
Introduction
Myringotomy and tympanostomy tube (TT) placement is one of the most 
frequently performed surgical procedures in otorhinolaryngology 1. The TT is 
used to allow ventilation and pressure equalization in the middle ear, and is not 
meant for drainage purposes, although sometimes it may act as a drain.  Patients 
with TT are often instructed not to allow water into their ear while taking a bath 
and to avoid swimming, based on the thought that liquid might penetrate the TT 
opening and enter the middle ear. There are reports of patients who maintained 
dry ears and did not have otorrhea 2- 3. The authors performed an in vitro study to 
determine the pressure needed for different types of fluids to overcome resistance 
and flow through the TT opening. This was proposed because we had initially 
observed that a single drop does not pass through the TT opening.
Methods
A water column model was created in a transparent, graduated container with 
the height in centimeters measured from the base. In the lower part, two types 
of the most commonly used TT were successively adapted hermetically, without 
the possibility of any seepage. They were Donaldson and Bobbin, with an inner 
diameter of 1.14mm and 4.5mm long. In each of the models, tap water was placed 
at 16º and 18ºC, seawater, swimming pool water, river water, eardrops (Polymyxin 
B Sulfate  + Lidocaine Chloridrate) and soapy tap water.
Using the different types of fluids, the experiment was performed by filling the 
container with microdrops slowly and successively to form a fluid column until 
the time of escape, the liquid exiting through the t-tube opening. At this point the 
height of the water column was recorded. The test was repeated ten times to obtain 
the thresholds equivalent to the water column pressure in centimeters (cmH2O) 
needed to produce the flow. Two examiners evaluated and read the data. The data 
were compared by analysis of variance (ANOVA), and the statistical difference 
was determined for p < 0.05.
Results
Fluid passed through the TT opening at the following mean thresholds observed 
in the respectively tests (Donaldson and Bobbin).
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• Tap water: 2.1- 2.15cmH2O (temperature variation did not change the 
threshold);

• Swimming pool water: 2.1 – 2.16 cm H2O;
• Sea water: 2.08 – 2.14 cm H2O;
• River water: 1.9 – 1.84 cm H2O;
• Eardrops: 1.6 – 1.59cmH2O;
• Soapy water: 0.6 – 0.61cmH2O.

Using ANOVA, we determine whether the differences between the thresholds 
among the various types of fluids tested through the opening of a same type of TT 
were statistically significant; we also tested the difference in the passage threshold 
of one fluid through the opening of the two different types of tubes.
There was no significant difference in passage thresholds between the following 
types of fluids: tap water, swimming pool water and sea water. In the other 
comparisons between thresholds of the other various types of water in a same 
tube, all of them presented a significant difference (p<0.05).
We compared the thresholds of a same fluid between the two types of tubes. No 
significant difference was found between the Donaldson and Bobbin tubes as to 
the threshold for the same type of liquid.
Discussion
Myringotomy, with the insertion of a TT is the most frequent surgical procedure 
performed on children after the neonatal period in the United States.1 Since a TT 
stays in for an average of 6-7 months 2, it is easy to imagine how difficult the 
situation is for the child and its family, when they are advised to protect the ear 
from the bathwater. A survey performed among 1,266 otorhinolaryngologists in 
the USA, in 1992, found that 13.1% forbade children to swim with a TT, while 
only 3.1% felt that it was unnecessary to take any precautions about water. Among 
the interviewees, 68% recommended limiting diving deep 3. Several in vitro 
studies were carried out to assess the problem. Robson believes that there is no 
reason to limit children’s activities in water 4. Herbert developed a model of the 
human head, reading resistance using a sensor (ohmeter) and performed several 
measurements, concluding that showers, washing hair/head and submersion in tap 
water do not pose a great risk of water entering the middle ear. However, soapy 
water increases the likelihood of penetration. He also found that in swimming 
pools the incidence of water passing through the TT increased with diving 5. Our 
results corroborate the observation that there is a natural resistance to passage 
through the TT opening for different types of fluids that are similar, which has 
been proven experimentally. This can be observed in our results for tap water, 
swimming pool water and seawater. We found that measures did not change 
with variation in fluid temperature. This resistance diminishes progressively with 
the respective types of fluids: river water, eardrops and soap water. This can be 
explained by the action of emulsifying substances, for instance soap, in which the 
surface tension of water diminishes, making it easier for the fluid to pass through 
at a lower pressure. Although the river water composition has not been analyzed, 
the authors hypothesize that some pollutant may be present, with a detergent    
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action that could reduce the surface tension of the fluid. In the Donaldson and 
Bobbin tubes which had equal lengths and diameters, no significant differences 
were observed between the thresholds.
Our results showed that eardrops (Polymyxin B Sulfate + Lidocaine Chloridrate) 
do not pass spontaneously through the TT, and some type of pressure must be 
exerted on the liquid instilled into the auditory meatus for this to occur.
Although the thresholds found in our study of soapy water are low and in vitro 
studies have limitations, we should recall that, if a person keeps their head in a 
vertical position, it is very unlikely that a water column will form and exert the 
necessary pressure to pass fluid through the TT. In addition, the position of the TT 
is not at the lowest point in the tympanic membrane, but a few millimeters above 
the level of the auditory meatus. Thus, the water will only be able to penetrate the 
TT if the child’s head is submerged.
Conclusion
The TT is an opening that is maintained artifi cially in the tympanic membrane. 
The passage of a liquid depends on its surface tension and the pressure exerted on 
the TT. This phenomenon does not depend on fl uid temperature. Our experiment 
agrees with the results of the literature, so that there is no reason to protect the ear 
during a shower when the water falls indirectly and does not exert pressure on the 
tympanic membrane.  A bathtub with soapy water is potentially dangerous due to 
reducing the surface tension and to the possibility of dipping, and there is a chance 
for fl uid to get in at lower pressure. There is a direct relationship between pressure 
and surface tension on the TT opening, implying the need to somehow reduce this 
pressure while diving in any fl uid medium, whether it is in swimming pools, the 
sea, a river, and also to avoid sudden head movements in the water.
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