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Pacemakers and im -
plantable cardioverter-
defibrillators (ICDs) are
electronic devices that
emit electrical signals and

are sensitive to electromagnetic sig-
nals in the vicinity. They are being
implanted increasingly in people,1,2

especially elderly people, who also
visit the dental office.

Surgically implanted pacemakers
provide regulated pacing for cardiac
bradyarrhythmias. Most pace-
makers are implanted in people
with severe complete heart block.3,4

Technological advances in perma-
nent pacemakers across the past 30
years, however, have resulted in
increased indications for their use
including to treat sinus node dys-
function and to enable tolerance of
atrioventricular nodal blocking
agents.5 Owing to these advances
and the aging population, there has
been a significant increase in the
incidence of permanent pacemaker
implantation.1 It is estimated that 3
million people worldwide have pace-
makers, and more than 500,000
people in the United States, Canada
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Background. The authors conducted a study to
determine if electromagnetic interference of cardiac
pacemaker and implantable cardioverter-defibrillator
(ICD) activity occurs during the operation of elec-
tronic dental devices.
Methods. The authors tested nine electronic dental
devices in vitro to assess their ability to interfere with the function of two
pacemakers and two ICDs as determined by electrocardiographic
telemetry.
Results. The pacing activity of both pacemakers and the dual-chamber
ICD were inhibited during operation of the battery-operated composite
curing light at between 2 and 10 centimeters from the generator or leads.
The use of the ultrasonic scaler interfered with the pacing activity of the
dual-chamber pacemaker at between 17 and 23 cm from the generator or
leads, the single-chamber pacemaker at 15 cm from the generator or leads
and both ICDs at 7 cm from the leads. The operation of the ultrasonic
cleaning system interfered with the activity of the dual-chamber pace-
maker at between 15 and 23 cm from the generator or leads, and of the
single-chamber pacemaker at 12 cm. Operation of the electric toothbrush,
electrosurgical unit, electric pulp tester, high- and low-speed handpieces,
and an amalgamator did not alter pacing function.
Conclusion. Select electronic dental devices interfere with pacemakers’
and ICDs’ sensing and pacing activity in vitro.
Clinical Implications. Use of the ultrasonic scaler, ultrasonic
cleaning system and battery-operated composite curing light may pro-
duce deleterious effects in patients who have pacemakers or ICDs.
Key Words. Cardiac pacemaker; defibrillator; electromagnetic inter-
ference; dental equipment.
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and Mexico have an implantable permanent pace-
maker.6-8 ICDs also are being placed to prevent
sudden cardiac death in patients with poor car-
diac function. ICDs are placed in more than
60,000 people annually in the United States.2

Thus, the average dental practice that provides
care to adults, including elderly people, is
expected to have at least one patient who has a
permanently implanted cardiac device.

Physicians have cautioned patients with
implanted cardiac pacemakers and ICDs that
electromagnetic interference might occur and
cause device malfunction, harm patients or do
both.9,10 Advice has been disseminated to patients
to avoid magnetic resonance imaging machines,
cell phones and electrocautery devices.11-13 The
dental literature also includes articles that advise
practitioners to avoid operating certain dental
devices because they may produce electromag-
netic interference and cause pacemakers to not
function properly.14-23 Evidence, however, suggests
that electromagnetic interference of the activity of
newer advanced-design pacemakers and ICDs
during the operation of select electronic dental
devices may be less of a concern.24-27 These find-
ings lead to the question of whether past guide-
lines still are applicable. Thus, we conducted a
study to determine whether electromagnetic
interference of pacemaker and ICD activity occurs
during the operation of electronic dental devices.

MATERIALS AND METHODS

We tested nine electronic dental devices (Table)
in vitro for their ability to interfere with the func-
tion of a single-chamber cardiac pacemaker
(Sigma SR, Medtronic, Minneapolis), a dual-
chamber cardiac pacemaker (Kappa model
KDR701, Medtronic), a dual-chamber ICD (Mar-
quis DR model 7274, Medtronic) and a biventric-
ular ICD (InSync II Marquis, Medtronic) by using
a method we reported previously.15 The electronic
dental devices, pacemakers and ICDs made up
the convenience sample and were representative
of their common use in the United States.

We placed the pacemakers and ICDs with their
leads attached in a 1.5-liter saline solution that
we adjusted to 400 to 800 ohms to replicate the
electrical resistance of the human body. We pro-
grammed the pacemakers and ICDs to maximum
sensitivity and immersed them in the saline solu-
tion. We placed the telemetry wand of a cardiac
pacemaker and defibrillator programmer (Care-
Link Programmer, Model 2090, Medtronic)

directly over the pacemaker or ICD to monitor the
pacing patterns and connections. Two cardiolo-
gists who specialize in cardiac electrophysiology
(J.S. and C.S.E.) used the programmer to monitor
the atrial and ventricular pacemaker and ICD
output and the electrocardiographic activity con-
tinuously beginning 30 seconds before each trial
and continuing until the end of each trial.

We operated each dental device to simulate
normal use (that is, turned it on and off and oper-
ated it continuously at all power levels). We placed
each dental device directly on the pacemaker or
ICD and slowly moved it away from the pace-
maker and ICD generator and leads until we
reached 3 feet or detected no interference. We
then began operating each dental device at 3 feet
from the pacemaker or ICD and moved it toward
the pacemaker or ICD until it was directly on the
pacemaker or ICD. We tested each dental device
separately and repeated the test three times. If we
detected interference, we recorded the minimum
and maximum distances from the pacemaker or
ICD at which the interference was registered.

After we completed the trials, the cardiologists
printed electrograms for all of the dental devices
and reviewed them to look for and verify normal
intrinsic pacing patterns and interference of car-
diac device function. We analyzed the data for 
differences in interference according to the pace-
makers’ unipolar and bipolar pacing mode, gener-
ator versus lead, and distance by using the
McNemar test.

RESULTS

We found that each pacemaker and ICD exhibited
a normal pacing pattern during the 30 seconds
before each trial. The telemetric recordings of the
pacemakers and ICDs with all of the dental
devices were consistent in all three trials.

We detected inhibition of pacing activity when
three electronic dental devices were operated in
proximity to the pacemakers (Table). The use of
the ultrasonic scaler interfered with the activity of
both pacemakers. We detected interference at 15
centimeters from the single-chamber pacemaker
generator in both the unipolar and bipolar pacing
modes (Figure 1, page 524). The use of the ultra-
sonic scaler also interfered with the unipolar
pacing mode of the dual-chamber pacemaker 
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ABBREVIATION KEY. ICD: Implantable cardioverter-
defibrillator.
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at 23 cm from the generator and with the bipolar
pacing mode at 17 cm from the generator. The use
of the ultrasonic cleaning system caused interfer-
ence with both the single- and dual-chamber pace-
makers at 9 to 12 cm and 15 to 23 cm, respectively,
from the generator (Figure 2). The ultrasonic
cleaning system was the only dental device to
interfere with pacing activity with respect to the
leads. The use of the battery-operated composite
curing light inhibited pacing activity at 7 to 10 cm
from the generator for the dual-chamber pace-
maker, and at 3 cm from the generator for the
single-chamber pacemaker (Figure 3, page 525).
The interference we observed in these trials
occurred during constant pacing mode (that is,
absence of pacemaker sensing activity). However,
we repeated the trials without any pacing activity
by having the pacemaker sense electrical activity

that was artificially produced in the ultrasonic
cleaning system. The interference that occurred
during sensing was similar to that observed
during pacing, and it occurred at a similar dis-
tance from each dental device (data not shown).

We also observed interference of ICD pacing
function during the operation of the dental devices.
The operation of both the ultrasonic scaler and the
battery-operated composite curing light interfered
with the ICDs’ pacing function (Figures 1 and 3).
The use of the ultrasonic scaler inhibited pacing at
7 cm from the leads, whereas the use of the 
battery-operated composite curing light inhibited
pacing function only at 2 to 3 cm from the leads.

Pacing rate and rhythm remained normal for
both pacemakers and both ICDs during the opera-
tion of the amalgamator, electric pulp tester, elec-
tric toothbrush, electrosurgical unit, and high-
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TABLE

Interference characteristics of cardiac pacemakers and ICDs* caused by
electronic dental devices.
ELECTRONIC DENTAL DEVICE SINGLE-CHAMBER

PACEMAKER (SIGMA
SR, MEDTRONIC†) 
(CENTIMETERS‡)

DUAL-CHAMBER 
PACEMAKER (KAPPA

MODEL KDR701,
MEDTRONIC) (cm)

DUAL-CHAMBER
ICD (MARQUIS

DR MODEL 7274,
MEDTRONIC)

(cm)

BIVENTRICULAR
ICD (INSYNC II

MARQUIS,
MEDTRONIC)

(cm)

Unipolar
Mode

Bipolar
Mode

Unipolar
Mode

Bipolar
Mode

Bipolar Mode Bipolar Mode

Amalgamator (Promix Model
400, Dentsply, York, Pa.)

0 0 0 0 0 0

Battery-operated Composite
Curing Light (SmartLite IQ2,
Dentsply Caulk, Milford, Del.)

 3  3  10  7  2  3

Electric Pulp Tester (Vitality
Scanner 2006, SybronEndo,
Orange, Calif.)

0 0 0 0 0 0

Electric Toothbrush (Braun
Oral-B Triumph Professional
Care 9000, Procter & Gamble,
Cincinnati)

0 0 0 0 0 0

Electrosurgical Unit 
(Sensimatic 600SE, Parkell
Electronics, Farmingdale, N.Y.)

0 0 0 0 0 0

High-Speed Handpiece 
(Mira LUX 3 635B, KaVo Dental,
Lake Zurich, Ill.)

0 0 0 0 0 0

Low-Speed Handpiece 
(Intra 20K 1:1 (Kavo Dental)

0 0 0 0 0 0

Ultrasonic Cleaning System
(L&R Transitor/Ultrasonic, L&R
Manufacturing, Kearny, N.J.)

 12§  12¶  23  15 0 0

Ultrasonic Scaler (Cavitron
Select SPS, Dentsply)

 15  15  23  17  7  7

* ICD: Implantable cardioverter-defibrillator.
† Medtronic is located in Minneapolis.
‡ Distance from the generator unless otherwise noted.
§ Interference with respect to the lead also at  12 cm.
¶ Interference with respect to the lead also at  9 cm.
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and low-speed handpieces.
When we analyzed pacing modes

(unipolar versus bipolar) as inde-
pendent tests and pooled data
across all four devices and two
modes, we found that the effect
(interference) was significant for the
generator compared with the leads
for the ultrasonic scaler (P = .04)
and for the battery-operated com-
posite curing light (P = .04).

DISCUSSION

Although pacemakers today are
smaller and have more protective
features than those of the past,
many common dental devices emit
electromagnetic waves that can
interfere with their functions. As the
rate of pacemaker and ICD implan-
tation is increasing,1,2 especially in
elderly people, the elimination of
electrical interference that could
cause these cardiac devices to func-
tion improperly and, thus, adversely
affect the cardiac health of dental
patients is an important issue.

To our knowledge, ours is the
first in vitro study to investigate
electromagnetic interference of both
pacemaker and ICD activity during
the operation of electronic dental
devices. We found that the opera-
tion of three electronic dental
devices (an ultrasonic scaler, an
ultrasonic cleaning system and a
battery-operated composite curing
light) inhibited the pacing function
of the pacemakers. The effect
occurred more often when we oper-
ated the electronic dental devices in
proximity to the generator rather
than the leads. These findings, in
general, are similar to those of our
1998 study,15 in which we found
that the operation of an ultrasonic
scaler and ultrasonic cleaning
system at less than 2 feet caused
electromagnetic interferences of
pacemaker activity. Other investi-
gators also have shown that the
operation of an ultrasonic scaler
and ultrasonic cleaning system
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Figure 1. An electrogram showing the interference of pacing function caused by the
operation of the ultrasonic scaler with (A) single-chamber pacemaker, (B) dual-chamber
pacemaker, (C) dual-chamber implantable cardioverter-defibrillator (ICD) and (D) biven-
tricular ICD.

Figure 2. An electrogram showing the interference of pacing function caused by 
the operation of the ultrasonic cleaning system with single-chamber pacemaker in 
(A) unipolar and (B) bipolar modes and (C) dual-chamber pacemaker.

Copyright © 2010 American Dental Association. All rights reserved. Reprinted by permission.
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interfered with intracardiac tele -
metry pacemaker recordings.25,26 In
our current study, we also found that
the operation of the battery-operated
composite curing light produced elec-
tromagnetic interference at close dis-
tances to both pacemakers. This type
of interference has not been reported
before. Also, the operation of the
electrosurgical unit did not interfere
with pacing activity in this study,
which is in contrast to a finding of
our 1998 study.15 One possible expla-
nation for the difference in results is
that the cardiac devices’ shielding
may have been improved in the
newer pacemaker models. Alterna-
tively, the newer electrosurgical unit
we used in this study could have
influenced the findings.

There is limited information
regarding the interference of ICD
activity during the operation of elec-
tronic dental equipment. In one
study, investigators found that the
operation of electronic apex locators
and electric pulp testers did not
interfere with ICDs.28 In another
report, investigators found that the
use of an ultrasonic cleaning system
produced electromagnetic interference, but the use
of an ultrasonic scaler did not.24 In contrast, we
observed interference with the activity of both
ICDs during the operation of the ultrasonic scaler
and the battery-operated composite curing light,
whereas the operation of the ultrasonic cleaning
system did not interfere with the activity of either
ICDs. Different models of electronic dental equip-
ment, pacemakers and ICDs, as well as the
methods for measuring interference (that is,
telemetry interference versus device interference),
could have contributed to the differences we
observed in these studies, and we recognize that a
limitation of our study was that the pacemakers
and ICDs we tested in vitro were manufactured by
the same company.

The number of dental devices that interfered
with the pacing function of the pacemakers and
ICDs was limited. Of the nine dental devices we
tested, the operation of only three—the ultrasonic
scaler, the ultrasonic cleaning system and the
battery-operated composite curing light—inhib-
ited pacing activity. The operation of the amal-

gamator, electric toothbrush, electric pulp tester,
electrosurgical unit, and high- and low-speed
handpieces did not produce electromagnetic 
interference.

CONCLUSIONS

Our findings together with those of other investi-
gators suggest that using caution when operating
ultrasonic scalers, ultrasonic cleaning systems
and select composite curing lights around dental
patients and health care workers who have pace-
makers or ICDs is advisable. Experts also recom-
mend using caution when operating electrosur-
gical units around these implanted cardiac
devices.29 Accordingly, dentists should consider
the use of hand instruments for scaling and root
planing for patients who have pacemakers or
ICDs, as well as remove ultrasonic cleaning sys-
tems from clinical care areas.

Dentists should realize that electromagnetic
interference with respect to dental devices is an
evolving field in which different results and inter-
pretations are obtained from trials using different
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Figure 3. An electrogram showing the interference of pacing function caused by the
operation of the battery-operated composite curing light with (A) single-chamber
pacemaker, (B) dual-chamber pacemaker, (C) dual-chamber implantable cardioverter-
defibrillator (ICD) and (D) biventricular ICD.
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pacemakers, different electronic dental devices
and settings (in vitro versus in vivo).26,27 Studies
that address in vivo outcomes are needed to
determine which electronic dental devices can be
safely used in dental practice. Until then, it
seems prudent to err on the side of caution. "
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The authors thank Dr. Richard Kryscio for his assistance with the
statistical analyses.

1. Uslan DZ, Tleyjeh IM, Baddour LM, et al. Temporal trends in per-
manent pacemaker implantation: a population-based study. Am Heart
J 2008;155(5):896-903.

2. Zhan C, Baine WB, Sedrakyan A, Steiner C. Cardiac device
implantation in the United States from 1997 through 2004: a popula-
tion-based analysis. J Gen Intern Med 2008;23(suppl 1):13-19.

3. Glikson M, Hayes DL. Cardiac pacing: a review. Med Clin North
Am 2001;85(2):369-421.

4. Mond HG, Sloman JG. Artificial cardiac pacemakers. In: Hurst
JW, ed. The Heart, Arteries and Veins. 7th ed. New York: McGraw-
Hill; 1990:561-580.

5. Epstein AE, DiMarco JP, Ellenbogen KA, et al; American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the ACC/AHA/NASPE 2002
Guideline Update for Implantation of Cardiac Pacemakers and Antiar-
rhythmia Devices); American Association for Thoracic Surgery; Society
of Thoracic Surgeons. ACC/AHA/HRS 2008 Guidelines for Device-
Based Therapy of Cardiac Rhythm Abnormalities: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the
ACC/AHA/NASPE 2002 Guideline Update for Implantation of Cardiac
Pacemakers and Antiarrhythmia Devices) developed in collaboration
with the American Association for Thoracic Surgery and Society of Tho-
racic Surgeons (published corrections appear in J Am Coll Cardiol
2009;53[1]:147 and J Am Coll Cardiol 2009;53[16]:1473). J Am Coll
Cardiol 2008;51(21):e1-e62.

6. Wood MA, Ellenbogen KA. Cardiology patient pages: cardiac 
pacemakers from the patient’s perspective. Circulation 2002;105(18):
2136-2138.

7. Stephenson LW. History of cardiac surgery. In: Cohn LH, ed. Car-
diac Surgery in the Adult. 3rd ed. New York: McGraw-Hill; 2008:3-28.

8. Aranda JM, Girod M, Ochoa F, et al. Survey of cardiac rhythm
management and device implant patterns in Puerto Rico: analysis of
13,854 cardiac implants. Bol Asoc Med P R 2008;100(1):39-49.

9. Smyth NP, Parsonnet V, Escher DJ, Furman S. The pacemaker
patient and the electromagnetic environment. JAMA 1974;227(12):1412.

10. Sager DP. Current facts on pacemaker electromagnetic interference
and their application to clinical care. Heart Lung 1987;16(2):211-221.

11. Niehaus M, Tebbenjohanns J. Electromagnetic interference in
patients with implanted pacemakers or cardioverter-defibrillators.
Heart 2001;86(3):246-248.

12. Pinski SL, Trohman RG. Interference in implanted cardiac
devices, part II. Pacing Clin Electrophysiol 2002;25(10):1496-1509.

13. Dawes JC, Mahabir RC, Hillier K, Cassidy M, de Haas W, Gillis
AM. Electrosurgery in patients with pacemakers/implanted car-
dioverter defibrillators. Ann Plast Surg 2006;57(1):33-36.

14. Luker J. The pacemaker patient in the dental surgery. J Dent
1982;10(4):326-332.

15. Miller CS, Leonelli FM, Latham E. Selective interference with
pacemaker activity by electrical dental devices. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1998;85(1):33-36.

16. Drisko CL, Cochran DL, Blieden T, et al; Research, Science and
Therapy Committee of the American Academy of Periodontology. Posi-
tion paper: sonic and ultrasonic scalers in periodontics. J Periodontol
2000;71(11):1792-1801.

17. Trenter SC, Walmsley AD. Ultrasonic dental scaler: associated
hazards. J Clin Periodontol 2003;30(2):95-101.

18. Walmsley AD. Potential hazards of the dental ultrasonic descaler.
Ultrasound Med Biol 1988;14(1):15-20.

19. Possible electromagnetic interference with cardiac pacemakers
from dental induction casting machines and electrosurgical devices.
Council on Dental Materials and Devices. JADA 1973;86(2):426.

20. Adams D, Fulford N, Beechy J, MacCarthy J, Stephens M. The car-
diac pacemaker and ultrasonic scalers. Br Dent J 1982;152(5):171-173.

21. Escher DJ, Parker B, Furman S. Letter: Pacemaker triggering
(inhibition) by electric toothbrush. Am J Cardiol 1976;38(1):126-127.

22. McCormack J. Electrosurgical equipment and pacemekers: a pos-
sible hazard (letter). Br Dent J 1975;139(6):221.

23. Rezai FR. Dental treatment of patient with a cardiac pacemaker:
review of the literature. Oral Surg Oral Med Oral Pathol 1977;44(5):
662-665.

24. Brand HS, Entjes ML, Nieuw Amerongen AV, van der Hoeff EV,
Schrama TA. Interference of electrical dental equipment with
implantable cardioverter-defibrillators. Br Dent J 2007;203(10):577-579.

25. Brand HS, van der Hoeff EV, Schrama TA, Entjes ML, van Nieuw
AA. Electromagnetic interference of electrical dental equipment with
cardiac pacemakers [in Dutch]. Ned Tijdschr Tandheelkd 2007;114(9):
373-376.

26. Patel D, Glick M, Lessard E, Zaim S. Absence of in vivo effects of
dental instruments on pacemaker function. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2005;99(4):430.

27. Garofalo RR, Ede EN, Dorn SO, Kuttlers S. Effect of electronic apex
locators on cardiac pacemaker function. J Endod 2002;28(12):831-833.

28. Wilson BL, Broberg C, Baumgartner JC, Harris C, Kron J. Safety
of electronic apex locators and pulp testers in patients with implanted
cardiac pacemakers or cardioverter/defibrillators. J Endod 2006;32(9):
847-852.

29. Spotnitz HM, Humphreys II GH. Surgical implantation of pace-
makers and automatic defibrillators. In: Cohn LH, ed. Cardiac Surgery
in the Adult. 3rd ed. New York: McGraw-Hill; 2008:1395-1427.

526 JADA, Vol. 141 http://jada.ada.org    May 2010

C L I N I C A L  P R A C T I C E

Copyright © 2010 American Dental Association. All rights reserved. Reprinted by permission.

 on M
arch 1, 2011 

jada.ada.org
D

ow
nloaded from

 

http://jada.ada.org

