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Abstract The aim of this study was to introduce and

discuss the method of preoperative radiological diagnosis

to the congenital absence or atresia of the oval window

(OW), and the method of surgical treatment. From July

2010 through August 2014, patients with normal external

canal and tympanic membrane but conductive hearing loss

underwent high resolution CT scan (HRCT). The multi-

planar reformation (MPR), a post-processing protocol, was

used. The patients with diagnosis of OW atresia and mal-

formed stapes preoperatively underwent surgical treatment.

The vestibular drilled-out and promontory drilled-out

technique was used to reconstruct the ossicular chain. In

the preoperative radiological diagnosis, six patients (ears)

were noted to have congenital absence or atresia of the oval

window with malformed facial nerve (class 4) and two

patients (ears) were found to have footplate fixation (class

2). In the surgical treatment of eight ears, the malformed

structure was identified and the ossicular chain recon-

struction was made in six ears. The coronal HRCT CT

imaging and the MPR post-processing technique can pro-

vide us practical and definite information for surgical

treatment, especially in the discrimination of OW atresia

and the fixed stapedal footplate. The promontory drill-out

technique, fenestration in the bottom of the basal turn,

provides us a new method in the hearing reconstruction

when the area of OW was fully covered by malformed

facial nerve. This technique was first reported in the

literature.
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Radiological diagnosis � Surgery

Introduction

Congenital absence or atresia of the OW is an uncommon

embryologic defect. In addition, the defect is associated

with an extraordinary anomalous development and mal-

position of the horizontal facial canal is rare uncommon.

This malformation is characterized by the clinical presen-

tation of conductive hearing loss, normal external ear

canal, and normal middle ear cavity. Although the ra-

diological diagnosis of congenital absence or atresia of the

OW is not difficult on HRCT, the surgical correction is still

difficult. In this study, we used HRCT and MPR techniques

to detect patients with congenital malformation of the oval

window and its related structure. According to the pre-

operative radiological diagnosis, the surgical method was

selected. The discussion was focused on the radiological

diagnosis, surgical technique, and the Teunissen’s classi-

fied system [1].

Materials and methods

Cases enrolled

This is a retrospective study. From July 2010 through

August 2014, patients with conductive hearing loss from

our department were selected. All patients underwent CT
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scan and some diseases were excluded (otosclerosis, tym-

panosclerosis, otitis media, and atresia of external ear

canal). The cases with malformation of the OW included

two patients with unilateral conductive hearing loss and six

patients with bilateral conductive hearing loss. Of the eight

patients, four were male and four female, ranging in age

from 7 to 30 years. All patients presented with congenital

hearing problems, (see Table 1) and all malformations

were confirmed by the surgery.

CT scan and surgical technique

The 128-channel multi-detector row CT scanner (Philips

Brilliance iCT128) was used. The axial thin slice scanning

was set at a collimation of 20 9 0.625 mm, with a pitch at

0.25 mm, horizon (FOV) at 150 mm 9 150 mm, matrix at

1024 9 1024, voltage at 120 kV and current at 350 mA.

All data were then transmitted to the EBW4 workstation

for reconstruction of HRCT and MPR imaging. All primary

surgeries were performed by the first author of this article.

The incisions located at the posterior auricular and the

tympanic cavity were inspected. The inspection was fo-

cused on the ossicular chain, oval window, and horizontal

facial canal. According to the malformation of OW and

related structure, the methods of the ossicular chain re-

construction were selected. The reconstructed materials

were titanium TORP or platinum/titanium-piston. Ac-

cording to the 1995 guidelines of the Committee on

Hearing and Equilibrium [2], the hearing results are

recorded for both the pre- and post-operative AB-gap and

AB-gap closure

Results

For the cases enrolled, Table 1 tabulated the radiological

and surgical results. In fact, case 1 and cases 4–8 were

bilateral malformation but only the ear underwent op-

eration were listed in Table 1. According to the classifi-

cation system of Teunissen and Cremers [1] (Table 2), six

of the eight patients were classified as class 4. These six

(cases 1, 2, 4, 5, 7, and 8) patients had absence or atresia

of the OW and malformation of the stapes and facial

nerve. Cases 3 and 6 had normal OW but a fixed stapedial

footplate. Case 3 had malformation of facial nerve. Ac-

cording to the malformation of OW and facial nerve, the

different methods of hearing reconstruction were selected

in cases 1, 2, 3, 4, 6, and 7. The reconstruction was

abandoned in case 5 and 8 because of the facial nerve

overlaying the OW. None of the patients had facial nerve

injury. The duration of follow-up ranged from 3 to

48 months.

Typical case

Case 1 (No. 2) Figure 1a (CT-MPR imaging) shows the

OW tapering to a central depression (long black arrow) and

facial nerve (short black arrow) located at the low position.

Figure 1b is the picture of malformed OW and facial nerve

seen during the operation. The atresia bone of OW was

drilled out (Fig. 1c long-dotted black arrow) and the tita-

nium-piston was implanted between the handle of malleus

and the opened hole of OW (Fig. 1d short white arrow).

Case 2 (No. 4) Figure 2a is the pre-operative CT coronal

image, Fig. 2b, c is the MPR imaging. The MPR imaging

shows a thick bony plate tapering to a central depression

(long black arrow) more clearly than the coronal imaging.

Figure 2d shows the osseous OW atresia. The bony plate of

OW was about 1 mm thick and was drilled out (Fig. 2e)

with 0.5 mm diamond burr. The platinum/titanium-piston

(Fig. 2f) was implanted between the long limb of incus and

the opened hole of OW.

Case 3 (No. 7) Figure 3a, b is the pre-operative CT

MPR image, Fig. 3f is the post-operative MPR imaging.

The osseous plate (long black arrow) of OW and the facial

nerve located at the area of OW (short white arrow) can

been seen. Figure 3d, e shows the position of promontory

drilled out (long black arrow) and the implanted titanium-

TORP between tympanic membrane and the hole of

promontory. Figure 3f is the post-operative MPR imaging.

The position of TORP with the column base inserted into

the beginning of scala tympanic can be seen clearly.

Case 4 (No. 3) Figure 4a is the pre-operative axial CT

image, the facial nerve covered partial OW. Figure 4b is

the MPR image, the footplate is normal in shape. Figure 4c

is the 3D-reconstruction of ossicular chain, the stapes

presented a mass and long limb of incus absence (Fig. 4b, c

short black arrow). The pre-operative diagnosis was ap-

proved in the operation. The fixed footplate was mobilized

and the titanium-TORP (long black-dotted arrow) was

implanted between tympanic membrane and the footplate.

Discussion

Embryology and question

The OW and stapes have different embryological origins.

The stapes, together with the long limb of incus and handle

of malleus, develops from Reichert’s cartilage of the sec-

ond branchial arch during the fifth to sixth week. At the

same time, The OW develops from a depression of the otic

capsule during the seventh and ninth weeks. This depres-

sion forms the oval window (include annular ligament) and

deep to the stapes footplate [3–6]. When the primitive
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Table 1 Patient profiles of malformation of oval window

No. Sex Age Op. Side Class Showing of CT

imaging (op side)

Finding in operation Ossicular chain

reconstruction

AB-gap AB-

gap

closure

Follow

up time

(months)Pre Post

1 M 23 L 4 Osseous atresia of

OW; malformation

of stapes;

malformation of

horizontal facial

nerve and shifting

down

Atresia of OW; Osseous

conjunct mass of

superstructure; absence

of bony canal of

horizontal facial nerve

covering the OW

Removal of the

superstructure of

stapes; drilling out the

horizontal semicircular

canal and covering

with the fascia

55 40 15 48

2 F 7 R

(Fig. 1)

4 Osseous atresia of

OW; absence of

long limb of incus;

absence of stapes;

malformation of

horizontal facial

canal

Atresia of OW; absence

of long limb of incus;

osseous conjunct mass

of the superstructure of

stapes; absence of bony

canal of horizontal

facial nerve locating at

the low edge of OW

Removal of the

superstructure of

stapes; drilling out the

OW; implanting the

titanium-piston

between the handle of

malleus and the OW

55 20 35 36

3 F 18 L

(Fig. 4)

2 Absence of long limb

of incus and anterior

crus

Absence of long limb of

incus and superstructure

of stapes; mild fixed

footplate of stapes;

absence of bony canal

of horizontal facial

nerve covering partial

OW

Removal of the

superstructure of

stapes; shaking the

footplate and

implanting the

titanium-TORP

50 20 30 25

4 F 30 L

(Fig. 2)

4 Osseous thicken

atresia of OW; thin

superstructure of

stapes; shift down of

long limb of incus;

malformation of

incudostapedial

joint

Atresia of OW; thin and

impend crus of stapes;

dislocated with the OW;

absence of bony canal

of horizontal facial

nerve covering low part

of OW

Removal of the

superstructure of

stapes; drilling out the

OW; implanting the

platinum/ titanium-

piston between the

long limb of incus and

the OW

45 25 20 15

5 M 13 R 4 Osseous atresia of

OW; absence of

anterior crus;

malformation of

facial nerve and

covering the OW

Atresia of OW; thin and

impend crus of stapes;

dislocated with the OW;

absence of bony canal

of horizontal facial

nerve covering the low

area of OW

Abandon 40 – – 14

6 M 16 R 2 Absence of long limb

of incus and anterior

crus

Malformation of malleus

and incus; osseous mass

of anterior crus; fixed

footplate of stapes

Removal of the

superstructure of

stapes; shaking the

footplate and

implanting the

titanium-TORP

40 15 25 3

7 M 11 L

(Fig. 3)

4 Osseous atresia of

OW; malformation

of superstructure of

stapes; the

superstructure of

stapes insetting the

facial nerve

Atresia of OW; osseous

conjunct mass of

superstructure of stapes;

absence of bony canal

of horizontal facial

nerve covering all the

area of OW

Drilling out the

promontory;

implanting the

titanium-TORP

between the tympanic

membrane and the

scala tympani

35 15 20 3

8 F 15 R 4 Osseous atresia of

OW; showing no

stapes

Atresia of OW; absence

of superstructure of

stapes; absence of long

limb of incus; absence

of bony canal of

horizontal facial nerve

covering partial area of

OW

Abandon 43 – – 3

OP side operative side, class Teunissen’s classified system, class 4 OW atresia with malformed facial nerve, class 2 fixed stapedial footplate with

absent of ossicular chain, Pre pre-operation, post post-operation
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stapes fails to fuse with the primitive vestibule, the oval

window cannot develop, thereby resulting in its congenital

absence [7, 8]. The facial bony canal coming from the otic

capsule and the facial nerve tissue coming from the Re-

ichert’s cartilage forms the fallopian canal during the tenth

week. The developmental oval window, stapes, and facial

nerve are clearly related both temporally and spatially. It is

widely accepted that the displacement of the facial nerve

may prevent the combination of the developing stapes and

the underlying oval window [8, 9] (as cases 1, 4, 5, 7, and

8). In the Teunissen’s [1] Classification of congenital

middle ear anomalies (Table 2), class 1 and class 2 include

ears with congenital fixed stapes, class 4 with aplasia or

severe dysplasia of the OW. In our study, class 4 represents

deformity of the OW and facial nerve. This classification

was based on the tympanic exploration. However, during

surgery it is difficult to discriminate the atresia of OW

coming from the otic capsule and the fixed footplate

coming from the Reichert’s cartilage of the second bran-

chial arch, as the Fig. 1b of case 1 in our paper (long black

arrow). Regarding clinical surgery, the focus should be

more on the pre-operative diagnosis. The coronal HRCT

and the MPR post-processing technique provide us a

practical method.

Pre-operative radiological diagnosis

Regarding the previous literature, the pre-operative diag-

nosis of the malformed OW is difficult and the exploratory

tympanotomy is the only effective diagnosis method [10].

For the last decade, the HRCT and MPR post-processing

technique has played an important role in the minor mal-

formed structure pre-operatively. Zeifer et al. [7] reported

the result of nine temporal bones in seven patients on high-

resolution coronal CT scans. Seven ears showed complete

lack of oval window formation and two showed partial

Table 2 Classification of congenital anomalies middle ear [1]

Class Main anomaly Subclassification

1 Congenital stapes ankylosis

2 Stapes ankylosis associated with another congential ossicular chain

anomaly

3 Congential anomaly of ossicular chain but mobile stapes footplate Discontinuity in ossicular chain epitympanic fixation

4 Congenital aplasia or severe dysplasia of oval window or round window Aplasia dysplasia crossing facial nerve persistent stapedial

artery

Teunissen’ Classification (1993) of congenital middle ear anomalies based on surgical findings in 144 successive ears operated on

Fig. 1 Long black arrow

absence of oval window, short

black arrow facial nerve, long-

dotted white arrow partial long

limb of incus, short white-dotted

arrow handle of malleus, short

white arrow titanium-piston,

long black-dotted arrow bony

plate of vestibular drilled

partially
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absence of the oval window. Zeifer considered that the

congenital absence of the oval window can be diagnosed

on CT studies, especially on the coronal section. In

horizontal section, Veillon et al. [11] considered whether

the increased thickness of the footplate may be delineated

in otosclerosis, chronic otitis media, malformation, when it

measures 0.7 mm or more. Figure 2a of case 2 (No. 4) is

the coronal CT, which shows a depressed atresia of OW

and the low facial nerve without bony canal. Another ra-

diological technique is the MPR (multi-planar reformation)

imaging. This is a post-processing protocol. The imaging is

created by reformation of the pixel with the result of

showing total and fine ossicular chains within the same

layer via multi-directional adjustment. Lane et al. [12] re-

ported that the use of oblique planes of MPR can improved

the CT diagnostic accuracy of the stapedial footplate-oval

window complex. In comparison with the original 2D

imaging, both resolution and contrasts are maintained [13,

14]. In showing OW and tapes, MPR imaging is more

advantageous than the section plane [15]. Figure 1a of case

1 (No. 2) is an MPR imaging that shows the atresia of OW

like a shape of ‘‘V’’ but no stapedial footplate. Figure 1c

proved the atresia was a bony plate of vestibular, which

was drilled out during the operation. The MPR imaging of

Fig. 2b also indicated the thickened atresia plate more

clearly than the coronal imaging of Fig. 2a. During the

operation, the atresia plate was found to be the bony plate

of vestibular but not the stapedal footplate (Fig. 2d), the

thicken plate was approximately, 1 mm thick. Other cases

(Nos. 1, 5, 7, and 8) are similar to case 1 (No. 2 see

Table 1). Figure 4b of case 4 (No. 3) is MPR imaging that

show an intact footplate (long black arrow). In the tym-

panic exploration, the footplate was found to be normal in

shape but fixed. Regarding the cases we reported (class 4B,

see Table 1), the radiological diagnosis of HRCT, espe-

cially the MPR imaging, can provide a practical and defi-

nite information for surgical treatment. In addition, these

cases (class 4B cases) were all accompanied by a mal-

formed facial nerve, which indicated malformation of OW

as well, as Zeifer et al. [7] reported in his paper.

Surgical technique

The surgical treatment is difficult for the malformation of

OW, especially in cases with malformed facial nerve. In

the case with footplate fixation and facial nerve, no or

partial covering the OW, the footplate can be mobilized

with TORP implantation or drilled out with piston.

Fig. 2 a CT coronal imaging, b, c CT-MPR imaging. Long black arrow absence of oval window, white short arrow facial nerve, long-dotted

white arrow long limb of incus, short white-dotted arrow superstructure of stapes, short black arrow titanium and plastipore piston
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However, it is unclear what occurs in cases when the facial

nerve covers all of the OW or the footplate. The semicir-

cular canal drill-out may be a choice but the hearing out-

come is not satisfactory. Sterkers and Sterkers [16]

reported a vestibular drilling technique with a satisfactory

result. The fenestra was drilled above the facial never at the

usual place of the Fallopian canal, just anterior to the

ampulla of the lateral semicircular canal. A Teflon piston

of either 0.6 or 0.4 mm was inserted in the vestibular cavity

without traumatizing the utricule which is at 3 mm from

the lateral wall of the vestibule. Plester [17] reported that in

some cases, they encountered extreme difficulties in ex-

posing the vestibule because of the overhanging facial

nerve and the extremely narrow niche of the oval window,

the promontorial window was created and the Guilford

prosthesis hung from the handle of malleus was inserted

into the vestibular scale. For the last years, Vibrant

Soundbridge (VSB) implantation on the round window has

been a new technique and may be a good choice [18–20].

Unlike Plester’s report about the placement of the piston

through a promontory fenestra, we designed a new method

of cochleostomy technique to reconstruct the hearing. The

optimal fenestration located on the promontory wall

(midpoint of the inferior margin of the oval window, an-

terior-inferior to the round window) for drilling to reach the

bottom of the basal turn (case 3, Fig 3d). The bony of the

hole was removed to the endosteum using a low-speed drill

with a 1.0 mm diamond drill burr. Care was taken not to

destroy the endosteum of the bony and the membranous

labyrinth. When the fenestration had been created, a thin

fascia was put on the bottom of fenestration, the distance

from the tympanic membrane to the fascia was measured

and an appropriate titanium-TORP was implanted between

the tympanic membrane and the fenestration. Last, a small

fat graft was used to seal around the bottom of TORP to

prevent perilymph leak and a disc of cartilage was placed

between the tympanic membrane and the top plate of

TORP to prevent the extrusion of the prosthesis. The pa-

tient had no tinnitus, vertigo, and facial nerve paralysis. For

our surgical technique, the position of the fenestration

should be considered first. According to reports of Saun-

ders and Fagan [21], the hole should be located at the

midpoint of the inferior margin of the oval window and the

distance from the inferior margin of the oval window to the

Fig. 3 Long black arrow atresia of OW, white short arrow facial

nerve, long black-dotted arrow promontory drill-out, short black-

dotted arrow round window, black short arrow the column base of

titanium TORP. a Pre-operative CT-MPR imaging, long white arrow

(L): handle of malleus; b pre-operative CT-MPR imaging, long white

arrow (L): superstructure of stapes; c, d, e operative imaging; f post-
operative CT-MPR imaging, long white arrow (L): titanium TORP

inserted into the beginning of the scala tympanic
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superior margin of the hole should not exceed 0.3 mm in

diameter to avoid damaging the spiral ligament and stria

vascularis. Briggs et al. [22] reported that to avoid damage

the basilar membrane and spiral ligament, the position of

cochleostomy should be located at inferior, rather than

anterior, to the round window to ensure scala tympani

exploration. According to our experience in cochleostomy,

if the fenestrated hole is located at anterior to the round

window, the osseous spiral lamina and the scale vestibule

can be seen sometimes. In case 3 in this paper, the cochlear

structure covered by the endosteum should be the bottom

of scala tympani and the spiral lamina located at the an-

terior part, but the cochlear structure was preserved well

because of the entire endosteum.

Conclusion

Congenital absence or atresia of the oval window (OW),

with or without malformed facial nerve is an uncommon

embryologic defect. Preoperative diagnosis and surgical

treatment is difficult. The coronal HRCT CT imaging and

the MPR post-processing technique can provide us practi-

cal and definite information for surgical treatment, espe-

cially in the discrimination of OW atresia and the fixed

stapedial footplate. The promontory drill-out technique,

fenestration in the bottom of the scala tympani of the basal

turn, provides us a new method in the hearing reconstruc-

tion when the OW was covered by a malformed facial

nerve.
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