2D and 3D 
technologies.

Materials and methods

Participants

This study is a continuous case series. Computer-based pro-
cessing 3D imaging system was applied to six patients with 
chronic otitis media (COM), two with bilateral profound 
hearing loss, one with otosclerosis, one with congenital 
cholesteatoma, two with external auditory canal osteoma, 

and six with attic cholesteatoma from December 2015 to 
December 2017. The 3D system used was provided by 
Unique Medical International Co. Ltd., at available days. 
None of the participants received any financial support. 
The demographic characteristics of patients were shown 
in (Table 1). All procedures for these patients were per-
formed by the same senior surgeon. A total of 35 attendees 
observed 18 surgical procedures performed by the medical 
team. Throughout the entire procedure, the surgeon and all 
observers wore stereoscopic glasses for 3D vision (Fig. 1).

Interventions

Endoscopic ear surgery was performed using a computer-
based 3D imaging system, Novel HD-3D-A (Shinko Optical, 
Japan). The 3D images were displayed on monitor (LMD-
2451 MT 3D; Sony, Japan) as shown in left side of Fig. 1. 
The 2D images were also acquired using a 3-chip video 
camera and were displayed simultaneously on another LCD 
monitor (Karl Storz, Germany) (in the center of Fig. 1). The 
2D and 3D images were simultaneously displayed on sepa-
rate monitors during the entire operation. Therefore, observ-
ers are able to take off their goggles during the operative 
procedure to compare the 2D and 3D images of the operative 
field and to perceive any change in brightness, sharpness 
and colors, and time delay. The Hopkins® Straight Forward 
Telescope 0° 2D endoscope (diameter, 3 mm; length, 14 cm; 
Karl Storz) was used for most procedures; the Hopkins® 
Forward Oblique Telescope 45° was applied for assistance, 
and Hopkins® Straight Forward Telescope 0° 2D endoscope 
(diameter, 1.9 mm; length, 10 cm; Karl Storz) was used for 
posterior tympanotomy in cochlear implant (CI) surgery.

Outcome assessment and statistical analyses

The operation times for patients with COM and attic chole-
steatoma using the 2D/3D imaging system were recorded, 
and surgical outcomes were compared. Operation time was 
calculated beginning from skin incision and ending when a 
cotton ball was packed into the external ear canal. By match-
ing with age and the severity of disease (including the perfo-
ration size of COM, the size of cholesteatoma and the pure 
tone audiometry threshold), we selected 12 patients with 
simple COM and 12 patients with attic cholesteatoma to 
undergo a similar surgical procedure using a 2D endoscope 
in the same period and compared the operation times and 
surgical complications. Statistical analysis was performed 
using Statistical Package for Social Science version 16 for 
Windows (SPSS, Inc, an IBM Company, Chicago). The 
study results are expressed as mean and standard deviation. 
We compared the study data using the Mann–Whitney U 
test. Differences were considered significant when p < 0.05.
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Potential disadvantages of the 3D imaging system are 
time delay and eye fatigue. Time delay during opera-
tions may negatively affect the safety and efficiency of 
the surgery. On the other hand, stereoscopic vision can 
help to process spatial perception quickly, and enable 
the performance of critical procedures during an opera-
tion in seconds. Using stereoscopic vision, especially in 
ossiculoplasty, we can see exactly where spotting objects 
are located in relation to their surroundings with precise 
depth perception. Additionally, if a surgeon experiences 
eye fatigue easily from staring at the monitor for a period 

of time, it may adversely affect the performance of the 
surgery.

The advantages of the 3D imaging system were assessed 
through questionnaires distributed to all the observers who 
were requested to evaluate the clinical utility and potential 
side effects of the system. The observers were asked to com-
ment on the flowing items: (1) Does this 3D imaging system 
let you perceive stereoscopic vision? (“agree/disagree”); (2) 
Does this 3D imaging system provide superior depth percep-
tion compared to a conventional 2D endoscope? (“agree/fair/
disagree”); and (3) Do you feel visual fatigue or discomfort 

Table 1  Demographic characteristics and surgical outcomes of patients receiving 3D endoscopic ear surgeries

M male, F female, C′ cholesteatoma, HL hearing loss, R right, L left, T tympanoplasty, O ossciculoplasty, CI cochlear implant

No. Age (years) Sex Diagnosis Side of lesion Type of surgery Peri- or post-opera-
tive complications

Switch to 2D 
endoscopic 
surgery

1 55 M COM R T, type 1 No No
2 52 F COM R T, Type 1 No No
3 40 F COM R T, Type 1 No No
4 33 M COM R T, type 1 No No
5 32 F COM L T, type 1 No No
6 15 M COM R T, type 1 No No
7 53 F Attic C′ R T with atticotomy, O No No
8 26 M Attic C′ L T with atticotomy, O No No
9 33 F Attic C′ L T with atticotomy, O No No
10 61 F Attic C′ R T with atticotomy, O No No
11 42 F Attic C′ R T with atticotomy, O No No
12 38 M Attic C′ R T with atticotomy, O No No
13 2 M Congenital C′ R T, type 1 No No
14 76 F External canal osteoma L Removal of the osteoma No No
15 72 M External canal osteoma 

with middle ear C′
L Removal of the osteoma 

with T & Mastoidectomy
No No

16 43 M Otosclerosis L Stapedotomy with Piston No No
17 44 F Bilateral profound HL R CI surgery No No
18 42 M Bilateral profound HL L CI surgery No No

Fig. 1  Surgical setting during 
the operation. 3D and 2D 
images were presented on dif-
ferent monitors simultaneously. 
The surgeon and observers all 
wore stereoscopic glasses
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when observing 3D imaging? (“yes/no”). The questionnaires 
were administered immediately following completion of the 
procedure. Some observers attended more than one surgical 
procedure, but they did not repeat the questionnaire. A total 
of 35 responses were returned and analyzed. This study was 
approved by the Institutional Review Board of Chang Gung 
Memorial Hospital, and the experiment was conducted in 
accordance with the Declaration of Helsinki.

Results

The surgical procedures were performed smoothly for all 
18 patients. The surgeon wore the 3D goggles during the 
whole surgical procedure and he could judge with his expe-
riences if this system provides adequate stereoscopic vision 
and depth perception or not. For all 18 patients, no surgi-
cal steps required switching to conventional 2D endoscopic 
surgery to complete the surgery. No mortality, periopera-
tive complications, or other notable postoperative compli-
cations, such as infection, massive bleeding, hematoma, 
post-operative hearing loss occurred in this study. Operation 
time was 48.55 ± 20.46 and 45.6 ± 16.9 min for 2D and 3D 
tympanoplasty type I, respectively. There were no signifi-
cant differences in the operation time between 2D and 3D 
type I tympanoplasty (p = 0.457, Mann–Whitney U test) as 
displayed in Table 2. For attic cholesteatoma, no significant 
differences were evident between the 3D and conventional 
2D endoscopic ear surgery methods (p = 0.285, Mann–Whit-
ney U test); however, the 3D group (105.6 ± 20.6 min) 

exhibited a trend of shorter operating time than 2D group 
(117.7 ± 27.1 min). Figure 2 illustrates examples of 2D and 
3D images of posterior tympanotomy during the CI surgery. 
We performed the cochlear implant surgery with combined 
microscopic and endoscopic approaches. After mastoidec-
tomy and posterior tympanotomy, the endoscope (1.9 mm) 
was used to accurately locate the round window with close 
view and assist electrode insertion with extend round win-
dow approach. Under 2D image system, the operator would 
have to move the endoscope in and out slightly to create 3D 
perception. But with 3D system, the operator could see 3D 
image even when the endoscope is static and the measure-
ment of the distance between the related structures is more 
precise. The 3D imaging system achieved superior depth 
perception and a clearer depiction of surgical anatomy, espe-
cially the distance between ossicles, sinus tympani, facial 
recess, and their surroundings. The surgeon did not perceive 
a time delay at any time during the surgical procedures. This 
computer processing system transfers the images of 2D 
endoscopic system into 3D images. Therefore, the surgeon 
will not be disturbed by double vision which did not depend 
on target distances during the whole procedure.

Questionnaires were completed by 35 observers right 
after completing the operation. Among them, 33 (94.3%) 
agreed that this 3D imaging system enabled them to per-
ceive stereoscopic vision, whereas 2 (5.7%) disagreed with 
this description, as shown in Fig. 3. Moreover, 30 observ-
ers (85.7%) agreed that this system provided superior 
depth perception than did a conventional 2D endoscope; 4 
(11.4%) considered that the system only provided fair depth 

Table 2  Operative time needed 
for chronic otitis media and 
cholesteatoma using 2D and 3D 
endoscopes

Procedure 2D operative time (min) 3D operative time (min) p value

No. Mean Standard 
deviation

No. Mean Standard 
deviation

Tympanoplasty type 1 12 48.55 20.46 6 45.6 16.9 0.457
Tympanoplasty with attico-

tomy and ossiculoplasty
12 117.7 27.1 6 105.6 20.6 0.285

Fig. 2  a Conventional 2-dimen-
sional (2D) endoscopic image 
of the retrotympanum versus. 
b a 3D image obtained from 
the computer-based processing 
system
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perception, and 1 (2.9%) disagreed with this description. The 
same observer (2.9%) experienced visual fatigue or discom-
fort when observing the 3D images, but the remaining 34 
(97.1%) reported no visual fatigue or discomfort.

Discussion

This is the first practical study in which a surgeon performed 
endoscopic ear surgery using 3-D computer-based process-
ing system. This 3-D imaging system can also be combined 
with any conventional 2D endoscope to perform various 
procedures such as transcanal ear surgery. We compared 
the clinical outcomes and complications between patients 
receiving the 2D and 3D endoscopic ear surgeries, and our 
results indicated that no significant differences were evident 
with respect to the operating time of simple COM and attic 
cholesteatoma procedures. However, we discerned a trend 
in which 3D atticotomy and ossiculoplasty procedures were 
performed in a shorter operating time. This may imply that 
the 3D imaging system provided superior depth perception 
and a clearer depiction of surgical anatomy, which thereby 
shortened the operating time for more complicated surgical 
procedures.

The surgeon and 94.3% of the observers agreed that 
this 3D imaging system enabled them to perceive stereo-
scopic vision. The 2D and 3D images were displayed on 
separate monitors simultaneously, and the observers were 
able to analyze 2D and 3D images easily; thus, they could 
determine whether the 3D image provided stereoscopic 
vision and enhanced depth perception. Furthermore, the 
surgeon and 85.7% of the observers opined that this imag-
ing system provided superior depth perception, and the 
clear depiction of anatomical structures could aid the per-
formance of procedures. The estimated distances between 
the related structures are more precise with stereoscopic 
perception in 3D image system. This advantage would 
be optimal when operating in small spaces and doing 

exquisite surgical steps, such as inserting the electrode 
into the cochlea or cramping the piston ring. The precise 
estimation of the distance is important and helpful for 
inexperienced surgeons.

The average diameter of the external ear canal is only 
7 mm on average, and thus the proper caliber of endoscope 
may be restricted [18]. The computer-based 3D imaging sys-
tem could be applied with any conventional monocular 2D 
endoscope, thereby obviating any concerns about the diam-
eters of endoscopes. We also paired this system with a 3 mm 
conventional 2D endoscope to perform various procedures 
on patients from 2 to 76 years old; in the youngest patient, a 
2-year-old child, congenital cholesteatoma was successfully 
removed without widening the ear canal.

We also compare the cost of the different 3D imaging 
system available in the market now. The cost of the equip-
ment of a 3D imaging system with a binocular technique and 
a monocular 3D endoscope with the “insect eye” technology 
(VS3 system) are at least twice the price of the computer-
based processing system. Besides, this computer-processing 
3D system can be applied to any caliber of previous 2D 
endoscope (4 mm, 3 mm, or even 1.9 mm) without necessity 
of new endoscope. Therefore, the total cost of the equipment 
is much cheaper than another two 3D systems.

There were some potential side effects. Firstly, Ogino-
Nishimura et al. had reported that excessive blood loss 
would lead to decreased visual field brightness in endoscopic 
surgeries [12]. This phenomenon was also noted during our 
procedures but was inconsequential in our operations. The 
quantity of blood loss is limited in ear surgeries, and an 
experienced operator could adapt to the change in bright-
ness rapidly.

Secondly, Kumar et al. reported that the long computa-
tion processing time could cause image time delay during 
fast endoscopic movement [10]. Because the ear canal is 
rigid and bony and a constricted space, endoscopes should 
be moved carefully and slowly during an operation; thus, 
the speed of movement is not a major concern and the time 

Fig. 3  Responses to question-
naires regarding 3D image 
system for ensdoscopic ear 
surgery
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delay problem can be avoided. We did not encounter it in 
our practice.

Thirdly, regarding visual fatigue, Yamauchi et al. assessed 
the incidence of fatigue in surgeons using a stereoscopic 
endoscope and reported no difference between 3D and 2D 
stereoscopic endoscopes [19]. Both of them had a similar 
operative time of approximately 1 h. In our study, only one 
observer (1/35, 2.9%) reported fatigue, whereas the other 
observers did not. Otologic surgeries usually last for several 
hours; therefore, it is important that surgeons do not experi-
ence visual fatigue, which may affect the performance of 
surgery adversely.

Although, the observers did not conduct the procedures 
most of them agreed that this 3D imaging system enabled 
them to perceive stereoscopic vision and has superior depth 
perception when compared with a conventional 2D endo-
scope. Therefore, consensus was achieved regarding the 3D 
imaging system offering a clearer understanding of the ana-
tomical structures, which can facilitate their learning.

This study had several limitations. First, the number of 
subjects in this study is limited. Although the data were col-
lected for 18 patients and subjected to statistical analysis to 
evaluate the clinical outcomes of this 3D system, the effec-
tive systematic analysis was only performed to compare two 
types of surgeries. Because the 18 patients underwent dif-
ferent type of ear surgery, including tympanoplasty, mas-
toidectomy, ossiculoplasty, cochlear implant, the numbers 
of subjects in each type of ear surgery are very limited, and 
thus the data are statistically insufficient to evaluate the sys-
tem’s effectiveness for each surgical application. Therefore, 
a prospective randomized trial should be conducted to vali-
date the present findings in the future. Second, endoscopic 
technology is rapidly developing, which may lead to the 
invention of thinner scopes and more advanced methods of 
image capture and transmission in the future. This would 
affect the clinical application of this 3D imaging system. 
Despite these limitations, this is the first study of the 3D 
image system applied to endoscopic ear surgeries. This 3D 
imaging system is also suitable for use in pediatric patients if 
a conventional 2D endoscope of a small caliber is employed. 
We used this 3D system to perform several types of ear sur-
geries, and proved that the 3D system is feasible for appli-
cation in various endoscopic ear surgeries. We expect the 
present findings to serve as a crucial reference to guide the 
design of future trials aimed at investigating the feasibility 
of 3D video-assisted endoscopy in otologic surgeries.

Conclusion

This is the first study to perform endoscopic ear surgery 
using 3D computer-based processing system. Our prelimi-
nary results indicate that the proposed computer-based 3D 

imaging system overcomes the inferior depth perception of 
the 2D endoscope, which is its major limitation. Further-
more, the system has no obvious side effects such as visual 
fatigue or time delay. This 3D processing technology not 
only facilitates performance of the surgical procedures but 
also aids in the teaching and learning of endoscopic surgery. 
Additional large-scale studies are suggested to further assess 
the effectiveness of this 3D imaging system for endoscopic 
ear surgery.
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