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Interference between dental electrical
devices and pacemakers or defibrillators
Results from a prospective clinical study
ABSTRACT

Background. The authors aimed to determine whether electrical
dental devices would interfere with the function of cardiac pace-
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makers or implantable cardioverter defibrillators (ICDs) in
humans.
Methods. The authors exposed asymptomatic nonpacemaker-
dependent patients to commonly used electrical dental equipment
(for example, battery-operated curing lights, ultrasonic baths, ultra-
sonic scalers, electric pulp testers, and electric toothbrushes) in an
outpatient cardiology clinic. The authors operated dental devices at
various distances and programmed cardiac devices to sense andpace.
The authors obtained cardiac tracings using a cardiac programming
unit and a cardiac provider who noted any interference interpreted
the results in real time.
Results. The authors enrolled 32 consecutive patients and tested
12 pacemakers and 20 ICDs. They did not observe any significant
clinical interference in sensing and pacing functions in any patient;
however, they noted minor interference without clinical impact in
the telemetry from the cardiac programming unit during use of the
ultrasonic scaler and bath.
Conclusions. The findings of this prospective study suggest that
electrical devices commonly used in dental practices do not inter-
fere with the sensing and pacing of contemporary cardiac patients’
pacemakers or ICDs. However, they do interfere with the telemetry
from the cardiac programming unit, without any clinical impact on
patient safety. These findings should help in the development of
clinical guidelines regarding dental management of patients with
pacemakers or ICDs.
Practical Implications. Electrical dental devices (for example,
ultrasonic baths, ultrasonic scalers) induced minor interference
with programmers that interrogate cardiac devices implanted in
patients; however, overall, dental devices do not appear to interfere
with pacemakers’ and defibrillators’ pacing and sensing function.
Key Words. Dental equipment; defibrillators, implantable;
C ardiac implantable electronic devices
(CIEDs) are indicated to prolong sur-
vival in patients with a variety of cardiac
diseases. CIEDs include pacemakers and

implantable cardiac defibrillators (ICDs). These
devices are used to treat slow heartbeat (pacing)
and to terminate life-threatening arrhythmias by
delivering a large amount of energy (that is,
“shock”), respectively. CIED pulse generators
detect and interpret internal cardiac signals to
provide effective treatment. Unfortunately, many
external electrical devices can mimic or obscure
intracardiac signals (that is, electrograms) and
potentially disrupt normal CIED function.1-4

Those noncardiac electrical signals, also called
electromagnetic interference (EMI), may cause
the CIED to inhibit pacing, pace irregularly, or
pace inappropriately owing to a lack of appro-
priate sensing of the heart’s own rhythm. Inter-
ference is of concern in the field of dentistry, in
which clinicians operate numerous electrical de-
vices on a daily basis. Researchers have attempted
to identify dental electrical devices that can
interfere with CIEDs; however, the exact risk for
interference is not well defined in the dental
setting.5-8

The results of several in vitro studies whose
investigators used physiological saline baths and
bench-top settings suggest possible interference
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ABBREVIATION KEY. AP: Atrial pacing. AS: Atrial sensing.
AV: Atrioventricular. BiV: Biventricular. BSC: Boston Scien-
tific. BTK: Biotronik. CIED: Cardiac implantable electronic
device. DC: Dual chamber. DDD: Sensing and pacing for all
leads with a dual inhibited mode. ECG: Electrocardiogram.
EMI: Electromagnetic interference. F: Female. ICD: Implant-
able cardiac defibrillator. LVP: Left ventricular pacing. M:
Male. MDT: Medtronic. PM: Pacemaker. RF: Radiofrequency.
RVP: Right ventricular pacing. SC: Single chamber. SJM: St.
Jude Medical. TN: Telemetry noise. VS: Ventricular sensing.
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between select dental devices and CIEDs.9-14 As a result,
statements cautioning dentists to avoid the use of ul-
trasonic scalers and other electrical dental devices with
patients who have CIEDs have appeared in the litera-
ture.6,15-17 However, clinical data are limited. Published
studies to date have included a low number of patients
and case reports that have provided conflicting re-
sults.18,19 In addition, interaction between CIEDs and
dental equipment potentially may range from benign
interference (that is, with the CIED’s interrogation unit)
to life-threatening inhibition of electrical therapy.
Despite major improvements in shielding and EMI
recognition by CIEDs over the last 2 decades, legitimate
concerns still remain in light of scarce and inconsistent
data.

Therefore, we conducted a clinical prospective study
to define whether electrical interference occurs in
modern CIEDs during operation of select dental devices
in close proximity to patients. Furthermore, we aimed
to define whether EMI, if any, impeded device function,
produced a significant clinical impact (major or minor),
or both.

METHODS
Study cohort. Between 2011 and 2013, we prospectively
recruited all study participants from the implantable
cardiac device clinic at our institution. We enrolled
consecutive patients with previously implanted cardiac
devices during their regularly scheduled follow-up visits.
Patients aged 18 to 90 years of any race or sex who had
pacemakers or ICDs that were functioning appropri-
ately—whether they had 1, 2, or 3 leads (that is, a
biventricular device, allowing cardiac pacing from the
right and left ventricles simultaneously)—were eligible
for enrollment. We excluded patients if they were
dependent on a pacemaker (that is, if the patient was
symptomatic without pacemaker function), had any
significant abnormality in 1 of the leads that would
require a future intervention, were deemed to be at high
risk for experiencing recurrent ventricular arrhythmia
(that is, having had at least 2 episodes treated by the
device since the previous interrogation), had a func-
tional atrial lead with an ongoing atrial arrhythmia
preventing atrial pacing capabilities (such as atrial
fibrillation or flutter), or previously had experienced any
type of EMI. All participants signed informed consent
before we conducted testing. The University of Ken-
tucky Institutional Review Board approved the study
protocol.

Study protocol. Upon enrollment and after receiving
an explanation of the study design and signing
informed consent, participants were exposed succes-
sively to the following electrical dental devices: Sonicare
battery-operated, electric toothbrush (Philips), Quan-
trex Q140H Ultrasonic Cleaning System (L&R Ultra-
sonics), Cavitron Select SPS Ultrasonic Scaler
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(Dentsply), #D-20845 Digitest battery-operated electric
pulp tester (Parkell), and the Optilux 380 electric-
operated curing light (Kerr). A practicing dentist
(J.L.M.N.) individually tested these devices to simulate
regular clinical use by turning the devices on and off
and operating them at all power levels at varying dis-
tances (ranging from 0 to 18 inches) from the patient’s
cardiac device to simulate routine use in the dental of-
fice. While dental devices were brought close to the
cardiac pulse generator typically located in the left
prepectoral area, we typically scanned the left side
of the thorax by passing the dental device as close
as possible to the cardiac leads. We turned the electronic
dental devices to the “on” mode for 60 seconds, but
then immediately turned them off if the patient expe-
rienced symptoms or if the CIED noted significant
interference. We tested each dental device twice,
using the following 3 different pacing and sensing
modes for the CIED: intrinsic patient rhythm, often
sensing the atrium and ventricular signal in ICDs;
dual chamber (DDD) sensing and pacing for all
leads with a dual inhibited mode at 40 beats per
minute with a very short atrioventricular (AV) delay
(80 milliseconds) to ensure appropriate atrial sensing
and ventricular pacing; and DDD at 100 bpm with
the longest AV delay based on the device capability
(350 or 400 ms) to ensure appropriate atrial pacing
and ventricular sensing.

A certified electrophysiology nurse practitioner (S.L.)
recorded intracardiac electrograms by using the device
company’s programmer, which allows interrogation and
changes in the CIED function. The 4 programmers used
were Merlin Patient Care System 3560 (St. Jude Medi-
cal), Zoom Latitude Programmer Maintenance, Model
3120 (Boston Scientific), Renamic 4708A (Biotronik),
and Medtronic CareLink Programmer, Model 2090
(Medtronic), respectively. To operate the CIEDs, we
connected the programmers to the CIEDs using
continuous inductive telemetry (that is, placing a telem-
etry wand on the patient’s clothing over the CIED) or
using radiofrequency (RF) telemetry (that is, a wireless
system through an RF antenna). In addition, we recorded
a real-time “surface” electrocardiogram (ECG) either
through the respective programmer or, if necessary,
through a standard 12-lead ECG. We continuously
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TABLE

Characteristics of the study population, cardiac devices,
and interferences.
NO. AGE,

Y
SEX DEVICE

TYPE
DEVICE COMPANY

(MODEL)
WIRELESS

CAPABILITY?
TIME
FROM

IMPLANT
(DAYS)

INTERFERENCE
TYPE*

1 2 3 4 5

1 49 M† PM‡ (DC§) SJM¶ (Zephyr) No 2,290 þ# þ -** - -

2 78 F†† PM (DC) MDT‡‡ (Adapta) No 643 þ þ - - -

3 55 F PM (DC) BSC§§ (H120) No 1,086 þ þ - - -

4 71 F PM (DC) MDT (ADDRS1) No 1,032 þ þ - - -

5 57 M PM (DC) BTK¶¶ (Cyclos DR) No 1,452 þ þ - - -

6 56 M ICD##

(BiV***)
SJM (Unify) Yes 11 þ þ - - -

7 56 M ICD (DC) SJM (Fortify) Yes 1,004 þ þ - - -

8 63 M ICD (DC) MDT (Virtuoso) Yes 1,907 þ þ - - -

9 62 M ICD (DC) SJM (Fortify) Yes 8 þ þ - - -

10 57 F ICD (DC) BSC (T125) No 1,520 þ þ - - -

11 67 M ICD (SC†††) SJM (CD1231) Yes 666 þ þ - - -

12 88 F ICD (DC) SJM (CD2231) No 726 þ þ - - -

13 53 F ICD (SC) BSC (Teligen) Yes 7 þ þ - - -

14 62 M ICD (BiV) BSC (H120) Yes 2,315 þ þ - - -

15 32 F PM (DC) SJM (Accent) Yes 793 þ þ - - -

16 54 M ICD (DC) SJM (CD2231) Yes 10 þ þ - - -

17 40 M PM (DC) SJM (Victory XL) No 2,812 þ þ - þ -

18 62 F PM (DC) MDT (Adapta) No 437 þ þ - - -

19 38 M ICD (DC) SJM (Fortify) Yes 509 þ þ - - -

20 56 M PM (DC) MDT (Maximo DR
7278)

No 2,284 þ þ - - -

21 45 M ICD (DC) BSC (Oscar) Yes 1,611 þ þ - - -

22 64 M ICD (BiV) MDT (Concerto) Yes 1,977 þ þ - - -

23 32 M PM (DC) BTK (Cyclos DR) No 14 þ þ - - -

24 75 F ICD (BiV) MDT (Concerto) Yes 1,805 þ þ - - -

25 69 M ICD (DC) BSC (Teligen) Yes 204 þ þ - - -

26 44 F ICD (DC) SJM (Ellipse) Yes 378 þ þ - - -

27 63 M ICD (BiV) BSC (Energen) Yes 8 þ þ - - -

28 60 M ICD (BiV) BTK (383547) No 2,323 þ þ - - -

29 65 F PM (DC) BSC (Altura) No 321 þ þ - - -

30 69 M PM (DC) SJM (Accent) Yes 961 þ þ - - -

31 40 M ICD (SC) SJM (Fortify) Yes 15 þ þ - - -

32 70 M ICD (BiV) BSC (Cognis) Yes 10 þ þ - - -

* Interference types include the following: 1 ¼ Cavitron Select SPS Ultrasonic Scaler (Dentsply); 2 ¼ Quantrex
Q140H Ultrasonic Cleaning System (L&R Ultrasonics); 3 ¼ Optilux 380 electric-operated curing light (Kerr);
4 ¼ Sonicare battery-operated, electric toothbrush (Philips); 5 ¼ #D-20845 Digitest battery-operated electric
pulp tester (Parkell).

† M: Male.
‡ PM: Pacemaker.
§ DC: Dual chamber.
¶ SJM: St. Jude Medical.
# þ: Interference detected.
** -: Interference not detected.
†† F: Female.
‡‡ MDT: Medtronic.
§§ BSC: Boston Scientific.
¶¶ BTK: Biotronik.
## ICD: Implantable cardiac defibrillator.
*** BiV: Biventricular (with 3 leads).
††† SC: Single chamber.
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monitored and printed
intracardiac electrograms
and surface ECGs during
testing. Then, a specialized
cardiologist (electrophysi-
ologist) (S.L.) interpreted
the findings, noting any
EMI or abnormalities in
pacing. Once the study
protocol was completed,
we thoroughly evaluated
participants’ health and
cardiac devices before dis-
missing the patient. Po-
tential EMI events
between the CIEDs and
the dental devices were
classified as major if there
was any effect on the
CIED’s function (that is,
sensing and pacing func-
tion that was not observed
during normal device
operation) or a significant
clinical impact, and minor
if there was any type of
EMI not affecting the de-
vice function in combina-
tion with no significant
clinical impact (that
is, with the CIED pro-
grammer). Finally, we
noted artifacts on the reg-
ular standard 12 lead ECG,
but did not consider these
to be EMI events because
they did not relate directly
with CIED function.

Data analysis. We
recorded in a Microsoft
Excel spreadsheet and
analyzed the following
data: age, sex, race, type of
implanted cardiac device
(that is, manufacturer,
number and position of
leads, RF capability), time
since implant, type of
EMI, and patient symp-
toms, if any. Continuous
variables are reported as a
mean (standard deviation
[SD]) and categorical
variables as a percentage.
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Figure 1. Rhythm strip showing intracardiac channel noise during the ultrasonic cleaning system operation. Tracings from top to bottom: Surface
electrocardiogram (ECG), atrial channel, ventricular channel, and device markers. Note the noise on the atrial and ventricular channel recognized
on the marker channel as telemetry noise (one of the biventricular implantable cardiac defibrillators [ICDs] from Boston Scientific). The surface ECG
on the first channel verifies that the ICD works appropriately despite the noise. AP: Atrial pacing. LVP: Left ventricular pacing. RVP: Right ventricular
pacing. TN: Telemetry noise.
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RESULTS
Patient and device characteristics. Thirty-two consec-
utive patients were eligible and enrolled in the study.
The table lists the characteristics of the study popu-
lation, cardiac devices tested, and EMI with the
different dental devices tested. All participants were
able to complete the testing protocol without
complication. Twenty-one (65.6%) participants were
male, 28 (87.5%) were white, and 4 (12.5%) were Af-
rican American. Ages ranged from 32 to 88 years
(mean 57.9 [SD ¼ 13.1] years). Twenty individuals
(62.5%) had ICDs, and 12 (37.5%) had pacemakers,
with a total of 7 (25%) having biventricular pacing.
Thirteen patients (40.6%) had St. Jude Medical car-
diac devices, 9 (28.1%) had Boston Scientific devices, 7
(21.9%) had Medtronic devices, and 3 (9.4%) had
Biotronik pacemakers. All cardiac devices were
implanted in the left side of the chest with a mean
time of 973.1 [SD ¼ 871.9] days since device
implantation.

Electromagnetic interference. We did not observe
major EMI in any of the participants; however, we
noted minor EMI events. Those events occurred typi-
cally at a distance of less than 18 inches, with the use of
the ultrasonic scaler and the ultrasonic cleaning system
in all cases. Examples of minor EMI events during
dental device operation included noise on the cardiac
electrogram channels (Figure 1) and complete loss of
cardiac telemetry (Figure 2). Finally, we noted some
noise limited to the surface ECG (Figure 3). In 1
participant (patient 17), we saw an unexpected ven-
tricular pacing activity when the electrophysiologist
brought the sonic toothbrush within 12 inches of the
study participant (Figure 4). We observed a change
from atrial and ventricular sense behavior of the
pacemaker (Victory XL DR Model 5816, St. Jude
Medical) to atrial sense and ventricular pace with a
124 JADA 146(2) http://jada.ada.org February 2015
short AV delay that returned to normal after a few
beats. We immediately removed the dental device, and
the patient remained asymptomatic. We further
explored this particular interaction with different
pacing modes and discussed this interaction with the
cardiac device company’s technical services represen-
tative. We concluded that this particular interaction
occurred because the pacemaker was programmed in a
tracking mode (DDD) with the autocapture feature
turned on. For this device, the complete loss of cardiac
telemetry triggered the autocapture threshold search to
occur. This was a minor interaction and illustrated
normal device behavior. Furthermore, it could only
occur while the device was being interrogated with the
programmer, which would not occur in a typical dental
setting.

Finally, it is noteworthy that EMI occurred whether
the programmer was connected to the CIED via the
convention wand placed over the CIED or through a
wireless remote RF telemetry.

DISCUSSION
For the last several decades, dentists have questioned
the safety of providing dental care to patients who
have CIEDs. Their concern is legitimate as data are
scarce and include contradictory results as to whether
electrical dental equipment interferes with CIED
function. In 1998, Miller and colleagues9 observed
that an electrosurgical unit, ultrasonic bath cleaner,
and magnetorestrictive ultrasonic scaler could inhibit
in vitro atrial and ventricular pacing within a cardiac
pacemaker. In contrast, Garofalo and colleagues10

reported in 2002 that 4 of 5 electric apex locators
did not interfere with pacemaker function when
tested in vitro and concluded that these instruments
could be used safely on patients. In 2007, Brand
and colleagues11 tested 10 various electrical dental
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Figure 2. Rhythm strip showing intermittent complete loss of intracardiac telemetry during the ultrasonic scaler operation. Tracings from top to
bottom: Surface electrocardiogram (ECG), device markers, atrial channel, ventricular channel, and far field. Note the intermittent complete loss of
intracardiac telemetry for all the channels except the surface ECG that verifies proper atrial pacing and ventricular sensing despite the absence of
telemetry (noted in one of the dual-chamber implantable cardiac defibrillators from St. Jude Medical). AP: Atrial pacing. VS: Ventricular sensing.

ORIGINAL CONTRIBUTIONS
devices on 3 different types of ICDs in vitro and
found that 1 ultrasonic bath interfered with 2 ICDs.
In a single patient with a cardiac-implanted pace-
maker, study investigators found that an ultrasonic
scaler did not alter heart rhythm as monitored by a
pacemaker technician.19 Consistent with this result,
in 2006 Wilson and colleagues18 found that electronic
apex locators and electric pulp testers did not
interfere with the pacing of cardiac devices when
tested in vivo.
JADA 146(2) http://jada.ada.org February 2015 125
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Figure 3. Rhythm strip showing noise limited to the surface electrocardiogram (ECG) during the ultrasonic scaler operation. Tracings from top to
bottom: Surface ECG, device markers, and atrial channel. Note the noise on the surface ECG but not on the intracardiac channel electrograms. AS:
Atrial sensing. VS: Ventricular sensing.

Figure 4. Example of a complete loss of cardiac telemetry triggering an autocapture threshold search during the ultrasonic scaler operation. Tracings
from top to bottom: Surface electrocardiogram (ECG), device markers, atrial channel, and ventricular channel. Note the autocapture threshold search
initiated by loss of telemetry. The first 2 beats starting at the arrow represent ventricular capture with a short atrioventricular delay (at the pro-
grammed output); the next 2 beats are loss of ventricular capture (at an output 0.25 volts less than the initial programmed output) with fusion of the
backup pulse; the next 2 beats regained capture with an increase of the output (by 0.125 volts), which completed the autocapture test. The cardiac
device then resumed normal function because the dental device was removed. AS: Atrial sensing; VS: Ventricular sensing.

ORIGINAL CONTRIBUTIONS
In 2010, Roedig and colleagues12 studied the
in vitro effects of electrical dental equipment on newer
models of pacemakers and ICDs. They found that the
ultrasonic scaler, ultrasonic bath, and battery-operated
composite curing light could interfere with CIED.
126 JADA 146(2) http://jada.ada.org February 2015
However, those EMI events may not be clinically sig-
nificant as they did not seem to disrupt CIED function,
but instead only affected the CIED interrogation unit
function (also called a programmer). In cardiology and
in this study, the programmer is used to access the
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CIED’s hard drive via a wand placed on the skin in
contact with the CIED or through a wireless antenna.
When connected to the CIED, the programmer allows
retrieval of data, change in programming, real-time
recording, and telemetry monitoring. When dental
equipment such as the Cavitron Select SPS Ultrasonic
Scaler is turned on and is in close proximity to the
CIED, the programmer loses its telemetry connection
with the CIED (see Figure 2). Thus, without a simul-
taneous real-time recording through the programmer
and ECG, it is difficult to be certain whether the CIED
continues to pace and sense appropriately.

Therefore, we conducted a prospective clinical
study to clarify some of the questions raised previ-
ously. To our knowledge, this is the largest in vivo
study to investigate EMI of CIED activity during the
use of several commonly used dental devices. We
tested common modern CIEDs produced by 4 major
companies. Our study results show that there was
minor EMI between some dental devices (ultrasonic
scalers and ultrasonic cleaning systems) and the
device programmer. Therefore, noted EMI in previous
in vitro studies could be attributed to similar in-
teractions. However, there was not a single major
interaction among the 32 patients enrolled. CIEDs’
sensing and pacing functions were never disrupted
while dental equipment operated, providing some
reassurance for the use of dental equipment with
modern CIEDs.

In contrast to the results of previous in vitro studies
whose authors reported EMI, the lack of EMI events
noted in humans during this study also could be
attributed to the shielding properties of newer models of
CIED. Compared with first-generation CIEDs, modern
CIED circuitry is sealed hermetically to protect patients
from electromagnetic waves to which they are exposed
in everyday life. In this study, we also verified proper
sensing and pacing of CIEDs during the loss of the
telemetry signal on the programmer, because this issue
has been raised previously.20 By temporarily “forcing”
the CIED to sense and pace, we confirmed the appro-
priate CIED pacing and sensing function by having a
simultaneous surface ECG recording while the dental
device disabled the link between the CIED and the
programmer unit.

Typical of clinical studies, there are limitations to
consider. We did not test every type of CIED that
was available in clinical practice. However, we tested
23 different models of modern CIEDs. Furthermore, the
CIEDs that we did not test have shielding technology
that is similar to those devices that we did test. There-
fore, it is reasonable to extrapolate our data to modern
available devices. Also, we did not test patients who
were dependent on CIEDs in this study due to safety
concerns. However, there is no mechanistic reason as
to why those results should differ among patients who
are dependent on pacemakers. Finally, the number of
patients in this study was relatively small.
CONCLUSIONS
Commonly used electrical dental devices (for exam-
ple, ultrasonic cleaning systems, ultrasonic scalers)
presented minor EMI with programmers that interro-
gate cardiac devices implanted in patients. Those in-
teractions are not typically observed in a dental setting
because cardiac devices would never be interrogated
there, and the observed interactions were not associated
with significant clinical implications. Thus, the dental
devices tested did not appear to interfere with pace-
makers’ and defibrillators’ pacing and sensing function
of newer models of pacemakers and ICDs. Larger
studies are needed to confirm our findings. n
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