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Efficacy of pulsed electromagnetic field
in reducing treatment time: A clinical

investigation

Wasundhara Ashok Bhad (Patil), Professor and Head and Anchal Ashok Karemore

Nagpur, Maharashtra, India

Introduction: The long duration of orthodontic treatment is a major concern for the patient. This study aimed to
evaluate the efficacy of pulsed electromagnetic field therapy (PEMF) in accelerating the orthodontic tooth move-
ment, thus reducing treatment duration. Methods: Nineteen patients requiring extraction of first premolars were
selected for this study. The study design was randomly assigned (sealed envelope randomization) split-mouth
design. The rate of individual canine retraction by a nickel-titanium closed-coil spring was done. The
experimental side received a PEMF generated by a circuit powered by a watch battery. The circuit was
embedded in a removable appliance. Foil was used to obstruct the control side from PEMF exposure.
Patients were instructed to wear the appliance for 8-10 hours. Appliance with the device was given from the
commencement of canine retraction until the canine retraction of one side was complete. Tooth movement
was measured on progress models. Results: An average increase of 31% in the rate of tooth movement was
observed with the PEMF. Conclusions: PEMF is a good option to reduce orthodontic treatment duration.

(Am J Orthod Dentofacial Orthop 2021;l:l-H)

major concern to orthodontic patients is treat-

ment time.' Generally, the time required for

fixed appliance treatment is 20-30 months.
With a long treatment time, there is an increased risk
of root resorption, gingival inflammation, and dental
caries. Hence, to shorten the treatment time and limit
the side effects of orthodontic treatment, several
methods to accelerate the tooth movement have been
reported in the literature.

Corticotomy, a surgical approach, dates back to
1959. Other surgical methods include piezocision, corti-
cision, microosteoperforations, and interseptal alveolar
surgery. Studies” have shown that surgical procedures
such as corticotomy and piezocision can accelerate tooth
movement up to 33%. However, their application has
been limited by their aggressiveness. Local drug injection
has been used since 1984 to accelerate orthodontic
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tooth movement and has shown successful results.’
However, these drugs have undesirable side effects such
as local pain and discomfort during the injection. Treat-
ment approaches that have recently received attention
involve the device assisted approach (noninvasive
methods), which include electromagnetic field, laser
beams, electrical currents, and vibrations that demands
application for the long term to achieve its therapeutic
effects. Electric stimulation and resonance vibration
have been tried, but these methods require an apparatus
not routinely used in dental practice.

Pulsed electromagnetic field (PEMF) therapy is a
noninvasive, nonthermal treatment that involves pulsing
electromagnetic fields in tissue to promote healing by
increasing blood circulation.” Electromagnetic field de-
vices have been used therapeutically for more than a
century and various applications in the medical field.
In 1978, Bassett first applied noninvasive PEMFs to treat
delayed union or nonunion fractures and have achieved
good clinical effects.” Shortly after that, PEMFs were
approved as a safe and effective method for treating de-
layed union or nonunion fractures by the U.S. Food and
Drug Administration.” These low-powered PEMF de-
vices were termed bone growth stimulators and
approved by the U.S. Food and Drug Administration
for human use.” bone growth stimulators therapy is a
long-term treatment, often used for =8 h/d for several
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months. 1t has been used to treat osteoarthritis by
relieving pain, edema, and inflammation. Clinical studies
have also shown that PEMF accelerates the healing of
chronic wounds by growing new blood vessels.” Howev-
er, its use in the dental field has been limited.

PEMFs devices consist of a wire coil wherein a current
passes, and a pulsed magnetic field is generated. The
pulsed magnetic field, in turn, induces a time-varying
secondary electrical field within the bone. The secondary
electrical field is dependent on the characteristics of the
applied pulsed magnetic field and the tissue properties.

In the last decade, many histologic studies'”'" at-
tempted to determine the effect of PEMF therapy on
the histochemical pathways directly associated with or-
thodontic tooth movement. Increased osteoblastic and
osteoclastic activity after PEMF therapy was observed
in vivo and in vitro. Few studies''"'” in the literature
have examined the effect of PEMF therapy on the rate
of orthodontic tooth movement, and most were short-
term animal studies. Thus, this study aimed to evaluate
the effect of PEMF therapy on the rate of orthodontic
tooth movement.

MATERIAL AND METHODS

The sample consisted of 19 healthy orthodontic pa-
tients (2 male, 17 female) aged 18-24 years. Patients
with a history of long-term medication (nonsteroidal anti-
inflammatory drugs and hormone supplements), unilat-
eral chewing or parafunctional habits, skeletal crossbite,
periodontally compromised, impacted canines and ca-
nines with dilacerated roots were excluded from the study.

The sample size was determined by using Epi Info soft-
ware. With a permissible error of 5% using a split-mouth
design, a sample size of 15 was sufficient for the study
to have 80% power and be clinically significant. An addi-
tional 4 patients were included in the study to exclude the
dropouts, if any. However, there were no dropouts in the
study, and the total sample size consisted of 19 patients.

The study design was approved by the institutional
ethics committee (no. MUHS/PG-T/E1/2134/2017).
Routine orthodontic diagnostic records were collected
and analyzed for all subjects. The treatment plans for these
patients included extraction of maxillary and mandibular
first premolars to meet the space requirements for the
retraction of anterior teeth. A randomly assigned (sealed
envelope randomization) split-mouth design prevented
interindividual biologic variation. In each patient, the ex-
tracted right and left quadrants were randomly divided
into 2 groups. Group 1 was the control side quadrant
that did not receive PEMF therapy. Group 2 was the exper-
imental side quadrant that received PEMF therapy.

After explaining the study to the patient, informed
consent was taken from the patient before the start of
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Fig 1. Electronic circuit.

the study. On day 7, after the extractions, separators
were placed mesially and distally to the first molars for
band placement. After 2 days of separator placement,
molar bands (0.180 X 0.005-in) were custom made. Tri-
ple molar tubes were welded on the buccal surfaces of
maxillary molar tubes, and double molar tubes were
welded on the buccal surface of mandibular molar
bands. Maxillary and mandibular bands were cemented
with glass ionomer luting cement (D-tech, Pune, Maha-
rashtra, India).

Preadjusted edgewise MBT brackets (Ortho Orga-
nizers, Carlsbad, Calif) of 0.022-in slot were bonded
with Transbond XT (3M Unitek, Monrovia, Calif), and
curing was done with a light-emitting diode (Dentsply
International, York, Pa). Alignment and leveling were
initiated with 0.016-in heat-activated nickel-titanium
(NiTi) wire, and the later sequence of wires was 16 X
22-in NiTi, 17 X 25-in NiTi, 17 X 25-in stainless steel
(SS), and 19 X 25-in NiTi. After alignment and leveling
19 X 25-in SS (Orthoforce; GE&H Wire, Franklin, Ind), a
final working wire was placed. Temporary skeletal
anchorage device microimplant (SK Surgicals, Pune, Ma-
harashtra, India) measuring 1.3 X 9.0 mm was inserted
between maxillary second premolar and first molar for
absolute anchorage. After 21 days of 19 X 25-in SS
wire placement, the individual canine retraction was
started with a NiTi closed-coil spring (G&H Wire) with
direct anchorage from a temporary skeletal anchorage
device. The incisors were consolidated by using 0.009-
in steel ligature wires. A constant 150 g of force was
used for canine retraction on both the control and
experimental sides. To maintain 150 g of force in all pa-
tients despite the different widths of available extraction
spaces, accurate spring selection was done using the
manufacturer’s guide. The NiTi closed-coil spring system
(G&tH Wire) kit contains springs of 9 mm and 12 mm in
length. Again they are subdivided into feather-light, ex-
tralight, light, medium, and heavy forces. The measuring
gauge supplied by the manufacturer with the spring kit
has a hole to simulate the eyelet of the spring. This hole
is slipped over the canine hook; the closest landmark to
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Fig 2. Removable appliance with electronic circuit.

Fig 3. Intraoral view of the appliance.

the molar hook shows the recommended spring size to
be selected to achieve 150 g of force. The spring was
positioned from the implant head to the power arm of
the canine bracket, and to prevent dislodgment of the
spring, it was also secured with a ligature tie. The exerted
force value was confirmed with an orthodontic dyna-
mometer. Patients were asked to report immediately if
the spring dislodged or broke; it was then replaced.
PEMF therapy was started on the selected experi-
mental side on the same day of placement of the coil
spring. The device is an integrated circuit powered by a
watch battery (designed and calibrated by an electrical
engineer) embedded in an acrylic maxillary removable
appliance (Fig 1). Two wires extending from the circuit
were placed closed to the experimental canine (such
that the canine is between these 2 wires). The device
(along with the wires) was embedded completely in
acrylic and was placed close to the experimental group
canine. The appliance was retained with the help of 4
ball end clasps—1 on each side between the maxillary
central and lateral incisor and 1 on each side between
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the maxillary second premolar and first molar. To avoid
any stimulation of the control group canine, aluminum
foil was placed in the midline of the removable appliance
(Fig 2). The external field causes the electrical charges in
the aluminum to align themselves so that it cancels out
the electromagnetic field’s effect on anything behind it.
This principle is illustrated by the famous scientific cre-
ation called the Faraday Cage. So a PEMF of 0.5 mT, 1
Hz was induced only to the nearby canine close to the
coil, generating PEMF.

The patient was instructed to wear the appliance for 8
hours overnight (Fig 3). After delivering the appliance to
the patient, the appliance was checked at every appoint-
ment with the help of a watch pulse tester (to check
whether the circuit was working or not) (Fig 4). Patients
were also asked about any systematic neurologic side ef-
fects at every appointment. None of our patients re-
ported any such complaints.

Three models were made for each patient. On the
models, the mesial cusp tips of the first molar and the
canine were the reference points. The measurement
recorder was blinded about the control and experimental
sides. The distance between the first molar and the
canine was measured on all 3 models for each patient
with a digital caliper (Aerospace, Shanghai, China) accu-
rate to = 0.02 mm. These distances were recorded after
(1) alignment and leveling: day 1 of canine retraction
(TO); (2) 3 months of canine retraction (T1); and (3)
completion of canine retraction on the experimental
side (T2). Descriptive statistics are presented in Table 1.
Difference between TO and T1 represented the amount
of tooth movement over 3 months (Table 11). The rate
of orthodontic tooth movement was calculated as the
amount of tooth movement per unit time. The rate of or-
thodontic tooth movement at the end of 3 months (M1)
was recorded as follows: M1 = (TO - T1)/3.

The rate of orthodontic tooth movement on comple-
tion of canine retraction (M2) on the experimental side
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Fig 4. Watch pulse tester.

was recorded as follows: M2 = (T1 - T2)/N months: M1
and M2 readings were calculated for both the experi-
mental and control sides and compared (Table 111).

To calculate errors in measurements, the measure-
ments were repeated by another operator. The error of
the measurements was calculated according to Dahl-
berg’s formula.

Dahlberg error, D, is defined as:

S"d? is the sum of the squared differences between
recordings, and n is the number of duplicate measure-
ments. This difference was within 0.05 mm; this was
not statistically significant (Table 1V).

Statistical analysis

Master sheets were prepared to facilitate the analysis
of the data. The data were tabulated and analyzed by
SPSS statistical software (version 21.0; 1BM Corp, Ar-
monk, NY). For the descriptive statistics, mean differ-
ence, standard deviation, and standard error were
calculated for all variables (Table 1).
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Table I. Analysis of variance results of the mean dis-

tances (mm) between the cusp tips of the canines
and the mesial cusp tips of the first molars

Time Control Experimental Inference
TO 21 = 1.85 20.94 £ 1.95 NS
T1 18.78 £ 1.85 17.16 £ 1.69 HS
T2 16.13 = 1.00 14.13 £ 0.42 HS

HS, Highly significant; NS, not significant.

Table Il. Amounts (in mm) of canine retraction in the

control and experimental sides

Control Experimental t P
Interval group group value  value Inference

TO—TI1 2.16 = 0.785 3.73 * 0.946 —5.557 <0.001 HS
TO—-T2 4.81 =137 6.76 *x1.76 —3.793 0.001 HS

HS, Highly significant; TO — T1, amount of canine retraction in 3
months; TO — T2, amount of canine retraction in 4.5-5 months.

The paired ¢ test was used to compare the variables
within the groups. One-way analysis of variance (F sta-
tistic) was used for comparing the distances at TO, T1,
and T2 in both groups. Multiple comparisons were
made with the Bonferroni test. After analysis, the data
were sorted into various tables on the basis of the objec-
tives of the study. The results are expressed as levels of
significance. Significance was determined at the 0.05
and 0.01 levels of confidence.

RESULTS

M1 was 0.71 mm/mo on the control side and 1.23
mm/mo on the experimental side. In contrast, M2 was
0.82 mm/mo on the control side and 1.45 mm/mo on
the experimental side (Table 111). There was a highly sig-
nificant difference in the rates of tooth movement on the
experimental side than on the control side (Figs 5, A and
B). The mean increase in M1 was 41%, whereas the mean
increase in M2 was 31%. Reliability for numerical vari-
ables between 2 examiners was carried out using intra-
class correlations, and it was found that there was a
highly significant and nearly complete agreement be-
tween the 2 observers (P <0.01) (Table V).

DISCUSSION

In this study, we used a device designed by an electri-
cal engineer that was composed of an integrated circuit
and powered by a watch battery. The circuit generated a
weak PEMF of 0.5 mT (Tesla), 1 Hz induced only to the
nearby canine (experimental). The circuit was tested, and
the field strength was adjusted by the electrical engineer.
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Table lll. Comparison of the rates of canine retraction

MI

Control
0.71 = 0.26

Experimental Inference
1.23 £ 0.31 HS

HS, Highly significant.

140
1.20
1.00
0.80
0.60
0.40
0.20
0.00 Control M1

0.71

M2

Control
0.82 = 0.26

Experimental Inference
1.45 £ 0.31 HS

1.23

Experimental M1

130 0.82

1.00

0.50

0.00 Control M2

Experimental M2

Fig 5. Rate of canine retraction. A, At the end of 3 months. B, After completion of canine retraction on

the experimental side.

M1 for the experimental side showed a 1.2-fold in-
crease. In other words, the rate was 41% greater than
the control side. The average time required for canine
retraction on the experimental side was 4.5 months
compared with 6-6.5 months required on the control
side (Fig 6). A similar finding was reported by Showkat-
bakhsh et al,'” who found that the experimental canine
(exposed to PEMF) moved 1.5 mm faster than the control
canine in 5 = 0.6 months and concluded that PEMFS of
1 Hz was successful in increasing the rate of orthodontic
tooth movement when used in combination with closed-
coil spring, which was used in our study. A similar appli-
ance was given by them (no description about the design
of the appliance), and the study was carried out over 6
months. The distances from the midpoint of maxillary
canines to the most mesial cervical point of maxillary first
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molars were measured with digital millimeter calipers.
The only difference in our study was that we measured
the distance from the cusp tip of the canine to the me-
siobuccal cusp tip of the maxillary first molar. All other
studies reported with PEMF are on animals. Stark and
Sinclair'® reported an increase in tooth movement in
the experimental PEMF group over 10 days in guinea
pigs. After 10 days, they studied the histologic picture
by sacrificing the animal and demonstrated significantly
greater amounts of bone and matrix deposition in the
area of tension between the orthodontically moved
maxillary incisors. Zaffe et al'* reported a greater dis-
tance between the first and the second molar in the
PEMF treated side in rabbits. In addition, analysis of un-
decalcified sections in their study showed a lower num-
ber and width of erosion cavities and a greater amount of
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Fig 6. Tooth movement measured on plaster models with digital caliper.

Table IV. Dahlberg’s error analysis

Formula ToC TIC T2C TOE TIE T2E T2
Dahlberg error 0.000 0.067 0.022 0.000 0.032 0.087 0.000
Relative Dahlberg 0.000 0.004 0.001 0.000 0.002 0.006 0.000

error

C, control; E, experimental; HS, highly significant.

newly formed (fluorescent) bone on the PEMF side.
Dogru et al'” also conducted a similar study in rats.

There was a 41% increase in the rate of tooth move-
ment in M1, whereas verage increase during the entire
period of canine retraction was only 31%. This indicates
a decrease in M2, which could be explained analogously
to normally found log and lag phase in orthodontic
tooth movement.

For the effectiveness of a given PEMF device, patient
compliance is required.

Clinical applications include the following: (1) dur-
ing orthodontic treatment, PEMF increases orthodontic
tooth movement rate, thus decreasing the overall treat-
ment time. PEMF can be used for differential move-
ment of teeth; (2) midline correction in patients with
midline shift can stimulate orthodontic tooth move-
ment on the opposite side; (3) anchorage conserva-
tion—application of low-intensity laser therapy only
on teeth to be moved conserves the anchorage. PEMF
stimulates tooth movement by altering biological
response and not by increasing forces or changing me-
chanics, it does not tax the anchorage; and (4) few
studies report decreased rate of tooth movement in

H 2021 ¢ Vol W e Issuc R

Table V. Table showing reliability statistics

Between obs 1 vs 2 Cronbach o Intraclass correlation P value

TO control 1.000 1.000 <0.001*
T1 control 0.999 0.999 <0.001*
T2 control 1.000 0.999 <0.001*
TO exp 1.000 1.000 <0.001*
T1 exp 1.000 1.000 <0.001*
T2 exp 0.979 0.959 <0.001*
T2 recorded at (mo) 1.000 1.000 -

*Statistically significant difference.

adult patients because of decreased vascularity and
cellularity of bone; use of PEMF will be beneficial in
such patients. With an increase in the number of adult
patients in orthodontic practice, this application gets
highlighted.

CONCLUSIONS

PEMF therapy increases the rate of orthodontic tooth
movement in a physiological manner. This study also
showed that PEMFs of 1 Hz were quite successful in
increasing the rate of orthodontic tooth movement
when used in combination with closed-coil springs.
Thus, it can safely and routinely be used during ortho-
dontic treatment to shorten the treatment time.
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