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			Abstract

			Background: The incidence of obstruction of the external ear canal (EEC) is very low, and most plastic surgeons have very limited experience in corrective surgery for it. We aim to establish a standard procedure for this corrective surgery.

			Methods: After a post-auricular incision is made, through which the entire EEC up to the tympanic membrane is exposed, try to excise some tissues (scar tissue, cartilage, and bone tissue) causing obstruction of the EEC. Irrespective of the size of the obstruction, the EEC floor is flattened out. This maneuver requires shaving off a bony portion of the EEC. Finally, a post-auricular cutaneous flap is placed over the defect of the EEC floor.

			Results: In each case, after the removal of some bony parts, the tympanic membrane and facial nerves remained intact. All flaps successfully covered the defects and survived without any vascular problems. After 2 years of follow-up, the EEC remained patent in all cases.

			Conclusion: To create an appropriate space for flap placement, it is very important to shave off a bony portion of the EEC. Technically, it is not only easier to make the floor of the EEC straight, but it also serves to prevent re-obstruction.
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			Introduction

			Obstruction of the external ear canal (EEC) is one of the most difficult deformities to treat, with either otologists or plastic surgeons performing correction. Mainly due to tissue contraction, the EEC is gradually is obstructed following the primary corrective surgery. Various techniques have been described to restore the patency of the EEC, with the use of skin grafts or 

flaps, however, which often result in re-obstruction [1,2]. There is hardly any detailed literature regarding how the reconstruction surgery should be undertaken, based on the anatomical nature or pathogenesis of the various obstructions of the EEC. To identify a more favorable approach for the surgical correction of the obstruction, a novel approach was attempted at our institution.

			Surgical technique

			The sequential steps of our procedure to repair the EEC obstruction are as follows:

			
					The first step: A post-auricular incision is made (Figure 1A), through which the entire EEC up to the tympanic membrane 

is exposed and excessive tissues causing the obstruction are excised.

					The second step: Regardless of the degree of obstruction of the EEC, it is recommended that some of the bony parts of the EEC are also shaved off, taking care not to injure the tympanic membrane. With the use of a mini drill, the outer and lower floor of the bony portion must be scraped to about 5mm depth, beginning at the end of the bony portion of the EEC to about 5mm from the tympanic membrane. Initially the drill should be 5mm of the bone is shaved off, but as progressing toward the tympanic membrane, the drill should be gradually pointed upward. In other words, the lateral horizontal view of the excised area appears to be a narrow triangle with a base of 5mm in depth at the starting point (Figure 1B).

					The third step: The operator must determine the size of the post-auricular cutaneous flap, depending upon how long and wide the ECC defect is. This flap is freely designed (Figure 1C). The elevated flap is simply transposed to the anterior side of the ear by passing it though the defect. The skin over the base of the flap is denuded. Finally, the post-auricular incision is closed with sutures. To maintain the flap attached to the underlying tissue in the deep portion of the EEC, tanponade is necessary because suturing in the deep EEC is impossible.[image: ]
The key to successful surgery is collaboration between otologists and plastic surgeons. It is also necessary to use microscopic surgical techniques.
Results
In the 3 cases requiring the removal of some bony parts, the tympanic membrane and facial nerves remained intact. All flaps successfully covered the defects and survived without any vascular problems. After 2 years of follow-up, the EEC remained patent in all cases.
Representative case presentation
A 65-year-old man. He had suffered from a mandibular condyle fracture due to a traffic accident, which resulted in difficulty biting and fully opening the mouth. Even though he had been treated at an oral surgical clinic, he suffered from intermittent bleeding from the right ear. He subsequently developed a hearing defect, and so he visited the ear-nose-throat department of our institution. Obstruction of the EEC was diagnosed, and surgical management was recommended with the collaboration of a plastic surgeon and otologist. Examination showed an intact opening of the EEC visually, but the EEC was completely blocked at about 5mm from the opening (Figure 2A). He could not carry on daily conversations because he had a left ear hearing defect, which had developed a long time before the accident.
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Through a posterior auricular incision, the cartilaginous portion of the right EEC was reached. The EEC was obstructed at the boundary between the bony and cartilaginous portions. The tympanic membrane appeared to be normal. The scar tissue, damaged cartilage, and appropriate bony portion were excised totally. The bony portion was shaved off to create a straight tunnel from the opening until the tympanic membrane. The excised area was covered with a post-auricular cutaneous flap (Figure 2B & 2C). After the surgery, a tampon was inserted into the EEC for two weeks. His auditory function became fully restored and he could carry on ordinary conversations. The EEC remained open at approximately two years postoperatively.
Discussion
The main purpose of reconstructive surgery for EEC obstruction must be to re-establish an adequate diameter of the EEC, maintaining the auditory function. The most critical point of this surgery is shaving off the floor of the bony portion of the ECC to create a space where the flap will be placed. An obstruction of the EEC requiring reconstruction can result from several different causes, such as trauma, burns, inflammation, and malformations [1-5]. It is very important to be aware that the location and size of the obstruction can differ, depending on the pathogenesis. If it is a congenital malformation, the entire EEC is obstructed or there may be total absence of the bony or cartilaginous portion of the EEC. On the other hand, if it is acquired, usually either through trauma or burn, in general, the obstruction is located at the boundary between the bony and cartilaginous portion. Therefore, in the latter case, the bony portion is left untouched. Obstruction of the EEC frequently occurs due to extensive scar contracture.
The distance from the opening of the EEC to the tympanic membrane is about 25mm. The external one half of the EEC is mainly composed of cartilage, and the other half of bone. There are two fissures of Santorini, which play the role of cushions to maintain the mobility of the cartilaginous portion of the EEC where there is a channel in which nerves and vessels run [6]. These structures are vulnerable to strong pressure (Figure 3). Physiologically, the natural EEC is not a straight tunnel, but slightly torturous, with narrow and wide portions and it is almost impossible to restore the torturous EEC with a flap. Therefore, it is technically much easier to make it straight to create the new EEC and maintain its adequate diameter. If the bony portion is not straight, it is more likely to lead to EEC obstruction. Its secondary functions can be to maintain the patency of the EEC for removal of the accumulated ear debris and normal cosmetic appearance.
Numerous surgical techniques, such as simple stenting, dilating stent, skin grafts, which may be most common, and pre-auricular and/or post-auricular skin flaps, have been advocated to solve the problems mostly related to obstruction [5, 7-11]. It is extremely difficult to determine which procedure is optimal. Regardless of the location of the obstruction, a skin graft alone is not effective to appropriately reconstruct the EEC, mainly because tissue contracture is inevitable, and it is necessary to keep a stent in the EEC for a prolonged period in order to maintain its patency. Because the operative field is very deep and narrow, it is almost impossible to suture the entire skin graft to the underlying tissue in the deep portion of the EEC; therefore, the skin graft is not firmly fixed to the underlying tissue, and so it is more likely to lead to obstruction of the EEC. Based on my personal experience, a skin graft is not suitable to treat EEC obstruction.
Most of the cases reported to the present involved EEC restoration for congenital malformation. The surgical approach involved a post-auricular incision. This incision is advantageous for this type of re-canalization operation. After the incision has been made along the old scar, the size of the post-auricular cutaneous flap can be designed easily. This technique can also be applied to repair a secondary obstruction after a primary repair fails. There are reports of employing cartilage and skin (post-auricular chondeocutaneous flap) for re-canalization of the EEC. They reported that the additional cartilage prevents the recurrence of EEC obstruction [4,8]. The incidence of EEC obstruction is very rare, and most plastic surgeons have limited experience in corrective surgery for it. We aim to establish a standard procedure for this corrective surgery. We hope that this procedure will help other surgeons achieve favorable results on encountering such rare surgical case.
Conclusion
In order to create an appropriate space for flap placement, it is very important to shave off a bony portion of the EEC. Technically, it is not only easier to make the floor of the EEC straight, but it also serves to prevent re-obstruction.
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Figure 2: A-Before repair; B-The post-auricular cutaneous flap is designed over the excised area. The yellow area indicates the denuded
skin of the flap. The flap is transposed to the bony portion of the EEC side by passing it through the defect. The yellow line indicates the
denuded skin of the flap; C-Immediately after repair
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Figure 3: A-The dotted line indicates the area of the shaved bony portion of the EEC; B-A lateral horizontal view. The lateral horizontal
view of the excised area shows a narrow triangle (gray) with a base of 5mm in depth at the starting point. The distance from the opening
(0) of the EEC to the tympanic membrane (T) is about 25mm. P: Post-auricular cutaneous flap. Above: Before repair, Below: After repair.
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Figure 1: A-The post-auricular incision (dark line); B-With a lateral EEC view, the upward curvature of the cartilaginous portion and
downward curvature of the bony portion can be noted (1). The obstruction is located at the boundary between the bony and cartilaginous
portions (gray area); C-The post-auricular cutaneous flap is designed over the excised area. The gray area indicates the denuded skin of

the flap. P: Post-auricular cutaneous flap.
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