
Discussion of the role of myringotomy in treatment of acute otitis media (AOM) 
might appear, at first glance, to be revival of an old topic, since much has been 
written in the past and very little in recent years. Despite that the advent of 
antibiotics has reduced indications for its routine use, myringotomy persists 
as a frequent intervention in children.1 A consensus on its being of interest in 
treatment of non-complicated AOM has not yet been reached it has defenders2,3 

and detractors4,5 but, considering the recent emergence of bacterial strains with 
multiple resistances to antimicrobials6-9 a resurgence of use of myringotomy 
might be predicted. For instance, it was recently assumed that to evaluate 
antibiotic efficacy in AOM properly during clinical trials – a cutting edge problem 
– performance of serial myringotomies should be strongly advised.10 These 
investigators recommended this should be considered the gold-standard in reliably 
evaluating eradication of the infectious agent (the so-called sensitivity test in vivo) 
and therefore in assessing real activity of the antimicrobial under evaluation. 
Moreover, the performance of myringotomy during AOM is unquestionable 
whenever in the presence of a potential or overt risk of complication.11

The Rat as Model in Acute Otitis Media
Histopathological study of the dynamics of healing in the tympanic membrane 
(TM) after myringotomy is not feasible in humans, due to ethical reasons. For 
years, the experimental induction of AOM for histopathological study has been 
preferentially developed through the inoculation of the middle ear with diverse types 
of viable bacteria in various animal species such as the chinchilla12-15, Mongolian 
gerbil16, the cat17, and the rat.18-30 Amongst these different animal models, the 
Sprague-Dawley rat has been one of the most consistently used and tested, in which 
viable bacteria is inoculated in the bulla of the middle ear via an incision in the 
ventral skin of the neck.18-20,22-24,26,28,29,31-35 Moreover, morphological similarities 
of the TM in rat and human36 favor its experimental use and allow consistent 
extrapolations towards possible applications of clinical interest. Since this is so, 
various researchers have used the TM of rats as a model for study of healing in the 
TM, either spontaneous healing23,37-39 or healing following topical application of 
substances such as exogenous heparin40, cortico-steroids41, hyaluronan42, diverse 
growth factors43-45, and stem-cells.46

The following discussion pertains to two experimental studies using the Sprague-
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Dawley rat as a model, performed at the Otopathology Laboratory of Umeå 
University, Sweden, in which the investigators compared: I) The recovery of 
the TM from AOM, either with or without myringotomy; II) The early stages of 
healing in TM after myringotomy in the presence of AOM, compared to that in 
non-infected myringotomized controls. 
For that purpose, under anesthesia with metohexital injected via a vein in the tail, 
the left tympanic bulla of each animal was approached and inoculated with ≈50 
microliters of a suspension containing 5x107 cfu/ml of Streptococcus pneumoniae 
type 3 while the right bulla was left untouched. Forty-eight hours later all animals 
had developed AOM in the left ear as confirmed by otomicroscopy. In study I47, half 
of the animals were randomized to a group in which a standardized myringotomy 
was performed on the left ear, and the other half of the animals to another group 
where the TMs were left untouched. Subsequently, a series of four rats from each 
group were euthanized at days 1, 2, 4 and 7. In study II48, myringotomies were 
performed both on the left ear with AOM and on the right non-infected TM. 
Then, a series of four rats were euthanized at 3, 6, 9, 12, 24, and 48 hours, and at 
4 and 7 days. After each rat was killed, the TMs were dissected out and routinely 
processed for examination under light and electron- microscopy.
Myringotomy in Non-Complicated Acute Otitis Media
Analysis of the results in study I47 emphasizes on experimental grounds the 
clinical data published elsewhere4,5,49 in which myringotomy does not contribute 
to a faster healing of inflammation during AOM. Furthermore, at the structural 
level of the TM, the performance of myringotomy in AOM provoked a delay 
in resolution of inflammatory events during the early stages of recovery from 
infection, in contrast with the consistent progress in spontaneous recovery of the 
control non-myringotomized TMs with AOM. Interestingly, these findings are 
interrelated with those of a long-range study by Magnuson and co-workers23, 
who observed histopathologically that, six to twelve months after the incision 
in the TM, the specimens subjected to myringotomy during infection showed a 
thicker and more disorganized structure of the connective tissue layer compared 
to that in non-myringotomized TMs. Consequently, little doubt remains that the 
combination of infection and myringotomy causes long-standing disturbance in 
structure of the TM.
One should note that, both study I47 and study II48, demonstrate that these changes 
in the TM are already visible during the early stages, after hours or a few days 
post-myringotomy. Transposed to daily clinical grounds, these data support the 
point of view defended by those who consider that myringotomy in AOM should 
be an exceptional performance to be avoided in non-complicated AOM. However, 
this does not mean that performance of myringotomy in AOM should always 
be avoided. On the contrary, myringotomy in AOM is formally indicated in the 
presence of impending or overt suppurative complications, in cases refractory to 
medical treatment, to promote microbiological analysis of the infecting agent, and 
eventually in patients with severe otalgia.1

Still, according to study I47, we should emphasize the strong capacity of the rat 
to achieve spontaneous resolution of an episode of AOM, as is in agreement 

V Manual IAPO ingles FIM.indd   250V Manual IAPO ingles FIM.indd   250 8/28/06   11:19:06 PM8/28/06   11:19:06 PM



251 V IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY�

with previous data. According to Hermansson and co-authors19, the acute phase 
of AOM in the rat starts to decline at day four after the bacterial inoculum. In 
another experimental study using Staphylococcus aureus, Gröte and co-workers21 
noticed a decline of inflammation on the TM as early as day three after the start of 
infection. However, the rates of spontaneous cure of AOM in humans seem to be 
variable, reaching 18% and 48% in Streptococcus pneumoniae and Haemophilus 
influenzae, respectively.50 According to a meta-analysis by Rosenfeld and co-
workers51 pertaining to the efficacy of antibiotics in AOM, the rate for a full 
resolution of the infectious event without antibiotics was 73% at days 7-14. Such 
types of evidence, complemented with data from clinical evidence, are in favor of 
using a therapeutic strategy that proclaims a watchful waiting attitude in AOM, 
with symptomatic treatment only, and prescription of antibiotics just in those 
cases that do not recover spontaneously in subsequent days.52-56 One should note, 
however, that this therapeutic strategy has been defended mostly in countries 
where the rates of bacterial resistance are low and that have health systems that 
permit sequential evaluation of children without additional financial load for the 
patient’s caregivers.
Early Events in Healing of the Tympanic Membrane 
The healing capacity of the TM has been known for a long time, as is 
acknowledged in a publication by Roosa57, in 1837, in which he states that the 
regenerative potential of the TM is far superior to that of any other membrane 
of the human body. Since that statement there have been many other studies and 
many questions unveiled in this domain58. Events that occur during the healing of 
perforations of the TM may be considered conventional in respect to the chain of 
haemostatic and inflammatory phenomena, but the phases of tissue proliferation 
and migration are different from those for other structures, due to the unique and 
complex way the TM is suspended in air. Since that is so, in contrast to healing 
in skin and in the majority of other structures in which a bed of granulation tissue 
develops and serves as a platform for proliferation of adjacent epithelium, events 
linked to the repair of lesions of the TM have to unfold in the absence of such 
support, mimicking the construction of a bridge.39

In previous studies, divergent points of view concerned cytologic aspects of healing 
in the TM in non-infected models. Pioneer publications that used guinea pigs59-

61 suggested an early healing of perforations in the pars tensa, similar to healing 
in skin and in the majority of other tissues, via a starting point in the connective 
tissue layer through the formation of granulation tissue and followed by delayed 
migration of keratinizing epithelium. Later on, other researchers disagreed with 
these observations, defending early repair of the TM that starts by development of 
a bridge of keratinizing epithelium over the defect, initially without any support 
and only secondarily sustained by granulation tissue.37,39,62-65 Subsequent to an 
experimental study of tympanic microperforations in guinea pigs, Clawson & 
Litton66 stated that the trauma inflicted would stimulate epithelial germinating 
centers to produce keratinocytes that would migrate centripetally along the whole 
circumference of the perforation until it was totally healed. In such a mechanism, 
in contrast to that in skin where the maximum stimulation happens in the very 
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center of the lesion, in the TM the stimulation would arise more peripherally due 
to a hypothetical absence of proliferative basal layer cells in the borders of the 
perforation.62,67-69 
According to Johnson & Hawke70, the first contact between the borders of the 
perforation is a passive event, undertaken by keratin spurs. For O’Donoghue71, 
who based his views on an investigation of TMs subjected to implantation of 
ventilation tubes, proliferative centers are dispersed in various regions of the 
TM rather than being restricted to a single epithelial germinative center. In other 
studies devoted to the immunolocation of F-actin in situ (a contractile protein 
of the cytoskeleton with a role in cellular kinetics), it was revealed that the 
basal stratum of the external epithelial layer of the TM is rich in this protein, 
which allows speculation that this stratum might also play a role in epithelial 
migration.72,73 Furthermore, concerning the role played by the mucosal layer in 
the dynamics of healing in the TM, opinions are also divergent. For Weinberger 
and colleagues73, the medial mucosal layer of the TM is one of the first to close 
the perforation, while for Smallman and co-authors74 the mucosa would play a 
very insignificant role in this context.
In our present study II48 we observed, both in TMs with AOM and also at a slower 
rate in non-infected TMs, that borders of incisions for myringotomy showed signs 
of stimulation around the whole perimeter of the perforation and contributed 
toward centripetal healing in respect to the center of the perforation, as described 
by Clawson & Litton.66 However, our findings in the present study allow us 
to go further and state that, by 24 hours post-myringotomy, the predominance 
of proliferation resided in regions adjacent to the handle of the malleus. This 
asymmetric proliferation at the borders of the incision translates into a more 
powerful centrifugal regenerative vector (i.e. from the handle of the malleus 
towards the annulus), in this case in relation to the center of the TM itself. Besides, 
this type of centrifugal predominance in healing of an incision for myringotomy 
in the rat matches the pattern of healing observed in traumatic perforations of the 
TM in humans.75,76 
As was suggested along the same line of investigation in guinea pigs undertaken 
by Taylor & McMinn59,60 it is still possible in our present investigation to speculate 
that the predominant vector of healing of the perforation, predominantly around 
the handle of the malleus in respect to the annulus, follows the lines of epithelial 
migration shown in the normal TM by Kakoi and co-authors.77 Moreover, it was 
suggested by Reeve67 that, in the absence of secondary complications, failure of 
reorganization of the TM represents the major reason for deficient healing and 
consequent evolution for chronic perforations in guinea pigs.
Similarly, in our study II48, when we compared the early stages of healing of 
myringotomy incisions in infected and non-infected TMs, we found that the 
advancement of keratinizing epithelium and its keratin spur evolved “like a 
bridge under construction.” It was also clear that, for this process to develop 
harmoniously, the epithelium needed to be backed by a simultaneous proliferation 
of subjacent connective tissue, not in a delayed fashion as claimed in some 
publications.39,62,63,74 Moreover, it appears to be quite consistent to find that 
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healing events would progress in such a sustained fashion, considering that the 
process of angiogenesis, essential in every type of tissue healing, takes place only 
inside the lamina propria layer.78

Not least interesting were our findings that the incisions for myringotomy healed 
in much faster fashion in AOM than in non-infected specimens, as was also 
evidenced in study II.48 Such an occurrence seems to be intimately related to 
the several changes induced in the TM by infection, such as hypertrophy of the 
keratinizing and connective tissue layers. As a matter of fact, it is plausible that 
the AOM-related infection may contribute to faster closure of the perforations, 
through the presence of an intense inflammatory cell infiltrate in association with 
the release of diverse mediators and growth factors. Similarly, it was observed 
that topical application of a non-viable bacterium, its cell-wall, or just its cell-wall 
peptidoglycans, on skin wounds promoted the healing sequence.79,80 
Therefore, our present study II48 contests the point of view that attributes to 
infection the cause of failure of spontaneous closure of acute perforations of 
the tympanic membrane.81-83 Besides, it is of note that in accordance with the 
present investigation, other researchers had already noted that, under certain 
circumstances, AOM may induce secondary healing of chronic perforations of 
the TM.84-86 In view of this, the fi ndings of both experiments I47 and II48 permit 
us to infer that the performance of myringotomy in AOM leads to a low risk of 
the lesion degenerating into a chronic perforation. Indeed, speedy healing of the 
perforation in AOM will necessarily imply a short-lived aeration of the middle ear 
that may concur to explain the absence of differences in the course of AOM either 
with or without myringotomy, as seen in our study II.48 Interestingly, Gillman 
and co-workers87, in respect to skin healing, suggested a possible interference of 
the epidermal layer in the cellular behavior of connective tissue, and vice-versa. 
More recently, increasing awareness about growth-factors and the mechanisms of 
regulation and expression of diverse genes during healing88-90 have given support 
to this hypothesis. 
Last but not least in histopathological terms, from our study II48 it was evident 
that the dynamic of healing in the TM in rats commences very shortly after 
aggression and is observable at very early hours, at the microscopic level. This 
strongly contrasts with findings in a study using guinea pigs previously published 
by Clawson & Litton66, who reported the start of healing in the TM to occur at 
day four. It is also interesting that McMinn & Taylor61, in another study about 
the cytology of repair of experimental perforations of the TM, also in guinea 
pigs, were not able to detect any significant role of mast-cells in healing in 
the TM. It is plausible that this assertion, in disagreement with the findings of 
study II48 – in which a massive mast-cell degranulation was registered at six 
hours post-myringotomy in the pars flaccida of non-infected TMs – may be the 
simple consequence of these authors’ having overlooked the pars flaccida. For 
a few decades now, this region of the TM has attracted increasing interest as a 
spot actively involved in inflammation of the middle ear.22,91-93 In a recent study 
by Cayé-Thomasen & Tos29, mast-cells were observed infiltrating the posterior 
superior quadrant of the pars tensa in the vicinity of healed perforations of the 
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TM, in late stages of experimental AOM. Transposed to daily clinical practice, 
the current experiments would suggest precaution should be used in prescription 
of products or medications capable of interfering with mast-cell degranulation 
in patients afflicted by acute traumatic perforations of the TM or shortly after 
tympanoplasty.94,95
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