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Abstract

The utilization of endoscopes in modern otology has evolved from diagnostic purposes

to the development of exclusive endoscopic ear surgery. This technique offers a

panoramic view of the middle ear and provides an optimal magnification of the oval

window region, the stapes' suprastructure, and the footplate, allowing great precision

in prosthesis positioning during ossiculoplasty (OPL). Various techniques for ossicular

chain reconstruction have been described in the literature. Either autologous or

synthetic materials can be used for reconstruction. The use of a patient's own tissue

minimizes the risk of implant rejection or extrusion of the prosthesis through the

tympanic membrane. On the other hand, synthetic materials like titanium are light and

rigid and do not require time-consuming prosthesis remodeling. The main objective of

this article is to present a comprehensive step-by-step guide that serves as a surgical

manual for exclusive endoscopic OPL. This guide will explain various forms of OPL

using synthetic and autologous materials. The goal is to provide a comprehensive

understanding of the various surgical techniques and support the integration into

clinical practice.

Introduction

The use of endoscopes has become prevalent in modern

otology. Originally used for diagnostic purposes, the

endoscopic technique has gained popularity over time,

leading to exclusive endoscopic ear surgery approaches.

The endoscopic technique is performed through the auditory

canal and requires precise and delicate maneuvers, as the

technique must be performed single-handedly. It provides

a panoramic view of the middle ear and allows access to

hard-to-reach areas, facilitating the elimination of disease

by using angled endoscopes1,2 . In ossicular chain repair,

modern high-definition (HD) or 4k endoscopy, along with

its illuminative capabilities directed at specific structures

of interest, such as the stapes or its footplate, greatly

assists in the recognition of both anatomical and pathological

variances3,4 ,5 .
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Ossicular chain destruction commonly results from chronic

otitis media (COM), but trauma and neoplasms can alter

the normal middle ear and, therefore, reduce its sound

transmission capabilities6,7 . Restoration of normal tympanic

membrane (TM) and ossicular chain function has its roots

in the 1950s8 . The surgical techniques used to treat various

pathologies of the middle ear aim not only to eliminate

the underlying disease process but also to restore normal

auditory function9 .Over the past seven decades, various

ossiculoplasty (OPL) techniques and prostheses have been

studied and reported in the literature7,10 ,11 . Bioinert

materials like titanium gained popularity due to their

lightweight, rigidity, and good visualization of their distal end

during surgery. Nevertheless, these prostheses are quite

expensive, and the reported rate of extrusion (1%-5%) is

not negligible12 . Autologous materials have demonstrated

comparable effectiveness to synthetic prostheses. However,

they do present certain drawbacks, such as longer surgical

durations required for the remodeling process, the potential

for retaining cholesteatoma, and availability limitations

depending on the condition of the ossicular chain13,14 .

According to Tsetsos et al., exclusive endoscopic

ossiculoplasty (EEO) is associated with similar postoperative

hearing results compared to the traditional microscopic

approach15 . A trend towards reduced morbidity and a

shorter operative time for the endoscopic approach has been

observed. Therefore, EEO can be considered a valid surgical

option for reestablishing a functioning ossicular chain with

acceptable hearing restoration in children and adults16 .

This study aims to provide a comprehensive insight into

the various technical refinements and latest developments

for EEO. It presents different OPL techniques along with

representative outcome data.

Protocol

The study protocol conformed to the guidelines of the

Human Research Ethics Committee of the Inselspital Bern

and was approved by the local review board (KEK-BE

2019-00555). Informed written consent was obtained from

all human subjects involved in the study. All surgical

procedures were performed under general anesthesia

(following institutionally approved protocols) with controlled

hypotension, using standard otologic instruments and

appropriate hemostasis17,18 . Surgical site preparation,

exclusive transcanal access, middle ear examination, and

defect closure of the TM are described in previously

published articles by Beckmann et al. and Anschuetz et

al.19,20 . Additional reconstructive measures, most frequently

tympanoplasties, are often required19 . Usually, the OPL

is performed in the end after positioning the grafts

for tympanoplasty or scutum reconstruction. However,

these techniques will not be covered in this protocol.

Moreover, many other OPL techniques are described in the

literature21,22 . This article covers the methods with which we

have a strong and positive experience. Figure 1 illustrates

the technique for partial ossicular replacement, and Figure

2 shows the technique for total ossicular replacement. The

surgical tools and the equipment needed are listed in the

Table of Materials.

1. Incus interposition

1. Use a needle dissector to dissect and detach the chorda

tympani from the long process of the incus and proceed

to slightly resect the scutum with a bone curette.
 

NOTE: Resection of the scutum provides wide access

to the posterior mesotympanum and helps to identify the

https://www.jove.com
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incudostapedial joint between the long process of the

incus and the stapes head20 .

2. Identify the incudostapedial joint and cautiously

disarticulate the lenticular process from the stapes head

using a microhook or a small round knife. Then, gently

push the incus upward to detach it from the head of the

malleus. Remove the incus by pulling the long process

inferiorly and then laterally. Preserve the detached incus

for its intended use in the interposition procedure.

3. Thoroughly examine the incus for any signs of

erosion, ensuring its appropriateness for the upcoming

reconstruction.

4. Grind the graft using the following steps23 :

1. Hold the incus using a grasping forceps.

2. Use a diamond burr to carefully drill both the long

and short processes of the incus until the level of the

incus body is reached.

3. On the opposite side of the former long process,

drill an acetabulum approximately 1 mm wide to

accommodate the stapes head.

4. Verify that the length of the interposition aligns with

the range of 2-2.5 mm, depending on the anatomy

of the patient.

5. Utilize a microsuction tip and/or a needle to position

the remodeled incus inside the tympanic cavity and to

precisely locate the acetabulum onto the stapes head

and, if appropriate, the anterior surface in contact with

the malleus handle.

2. Malleus head interposition

1. After removal of the incus (step 1), identify the malleus

and dissect the chorda tympani away from its neck.

2. Use the malleus nipper to transect the malleus neck and

remove its head for its intended use in the interposition

procedure.

3. Thoroughly examine the malleus head for any signs of

erosion, ensuring its appropriateness for the upcoming

reconstruction.

4. Grind the graft using the following steps24 :

1. Hold the malleus head using a grasping forceps.

2. If the whole malleus is used, use a diamond burr

to carefully drill both the manubrium, lateral, and

anterior process until the level of the malleus neck

is reached.

3. On the malleus head, drill an acetabulum

approximately 1 mm wide to accommodate the

stapes head.

4. Verify that the length of the graft is approximately

2-2.5 mm, depending on the anatomy of the patient.

5. After carrying the graft towards the tympanic cavity,

utilize a microsuction tip and/or a microhook/needle to

position the malleus head interposition precisely onto the

stapes head.
 

NOTE: Appropriate treatment of the underlying middle

ear pathology often requires resection of the incus and

the malleus. As long as the incus body remains intact,

it is suitable for an interposition graft. Use the malleus

head interposition in cases where the incus is absent or

eroded, and the malleus head is still intact.

https://www.jove.com
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3. Partial ossicular replacement prosthesis
(PORP)

1. Confirm the integrity of the stapes suprastructure and

ensure that both malleus head and incus are missing or

unsuitable for use in interposition ossiculoplasty.

2. Assess the size of the defect and decide on the size of

the implant. Many different products are commercially

available; here, the use of a titanium-based implant is

exemplarily shown. Choose the appropriate size of the

implant or trim the titanium shaft to the desired length. No

pressure should be exerted on the stapes suprastructure

to avoid stretching of the annular ligament.

3. After carrying the prosthesis towards the tympanic cavity,

utilize a microsuction tip and/or a microhook/needle to

position the foot of the PORP precisely onto the stapes'

head.

4. Brace the head of the PORP against the manubrium (if

present). Cover the head of the prosthesis with cartilage,

and ensure that the implant slightly tents the TM.

4. Double cartilage block (DCB) PORP

1. Confirm the integrity of the stapes suprastructure and

ensure that both malleus head and incus are missing or

unsuitable for interposition OPL.

2. Prepare the double-cartilage block (DCB) graft using the

following steps25 :

1. Obtain a rectangular block of tragal or conchal

cartilage and remove the perichondrium on one side

only.

2. Use a scalpel to cut the cartilage in half; avoid

transecting the perichondrium on the opposite side.

1. Create a shallow acetabulum approximately 1

mm wide to receive the stapes capitulum on the

block free from perichondrium.

2. Fold the cartilage block on the intact

perichondrium.

3. Utilize a microsuction tip and/or a microhook/needle

to position the DCB precisely onto the stapes head.

Establish a contact to the manubrium of the hammer if

applicable.

https://www.jove.com
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Figure 1: Techniques of partial ossicular replacement. (A) Incus interposition (ii). (B) Malleus head interposition (mai).

(C) PORP (*). (D) DCB PORP (car). Abbreviations: malleus (ma), promontory (p), stapes (s), tympanic membrane (tm).

Please click here to view a larger version of this figure.

5. Total ossicular replacement prosthesis (TORP)

1. Confirm the integrity of the stapes footplate and clean it

from disease, adhesions, or scars.

2. Assess the size of the defect between the TM and the

footplate and decide on the size of the implant. Many

different products are commercially available; here, the

use of a titanium-based implant is exemplarily shown.

Choose the appropriate size of the implant or trim the

titanium shaft to the desired length. Ensure the implant

slightly tents the TM without exerting too much pressure

on the footplate.

3. Utilize a microsuction tip and/or a needle to position the

TORP inside the tympanic cavity and to locate the foot of

the TORP precisely onto the stapes footplate.

4. Brace the head of the TORP against the manubrium (if

present) and cover its head with cartilage.

https://www.jove.com
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6. Semi-synthetic total ossicular replacement
prosthesis (ssyTORP)

1. Confirm the integrity of the stapes footplate and clean it

from disease, adhesions, or scars.

2. Prepare the semi-synthetic prosthesis26 :

1. Choose a platinum/polytetrafluoroethylene (PTFE)

stapedotomy prosthesis according to the intended

size of the reconstruction.

2. Cut the platinum wire at the base of the hook.

3. Obtain a cartilage block from the tragal or conchal

cartilage. According to the distance between the TM

and the footplate, create a 5 mm long ssyTORP.

4. Create one square block of tragal cartilage with

perichondrium left on both sides.

5. Use an insulin needle to create a small hole in the

perichondrium in the middle of the block.

6. Insert the blunt tip of the shaft into the perichondrium

hole and gently push it to penetrate the cartilage.

7. To create a 6 mm or 7 mm ssyTORP, obtain a

double or triple cartilage block, respectively, by

taking a rectangle (2-5 mm), preferably from the

tragal cartilage, with the perichondrium left on both

sides.

8. Cut the cartilage in half. Avoid transection of the

perichondrium on the opposite side.

9. Make a small hole in the perichondrium in the middle

of the block.

10. Insert the blunt tip of the shaft into the cartilage

block. Fold the cartilage back on itself with the intact

perichondrium layer doubled between the two/three

cartilage blocks.
 

NOTE: In all above-mentioned techniques, ensure

the stability of the reconstruction by using resorbable

gelatin sponges around the interposition graft, if

deemed appropriate.

 

Figure 2: Techniques of total ossicular replacement. (A) TORP (t). (B) ssyTORP (*). Abbreviations: cartilage (car),

footplate (f), promontory (p), tympanic membrane (tm). Please click here to view a larger version of this figure.

https://www.jove.com
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7. Postoperative care

1. Ensure adequate pain management in the postoperative

period. Do not administer prophylactic antibiotics unless

clinically indicated.

2. Advise patients not to blow their nose and emphasize

strict protection from water for two weeks postoperatively

to avoid possible damage to the surgical site.

3. Discharge the patients on the day of the surgery or the

following day, depending on their postoperative recovery

and the clinical assessment.

4. Schedule a follow-up two weeks postoperatively for

complete dressing removal and assessment of the

surgical site.
 

NOTE: This is a standard postoperative care protocol.

Individual patient needs and clinical scenarios may

necessitate modifications.

Representative Results

This study involved a comprehensive analysis of 60 cases

of EEO. For each technique presented herein, the last ten

consecutive cases with a follow-up (FU) period of at least

three months were included. All procedures were performed

by experienced surgeons at the Otolaryngology Department

of the University Hospital of Bern and Bologna between April

2019 and June 2023. The mean age (± standard deviation

(SD)) at the surgery date was 39.28 years (±19.04). Of

the total cases, 30 (50.0%) were revision surgeries. The

distribution between the left and right sides operated on

was almost equal, with 31 cases (51.7%) on the left and

29 cases (48.3%) on the right. In 55 (91.7%) cases, the

underlying disease was COM, and 38 patients (63.3%) had

cholesteatoma.

Surgical results
 

The graft intake rate (GIR) showed a success rate of 98.3% by

the last FU, and only one case showed a TM re-perforation.

The mean FU period was 11.15 months (SD ± 9.38 months).

Prosthesis extrusion occurred in 1 case (2.1%), 19 months

postoperatively. Additionally, a subset of cases, 7 in total

(11.7%), necessitated revision surgery due to persistent

conductive hearing loss (3 cases) or recurrent cholesteatoma

(4 cases).

Audiological results
 

Each patient underwent pre- and postoperative pure

tone audiometry, reported as pure tone average (PTA)

represented as hearing threshold (dB HL) at frequencies 0.5

kHz, 1 kHz, 2 kHz, and 4 kHz. Preoperatively, the average air-

bone gap (ABG) was 30.46 dB ± 13.23 dB. Following surgery,

a significant improvement was observed with a reduction of

the postoperative ABG to an average of 21.41 dB ± 10.64 dB.

The improvement was statistically significant as determined

by a paired t-test (p < 0.01). A comprehensive overview of the

surgical outcomes can be found in Table 1.

Table 1: Patients' disease characteristics and surgical

outcome. Abbreviations: Air bone gap (ABG), Mean (M),

Range (R), Standard deviation (SD). Please click here to

download this Table.

Discussion

This article provides step-by-step instructions for EEO. There

are various techniques, types of grafts, and prostheses

to reconstruct the ossicular chain10,11 . Depending on the

presence or absence of the stapes suprastructure, a PORP

or TORP is required. The use of an endoscope allows

for detailed visualization and assessment of the ossicular

chain and its functionality. Even in difficult anatomical

conditions, the endoscope provides an optimal view of the

https://www.jove.com
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oval window and stapes suprastructure or footplate to position

the graft with great precision. Postauricular incision and

mastoidectomy can often be avoided27 . Moreover, it is an

excellent tool for educating inexperienced surgeons in both

anatomical and surgical aspects28 .

Recently published literature has demonstrated comparable

audiologic outcomes between endoscopic and microscopic

OPL27,29 . Das et al. reported significantly improved closure

of the ABG after one month with endoscopic PORP OPL,

but long-term audiologic outcomes showed no statistically

significant difference from the microscopic technique4 . A

systematic review published by Tsetsos et al. also showed

comparable audiologic results for both microscopic and

endoscopic techniques15 . They also observed a trend

toward shorter operative time and lower morbidity, such as

postoperative pain and wound infections, with the endoscopic

method. The data analysis of the pre- and postoperative

audiometric evaluation showed an average ABG of 30.46

dB and 21.41 dB, respectively. There was a statistically

significant improvement in ABG completion of 9.05 dB ± 14.72

dB between the preoperative and postoperative ABG (p <

0.01). The publication by Soloperto et al. showed comparable

results with a mean ABG closure of 7.85 dB HL (p < 0.01) in

patients undergoing autologous graft reconstruction16 .

Several authors compared synthetic prostheses, particularly

titanium prostheses, and autologous grafts in terms of hearing

outcome and complications. Aminth et al. conducted a

prospective study comparing an incus autograft to a titanium

PORP and found significantly better hearing outcomes and

graft uptake in the incus group30 . In addition, postoperative

complications such as prosthesis extrusion and residual TM

perforation occurred more frequently in the titanium PORP

group.

OPL performed with a DCB graft was found to offer

even greater advantages in reducing the risk of prosthesis

displacement or fixation compared with the use of an incus

autograft31 . In the field of autologous grafts, different options,

such as the DCB graft and the malleus allograft, have shown

comparable audiological results. Both options have restored

the ABG to less than 20 dB in 81% of patients25,32 . The use

of a patient's own tissue minimizes the risk of implant rejection

or extrusion of the prosthesis through the TM, leading

to enhanced biocompatibility and reduced postoperative

complications15 . However, autologous materials do present

certain drawbacks. These include longer surgical durations

required for the remodeling process, the potential for retaining

microscopic pieces of cholesteatoma, and availability

limitations depending on the condition of the ossicular

chain13,14 . A single case of prosthesis extrusion (5%) was

recorded in a cohort of 20 synthetic prostheses. No cases of

extrusion occurred when autologous materials were used.

COM, with or without cholesteatoma, is the most frequent

cause of ossicular chain disruption. In the total 60 cases, COM

accounted for 55 (91.7%) cases, and a total of 38 patients

(63.3%) showed histologically confirmed cholesteatoma.

There is still a debate about the most appropriate timing

for ossicular chain reconstruction. In cases of single-stage

OPL, endoscopic reconstruction of the ossicular chain is

performed at the same time as COM surgery. If residual

disease is a potential problem, ossicular chain reconstruction

may be deferred to a later procedure, usually scheduled 12

to 18 months after the initial surgery and referred to as a

second OPL. In this study, a uniform approach with single-

stage surgery was adopted across the cohort to achieve early

hearing recovery. However, in scenarios where the disease

affects the stapes footplate, it may be appropriate to consider

https://www.jove.com
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second-stage OPL. Both single-stage and second-stage OPL

seem to achieve similar hearing outcomes16 .

The long process of the incus is the most vulnerable part

for necrosis secondary to both trauma and infections33 . In

cases with exclusive erosion of the incus long process,

rebridging of the ossicular gap with bone cement offers a valid

alternative to the OPL procedures presented in this article.

Several authors reported comparable long-term audiological

outcomes associated with this technique34,35 .

The limited sample size of this study and the relatively

short FU period prevent robust statistical results and

a comprehensive evaluation of the long-term results of

the individual OPL techniques. Furthermore, parametric

statistical analysis of small subgroups might lead to

overestimation or misleading conclusions. The predominant

focus on cases of COM limits the generalizability of the results

to other middle-ear pathologies. The inclusion of multiple

revision cases presents a particular challenge and may not

fully represent the primary surgical outcomes.

In conclusion, EEO is a valid surgical option for ossicular

chain reconstruction with autologous or synthetic material. It

is a safe and minimally invasive procedure with acceptable

hearing restoration.
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