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dvances in computerized de-

sign and manufacturing have

made it possible to create
customized orthodontic systems
tailored to each patient’s unique
dentition and treatment needs. The
clinical premise behind customized
bracket systems such as Insignia*
and KLOwen** is that individualiza-
tion will result in reduced treatment
times, fewer appointments, and im-
proved clinical performance. Previ-
ous research has shown mixed re-
sults, however, for customized
orthodontic systems as compared
with traditional brackets.’-5

Three-dimensional printing is the latest step
in digital technology for customized fixed appli-
ances. In 2019, LightForce*** introduced the first
complete 3D-printed bracket system featuring cus-
tomized, polycrystalline alumina brackets that are
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designed and printed de novo for each tooth based
on a digital setup of the dentition (Fig. 1). The cus-
tom base and slot-prescription technology of Light-
Force brackets are industry-first features enabled
by 3D printing.

This study compares the clinical efficiency
and efficacy of treatment with LightForce brackets
to treatment with conventional bracket systems.

Materials and Methods

This study was approved by the Advarra In-
stitutional Review Board, Pro00065799.

The subjects for this retrospective study were
obtained from a single-orthodontist private prac-
tice that began using LightForce 3D-printed appli-
ances in May 2019. Pre- and post-treatment records
were obtained from consecutively completed
LightForce subjects debonded between October
2020 and July 2022 (N = 103) and consecutively
completed conventional-appliance subjects
debonded between January 2021 and December
2021 (N = 74). Conventional appliances included
3M Victory,i 3M Clarity,; Empower Clear, and
Empower Metal.i

*Trademark of Ormco Corporation, Orange, CA; www.ormco.com.
*#*KLOwen Orthodontics, Richardson, TX; www.klowenortho.com.
##*LightForce Orthodontics, Burlington, MA; www.lf.co.

¥3M, Monrovia, CA; www.3M.com.

#American Orthodontics, Sheboygan, WI; www.americanortho.com.
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Inclusion criteria for both groups were the
availability of pretreatment digital study models,
the use of maxillary and mandibular full fixed
appliances, and the eruption of all permanent
teeth, except for second and third molars and con-
genitally missing teeth. Both groups excluded pa-
tients who required orthognathic surgery; had
unerupted or impacted premolars or canines; were

treated with temporary anchorage devices and
palatal distalizers; had significant periodontal dis-
ease; chronically used any nonsteroidal anti-
inflammatory medication, estrogen, calcitonin, or
corticosteroids during treatment; or had a history
of use (either before or during orthodontic treat-
ment) of bisphosphonates or other medications for
the treatment of osteoporosis.

Fig. 1 Example of minor Class lll case treated with .018" LightForce*** brackets. A. Undertorqued upper incisors
resulting in edge-to-edge occlusion. B. Digital LightPlan*** setup showing initial malocclusion with planned bracket
placement. C. Digital LightPlan setup showing planned final occlusion. D. LightForce brackets bonded and upper
and lower .016" nickel titanium archwires inserted. E. After five months of treatment, .017" x .025" nickel titanium
archwires used to express desired torque in .018" slots. F. Patient debonded after six and one-half months of
treatment and five appointments, including bonding and debonding.
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CLINICAL EFFIGIENGY OF LIGHTFORCE 3D-PRINTED GUSTOM BRAGKETS

TABLE 1
COMPARISON OF STUDY GROUPS BEFORE TREATMENT
LightForce Conventional
Mean Range Mean Range P
Age 15.216.5 10.1-51.2 143148 9.9-39.2 0.5380
PAR (unweighted) 13.9+4.6 2.0-29.0 13.3+5.0 0.0-28.0 0.3533
PAR (weighted) 19.8+8.8 2.0-57.0 19.0+8.9 0.0-47.0 0.6239
TABLE 2
COMPARISON OF STUDY GROUPS BY EXTRACTIONS AND ANGLE CLASSIFICATION
LightForce Conventional
N Pct. N Pet. P
Extraction cases 4 3.9 3 4.1 0.9542
Class | 74 71.8 50 67.6 0.6605
Class I 22 21.4 20 27.0
Class llI 7 6.8 4 54

The following data were derived from each
patient’s records: Angle classification, any specif-
ic tooth extractions prescribed for treatment, brack-
et bonding and debonding dates, date of case sub-
mission to LightForce, number of scheduled
appointments, number of unscheduled emergency
appointments, number of loose brackets, and final
upper and lower archwires. Pretreatment and
post-treatment (when available) digital models
were analyzed by a calibrated examiner who was
blinded to the treatment group, using the Peer As-
sessment Rating (PAR) index® in OrthoAnalyzert
software.

SASiEi version 9.4 was used for all statistical
analyses. Data were inspected for missingness and
distributional form. Groups were compared using
t-tests for continuous data, Wilcoxon rank-sum
tests for ordinal data, and chi-square tests for cat-
egorical data. The level of significance was set at
.05 for two-sided tests. Data summaries are pre-
sented as side-by-side box plots; each box is
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bounded by the first (Q1) and third (Q3) quartiles
of the data, and the median is the horizontal line
within the box. Larger boxes indicate larger vari-
ations in the data. The “whiskers” show the ap-
proximate spread of the data estimated within 1.5
times the interquartile range (IQR = Q3-Q1). Out-
liers are shown as isolated data points outside the
whiskers.

Results

The LightForce treatment group (39 male,
64 female) did not differ significantly from the
conventional-bracket group (35 male, 39 female)
in terms of age, initial case severity as determined
by the PAR index (Table 1), percentage of ex-
traction cases, Angle classification (Table 2), or
sex (p = .1389) at the beginning of treatment. The
treatment groups were representative of the prac-
titioner’s case distribution, with a wide range of
severity from mild (PAR < 5) to severe (PAR > 25).
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At the conclusion of treatment, the differ-
ences between the LightForce and conventional-
bracket groups in terms of the length of treatment
and the number of scheduled, emergency, and
total appointments were all statistically signifi-
cant. The LightForce group’s average treatment
time was 45% shorter than the conventional
group’s treatment time (Fig. 2, Table 3). Treatment
with the LightForce brackets required about six
fewer scheduled appointments and one fewer
emergency appointment, on average, than treat-
ment with conventional brackets (Fig. 3). The
LightForce group averaged about two fewer loose
brackets than were found in the conventional-
bracket group (Fig. 4).

Nickel titanium wires were used as the final
upper archwires in 78% of the LightForce subjects
(Fig. 5), compared to 34% of the conventional-
bracket subjects (p < .0001), and as the final lower
archwires in 65% of the LightForce subjects, com-
pared to 31% of the conventional-bracket subjects
(p < .0001).

WALDMAN, GARVAN, YANG, WHEELER

Final models were available for 93 of the
LightForce subjects and 62 of the conventional-
bracket subjects. The final clinical outcomes, as
measured by the PAR index, showed a mean im-
provement of 81% (unweighted) and 74% (weight-
ed) in the LightForce group, compared to 67%
(unweighted) and 57% (weighted) in the conven-
tional group (Table 3).

Discussion

Authors have reported variable orthodontic
treatment times for conventional fixed appliances.
Beckwith and colleagues observed an average
treatment time of 28.6 months with a range of 23.4-
33.4 months in five offices,” whereas Fink and
Smith found an average of 23.1 months with a range
of 19.4-27.9 months in six offices.® The average

T13Shape, Copenhagen, Denmark; www.3shape.com.
++The SAS Institute, Cary, NC; www.sas.com.
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Fig. 2 Box plots of treatment time (in months) for patients in LightForce and conventional-bracket groups (p <

.0001).
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CLINICALEFFICIENGY OF LIGHTFORGE 3D-PRINTED CUSTOM BRAGKETS

TABLE 3
COMPARISON OF TREATMENT OUTCOMES
LightForce Conventional
Mean (N) Mean (N) P
Total treatment time (months) 14.2£6.5(103) 26.0£8.1(74) <0.0001
Scheduled appointments 8.3+3.1(103) 14.0 £ 5.3 (74) <0.0001
Emergency appointments 2.3+2.3(103) 3.312.6(74) 0.0042
Loose brackets 3.5+4.8(103) 5.6 4.9 (74) 0.0001
Final PAR (unweighted) 2.5+2.1(93) 3.812.2(62) 0.0002
Final PAR (weighted) 4.8+4.38(93) 6.9+ 4.6 (62) 0.0021
PAR improvement (unweighted) 81.0% + 0.2% (93) 67.0% + 0.3% (62) -
PAR improvement (weighted) 74.0% t+ 0.3% (93) 57.0% + 0.3% (62) -
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Fig. 3 Box plots of emergency (p = .0042), scheduled (p < .0001), and total (p < .0001) patient appointments in

LightForce and conventional-bracket groups.
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Fig. 4 Box plots of loose brackets in LightForce and conventional-bracket groups (p = .0001).

length of treatment for the conventional-bracket
group in this study was 26 months, which is gen-
erally consistent with other reports.”!! The finding
that treatment time decreased by 45% in the Light-
Force group, combined with a 41% reduction in the
number of scheduled appointments, was not only
statistically significant, but was clinically signifi-
cant to the practitioner. Scatter plots of treatment
times vs. unweighted initial PAR scores of Light-
Force and conventional brackets are shown, along
with regression lines and 95% confidence bands
(Fig. 6). The intercept and slope of the PAR by
treatment time regression line for the LightForce
bracket were estimated to be 9.6 (S.E. = 1.6) and
.33 (S.E. = .11), respectively; the intercept and slope
for the conventional brackets were estimated to be
19.2 (S.E.=2.6) and .51 (S.E. = .18), respectively.
It is clear from the regression lines that treatment

VOLUME LVII NUMBER 5

time increased as the initial PAR increased for both
groups, but that the treatment times were much
shorter in the LightForce group for all levels of
initial PAR scores.

Variables that can extend treatment time in-
clude broken appointments, broken brackets and
bands, and individual office procedure varia-
tions.””!! In this study, the reduced number of
scheduled appointments needed for LightForce
treatment, along with the increased time interval
between scheduled appointments, could have im-
proved patient compliance, resulting in fewer bro-
ken appointments and a concomitant reduction in
treatment time. The reduced number of loose
brackets in the LightForce group could also have
contributed to the shorter treatment time.

An important variable noted by Fink and
Smith in their study of six orthodontic practices was
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Fig. 5 Percentages of nickel titanium upper and lower finishing archwires in LightForce and conventional-bracket

groups (p <.0001).

the time spent on detailed finishing procedures.’ In
this study, the majority of LightForce subjects were
finished with nickel titanium archwires, as com-
pared to about one-third of the conventional subjects
(Fig. 5). The ability to complete treatment with nick-
el titanium wires implies a reduced need for wire-
bending, which would normally be performed with
TMA¥* or stainless steel wires. The reduction or
even elimination of wire-detailing appointments can
substantially shorten treatment time.

The quality of results, as measured by the
weighted PAR score, was less than 5 for the Light-
Force group and less than 7 for the conventional-
bracket group. Richmond and colleagues consid-
ered a PAR score of 5 or less to be an almost
ideal occlusion, and a score of 10 or less to be
acceptable.® Therefore, while the difference in the
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final PAR scores was statistically significant, the
clinical difference would be minimal, since both
groups finished with nearly ideal or acceptable
occlusions on average.

While a prospective study is the gold stan-
dard for clinical trials, an inherent problem with
this approach is that a predetermined protocol
would establish appointment frequency, which
could affect the treatment time.>* This retrospec-
tive study was designed to evaluate group differ-
ences in the practice of a single orthodontist, who
completed all cases to the same standard without
the prior knowledge that a study would be under-
taken. There was no defined treatment protocol for

*Trademark of Ormco Corporation, Orange, CA; www.ormco.com.
##*LightForce Orthodontics, Burlington, MA; www.lf.co.
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Fig. 6 Scatter plots of treatment time vs. unweighted initial PAR scores in LightForce and conventional-bracket
groups. Regression lines are shown for each group with 95% confidence bands.

either group that would inherently alter the treat-
ment time or affect the scheduling of appoint-
ments. Further study is needed to determine how
the treatment efficiencies and outcomes would
differ in other practitioners’ offices, where there
might be different treatment philosophies.

An additional limitation of retrospective stud-
ies is that they are prone to selection bias. The pres-
ent study used only consecutively completed sub-
jects for whom initial digital study models were
available. All LightForce patients had initial digital
models because they are required for case submis-
sion to LightForce; not all conventional subjects had
initial digital models. Although this criterion could
introduce a selection bias, the initial PAR scores
indicated that the LightForce and conventional-
bracket cases were similar in severity.

VOLUME LVII NUMBER 5

It should be noted that the LightForce brack-
et system, indirect bonding trays, and proprietary
digital treatment-planning software (LightPlan***)
were in the early stages of development for the first
patients in this study, and were continuously up-
dated and improved during the study period. The
clinical impact of such improvements can be seen,
for example, in the decreasing number of loose
brackets according to when the LightForce case
was submitted (Table 4). Cases created before July
1,2020, averaged 5-6 loose brackets, whereas cas-
es created after that date averaged 1-2 loose brack-
ets. Improvements in the bracket base, indirect
bonding trays, and bonding protocols during this
time could have enhanced bracket retention and
thus contributed to the reduction in loose brackets.
Digitally designed indirect-bonded bite turbos,
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TABLE 4
LOOSE BRACKETS BY LIGHTFORCE SUBMISSION DATE

Cases Created

Cases Finished

Mean Loose Brackets

Before 12/31/19 17 6.6
1/1/20-6/30/20 25 5.3
7/1/20-12/31/20 27 1.5
1/1/21-6/30/21 27 2.4
7/1/21-12/31/21 7 1.7
REFERENCES

introduced in early 2020, may also have contrib-
uted because of a lower initial occlusal force on
the mandibular brackets. Another possible expla-
nation for the reduction in loose brackets could be
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efficacy and efficiency of the LightForce bracket.
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