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ABSTRACT 
Background: Ossiculoplasty, also known as ossicular chain 
restoration, is frequently done to restore hearing after middle ear 
disorders such cholesteatoma or tympanosclerosis have been 
removed. Reconstruction can be done all at once during the initial 
procedure, or it can be done in two steps, such as in cases with 
extensive cholesteatomas and damaged tympanic mucosa. The 
materials used to replace or reconstruct the continuity of the ossicles 
can be artificial prostheses made of Plastipore, ceramics, titanium, 
and hydroxyapatite or homologous grafts like remodeled incus or 
tragal cartilage. Hearing after tympanoplasty and tympanomastoid 
surgery for chronic otitis media has been markedly improved using 
ossicular graft material in ossicular chain rebuilding. Today, 
otologists have a wide array of tools from which to choose but they 
may find it difficult to know which middle ear implant works best. 
This study aimed to determine the hearing outcome of using tragal 
cartilage in performing ossiculoplasty. 
Conclusions: Using tragal cartilage in performing ossiculoplasty 
improves the hearing outcome. 
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INTRODUCTION 

long-term middle ear cleft infection is 
known as chronic suppurative otitis 

media (CSOM). There are two varieties: 
attico-antral and tubo-tympanic. It is linked to 
hearing loss and purulent ear discharge. The 
degree of the conductive type hearing loss 
caused by CSOM varies with the disease's 
progression. The middle ear's sound 
transmitting machinery, which includes the 
ossicular chain, is harmed by the chronic 
infection, resulting in hearing loss [1, 2].  

The middle ear hearing mechanism 
can be surgically rebuilt to restore the lost 
hearing. The middle ear's ossicular chain is 
rebuilt with ossiculoplasty. Restoring the 
ossicular chain's continuity will enable it to 
transmit sound waves from the tympanic 
membrane to the oval window, which is the 

goal of ossiculoplasty. Different techniques 
for reconstructing the middle ear sound 
conducting system have developed over time. 
Few of them are still in use today. Numerous 
attempts to repair the breach in the tympanic 
membrane have been performed since the 
seventeenth century [3, 4].  

Various graft materials have been used 
for osseoplasties. Materials such as ceramic 
and hydroxyapatite PORP, polyethylene 
TORP, titanium prosthesis, or autologous 
cartilage (tragal or conchal) have been 
employed, as well as allografts (homografts) 
of the same tissue. However, the latter 
synthetic materials have high extrusion rates 
and are costly. Numerous ossiculoplasty 
methods and prosthetic devices have been 
investigated and documented in scholarly 
works. Regretfully, the abundance of 

A 
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reconstruction techniques confirms that none 
of the approaches that are now in use are 
perfect. Certain investigations use autografts 
of conchal and tragal cartilage [5, 6]. 

There have been reports of ossicular 
reconstruction by employing two materials in 
place of ossicle or cartilage alone. Malhotra 
revealed a "bone-cartilage composite graft" 
for total or partial ossicular replacement 
prosthesis (PORP) and an "umbrella" graft for 
total ossicular replacement prosthesis 
(TORP).  According to both groups, 
ossiculoplasty using these composite 
materials had low complication rates and 
satisfactory hearing results [7, 8]. 
According to the pathological defect of the 
ossicles 

1-Erosion of incudostapedial joint 
(IS)  

The most frequent ossicular defect in 
children and adults is erosion of the 
incudostapedial joint with an intact, movable 
malleus. These kinds of defects can be rebuilt 
in a few different ways [9]. 

Rebuilding the joint itself comes first. 
The Applebaum incudostapedial joint 
prosthesis (Gyrus ENT, Bartlett, Tenn.), 
which is composed of hydroxylapatite, is one 
of the most widely used prostheses for joint 
replacement. As seen in the illustration below, 
this prosthesis is an elongated cube with a 
trough on one face to take the remaining incus 
long process and a hole on the other face for 
the stapes neck and capitulum (Figure 1). 

A Kurz angular prosthesis (Plester) 
(Kurz Medical, Inc., Norcross, Ga) is the 
second alternative for joint replacement. It is 
composed of a gold shaft, gold cup, and 
titanium clips (Figure 2). 

Initially, the stapes head is where the 
gold cup is positioned. The clips are then 
crimped to the lengthy incus procedure. One 
benefit of the device is that the shaft is 
available in varying lengths to accept residues 
of various sizes from the lengthy incus 
procedure [9]. 

�  

Figure (1): Applebaum incudostapedial joint prosthesis [9]. 
 

� 

Figure (2): Kurz angular prosthesis “Gold and Titanium” [9]. 
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2-Malleus present, stapes present 
(M+S+) 

Three possibilities are available for 
rebuilding in this case. Reconstruction with an 
incus replacement prosthesis is the first choice 
(Figure 3a). When the incus is gone but the 
malleus and stapes are extant, a second option 
for rebuilding is to exclude the malleus 
(Figure 3b). This may be carried out with the 
use of prosthetic partial ossicular 
reconstruction (PORP). 

Reconstructive using a whole ossicular 
reconstructive prosthesis is a third alternative. 
Positioned between the stapes superstructure 
and the fallopian canal on the footplate is the 
basis of the whole ossicular reconstructive 
prosthesis (Figure 3c) [9].  

The Applebaum incus replacement 
prosthesis and the Wehrs single or double 
notched incus prosthesis (seen in the figure 
below) are two potential choices for incus 
replacement prostheses. (Figure 4), or the 
short Black Spanner Strut [9]. 

�  � 

Figure (3): (a) Applebaum ceramic prosthesis spanning a distal long process defect. (b) Ceramic 
crutch and cup type prosthesis connecting the malleus long process (manubrium) with the 
capitulum of the stapes. 

 

�  

Figure (3c): Total ossicular replacement prosthesis (TORP). To discourage extrusion, autologous 
cartilage is interposed between the prosthesis and the tympanic membrane. 

� 

Figure (4): Wehrs single-notched incus replacement prosthesis [9]. 
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3-Malleus present, stapes footplate 

present (M+Sf+) 
There are two possible reconstruction 

possibilities when the malleus is present, and 
the stapes footplate is the only thing left:  

- Using an incus-stapes 
prosthesis as the initial choice (Figure 5a). 

- The alternative two is to 
employ a complete ossicular reconstruction 
prosthesis (TORP) in place of the malleus as 
(Figure 5b).  

4-Malleus and Incus absent, Stapes 
present (M-S+) 

When the stapes is intact and the 
malleus and incus are gone, the best option 
for ossicular reconstruction is a PORP. There 
are lots of PORPs out there. The Goldenberg 
HAPEX (Gyrus ENT, Bartlett, Tenn.) is one 
example (see the image below) (Figure 6) and 
the Kurz titanium PORPs (seen in the image 
below; manufactured by Kurz Medical, Inc., 
Norcross, Georgia) [9]. 

Autologous cartilage is positioned 
between the prosthesis and tympanic 
membrane in titanium partial ossicular 
replacement prosthesis (PORP) in order to 
prevent extrusion. 

 

       � � 

Figure (5): (a) A piston stapes prosthesis crimped onto the long process of the incus and is 
anchored in surgically created footplate fenestra (stapedotomy). (b) malleus and use (TORP). 

�  � 

Figure (6): Goldenberg HAPEX partial ossicular reconstruction prosthesis (PORP). (A) and 
Dusseldorf-type BELL partial ossicular reconstruction prosthesis and Dusseldorf-type titanium 
AERIAL total ossicular reconstruction prosthesis (B) [9]. 
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5-Ossicular Reconstruction with 

Bone Cement: 
Chemicals called bone cement are 

created when an acid and base react. This 
indicates that a liquid is combined with a 
powder that has been prepared to create a 
mixture that solidifies through a reaction. 
Cements can be categorized using the 
following methods based on their chemical 
composition: glass ionomer cement (glass 
powder and polyacrylic liquid), silicate 
cement (glass powder and phosphoric acid 
liquid), and carboxylate cement (Zinc Oxide 
"ZnO" powder and polyacrylic acid liquid) 
are four types of cement [10]. 

The majority of the incus long process 
defect is the area where bone cement is 
employed. The most common pathology for 
which bone cement is utilized is incus long 
process defect, which is used for 
incudostapedial rebridging between the incus 
and stapes. Using this provides a natural 
method of sound transfer (Figure 7). To 
prevent the interposed incus from dislocating, 
bone cement can also be utilized [11]. If the 
interposed incus is beneficial, it can be 
fastened to the malleus using bone cement if it 
is used in between the stapes suprastructure 
and malleus or the stapes footplate and 
malleus. 

 

�  

Figure (7): Incudostapedial re-bridge with bone cement [11]. 
 
6-Cartilage Ossiculoplasty: 

The hearing result of ossiculoplasty 
has significantly improved in recent years due 
to the development of innovative surgical 
procedures and advancements in the tool 
arsenal available to otologists. Ossiculoplasty 
success is mostly dependent on case selection 
and technical proficiency [17]. 

One of the initial materials for OCR 
was autologous cartilage graft in 1971 [18]. 
The Benefits include low cost, low extrusion 
rate, biocompatibility, and easy availability. It 
is possible to employ rib cartilage, septal 
cartilage, conchal cartilage, and tragal 
cartilage [19]. 
Prognostic Factors in ossiculoplasty 

Numerous papers have addressed the 
prognostic factors and hearing outcomes 
following ear surgery. 

Extrinsic factors, which are under the 
surgeon's control, and intrinsic factors, such 
as disease severity, residual ossicular chain 
status, and eustachian tube function, were 
separated out by Kartush in 1994. A few 
examples of extrinsic influences were the 
prosthesis and graft composition, design, 
staging, and surgical technique. These 
characteristics are stratified into prognostic 
categories using the middle ear risk index 
(MERI). 

In 2001, Becvarovski and Kartush 
updated the MERI, adding smoking as a 
middle ear danger and awarding two risk 
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points for it. Significant effusions or 
granulation tissue increased two danger 
points. Additionally, the risk value for 
cholesteatoma had been raised to two danger 
points (table 1). The Ossicular Outcomes 
Parameters Staging (OOPS) index scores 
were proposed by Dornhoffer in 2001 (table 
2) [12]. 
Failure of Ossicular Reconstruction 

Failed ossicular reconstruction surgery 
can be caused by displacement of the 
prosthesis. High-resolution temporal bone CT 
provides a clear view of prosthesis 
displacement. (Fig. 8). Correlation with 
clinical results may be required when stapes 
prosthesis and TORPs appear to extend into 
the vestibule but are actually in the proper 
location [15]. 
Complications of ossiculoplasty 

Stapes superstructure fracture, 
dislocation, annular ligament tear with 
perilymphatic fistula, severe or complete 
sensorineural hearing loss (SNHL) with incus 
prosthesis, and stapedial footplate fracture 
with incus-stapes prosthesis are among the 
intraoperative complications of ossiculoplasty 
[16]. 

Vertigo, erosion, and prosthesis 
extrusion are possible further problems. The 
only absolute contraindication is an active ear 
infection; relative contraindications include 
middle ear mucosal illness that persists over 
time and the recurring failure to achieve 
desired results with the same or comparable 
prostheses [16]. 

CONCLUSIONS 
We can conclude that using tragal 

cartilage in performing ossiculoplasty 
improves the hearing outcome. 
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Table (1): Middle ear risk index (meri) scores. M malleus; i incus; s stapes; +present; - abscent [13]. 
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