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ABSTRACT
Objective
To describe the technique for canalplasty as performed in the Academic Medical Center, 
Amsterdam, the Netherlands and to present the results of this technique. 

Study design
Retrospective chart analysis. 

Subjects and methods
Charts of patients who underwent a canalplasty prodedure between 2001 and 2010 were reviewed 
for indication for surgery, side of surgery, age at the time of surgery, gender, smoking habits, 
surgical outcome, results of pure tone audiometry pre-and post-operatively and the occurrence 
of complications. 

Results
193 canalplasty procedures with or without more extensive otosurgery in 174 patients were 
performed for various indications in the Academic Medical Center, Amsterdam, the Netherlands 
between 2001 and 2010. Complete re-epithelialization took approximately 6.7 weeks and was 
influenced by smoking and the surface needed to re-epithelialize. Complications occurred in 
28.0% of cases, of which most (98%) could be regarded as transient. No significant changes in 
pure tone bone conduction levels at 1, 2 and 4 kHz were observed. 

Conclusion
This retrospective study shows that technique for canalplasty as used in the Academic Medical 
Center, Amsterdam, the Netherlands can be used for a wide variety of indications, highlighting 
its added value in otosurgery. 
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INTRODUCTION
Widening of the bony ear canal (i.e. canalplasty) is an established technique for the treatment 
of several diseases of the osseous external auditory canal (OEAC). Several techniques to widen 
the OEAC have been advocated in literature, all based on the same principle (i.e. creating 
a sufficiently wide, disease free and self cleansing ear canal) (1-5). Next to sufficient width, 
the quality of epithelial lining of the OEAC plays a pivotal role in the outcome of canalplasty. 
A healthy, dry and water resistant bony ear canal is completely lined with keratinizing squamous 
epithelium with normal migratory characteristics and the capacity of producing cerumen (2). 
These features enable the external auditory canal to fight water-borne pathogens (thus reducing 
the risk of infection) and prevent accumulation of debris. The skin of the ear canal is unique as 
it lacks subcutaneous tissue and adheres directly to the periost of the external auditory canal. 
These two factors make the skin of the bony external auditory canal extremely vulnerable and 
hard to replace (6). A canalplasty can be a standalone procedure or can be part of more complex 
otosurgery. Performing a canalplasty has been shown to be both an effective and usefull tool  
in otosurgery to optimize surgical view of the middle ear and the treatment of primary OEAC 
disease (1). This manuscript focuses on interventions in which an existing external auditory 
canal is present. The creation of an entirely new ear canal (as is the case in congenital aural 
atresia) will not be discussed. The technique for canalplasty as performed in the Academic 
Medical Center, Amsterdam, the Netherlands is described, results of this technique are presented 
and suggestions are made on how to handle skin deficits.

PATIENTS AND METHODS
Patients
A retrospective chart analysis was performed identifying 225 individuals who underwent 
a canalplasty procedure in one or two ears between September 2001 and May 2010 in the Academic 
Medical Center, Amsterdam, the Netherlands, a tertiary center for otorhinolaryngology. Of 
these 225 individuals, canalplasty was part of revision radical cavity surgery in 51 cases. These 
cases were excluded because of enormous abnormalities in shape of the OEAC. In the remaining 
174 patients, 193 canalplasty procedures were performed by either the first or the third author 
of this manuscript. All charts were reviewed for indication for surgery, side of surgery, age at 
the time of surgery, gender, smoking habits, surgical outcome (i.e. complete epithelialization of 
the external auditory canal alias time to heal), results of pure tone audiometry pre-and post-
operatively and the occurrence of complications.

Surgical technique
The surgical technique for canalplasty as used in the Academic Medical Center, Amsterdam, 
the Netherlands is a slight modification of the technique as described by Prof. U. Fisch in 1994 
(7) Figure 1 is a representation of all steps of the procedure as are performed in our center. 
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Figure 1. Used Canalplasty technique – step by step
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All steps are described as if a right ear is involved. Briefly, one starts with a post-aural incision 
and the creation of a periosteal flap, thus allowing adequate exposure of the bony external 
auditory canal. Once the periostial flap is created, the external auditory canal is opened at 
the level of the transition between the bony and cartilaginous external auditory canal [1]. This 
incision is extended forward along the anterior wall to the 3 o’clock position [2]. At the 3 o’clock 
position, a second incision is made starting as close as possible to the tympanic annulus and 
reaching laterally to connect with the first incision at the level of the transition of the bony and 
cartilaginous external auditory canal [3]. If an inadequate amount of meatal skin is expected 
(as is the case in acquired medial canal fibrosis, AMCF), the technique as described above can 
be modified. This modification is a ‘lateral steal’ of skin covering the cartilaginous auditory 
canal using sharp dissection [3; blue lines]. Upon the first en second incision, the skin covering 
the bony external auditory canal is elevated starting at the 3 o’clock position in a counter clock 
wise manner until the 5 o’clock position is reached [4]. The skin should be elevated as medial 
as possible leaving only a small skin cuff near the tympanic annulus. Following elevation of this 
skin flap, the skin covering the external auditory canal is circularly cut using micro-scissors just 
medial to the bony overhang until the tympanosquamous suture is reached (anterior limb) [5]. 
The posterior limb of the circular incision is initiated by cutting through the elevated meatal skin 
[6]. The posterior and anterior limbs of the circular incision are connected along the superior 
canal wall. The circular incision is completed inferiorly [7]. Once the third incision is completed, 
one can elevate the antero-inferior pedicled skin flap out of the bony external auditory canal 
using a Rosen microraspatory and Williger raspatory [8], thus revealing the entire meatal 
skin flap [9]. One can fixate this meatal skin flap outside the operation field using spreaders. 
If necessary, the flap can be thinned sparing the epithelial layer. Next, the external bony canal 
is enlarged exposing the entire tympanic annulus using sharp and diamond burrs, eliminating 
all bony overhangs, particularly anterior and inferior using the tympanic annulus as a margin 
[10]. One should take care not to open any of the mastoid air cells or temporo-mandibular joint. 
When a bluish hue is observed, the bone overlying the temporo-mandibular joint is maximally 
thinned. Care should be taken not to damage the skin cuff near the tympanic annulus [11][12].

At the end of the procedure both skin flaps are repositioned. To allow adequate alignment of 
skin within the new bony ear canal, the most medial skin flap (the skin cuff near the tympanic 
annulus) is incised partially at several locations [13]. The lateral skin flap is repositioned in 
a clockwise manner. One should make sure that the epithelial side of the skin flap is facing 
the lumen of the OEAC. Part of the OEAC canal will not be covered by skin as a result of its 
increased diameter [14]. After repositioning both skin flaps, antibiotic gauzes are applied for 
fixation [15].

Postoperatively, special care should be taken not to displace the skin flaps as antibiotic gauzes 
are changed every other week until complete re-epithelisation of the OEAC has occurred.  

Statistical analysis
Statistical analysis was carried out using SPSS 16.0.2 (Chicago, IL, USA). Data are expressed as 
number (%) and mean (SD). Paired-samples T-tests and one-way ANOVA tests were performed 
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to check for significant changes from baseline in pure tone audiometry (both air and bone 
conduction thresholds, at 1,2 and 4 kHz), the occurrence of a dry ear post-operatively, time to 
heal (i.e. time to complete re-epithelialization) and the influence of smoking. P values of less 
than 0.05 were considered statistically significant.

RESULTS
Patients
Based on our retrospective chart analysis, 193 ears of 174 individuals (87 females and 87 males) 
were included. The average age at the time of surgery was 34.5 years (range 3-79). Of the included 
individuals, forty-one patients (46 ears) smoked at the time of surgery (23.6%) and seven (9 ears) 
patients (4.0%) stopped smoking recently (table 1). Although most procedures were performed 
unilaterally (153 procedures), some canalplasty procedures were performed bilaterally (20 cases, 
40 ears). Ninety-four procedures were performed on the right ear, 99 procedures on the left ear. 
Follow-up of individuals ranged from 2 to 100 months with a mean of 45 months. In 78 cases 
(41.4%), prior otosurgery (not being canalplasty) was performed on the side of intervention. In 
47 cases (24.4%), canalplasty was performed as a standalone procedure, in 146 cases (75.6%), 
canalplasty was performed as part of more extensive otosurgery (myringoplasty, middle ear 
inspection with or without ossicular chain reconstruction, cholesteatoma surgery). 

Indications for surgery
Indications for surgery are shown in table 1. The most common indication for surgery was 
exposure of the tympanic membrane (130 cases, 67.4%, a.o. in cholesteatoma surgery, 
myringoplasty and middle ear inspection). Chronic external otitis in patients with or without 
exostoses, not responding to conservative treatment, were the second (34 ears, 17.6%) and 
third (15 ears, 7.8%) largest groups of indications. In these cases, as well as in those individuals 
suffering from acquired medical canal fibrosis (13 ears, 6.7%), canalplasty was performed as 
a standalone procedure. 

Presenting symptoms
Retrospective chart analysis showed hearing loss (174 ears, 90.2%) to be the main pre-operative 
symptom closely followed by a draining ear (139, 72.0%). Lack of resistance to water was another 
important symptom. 

Complications
Complications occurred in 54 (28.0%) of 193 interventions. In 10 individuals (5.2%) two 
separate side effects occurred and in 5 individuals (2.6%) three separate side effects occurred. 
The complications are shown in table 2. Temporomandibular pain, post-operative bleeding 
and/or hematoma and post-operative wound infection were regarded as transient and minor 
unwanted side effects and occurred 24 times (32.4% of all unwanted side effects, 12.4% of all 
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Table 1.  Baseline characteristics of all operated ears (n = 193) 

Baseline characteristics 

Male gender, n (%) 94 (48.7%)
Right ear, n (%) 94 (48.7%)
Age (y), mean (SD) 34.4 (19.0)
Indications for surgery, n (%):
 exposure of tympanic membrane
 chronic external otitis
 exostoses
 acquired external auditory canal stenosis
 cholesteatoma of the external auditory canal

130 (67.4%)
34 (17.6%)
15 (7.8%)
13 (6.7%)
1 (0.5%)

Type of surgery, n (%)
 canalplasty ± meatoplasty
 canalplasty + myringoplasty ± meatoplasty
 canalplasty + mastoid surgery ± meatoplasty
 canalplasty + mastoid surgery + myringoplasty ± meatoplasty

47 (24.4%)
41 (21.2%)
25 (13.0%)
80 (41.5%)

Time to heal (wk), mean (SD) 6.7 (3.3)
Smoking habits, n (%):
 never smoked
 history of smoking
 current smoker
 unknown

122 (63.2%)
9 (4.7%)
46 (23.8%)
16 (8.3%)

Pre-operative pure tone bone conduction levels, mean (SD):
 1 kHz
 2 kHz
 4 kHz

9.0 (14.5)
18.4 (16.3)
19.4 (18.4)

Post-operative pure tone bone conduction levels, mean (SD):
 1 kHz
 2 kHz
 4 kHz

6.9 (14.3)
17.1 (17.6)
20.6 (19.3)

Pre-operative pure tone air conduction levels, mean (SD):
 1 kHz
 2 kHz
 4 kHz

38.7 (22.8)
37.3 (22.9)
46.3 (25.1)

Post-operative pure tone air conduction levels, mean (SD):
 1 kHz
 2 kHz
 4 kHz

33.4 (23.0)
31.8 (24.1)
49.0 (24.1)

Occurrence of unwanted side effects/complications  54 (28.0%)

cases). All of these unwanted side effects resolved within 6 months with adequate care. Rarely 
complications were persistent. In some patients, a perforation of the tympanic membrane (8 
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times of which 6 times a persistent perforation after myringoplasty), exposure of mastoid air 
cells (3 times), exposure of the temporomandibular joint (6 times) and/or sensorineural hearing 
loss (defined as a decrease of PTA (bone conduction) of more than 10 dB) (1 time) occurred, 
all complications that should have been avoided. Fortunately, no long-term sequelae of most 
of these complications were observed except the one case in which sensorineural hearing loss 
was demonstrated. Therefore, this complications should be considered a major complication. 
Recurrence or persistence of symptoms was observed as well. Persistence of recurrent external 
otitis was observed in 10 individuals. In only one patient (2 ears) of these 10 individuals, 
the original severity of the complaints persisted post-surgery. One case with recurrent external 
otitis had a partial stenosis as well. Four cases had cholesteatoma surgery and the recurrence of 
otitis was due to recurrence of cholesteatoma. 

Revision canalplasty
Revision canalplasty was needed in eight cases (4.1%). Revision surgery for reasons other than 
canalplasty (for example planned second look operations after cholesteatoma surgery) are not 
considered in this manuscript. 

Hearing results
The wide range in pre-operative pure tone audiometry results, which is caused by the nature 
of the underlying disease and which determined the primary indication for surgery, makes 

Table 2. complications and persistence of complaints in the operated ears (n = 70)

Persistance of complaints and/or complications (n = 70) n 

Persistance of complaints:
 recurrent external otitis
 persistent perforation of tympanic membrane
Minor complications:
 post-operative wound infection 
 temporomandibular dysfunction complaints
 post-operative bleeding and/or hematoma
Major complications:
 (partial) stenosis of external auditory canal
 exposure of temporomandibular joint
 partial necrosis of skin flap
 cholesteatoma of the external auditory canal
 exposure of mastoid air cells
 non-closure of skin defect
 free-floating meatal skin flap 
 perforation of tympanic membrane
 sensorineural hearing loss

 
10 
6

12 
9
3
  
7 
6 
4
3 
3
2
2
2
1
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sensible comparison on the basis of pure tone audiometry difficult. Despite this wide range, 
a few general findings can be mentioned. Complete audiometric follow-up was available in 
76.7% of all cases (n = 148). Except for a significant improvement (p = 0.015) in pure tone bone 
conduction levels at 1 kHz (mean 1.8 dB, SD 9.3 dB), no significant changes in pure tone bone 
conduction levels were observed (table 1). Although pure tone air conduction levels are more 
difficult to interpret, a significant improvement (p = 0.000) in pure tone air conduction levels 
were observed at 1 kHz (mean 6.5 dB, SD 17.4 dB) and 2 kHz (mean 7.0 dB, SD 18.8 dB). At 
4 kHz a slight, non-significant deterioration in pure tone air conduction levels was observed 
(mean 2.2 dB, SD 19.9 dB). 

Dry ear
Prior to surgery, otorrhea was observed in 139 ears (73.5%). Post- surgery, recurrent external 
otitis (6 ears) or otorrhea for other reasons (4 ears) was observed in 10 ears (5.2%) only  
(p = 0.000).

Re-epithelialization of the external auditory canal
Complete re-epithelisation of the external auditory canal took approximately 6.7 weeks (range 
3 to 20 weeks). Within 8 weeks, complete re-epithelisation was observed in 83.7% of cases. 
This percentage rose to 94.2% within 12 weeks. In smokers complete re-epithelialization of 
the external auditory canal took approximately 7.2 weeks (range 3 to 20 weeks), a non-significant 
increase in time to heal when compared to non-smokers (approximately 6.5 weeks). 

Mini-Thiersch grafts were used in eight cases, all in patients with acquired medical 
canal fibrosis (absence of medial meatal skin flap). In this group of patients, complete re-
epithelialization of the external auditory canal took 10.9 weeks (range 7 to 20 weeks) on average. 

DISCUSSION
We advocate the use of the technique for canalplasty as described in this manuscript as it allows 
one to exploit an almost standard surgical solution to a wide variety of pathology of the OEAC. 
Such standardisation will, to our opinion, result in optimal outcomes for patients as it results 
in steep learning curves. As the surgical technique was similar in all of our patients, we feel 
that an overall analysis of our technique is allowed despite the heterogeneity in indications 
involved. The use of our technique allows maximal preservation of the delicate epithelial lining 
of the OEAC, rendering the use of skin grafts less likely or not necessary at all, a feature that 
is regarded as very important by many authors (8). Similar to our results, Parisier et al (6) 
demonstrated that up to 50% of the surface area of skin of the external auditory canal can 
regenerate without the use of skin grafts. We found that grafts were only necessary if the medial 
skin flap was absent, as is often the case in AMCF. Another advantage of our technique is the ease 
with which subcutaneous fibrosis of the skin flap (which is normally present in prolonged 
inflamed ears) can be removed if necessary.  As our technique allows drilling movements to 
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be made in a circular fashion without exerting direct lateral to medial force, a smooth external 
auditory canal can be created. At the same time, the chance of manipulating the ear drum and/
or ossicular chain is lowered as one can work from lateral to medial, thus exposing the ear 
drum in a gradual manner. Additional protection of the ear drum and/or ossicular chain is 
provided by the medial skin flap, which is positioned on the ear drum during the procedure as 
is described elsewhere in this manuscript.

Clearly, the indication for canalplasty should not be regarded lightly as complication rates 
up to 36% have been reported (5) Fortunately, most complications can be considered as minor, 
requiring no revision surgery and/or leaving no residual disability. Complications occurred 
in 28.0% of our cases. Some remarks should be made. First, a considerable proportion of our 
patients had prior surgery on the affected side. It is generally accepted that these patients are more 
prone to complications due to altered anatomy and/or extensive fibrosis. Second, canalplasty 
was performed as a part of more extensive surgery in quite some cases, possibly resulting in 
contamination of complication rates due to the more extensive nature of the entire intervention. 
Third, complication rates are disease dependant (e.g. comparing complications rates in AMCF 
patients (31%) with exostosis patients (13%) clearly favours the exostosis group. We decided to 
mention recurrence of complaints when discussing our complication rate, but one can debate 
whether recurrence of complaints is a complication indeed. Although an important outcome 
measure, we feel that recurrence of complaints is not a true complication.

Hearing levels are commonly reported as the primary outcome measure in most studies. 
Unfortunately, a great variety of methods for describing hearing results is used. In our series, 
a possible improvement in pure tone audiometry (PTA) for some indications is confounded by 
the heterogeneity of indications included in this study, rendering a viable comparison difficult. 
But importantly, we did not observe a worsening in bone conduction levels except in one patient. 
And, in contrary to Vasama (9) and Sanna (1), we did not observe a deterioration in PTA in 
general. Comparison of our results to those of authors who describe their hearing results in air 
bone gap (ABG) closure (5;10;11) is difficult due to  the aforementioned reasons.

We feel that time to complete re-epithelisation and the occurrence of a dry ear post-
operatively should be primary outcome measures of a canalplasty procedure. As discussed 
previously, we stress the importance of very meticulous post-operative care as re-epithelization 
is paramount for adequate healing. In our series, the time needed for complete re-epithelisation 
was 6.7 weeks on average. This time is comparable with three other reports (all without grafting) 
mentioning healing time (8;12-15) Considering subgroups, we can state that the inflammatory 
status of the external auditory canal does not seem to influence healing time as healing times are 
similar in several subgroups of patients (e.g. myringoplasty, chronic external otitis etc.). Perhaps 
parameters such as smoking and the amount of surface needed to re-epithelialize (as is the case 
in AMCF) are of more influence. We also showed the significant reduction of otorrhoea which 
resulted in symptom free ears. 

Our study is retrospective in nature and therefore subject to various limitations. First of 
all, some data were missing resulting in the loss of valid entries. Second, no control group was 
included. Thus, the added value of canalplasty over, for example, pharmaceutical therapy was 
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not possible. Third, follow-up in some patients (n = 12, 5%) was very short (less than 6 months), 
perhaps creating a slight positive bias. And finally, as most patients suffered from prolonged 
disease and were often operated prior to our intervention, a negative selection bias may be 
present. Although the heterogeneity of indications for canalplasty may conceal some disease 
specific results, we still feel that the results we describe are representative for the technique  
we used.

CONCLUSION
The presented technique and proposed variations enables one to use our surgical technique for 
canalplasty for a wide variety of indications thereby demonstrating its added value in otosurgery. 
We showed that skin grafts are rarely necessary and that, by using our technique, the epithelial 
lining is maximally preserved. This retrospective study shows that the canalplasty technique 
used in our centre is safe and has favourable results.
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