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ABSTRACT

Objective: Button Batteries (BB) stuck in the Ear Canal (EC) have a special importance among foreign bodies in terms of causing complications
depending on the length of time they remain in place, especially in children. In the present study, the purpose was to compare the damaging
effects of frequently used BB chemicals on EC and the differences among them.

Material and Methods: After 4 EC models prepared from freshly frozen cadaveric bovine ears were thawed, Lithium, Alkaline, Silver-oxide, and
Zinc-air BBs with similar size were placed respectively in the canals as the negative poles in contact with the skin. The voltage, tissue temperatures,
and pHs of the BBs were measured and visual damage was photographed at the 3, 6%, 12, and 24" hours. The BBs were removed at the end
of the 24" hour, and EC models were examined histopathologically in a single-blind manner.

Results: Although the visual damage could be observed in the first 1.5 hours in ECs with Lithium, Alkaline, and Silver-oxide BBs, it was observed
that this time extended to 2.5 hours in Zinc-air. The highest pH value was measured in lithium BB at the end of 24 hours, and the lowest pH value
was measured in Zinc-air BB. The least voltage loss was measured in alkaline BB, and not all BB types caused significant changes in tissue
temperatures for 24 hours. No significant tissue necrosis depth was detected in Zinc-air BB, but it was most common in Lithium, Silver-oxide, and
Alkaline BBs, respectively.

Conclusion: All BB chemicals, especially Lithium BB, might cause alkaline necrosis at varying degrees by increasing the pH in EC models without
any heat change. Zinc-air BBs, which are generally used in hearing aids, appear to have less damage potential compared to others.
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INTRODUCTION type, size, and voltage of the battery; humidity; and chemical

contents (5, 7). Although BBs that are stuck in EC can often
The upper aerodigestive system and EC foreign bodies pose a be detected and removed early, cases that are admitted with
common problem, especially in the patient group of pediatric complications were also reported. In the ECs of young children,
age (1). Foreign bodies are detected in advanced age groups, the mentally retarded, and elderly dementia patients, the
especially in mental retardation and patients with Alzheimer’s diagnosis of BBs may be delayed if there is no eyewitness, and
Disease. Unlike other foreign bodies, BBs can cause serious the risk of complications because of the long stay increases (8).
complications (2, 3). Also, the bloody and moist environment created in ECs when

non-specialists try to remove BBs may cause rapid discharge
from the BBs and increase the damage. Potential complications
caused by BBs trapped in the EC include stenosis of the canal,
tympanic membrane perforation, hearing loss, and ossicular
and vestibular damage (9).

The use of BBs in devices such as hearing aids, household
appliances, electronic toys, watches, and digital gadgets has
increased (4). The shape and bright form of BBs attract the
attention, especially from children (5). BB foreign bodies can
be asymptomatic or have dangerous effects, which can cause
fatal outcomes (4, 6). The clinical course of BBs depends on Four different chemicals, lithium (CR), alkaline (LR), zinc-
many factors (5). These factors include time; localization; air (PR), and silver oxide (SR), are frequently used in the BB
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industry. BBs might have similar sizes but different voltages
and chemical contents. Although Lithium and Alkaline BBs are
mostly used in small electronic devices (i.e. watches, toys, etc.),
Zinc-air constitutes most of the chemicals often used in hearing
aids (10).

The damage caused by BBs and other foreign bodies in EC was
discussed in the literature with case reports (11). The damaging
effects of commonly used BB chemicals and the differences
between them were investigated in the present study with in
vitro EC models.

MATERIALS AND METHODS

The ethical aspect of this study was approved by the
Ondokuz Mayis University (OMU) Animal Experiments Local
Ethics Committee (HADTEK) (68489742-604.01.03-E.18528,
date: 23.10.2020), and the study was conducted in the
Samsun Health Practices and Research Center Pathology
Laboratory.

After EC preliminary models obtained from freshly frozen
cadaveric cattle heads at similar size were thawed at room
temperature (22°C), 4 EC models were prepared in the form
of a ring (approximately 2-cm-long segments) in a way that the
canal and skin integrity were preserved.

Lithium BB (CR927), Alkaline (LR736), Silver-oxide (SR736), and
Zinc-air (PR41) BBs, respectively, were placed in the channel
of each EC model with the negative poles in contact with the
skin. All EC models were wetted with saline spray (pH: 6.8) for 2
puffs/30 min for 24 hours. The size and different characteristics
of BBs are summarized in Table 1.

BBs were removed from all EC models with forceps at the
end of the 3, 6, 12t and 24" hours, and their voltages
were measured with a digital voltmeter (UNI-T UT 33D
Digital Auto Range Multimeter, Dongguan City, China),
tissue pH values were determined with litmus papers (Merck
KGaA, Darmstadt, Germany), and tissue temperatures were
measured and recorded with a digital infrared thermometer
(Bosch PTD 1, Malaysia). All measurements were repeated
twice, and the BBs were returned to their places. The visual
damage at the end of each time period was photographed.
All EC models were examined single-blindly by a pathologist
for the depth of necrosis at the end of 24 hours and BBs
were removed.

Table 1: BB types and their properties.

RESULTS

Gas bubbles and brown discoloration were observed after 1.5
hours in the EC models with lithium, alkaline, and silver-oxide
BBs, and after 2.5 hours in the Zinc-air BB EC model. The least
visual damage was detected in the EC model in which a zinc-air

BB was placed at the end of 24 hours (Figure 1, 2).

Figure 1: Visual changes of BBs at 0,6,12,24" hours.
A: Lithium, B: Alkaline, C: Silver-oxide, D: Zinc-air.

BB types IEC* g::inlf.kz::m) Voltage (V) Positive electrode Negative electrode Electrolyte
Lithium CR927 9.5x2.7 3 Manganese dioxide Lithium Organic
Alkaline LR736 7.9x3.6 1.5 Manganese dioxide Zinc Alkaline
Silver-oxide SR736 7.9x3.6 1.55 Silver oxide Zinc Alkaline
Zinc-air PR41 7.9x3.6 1.45 Oxygen Zinc Alkaline

“: International Electrotechnical Commission
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Figure 2: Images of BBs extracted from tissue at the end of 24
hours (A1: Lithium, B1: Alkaline, C1: Silver-oxide, D1: Zinc-air).
After 24 hours, pathological images of A2: Lithium, B2:
Alkaline, C2: Silver-oxide, D2: Zinc-air (x40 magnification; H&E
paint; Olympus light microscope shot using DP2 program,
Olympus Corp. Shinjuku, Tokyo, Japan). Necrosis depth: A2:
1983 pum, B2:854um, C2: 1420um, D2: normal epithelium.
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Figure 3: BB tissue Ph (A), voltage (B), and temperature (C)
change values measured according to hours in EC models.
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In the EC model with Lithium BB, the most significant pH
elevation (pH:13) was detected at the 3™ hour, and the most
significant voltage drop was observed between 3-6 hours. In
the EC model with alkaline BB, the most significant pH elevation
(pH:10) was detected at the 24" hour, and no significant voltage
changes were detected in all time periods. In the EC model with
silver-oxide BB, it was observed that the BB voltage decreased
in direct proportion to time, and the pH changes did not
accompany the voltage decrease in harmony. In the EC model
with Zinc-air BB, the decreasing voltage was accompanied
by a slight increase in pH value (pH:9) at the 3™ hour, and it
was detected that the pH value was around neutral pH from
the 6" hour. No significant changes were detected in tissue
temperatures in all time periods. The changes in pH, voltage,
and temperature of BBs at 3, 6, 12, and 24" hours are shown
in Figure 3.

The depth of necrosis was measured as 1983 um in lithium
BB model, 854 um in alkaline, and 1420 um in silver-oxide at
the end of 24 hours in EC models that were examined single-
blind. No tissue necrosis was detected in the Zinc-air BB model
(Figure 2).

DISCUSSION

The use of BBs has gradually increased in our daily life with
advancing technology (4). In particular, children’s access to
them has become easier with the reduction of BB size, and it
has become easier for them to get stuck in narrow areas, such
as the EC and nasal cavity. BBs stuck in EC are also frequently
experienced by the elderly population, who use hearing aids
(12, 13). It is important for the clinician, who will remove the
FB, to know what the foreign body in the EC is to prevent
possible complications (11).

It was reported that approximately 20% of patients using
hearing aids experience many problems (12, 14). It was also
reported that approximately half of the BB-induced injuries
in elderly adults occur because of the dislocation of device
batteries and their jamming in the EC in patients using hearing
aids; even patients mistook the batteries for the device itself
and placed them in the EC (12, 15, 16). One article reported
that in three cases, a hearing-aid BB stuck in an ear canal
induced necrosis and edema in the EC, which were detected
at the time of diagnosis. This progressed to a granulomatous
reaction in the following weeks (12). It was also reported that
tympanic membrane perforation, cartilage and bone necrosis,
meatal stenosis, resistant otitis externa, and middle and inner
ear damage might develop in patients with delayed diagnosis
(17).

It was reported that 85.9% of 17,325 EC foreign body
admissions (2,887/year) recorded in the UK between 2010 and
2016 consisted of pediatric patients (3). It was also reported
that a total of 3.748 individuals under the age of 18 were
admitted with BBs in EC between 1990 and 2009 in the USA
(18). Lithium BBs that have a diameter of 20 mm are the most
commonly detected BBs in case reports and case series in the
literature. They result in serious complications, and may result
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in mortality when swallowed (19). It was observed that lithium
BBs begin to cause damage to the aerodigestive system mucosa
within as few as 2 hours (20,21).

Jatana et al. (7) reported that lithium, alkaline, and silver-oxide
BBs caused significant damages in the mucosa in cadaveric
porcine esophagus models, but zinc-air BB did not cause any
visible changes. Sancaktar et al. (1) observed that visual damage
because of BBs started at the 15" minute in cadaveric sheep
nasal septum models, the maximum change was detected in
Lithium BBs, and the least was in zinc-air BBs at the end of
the 6™ hour. They also found that the depth of necrosis in the
mucoperichondrium was caused by lithium, alkaline, silver-
oxide, and zinc-air BB, respectively (1). The effects of BBs on
mucosal structures, such as the esophagus and nasal septum,
were investigated in these studies. In our study, however, BB
injuries were investigated in EC models that had a different
anatomical and histological structure, and similar results were
obtained. In porcine esophagus modeling, 3 V lithium BBs
and 1.5 V smaller BBs were compared, and the tissue damage
scores of small BBs were found to be slower but at the same
level (22). In our EC modeling, no histological damage was
detected to EC skin after 24 hours only in 1.45 V zinc-air BB.

The tissue damage due to button batteries occurs through three
mechanisms, the first being the penetration of the alkaline
electrolyte solution in the battery into deep tissues as a result
of alkaline necrosis in the tissue, the second being the damage
caused by cumulative electrical current, and the third being
because of the pressure necrosis of the button battery (17,
20). It is already known that BBs cause more rapid and serious
damage in humid environments such as the mucosa (23). The
resistance of an electrolysis cell depends on the electrode
area (a), the electrode distance (d), and the conductivity of
the medium (o) (r (c) =d / ao) (23). The distance between the
electrodes reduces the resistance and the current increases.
Although the proximity of the negative and positive ends is
technically advantageous because of the small dimension, it can
also cause rapid electrochemical reactions in narrow annular
organs. The BB negative pole is the part held responsible for the
damage (16). It causes the formation of hydroxide ions around
the negative pole that is in contact with the tissue and then
elevated basic pH, which results in local burns (24, 25). For this
reason, it is necessary to examine the tissue that is close to the
negative pole of the BB more carefully. The fluid that leaks from
the damaged tissue increases the electrolyte concentration in
the medium and causes the electrolysis reaction to increase
(24).

BBs are defined as small single-cell batteries. Their diameters
are usually larger (5.8 -30 mm) than their heights (1.2-5.4 mm),
and voltages range between 1.45 and 3V, depending on their
models (19). It was speculated in previous studies that if the
residual voltage of BBs is higher than 1.2 V, they may cause
damage (1). Alkaline, silver oxide, and zinc-air batteries are
smaller in size and have less voltage than lithium batteries.
Although damages were reported in the literature mostly due
to lithium BBs with a diameter of 20 mm or larger, it should

be known that smaller BBs may also cause mucosal damage
(22). In a meta-analysis of 6.262 swallowed BBs, it was found
that more than 90% of the cases were BBs less than 20 mm in
diameter (22).

It was reported in the literature that serious complications
regarding BBs occur mostly after swallowing or inhalation
(8). Cases that result in septum perforation, nasal synechia,
esophageal structure and perforation, vocal cord paralysis,
aortic perforation, or worse, death can be listed among these
(26). Since BBs are more life-threatening than other foreign
bodies, they must be evaluated urgently.

Although EC is not as wet as the mucosal structures, the
damage might be accelerated because of BB discharges based
on bleeding that occurs during unsuccessful removal attempts
in some healthcare centers, depending on the duration of
stay of BBs. Also, ear drops that are given mistakenly might
accelerate the damage done by BBs that are forgotten in EC
or whose removal is delayed. Although the complications due
to BBs stuck in the EC seem to be rarer compared to those
compressed in the airway, such as the esophagus or nose, the
rapid spread of the use of BBs, the high child population in rural
areas, as in Turkey, and the presence of refugee children, whose
number has increased rapidly in recent years, all increase the
importance of addressing these risks.

Special attention should be paid to all BB foreign bodies,
including when they are stuck in EC, and cases must be referred
to specialist centers urgently.

CONCLUSION

Because of the different chemical structures and voltages of
BBs, their effects on tissues may also be different. According
to the results of our study, although many believe that zinc-air
BBs do not cause as much damage as lithium, alkaline, and
silver oxide, it is not reasonable to argue that one BB type is less
harmful than others, based on this in vitro study. These results
must be confirmed in experiments more comprehensively
in advanced in vivo studies. The fact that all BBs should be
removed from their locations as soon as possible remains true.
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