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rthodontic patients tend to prioritize convenience, making reductions
in treatment time invaluable.! Recent efforts to shorten orthodontic
treatment have focused on increasing the rate of tooth movement by
means of mechanical vibration,23 osteoperforation,245 corticotomy,® low-
intensity laser irradiation,? pulsed electromagnetic fields, or hormone injec-
tions,” but many of these approaches have failed to produce clinically signif-

icant results.257

Historically, treatment efficiency has been
improved by developing better products and ma-
terials. Among the significant advancements of
the past 50 years is the preadjusted appliance,
which reduced the need for 1st-, 2nd-, and 3rd-
order wire bends and thus reduced chairtime.?

Although preadjusted appliances did improve
treatment efficiency, they presented a technical
challenge: as Miethke and Melsen noted more than
20 years ago, to account for individual variations
in tooth morphology, the brackets would have to
be custom-made.’
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&= LightForce* patients had about 30% shorter
treatment times and fewer appointments.

&= LightForce patients averaged 15-17 months of
treatment and 8-11 visits.

&= Fewer finishing procedures involving either
bracket repositioning or archwire bends were
needed for patients treated with LightForce.

&= Three of the four practices in this study used
.020" LightForce brackets.

The recent development of fully customized,
3D-printed orthodontic brackets has the potential
to reduce treatment times even further. Our previ-
ous study of patients from one practice showed that
those treated using LightForce 3D-printed custom
brackets experienced shorter treatment times and
fewer appointments, on average, than those treated
with conventional preadjusted appliances.!” The
present article expands the scope of the study to
include four practices with different treatment
philosophies, demographics, and practice-
management models.

Materials and Methods

This retrospective study was approved by the
Advarra Institutional Review Board, Pro00065799.
The subjects were patients from four private ortho-
dontic practices who were treated using either
LightForce 3D-printed appliances or conventional
preadjusted appliances between Aug. 5, 2019, and
July 20, 2023. A subset of patients from practice 1
were involved in the previously reported study.!?
Inclusion criteria for both groups were the avail-
ability of pretreatment photos, use of maxillary
and mandibular full fixed appliances, and eruption
of all permanent teeth except for the second and
third molars and congenitally missing teeth. Pa-
tients were excluded if treatment involved Phase I,
orthognathic surgery, or temporary anchorage de-
vices, or if they presented with significant perio-
dontal disease or with unerupted or impacted teeth.
Additional exclusion criteria were current, chronic
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use of nonsteroidal anti-inflammatory medication,
estrogen, calcitonin, or corticosteroids, or any his-
tory of the use of bisphosphonates or other medi-
cations for treatment of osteoporosis.

The following data were obtained from pa-
tient records in all four practices: date of birth,
Angle classification, specific tooth extractions pre-
scribed for orthodontic treatment, bracket bonding
and debonding dates, number of non-emergency
scheduled appointments, number of bracket-
repositioning and archwire-detailing appointments,
and treatment phase (I or II). The numbers of re-
positioned brackets and teeth requiring detailing
bends per patient were collected from practices 1,
2, and 3, but were not available from practice 4.

To gauge initial case severity, pretreatment
photos were scored independently by three cali-
brated examiners using the dental-health compo-
nent of the Index of Orthodontic Treatment Need
(IOTN),'" and the scores were averaged.

The data were inspected for missingness and
distributional form and analyzed using SAS** ver-
sion 9.4 software. Wilcoxon rank-sum tests were
used to compare the LightForce and conventional-
bracket groups for numerical and ordinal variables,
and Kruskal-Wallis tests were used to assess these
data across practices. Categorical variables were
compared with chi-square or Fisher’s exact tests.
The level of significance was set at .05 for two-
sided tests.

Data summaries are presented as side-by-side
box plots. Each box is bounded by the first (Q1)
and third (Q3) quartiles of the data, with the me-
dian represented by the horizontal line within the
box; larger boxes indicate larger variations in the
data. The quartiles (Q1, median, and Q3) are the
values dividing the data into four equal parts. The
“whiskers” show the approximate spread of the
data estimated within 1.5 times the interquartile
range (Q3 — Q1). Outliers are shown as isolated
data points outside the whiskers.

Results

In practices 1, 2, and 4, there were no signif-
icant differences in the mean age of the LightForce
and conventional groups (Table 1). In practice 3,
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TABLE 1
COMPARISON OF STUDY GROUPS BEFORE TREATMENT

WHEELER, GARVAN, WALDMAN, FORD

LightForce

Conventional

Practice N

Mean
Age

Median
Age

Age
Range

I0TN

IOTN  Range N

Age

Age

Age
Range

I0TN

I0TN
Range

P P
(Age) (IOTN)

1

2
3
4

227  15.6
148  23.2
139 173

64 22.6

13.4
14.4
13.7
15.1

10.1-66.4

9.9-77.6
10.7-50.4
10.8-55.2

3.1
3.1
3.3
3.4

1-5
1-5
2-5
2-5

127
82
51
68

14.8
20.6
15.5
20.9

13.2
13.7
13.2
14.3

9.9-51.1
9.3-78.7
9.9-36.5
11.1-57.2

3.2
3.5
3.5
3.6

1-5
1-5
2-5
2-5

0.3325 0.4608
0.1519 0.0179
0.0354 0.0398
0.4538 0.2257

the difference in mean age was statistically signif-
icant, with the LightForce group (17.3) slightly
older than the conventional group (15.5), but there
was no significant difference in median age (13.7
and 13.2, respectively). The median patient age for
all groups in all offices was approximately 14, and
there were no significant differences among
groups. In two practices, the mean age was 15-17;
in the other two, it was 20-23. Evaluation of the
age distribution revealed that the higher mean age
in two practices could be explained by the inclu-
sion of senior adult patients.

All groups comprised about 55-60% females.
There were no statistically significant differences
in mean IOTN grades between the LightForce and
conventional-bracket groups for practices 1 (3.1
and 3.2, respectively) and 4 (3.4 and 3.6, respec-
tively). The differences in mean IOTN grades for
the LightForce and conventional-bracket groups
were statistically significant for practices 2 (3.1
and 3.5, respectively) and 3 (3.3 and 3.5, respec-
tively), but these differences were considered to be
clinically unimportant.

In all four practices, mean treatment times
were consistently and significantly shorter for the
LightForce group than for the group treated with
conventional brackets. The average treatment time
for the LightForce patients ranged from 15 to 17

*LightForce Orthodontics, Burlington, MA; www.If.co.
**SAS, Cary, NC; www.sas.com.
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Fig. 1 Box plots of treatment time (in months) for
LightForce* and conventional-bracket groups in each
practice.
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TABLE 2
COMPARISON OF TREATMENT TIME AND NUMBER OF APPOINTMENTS

Mean Treatment Time (Months)

Mean No. of Scheduled Appointments

Practice LightForce Conventional

P

LightForce Conventional P

1
2
3
4

Average

14.8+5.0
16.5+5.8
17.6+4.8
16.6 £ 5.1
16.4

27.2+9.3
23.4+8.4
24316.1
242152
248

<0.0001
<0.0001
< 0.0001
<0.0001

<0.0001
< 0.0001
< 0.0001
<0.0001

14.7
15.3
14.4
12.4
14.2

8.7
10.8
11.1

8.0

9.6

B3 conventional
B3 LightForce
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Fig. 2 Box plots of non-emergency scheduled ap-
pointments for LightForce and conventional-bracket
groups in each practice.
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months, whereas the conventional-bracket patients
averaged about 24 months of treatment; thus, treat-
ment time was about 30% shorter for the Light-
Force group (Fig. 1, Table 2).

The number of scheduled appointments fol-
lowed the same trend in all practices. LightForce
patients averaged 8-11 visits, whereas conventional-
bracket patients averaged 12-15 visits (Fig. 2, Ta-
ble 2). This resulted in about 30% fewer appoint-
ments for the LightForce-bracket patients across
all practices.

The numbers of repositioned brackets and
teeth requiring detailing bends, as well as the num-
bers of appointments needed for these procedures,
were analyzed for practices 1,2, and 3. In all three
practices, fewer cases in the LightForce group re-
quired finishing procedures involving either brack-
et repositioning or archwire bends (Fig. 3A, Table
3), and fewer appointments were required for these
procedures (Fig. 3B, Table 3).

Discussion

Our previous study of a single-orthodontist
private practice found reductions in both treatment
time and the number of scheduled appointments
for patients treated with LightForce 3D-printed
brackets, as compared to those treated with con-
ventional brackets.!® The goal of the present study
was to determine whether the same reductions
would be seen in multiple practices with different

JCO/MAY 2024
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TABLE 3
COMPARISON OF FINISHING PROCEDURES

Mean No. of Repositioned Brackets Mean No. of Appointments for Bracket
and Detailing Bends Required per Case Repositioning and Detailing Bends per Case
Practice LightForce Conventional P LightForce Conventional P
1 0.9 2.0 <0.0001 0.6 1.4 <0.0001
2 2.2 4.9 <0.0001 1.1 1.7 0.0024
3 0.7 2.5 <0.0001 0.4 0.9 <0.0001
* Conventional ‘ LightForce
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Fig. 3 A. Box plots of bracket-repositioning procedures performed or archwire-detailing bends needed for Light-
Force and conventional-bracket groups in each practice. B. Box plots of appointments for finishing procedures
needed for LightForce and conventional-bracket groups in each practice.

treatment philosophies, practice-management
models, and preferred brands of conventional ap-
pliances.

In the previous study, the quality of finished
LightForce-bracket cases was considered equivalent
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to, if not better than, that of finished conventional-
bracket cases.!” In the present study, because final
study casts were not available for all practices, the
quality of the treatment results could not be as-
sessed. While this is a shortcoming of the study, we
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TABLE 4
PRACTICE CHARACTERISTICS
Practice Location Years in Practice Orthodontic Residency Practice Model ABO Certified
1 Beverly Hills, CA 20 Harvard Orthodontic service Yes
organization

2 Phoenix, AZ 41/6 UCSF / A.T. Still U. Partnership Yes / Yes

3 Minneapolis, MN 9 U. of MN Solo No

4 Kirkland, WA 9 U. of WA Solo Yes

believe the practitioners would have ensured out-
comes similar to or better than those of their con-
ventional cases before debonding their LightForce
patients.

In this study, the mean treatment time with
LightForce brackets was reduced to 15-17 months,
regardless of patient age (Tables 1,2), and was sim-
ilar across practices despite their diversity. Differ-
ences in treatment philosophies and mechanics
were to be expected, since the orthodontists in this
study had clinical experience ranging from six to
41 years, each practitioner had studied in a differ-
ent orthodontic program, and the four practices
were in different states (Table 4). Furthermore, two
of the practices were single-orthodontist offices
with multiple locations, another was a partnership
of two orthodontists with multiple locations and
shared patients, and the last practice had a single
location and was part of an orthodontic service
organization. The diversity of management models
potentially indicated different scheduling practic-
es and policies that could have affected treatment
efficiency.

Fixed appliance techniques also varied be-
tween practices (Table 5). The conventional brack-
ets were made by various manufacturers from ei-
ther stainless steel or ceramic materials, and they
included both twin and self-ligating designs with
018" or .022" slots. Each practice used the stan-
dard MBT#*** prescription for its conventional
brackets, except for one office that used the Roth
prescription for the upper incisors. Regardless of
the conventional bracket used, the mean treatment
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time at each office was about 24 months—consis-
tent with published reports.'?-10

For their LightForce brackets, two of the
practices used .020" slots, another used both .020"
slots and a bidimensional setup, and the other used
018" slots; thus, three of the four practices select-
ed the .020" slot size, which is unique to Light-
Force brackets.'”-!8 The practices were able to em-
ploy their individual treatment philosophies and
mechanics, yet all experienced the same significant
reductions in treatment times, indicating that fully
customized, 3D-printed brackets can predictably
increase clinical efficiency regardless of fixed ap-
pliance system or technique.

Orthodontists may also have philosophical
differences about when to treat different types of
malocclusions, particularly Class II patients.!?
Although Phase I cases were excluded from the
results of this study, practices 3 and 4 reported
performing substantially more Phase I LightForce
treatment than practices 1 and 2 did (Table 6).
Therefore, it can be observed that practices with
different approaches to Phase I treatment experi-
enced similar improvements in efficiency during
comprehensive Phase II treatment.

Finishing is widely considered one of the
most difficult phases of orthodontic treatment.?!->3
While the overall importance of proper bracket
placement has been recognized,?-?® to our knowl-
edge, no studies have investigated the amount of
time needed at the end of treatment for detailing
with bracket repositioning, wirebending, or finish-
ing elastics. In a study of treatment times across

JCO/MAY 2024
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TABLE 5
FIXED APPLIANCE CHARACTERISTICS

LightForce Conventional
Practice Slot Size Slot Size Rx Brand Twin (T) or Self-Ligating (SL)
1 .020" .022" MBT*** Victory,*** Clarity,*** Empower Tand SL
Clear,t Empower Metalt

2 .018" .018" MBT Victory, Clarity T

3 .020" .022" MBT Damont SL

4 .020" and .022" MBT with  Empower 2 Clear,t Empower 2 SL

bidimensional Roth U2-2  Metalt

TABLE 6
PHASE | CASES EXCLUDED FROM LIGHTFORCE STUDY SAMPLE

Total LightForce

Percentage of

Practice Cases Gompleted Phase | Cases Excluded  Study Sample Cases Phase | Cases
1 228 1 227 0.4%
2 153 5 148 3.3%
3 179 40 139 22.3%
4 95 31 64 32.6%

six orthodontic practices, Fink and Smith surmised
that finishing procedures significantly affected
treatment duration, but they did not report any data
to support this conclusion.'

In the present study, among the three prac-
tices for which finishing data were available, the
mean numbers of bracket-repositioning and
wire-adjustment procedures were 50-70% lower in
the LightForce group, and the mean numbers of
appointments for these procedures were reduced
by 30-60% (Fig. 3, Table 3). It is reasonable to
assume that this reduction in finishing procedures
would correlate with the observed reduction in
overall treatment time.

Even though bracket repositioning and wire
bends were required less frequently for LightForce
patients, they were still necessary in some cases.
The reasons for this are under further study, but
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could involve incorrect digital planning of final
tooth positions on the LightPlan* or a technical
issue with the indirect bonding procedure, such as
inadequate seating of the trays. Since the Light-
Force cases in this study were the first cohort fin-
ished by all four offices with this new technology,
the doctors and clinical assistants were still learn-
ing new digital-planning, bonding, and clinical-
management techniques. In each practice, as the
office gained experience with the LightForce sys-
tem, the number of bracket-repositioning proce-
dures and detailing bends declined significantly
(Fig. 4, Table 7).

Indirect bonding was introduced 50 years

*LightForce Orthodontics, Burlington, MA; www.If.co.

**¥%¥3M, Monrovia, CA; www.3M.com.

FAmerican Orthodontics, Sheboygan, WI; www.americanortho.com.
£0rmco Corporation, Brea, CA; www.ormco.com.
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TABLE 7
BRACKETS REPOSITIONED BY LIGHTFORCE SUBMISSION DATE
Practice
1 2 3
Mean No. Mean No. Mean No.
LightForce Cases of Brackets Cases of Brackets Cases of Brackets
Submission Date  Finished Repositioned Finished Repositioned Finished Repositioned
Before 12/31/19 17 1.9
1/1/20-6/30/20 31 1.8 23 3.4 13 1.1
7/1/20-12/31/20 34 0.8 13 2.2 39 0.7
1/1/21-6/30/21 59 0.4 60 2.0 42 0.6
7/1/21-12/31/21 56 0.7 40 2.0 41 0.5
1/1/22-6/30/22 29 0.5 11 1.3
4
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Fig. 4 Mean number of finishing procedures per case for each practice by date of LightForce case submission.

*LightForce Orthodontics, Burlington, MA; www.If.co.

fiAutodesk, Inc., San Francisco, CA; www.meshmixer.com.
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Fig. 5 Example of LightForce bracket placement. A. Digital LightPlan* of bracket placement. B. Scan of patient
after bracket bonding. C. Superimpositions of planned and actual bracket placement using Autodesk Meshmixertt
software (red = deviation of .5mm or greater; yellow, pink, or brown = deviation of less than .5mm; white or no color
= perfect match).

ago?® and has improved along with advances in
digital technology?¢; while the procedure remains
technique-sensitive, its overall advantages will
likely make it the standard of care in the future.
The LightForce system utilizes indirect bonding
with 3D-printed trays. To illustrate the efficacy of
the LightForce indirect bonding system, scans of
a patient taken after bracket bonding were super-
imposed on the digital LightPlan, and the differ-
ences were analyzed with Autodesk Meshmixer
software (Fig. 5). In this example, the superimpo-
sitions demonstrate a high degree of accuracy;
deviations within the bracket slots or around the

VOLUME LVIII NUMBER 5

bracket bases are attributable to the difficulty in
obtaining scans of sufficient quality to evaluate
those areas. The technologies, materials, and pro-
cedures used for indirect bonding will continue to
improve, allowing clinicians to place fully custom-
ized, 3D-printed brackets precisely as planned in
the digital setups, in accordance with their pre-
ferred treatment mechanics and philosophies.

Conclusion

This multi-office retrospective study demon-
strates consistent reductions in treatment duration
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and the number of appointments needed for fully
bonded treatment with LightForce 3D-printed
custom brackets. The results were consistent
across all four practices, despite substantial dif-
ferences in demographics, practitioner experience,
treatment philosophies, and practice-management
models. Although every attempt was made to
eliminate potential sources of bias in this study, a
randomized clinical trial would provide a higher
level of evidence.
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