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Clinical Experience with
the Use of Pulsatile Forces
to Accelerate Treatment
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Protracted treatment is one of the greatest chal-
lenges in orthodontics. As treatment length-
ens, the patient is increasingly exposed to oral-
health risks including root resorption, caries, and
periodontal disease. Patient satisfaction may also
decline as treatment is extended. Uribe and col-
leagues, evaluating the perceptions of parents,
patients, and orthodontists on the need to acceler-
ate treatment, found that 55% of adolescent pa-
tients felt their treatment was too long." Seventy
percent of the responding orthodontists said they
would be interested in clinical procedures that
would reduce treatment time. The invasiveness of
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each procedure was inversely related to accep-
tance of that treatment for both orthodontists and
patients.

The purpose of this article is to report the
first extensive single-center experience with a new
pulsatile force (PF) delivery device: AcceleDent *
a noninvasive accessory designed to accelerate
orthodontic tooth movement.

Effects of Pulsatile Forces
on Tooth Movement

Using a cranial-suture model developed by
Meikle and colleagues,? Kopher and Mao assessed
PFs of 5N peak magnitude at 1Hz in rabbits,? Pep-
tan and colleagues evaluated PFs of 1N at 8Hz in
rabbits,* and Vij and Mao tested PFs of 300mN at
4Hz in rats.> Taken together, these three studies
indicated that PFs between 1Hz and 8Hz and forc-
es ranging from .3N to SN would increase sutural
growth (a proxy for tooth movement), with effi-
cacy increasing as the frequency increased. Rates
of movement varied depending on the methodol-
ogy, but increases of 2.5 times faster movement
were commonly achieved with vibration. These
studies were the basis for development of the
AcceleDent device, which received a CE mark in
2009 and has been cleared by the U.S. Food and
Drug Administration since 2012.

*Registered trademark of OrthoAccel Technologies, Bellaire, TX;
www.acceledent.com.
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In another study, Nishimura and colleagues
measured the effects of vibration on tooth move-
ment in rats.® The subjects underwent “standard
orthodontics” using a spring that applied force
between the rat molars. Vibration at a frequency
of 60Hz was delivered to the molars through a
separate apparatus for 10 minutes on days 1, 7, and
14 of the 21-day experiment. Compared to the
static-force group, the group that received vibra-
tion showed significantly faster tooth movement
and a trend toward decreased root resorption.

Two recent studies by Liu further support the
hypothesis that mechanical vibration enhances
orthodontic tooth movement. In the first study,
mice were divided into four groups: control, vibra-
tion only, orthodontic tooth movement, and ortho-
dontic tooth movement plus vibration.” The tooth
movement was generated by an initial force of 20g;
mechanical vibration was applied at a frequency of
4Hz for five minutes on days 0, 3, 6, 9, 12, 15, 18,
and 21. Unlike any of the other groups, the ortho-
dontics-plus-vibration group demonstrated 40%
more tooth movement on the vibrated side vs. the
non-vibrated side. In Liu’s second study, mice were
again divided into four groups: control, mechanical
vibration, orthodontic tooth movement, and ortho-
dontic tooth movement plus mechanical vibration.®
Force and frequency were applied in the same man-
ner as in the initial study, but the evaluation period
was increased to 27 days. Fluorescent markers were
used to measure new bone formation. Results were
similar to those of the first study: there was no dif-
ference in bone formation or resorption between
the control and the vibration-only groups, but the
orthodontics-plus-vibration group showed a 71%
increase in the amount of bone formation compared
to orthodontic tooth movement alone (p = .021).

Recent clinical studies have corroborated
these results. Kau and colleagues, using an Accele-
Dent prototype in 14 patients, reported 2.1mm of
tooth movement per month in the mandibular arch
(twice the usual rate) and 3mm per month in the
maxillary arch.” Bowman observed a 30% reduc-
tion in treatment time for leveling and alignment
in 30 adolescent Class Il nonextraction patients
treated with AcceleDent, compared to two control
groups of 37 and 50 patients."
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Materials and Methods

Dr. Orton-Gibbs is the lead clinician of a
relatively small private practice, treating 220-270
active patients with a full range of orthodontic ap-
pliances. In November 2009, the practice began
introducing AcceleDent to a few patients. After the
first six months, AcceleDent was offered at the
initial consultation to any patient who met the fol-
lowing criteria:

* Animminent deadline such as a wedding, grad-
uation, starting university, or orthognathic surgery
needed by a specific date.

* Long distance (needing to drive several hours
or fly in to the clinic for treatment).

* Objection to treatment length or the cosmetic
appearance of appliances.

* Treatment plan of 18 months or longer.

* Medical or dental reason for faster treatment
such as gastric reflux, tendency to develop mouth
ulcers, or increased risk of root resorption.

A total of 117 patients opted to use Accele-
Dent as an adjunct to their treatment between No-
vember 2009 and May 2014. The following factors
were recorded for each patient:

1. Age at start of treatment and sex.

2. Appliance type.

3. Acceptance rates for all patients offered
AcceleDent during a three-month period, and also
for all aligner patients and all surgical-orthodontic
patients during the entire study period.

4. Preferred place of AcceleDent use.

5. Reduction in treatment time for fixed-appliance
and aligner cases.

6. Need for refinement stages in aligner cases.

For all patients treated during this period, the
expected treatment time was estimated before the
clinician knew whether the patient wanted to use
AcceleDent, based on more than 25 years of clin-
ical experience. The accuracy of predicted treat-
ment time in fixed-appliance patients without PF
was verified by comparing actual against pre-
dicted treatment time in a consecutively treated
control group matched to the PF group of patients,
also consecutively treated.
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Descriptive statistical methods were used to
summarize the data. The level of statistical sig-
nificance was set at p < .05. Mean differences be-
tween groups were determined using paired t-tests.

Results

1. Age and sex: The 117 patients accepting Accele-
Dent had a mean starting age of 31 years, six
months (Fig. 1A). Sixty-four percent of the patients

*Registered trademark of OrthoAccel Technologies, Bellaire, TX;
www.acceledent.com.

were female; 76% were adults.
2. Appliance type: Of the 117 patients, 52 (45%)
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Fig. 1 Sample of 117 AcceleDent* patients. A. Age at start of treatment and sex. B. Appliance type.
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chose to use ceramic brackets, 19 (16%) metal
brackets, 19 (16%) lingual brackets, 16 (14%) clear
aligners, and 11 (9%) removable expansion appli-
ances (Fig. 1B).

3. Acceptance rates: The acceptance of Accele-
Dent when recommended with orthodontic treat-
ment was documented over a three-month period
(February-April 2011). Of the 35 patients who
accepted treatment during that time, AcceleDent
was offered to 16 patients (45%) and accepted by
10, resulting in an overall 63% acceptance rate.
Because of the selection criteria outlined above,
AcceleDent was offered to a higher percentage of
adults than of children (Table 1).

Between May 2010 and May 2014, 13 of 34
patients (38%) opting for aligner treatment chose
to use AcceleDent and had completed treatment.
Between September 2009 and March 2012, 15 of

TABLE 1
ACCELEDENT ACCEPTANCE OVER
THREE-MONTH PERIOD*

No. Offered Accepted

Patients AcceleDent AcceleDent
Adults 16 12 7 (58%)
Children 19 4 3 (75%)

*February-April 2011.

18 patients (83%) needing orthodontics with ortho-
gnathic surgery chose to use AcceleDent.

4. Preferred place of use: The most popular place
(47%) for using AcceleDent was while watching
TV (Fig. 2). Although two respondents said they
used AcceleDent while driving, the practice now

Number of Patients

Reading
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Driving Com puter

Cooking Homework

Fig. 2 Preferred place of AcceleDent use of first 22 patients (17 respondents, three of whom listed two pre-

ferred places).
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recommends against using AcceleDent while driv- ment times were between 18 and 24 months, with
ing because it may cause a distraction. no significant difference in predicted treatment
5. Reduction in treatment time: Predicted treat- time between the AcceleDent and control patients.
ment times were estimated in the first 14 consecu- In the control group (no PF), the predicted treat-
tively treated fixed-appliance cases with PF and ment time was accurate to within an average 1.6
14 without PF. Each group included 14 skeletally months (7%). For the fixed appliance patients us-
mature patients who had completed growth (11 ing AcceleDent, treatment took an average 12.4
buccal and three lingual cases); each group in- months, 38.2% faster than the average predicted
cluded six orthognathic patients. Predicted treat- treatment time of 20.0 months (Fig. 3, Table 2).
TABLE 2
PREDICTED AND ACTUAL TREATMENT TIMES IN FIXED-APPLIANCE PATIENTS
No. Patients Predicted Treatment Time  Actual Treatment Time p

Control

(No AcceleDent) 14 22.29 months 20.71 months 0.24
AcceleDent 14 20.04 months 12.39 months < 0.0001
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Fig. 3 Slower or faster than predicted treatment times for AcceleDent group (pink, N = 14) compared to
control group without AcceleDent (blue, N = 14).
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TABLE 3
INVISALIGN PATIENTS* NEEDING
REFINEMENT STAGE
No. Refinement
Patients Patients p
Control
(No AcceleDent) 21 13 (62%) 0.73
AcceleDent 13 9 (69%)

*Treated between May 2010 and March 2014.

After adjusting for prediction error, the PF group
finished 33.5% faster than predicted, saving an
average 6.23 months of treatment time.

For each of the 13 completed aligner patients
who chose to use AcceleDent between May 2010
and May 2014, the required number of aligners
was determined, and the treatment time was esti-
mated by multiplying that number by the custom-
ary two weeks per aligner. This is a conservative
estimate because patients will sometimes use the
same aligners longer than two weeks (for example,
when on vacation), and appointments may not co-
incide exactly with aligner change dates, further

lengthening treatment. Patients using PF were
asked to change their aligners as they became pas-
sive, which they reported to be seven to 10 days.
Treatment time was an average 37.2% faster than
the conservative estimate for each case, with a
range of 5-55% faster (Fig. 4).

6. Need for refinement aligners: According to Fish-
er’s exact test, there was no significant difference
in the percentage of PF patients needing refinement
aligners compared to those not using PF (Table 3).

Discussion

Age and acceptance rates: In our sample, the
group most likely to choose AcceleDent was the
surgical-orthodontic patients (83%). The practice
does not automatically recommend AcceleDent to
every patient; more adults than children are offered
the device. If a patient with a relatively short esti-
mated treatment time asks to use AcceleDent, the
benefits are discussed. The extra cost of the unit
and the required commitment need to be worth the
potential reduction in treatment time. In our expe-
rience, when this device is given to patients rather
than purchased, it is not valued as much and, there-
fore, cooperation is often poorer.
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Fig. 4 Treatment times for Invisalign** patients with AcceleDent (N = 13) compared to conservative estimates.

**Registered trademark of Align Technology, Inc., Santa Clara, CA; www.aligntech.com.
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Appliance type: Even for patients using cosmetic
appliances such as aligners or lingual appliances,
speeding up treatment may be an attractive option.
One unexpected consequence of offering Accele-
Dent was that some adults who had initially re-
quested aligner treatment opted for ceramic brac-
es with AcceleDent. This alternative is more
cost-effective and more accurate than aligners, and
treatment can be completed within a more man-
ageable time frame of 10-16 months rather than
15-24 months.
Preferred place of use: Patients are more success-
ful when they make using AcceleDent part of their
daily routine.
Reduction in treatment time: Although the
matched sample of fixed-appliance cases was rel-
atively small (N = 14), the average savings of more
than six months over a 20-month estimated treat-
ment time was statistically significant (p < .0001).
For patients choosing to use aligners with PF,
the 37% reduction in treatment time shown here
would be a cautious estimate, since most patients

without PF do not follow an exact biweekly align-
er-change schedule. Some practitioners are cur-
rently prescribing aligners to be worn for less than
two weeks even without PF; further clinical trials
are needed to establish the optimal rate for align-
er changes with and without AcceleDent.

Need for refinement aligners: A number of clini-
cians have reported in personal communications
that their patients track better using AcceleDent,
so that fewer case refinements are needed. We did
not find that to be true in our sample. The practice
asks every aligner patient, with or without PF, to
bite for 10 minutes per day on a small flexible
block (chewie) for the first day or two each time
the aligners are changed. Clinicians who do not
use this technique may see more positive effects
from biting on the AcceleDent mouthpiece.

Clinical Management

The best bite profile (open, flat, or deep)
should be chosen from the AcceleDent trial tray;

Fig. 5 Trimming of AcceleDent mouthpiece as required in some cases. A. Corner can be rounded off using
non-serrated scissor. B. Solid inner core can be shortened with Mauns wire cutter for young patient.
C. Buccal flange trimmed to avoid impeding tooth movement. D. Palatal flange trimmed to accommodate
biteplanes on central incisors.

VOLUME XLIX NUMBER 9
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it can be sterilized for reuse. With a more complex
malocclusion, there may not be contact on every
tooth at the beginning of treatment, but Liu and
colleagues showed that the vibrations are transmit-
ted through the archwire and alveolus.!

The mouthpiece may be too wide posteriorly
for some patients. In that case, the end corners can
be rounded off using a non-serrated scissor (Fig.
5A). The mouthpiece may also be too long for
smaller patients (particularly younger children), so
that the harder inner core may need to be short-
ened. Mauns wire cutters work well for cutting the
inner core, and the softer outer layer can be
trimmed with scissors (Fig. 5B).

If the mouthpiece flanges are potentially

impeding tooth movement, they can be trimmed
with a non-serrated scissor (Fig. 5C). The palatal
flange may need to be removed when anterior
biteplanes are fitted (Fig. 5D). Both lingual flang-
es should be removed for orthognathic patients so
they can insert the mouthpiece after surgery, even
with limited opening.

PF should be used concurrently with active
force systems such as aligners, elastics, and remov-
able appliances. The device should be used only
20 minutes per day; patients should be discouraged
from using the device more frequently, because
there is no evidence to support increased efficacy
beyond that point.

Compliance is critical to success. Patient

TABLE 4
TYPICAL NONEXTRACTION TREATMENT MODEL

Appointment Interval

Archwire Sequence No AcceleDent AcceleDent
.013" superelastic 8 weeks 6 weeks
.018" superelastic 8 weeks 6 weeks
.018" x .025" superelastic 8 weeks 6 weeks
.018" x .025" stainless steel 6 weeks 4 weeks

Detailing/settling
Total (including debonding)

6 weeks x 4 visits
54 weeks (9 visits)

4 weeks x 4 visits
38 weeks (9 visits)

TABLE 5
TYPICAL MID-ARCH EXTRACTION TREATMENT MODEL

Appointment Interval

Archwire Sequence No AcceleDent AcceleDent
.013" superelastic 8 weeks 6 weeks
.018" superelastic 8 weeks 6 weeks
.018" x .025" superelastic 8 weeks 6 weeks

.018" x .025" stainless steel
with space closure

Detailing/settling
Total (including debonding)

8 weeks x 6 visits
6 weeks x 2 visits
84 weeks (12 visits) 58 weeks (10 visits)

8 weeks x 4 visits
4 weeks x 2 visits
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use can be monitored electronically at each ap-
pointment by connecting the AcceleDent Aura***
device to the computer with the integrated USB
connector. Although cooperation is usually good,
treatment objectives can be reviewed and ad-
justed based on the data. Encouragement should
be given if needed, as with any treatment requir-
ing patient compliance. The key for most patients

*#*QOrthoAccel Technologies, Bellaire, TX; www.acceledent.com.

is to incorporate the AcceleDent into a set time
or activity each day, such as homework, watching
TV, or reading in bed.

In fixed-appliance cases, the faster tooth
movement achieved with AcceleDent will shorten
the interval between visits for leveling and align-
ment, as well as in the detailing phase. During
space closure, appointments can be maintained at
normal intervals as the mechanics continue to be
active. Table 4 shows a model for a simple

Fig. 6 Case 1. 27-year-old female patient with moderate Class Il, division 2 relationship, mild crowding in
lower arch, and moderate crowding in upper right quadrant before treatment. Estimated treatment time: 18
months.

VOLUME XLIX NUMBER 9
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12%2-month leveling and alignment case, assuming
full cooperation, good attendance, and no break-
ages. In this example, a typical 54-week case is
reduced to 38 weeks with no difference in the total
number of visits. Table 5 shows a more complex
model that would normally take 19%2 months (84
weeks) to complete. With AcceleDent, this is re-
duced to 58 weeks (13%2 months), with two fewer
visits needed (10 instead of 12), thus saving chair-
time. These examples reflect the average time
savings in our practice.

Treatment with Invisalign®* can be highly
satisfying for patients using PF; the most compliant
patients are finding they can change aligners every
seven days instead of every two weeks, halving
their treatment time. Ojima and colleagues re-
ported a patient who changed aligners every five
days, reducing her predicted treatment time of 30
months to 18 months,'2 but we have not seen any
patients who can change aligners faster than every
seven days.

Case Reports

Case 1 was a 27-year-old female who pre-
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Fig. 7 Case 1. After four and a half months of treatment.

sented 13%2 months before her wedding with a
moderate Class II, division 2 relationship, mild
crowding in the lower arch, and moderate crowd-
ing in the upper right quadrant (Fig. 6). Estimated
treatment time was 18 months without PF. The
patient chose to use AcceleDent, and nonextraction
treatment was planned. Class II elastics were worn
to correct the buccal relationship on the right side
(Fig. 7). Treatment was completed in 122 months
(Fig. 8).

Case 2 was a 13-year-old male with a deep
overbite, bimaxillary retroclination, and insuf-
ficient space for the lower left canine to erupt
(Fig. 9). He had a short face with a reduced upper-
incisor display. Treatment aims included extru-
sion of the upper incisors, space creation for the
lower left canine, and correction of the overbite
and occlusion. Estimated treatment time was 24
months without PF. The patient chose to use
AcceleDent, and he wore a removable expander
with an anterior biteplane for three and a half
months to help increase lower facial height and

**Registered trademark of Align Technology, Inc., Santa Clara,
CA; www.aligntech.com.
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reduce the overbite. Lower fixed appliances were
added two weeks into treatment, and upper fixed
appliances three months into treatment, by which
time the lower left canine space had been fully
opened (Fig. 10). Total treatment time was 12
months (Fig. 11).

Case 3 was a 37-year old female with narrow
arches, crowding on a skeletal Class II base, lin-
gually inclined buccal segments, and excessive
vertical proportions before treatment (Fig. 12). Her

VOLUME XLIX NUMBER 9

estimated treatment time was 18 months. Because
she wanted a quick and esthetically discreet option,
she chose Invisalign with AcceleDent. We per-
formed 1.3mm of interproximal reduction in the
upper anterior region and .6mm of reduction around
the lower incisors to create space and prevent gin-
gival spacing. Using 21 sets of aligners, changed
weekly, the buccal segments were uprighted to cre-
ate further space for alignment. The patient re-
ported that she went on vacation for 10 days during

ths.

567



Clinical Experience with the Use of Pulsatile Forces to Accelerate Treatment ___

treatment and did not take her AcceleDent with her.
She tried to change the aligners at the usual week-
ly interval, but was unable to do so because her
teeth hurt too much in the new trays. Total treat-
ment time was five months (Fig. 13).

Case 4 was a 45-year-old male patient with
bimaxillary retroclination, the upper right second
premolar in crossbite, and moderate upper and

568

Fig. 9 Case 2. 13-year-old male patient with deep ove

lower crowding (Fig. 14). He was starting treat-
ment 16 months before a major sporting event that
he was organizing. The estimated treatment time
was 18-24 months, so he chose to use AcceleDent
with Invisalign. Treatment goals included improv-
ing the inclination of the incisors. To correct the
crossbite, a sectional fixed appliance was worn for
three months in the upper right quadrant, placing

rbite, bimaxillary retroclination, reduced upper-incisor
display, and lack of space for lower left canine before treatment. Estimated treatment time: 24 months.
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Fig. 10 Case 2. Space creation for lower left canine after two and a half
months of lower fixed-appliance wear.

Fig. 11 Case 2. Completion of treatment in 12 months.
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Fig. 12 Case 3. 37-year-old female patient with narrow arches, skeletal
Class Il base, and excessive vertical proportions before treatment.
Estimated treatment time: 18 months.

Fig. 13 Case 3. Completion of treatment in five months, using 21 align-
ers changed weekly.
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Fig. 14 Case 4. 45-year-old male patient with bimaxillary retroclination, upper right premolar in crossbite,
and moderate upper and lower crowding before treatment. Estimated treatment time: 18-24 months.

Fig. 15 Case 4. Sectional appliance used to correct crossbite of upper right second premolar.
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Fig. 16 Case 4. Completion of treatment in 16 months.

the archwire below the bracket for intrusion of the
upper right second premolar while the crossbite
was corrected (Fig. 15). Total treatment time was
16 months, including the sectional fixed appliance,
impressions for both initial and refinement align-
ers, and the ClinCheck** process (Fig. 16). A total
of 33 aligners were needed.

Conclusion

This article demonstrates that the successful
incorporation of AcceleDent into an orthodontic
practice can significantly reduce treatment time,

572

making it an attractive adjunct for both patients
and clinicians. Because this is a new technique,
further studies and randomized controlled trials
are needed to better understand the optimal use of
the device. Prospective studies will be challenging,
however, as they need to be adequately designed
to accommodate variations in treatment, patient
compliance, and individual physiological response.
ACKNOWLEDGMENTS: We would like to acknowledge the help

of Shelagh Foster in the preparation of this paper and Sheri Smith
for the statistical analysis.

**Trademark of Align Technology, Inc., San Jose, CA; www.align
tech.com.
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