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Abstract
We describe a modified aural meatoplasty technique. The technique has been mainly used for mastoid surgery but it may also be used to address other causes of meatal stenosis. It involves removing most of the cartilage in the conchal bowl and soft tissue in the external auditory meatus. Cartilage from the helical root may also be sacrificed as part of this procedure. Our technique produces an excellent cosmetic result and an adequate meatoplasty which is easy to monitor in the outpatient setting.
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Core tip: A successful meatoplasty addresses the bony, soft tissue and cartilaginous portions of the external auditory meatus. At least one, if not all these factors, can contribute to external auditory canal stenosis. Cartilage from the helical root can be resected in order to create an adequate meatoplasty.
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INTRODUCTION
Creating an adequate meatoplasty is a critical step in allowing access and ventilation of the ear canal. Meatoplasty is often performed in conjunction with mastoid surgery. To create a successful meatoplasty, the surgeon considers the 3 main factors that contribute to meatal stenosis: (1) excess skin and soft tissue; (2) aberrations in the anatomy of the cartilage; or (3) the bony tympanic ring[1]. A range of techniques and variations have been reported in the literature since the original descriptions in 1893 by Stacke and Shwartze[2].
We present a technique developed at our centre by the senior author to ensure suitable meatoplasty size whilst maintaining cosmesis, principally in conjunction with mastoid surgery.
 
OPERATIVE TECHNIQUE
The steps include performing an endaural incision to bone (Figure 1A), followed by a skin incision over the superior aspect of the conchal bowl/cartilage (Figure 1B). A large portion of conchal cartilage is then removed, which can be used as part of the reconstruction in tympanomastoid surgery (Figure 1C). To facilitate the meatoplasty redundant mucosa and soft tissue is excised medial to the skin incision. An important factor is removal of prominent cartilage, for example at the root of the helix. The resultant skin flap is rotated into the cavity such that the meatoplasty is widened. Following this, absorbable sutures are used to ensure the tragus remains anterosuperior, by suturing the anterior edge of the endaural incision (Figure 1D). The free edge of conchal skin is opposed with absorbable suture (Figures 1E and F). An adequately sized meatoplasty should not require splinting by packing such as with bismuth iodoform paraffin paste (BIPP).
This technique for meatoplasty over the preceding two years has resulted in very good functional and cosmetic outcomes in all 54 patients (Figure 2). We have managed to achieve a dry, auto cleaning ear with very good cosmetic results in all cases. We have not had any cases of stenosis or troublesome granulation. Therefore, we propose our technique as a useful adaptation in performing meatoplasty.

DISCUSSION
There is an abundance of meatoplasty techniques in the literature reportedly producing very good results in the respective author’s hands. These techniques rely on creating a meatoplasty using a fibrocartilaginous posterior meatal flap in a post-auricular approach mastoidectomy, or partially resecting conchal bowl cartilage for the endaural approach[3]. Traditional thinking with regards to meatoplasty surgery has tended to focus on creating a large meatoplasty thought to support optimal ventilation, reduce both bacterial and debris accumulation[4-7]. However, the “big is better” approach is often associated with a few complications which include poor cosmesis and poor hearing aid fitting amongst other things[8,9]. 
Two broad approaches have been reported with regards to widening the skin of the entrance of the external auditory meatus. The first approach, which in essence forms the basis of the Portman technique, uses radial incisions to create flaps arising from the outer ring of the external auditory meatus[10]. Following the excision of underlying soft tissue, the flaps are then elevated onto the bony canal. The second approach, originally described by Korner and Siebenmann but reported by others, involves dividing the ring and rotating a skin flap to cover the defect[1,11]. 
More recent techniques, similarly ours, have tended to favour the second approach involving rotational flaps. Osborne and Martin described rotating a superiorly placed pre-tragal flap into the endaural incision following removal of some conchal bowl cartilage[12]. Hovis et al[13] described a “one cut meatoplasty” involving making a single horizontal incision from the posterosuperior meatus to the antihelix to create an inferiorly based triangular conchal flap. Martin-Hirsch and Smelt described a flap starting medial to the excess conchal mucosa and extending superiorly[14]. Follow up results of patients managed with this technique over a 9-year period have shown favourable results especially for the otitis externa group[15]. Banerjee et al[16] reported using an inferiorly based transposition flap which potentially has poor cosmesis as its major demerit owing to the inferoposterior widening inherent in the technique[1,14]. 
Other techniques which do not make use of skin flaps have been reported. Patil et al[1] describe a technique which involves the removal of a small triangle of skin on the entrance of the external auditory canal in addition to conchal cartilage resection. Goodyear et al[17] described a helical advancement technique which involves resecting a cuff of skin anterior to the helix followed by releasing the helix anteriorly to cover the defect. The authors point out that whilst this approach produces inferior cosmesis it has the advantage of producing an auto-cleaning cavity which is easy to manage in the outpatient setting[17]. 
In our experience of using this technique, we have not experienced any of the common complications associated with meatoplasty such as perichondritis, discharge or restenosis. Further, the patients operated on have not complained about poor cosmesis on follow up. 

CONCLUSION
We believe this previously undescribed methodology will provide an additional tool in the armamentarium of the otolaryngologist. Our modified approach demonstrated in this paper is reproducible and technically straightforward. It provides an adequate meatoplasty which promotes an auto cleaning ear that is easily accessible in clinic whilst producing an excellent cosmetic result. 
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Figure 1 Meatoplasty technique. A: Endaural incision; B: Superiorly based conchal bowl incision; C: Conchal cartilage harvested; D: Excess skin and soft tissue resected; E: Closure of anterior endaural incision to prevent cartilage exposure; F: Closure of endaural incision, 154 mm × 183 mm (120 × 120 DPI).
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[bookmark: _GoBack]Figure 2 Post-operative result.
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