
The ideal bracket system would allow orthodon-
tists to provide high-quality treatment in less 

time, with fewer appointments and reduced chair-
time. Attempts to devise such a system began with 
Andrews’s Straight-Wire Appliance, which im
proved the efficiency of treatment by incorporating 
1st-, 2nd-, and 3rd-order compensations into the 
brackets.1 Clinicians have found, however, that 
finishing with a straight wire is rarely possible; 
detailing bends are usually required due to varia-
tions in tooth-surface morphology,2-8 inaccuracies 
of direct bonding,2,5,9,10 and mechanical deficien-
cies of edgewise orthodontic appliances.2,5,11

In the Insignia* custom bracket system, the 
clinician creates a virtual design of the final occlu-

sion and alignment using computer-assisted tech-
nology, with reverse-engineered brackets and 
archwires used to obtain the intended result. Brack
et slots are customized to accommodate a straight 
wire that moves each tooth to the ideal final posi-
tion as identified by the virtual setup. Virtual brack
et positions are transferred to the patient by means 
of indirect-bonding transfer jigs.

This pilot study compares the Insignia sys-
tem to a modified Roth-prescription conventional 
bracket system, Titanium Orthos,* in terms of 
clinical effectiveness and efficiency.
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Materials and Methods

This retrospective study included cases treat-
ed by two orthodontists who had provided feed-
back to the Insignia manufacturer during de- 
velopment of the appliance. In Practice A, pre- and 
post-treatment records for subjects treated between 
September 2006 and June 2010 were examined 
using inclusion and exclusion criteria; in Practice 
B, consecutive cases treated between February 
2008 and December 2009 were evaluated. The 
records of patients from Practice A who had mal-
occlusions similar to those of the Insignia patients, 
but were treated with Titanium Orthos brackets 
during the same period, were used as a compara-
tive group.

Inclusion criteria for both the Insignia and 
conventional-appliance groups were as follows:
1.  Complete maxillary and mandibular fixed ap
pliances were used.
2.  Treatment included only intraoral, intra-arch, 
and/or interarch mechanics.
3.  All permanent teeth were erupted and present 
in the arch (except for third molars).
4.  Complete chart entries, pre- and post-treatment 
casts, and post-treatment panoramic radiographs 
were available.

Subjects were excluded if:
1.  Functional appliances, growth modification, ex
tractions, temporary skeletal anchorage, or ortho
gnathic surgery was involved in treatment.
2.  Post-orthodontic restorative treatment was re
quired.
3.  Pre- or post-treatment records were incomplete.

Treatment records were reviewed and data 
recorded by a calibrated examiner (Dr. Weber), 
who was blinded to the bracket system used to treat 
the case until all scoring was complete. The pre-
treatment diagnostic casts were analyzed using the 
Peer Assessment Rating (PAR) system12; post-
treatment casts and panoramic radiographs were 
evaluated by both the PAR index and the ABO 
grading system.13 The efficiency of each bracket 
system was recorded in terms of:
1.  Number of debonded brackets.
2.  Number of repositioned brackets.
3.  Number of finishing wire bends.

4.  Number of scheduled appointments.
5.  Number of unscheduled emergency appoint-
ments.
6.  Total treatment time (number of months from 
initial bonding to debonding).

Intra-Examiner Reliability

To ensure consistent evaluation, 20 non-study 
calibration cases were scored for PAR and ABO 
criteria and then rescored at least one week later. 
Reliability and systematic bias were assessed using 
intraclass correlation (ICC) and a paired t-test, re
spectively.

The ICC demonstrated excellent consistency 
between the standard PAR scores from the Univer
sity of North Carolina and the examiner’s Week 1 
scores (ICC = .96). Additionally, the examiner 
displayed excellent consistency between Week 1 
and Week 2 PAR scores (ICC = .99) and ABO 
scores (ICC = .96). No statistically significant dif-
ferences were found between the standard PAR 
scores and the examiner’s Week 1 PAR scores or 
between the Week 1 and Week 2 PAR scores or 
ABO scores.

Statistical Analysis

Analyses were performed using SAS** version 
9.1, with the level of significance set at p < .05.

Unpaired t-tests were used to assess whether 
the two Insignia bracket samples were similar with 
respect to age at start of treatment, initial PAR, 
total treatment time, final PAR, and ABO score. 
Because there were no statistically significant dif-
ferences, the two groups were combined for further 
analysis. In addition, there was no significant dif-
ference between the Insignia and conventional-
appliance groups in their initial malocclusions, as 
determined by age at start of treatment and initial 
PAR scores.

Total treatment time and the effectiveness 
measures (final PAR and ABO scores) of the two 
test groups were compared using analysis of co
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**Registered trademark of SAS Institute, Inc., Cary, NC; www.
sas.com.



variance (ANCOVA), with the treatment group as 
the explanatory variable and patient age, pretreat-
ment PAR, age by treatment group, and pretreat-
ment PAR by treatment group interactions as 
covariates. The interaction covariates for total 
treatment time and final PAR were not statisti-
cally significant and were therefore removed from 
the model. The age by treatment group interaction 
term was statistically significant and was retained 
in the final model for ABO score. The overall final 
models, which included all main effects and sig-
nificant interactions, were statistically significant 
(final PAR: p = .04; ABO score: p = .001; treat-
ment time: p < .001).

Results

The conventional-bracket group included 11 
cases, six male (55%) and five female (45%), with 
an age range of 12.2-52.7 years (Table 1). The com-
bined Insignia group consisted of 35 subjects, 17 
male (49%) and 18 female (51%), with an age range 
of 12-51.8 years.

Effectiveness Measures

Final PAR scores, after adjusting for age at 
start of treatment and initial PAR, were not sig-
nificantly different between the two groups, which 
showed a similar reduction in PAR scores after 
treatment (Table 1). Unadjusted mean scores for 

each section of the ABO Cast and Radiographic 
Evaluation form are shown in Table 2. Because the 
interaction between the age at start of treatment 
and the treatment group was statistically signifi-
cant, the ABO score for each group was estimated 
and compared at age 15 and the overall mean age 
of 26. At both ages, the Insignia group had a lower 
average ABO score, indicating a finished result 
closer to the ideal ABO criteria (Table 1).

Efficiency Measures

The adjusted treatment time was signifi-
cantly shorter for the Insignia patients, with about 
seven fewer appointments on average (Fig. 1). 
Numbers of unscheduled emergency appoint-
ments, debonded brackets, repositioned brackets, 
and wire bends were similar between the two 
treatment groups.

Discussion

The findings of this study must be viewed 
with caution because of the small size of the con-
ventional-appliance group selected to match the 
small group of Insignia patients from Practice A, 
as well as the variability and relatively low initial 
PAR scores for both groups (Table 1). Two differ-
ent practices were used in an attempt to increase 
the sample size of the Insignia group, but since the 
cases were treated over nearly a four-year period, 
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TABLE 1
T-TEST AND ANCOVA* RESULTS COMPARING TREATMENT GROUPS

	 Conventional Bracket (N = 11)		 Insignia Bracket (N = 35) 
		  Mean	 S.D.		  Mean	 S.D.

Age at start of treatment (years)	 19.77	 14.40	 27.85	 12.30	 p = .08
Initial PAR	 10.64	 3.11	 10.60	 4.66	 p = .98
Total treatment time (months)	 22.91	 4.35	 14.23	 5.02	 p < .0001*
Final PAR	 1.36	 1.57	 1.54	 1.62	 p = .69*
Raw ABO score	 27.09	 9.33	 21.66	 5.87	 p = .03**
Adjusted ABO (age 15)	 24.81		  20.18
Adjusted ABO (age 26)	 30.02		  21.44
*Analysis of covariance for total treatment time, final PAR, and raw ABO score with initial PAR and age at start of treatment as covariates.

**The p-value reported for raw ABO score is the p-value for the interaction term of age and treatment group.



successive versions of the Insignia system were 
used; more recent releases may be superior in 
performance to their predecessors. Finally, it should 
be noted that the results of this study may not apply 
to patients with more severe malocclusions.

With these limitations in mind, the final PAR 
scores suggest that the Insignia system is capable 
of achieving clinical results similar to those of a 
conventional edgewise appliance. The ABO scores, 
which emphasize the details of tooth positioning, 
were superior in the Insignia group in almost every 
area, especially alignment/rotations, overjet (arch 
coordination), and root angulations (Table 2). The 
improved alignment is likely due to the customized 
slot orientation and the ability to visualize the final 
occlusal setup at the beginning of treatment. To 
achieve optimal results, however, the transfer jigs 
must position the computer-designed slots accu-
rately for indirect bonding. Archwires are con-

toured to the designed archform and sequentially 
coordinated from aligning wires to finishing wires, 
thus maintaining arch coordination throughout 
treatment and optimizing occlusal relationships in 
the transverse plane. The setup software generates 
virtual roots using normative data from dental- 
anatomy texts and estimates root angulations based 
on the morphology of the associated crowns. The 
combination of virtual root setups and marginal 
ridge visualization most likely accounted for the 
improvement in root parallelism.14

There are several possible explanations for 
the reduction in treatment time and number of 
appointments for the Insignia group compared to 
the conventional-appliance group. The quality of 
results was not compromised; some ABO mea-
sures actually showed better outcomes (Table 2). 
The relative difficulty of the conventional and In
signia cases may have been a factor, although the 
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Fig. 1  Efficiency variables comparing treatment groups.
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conventional cases were chosen to match the 
custom cases and the initial and final PAR scores 
for the two groups were quite similar (Table 1). 
Another possibility is that PAR score may not be 
precise enough to identify all the nuances of treat-
ment difficulty. The skill level of the different oper-
ators could also be an issue, but the outcomes sug- 
gest that all cases were finished to a similar level.

With the Insignia system, since all tooth 
positions are designed virtually, it is possible that 
the teeth move in a more direct path to the final 
occlusion. Although the average numbers of wire 
bends, emergency appointments, and bracket repo-
sitions were similar in both groups, it is plausible 
that any alignment errors were less severe in the 
Insignia group and thus took less time to correct 
toward the end of treatment. The cumulative ben-
efit of these differences may have been enough to 
reduce treatment time regardless of the number of 
wire bends, emergencies, bracket repositions, and 
broken brackets. The individualized archform may 
also add some advantages that were not assessed 
by the ABO scores.

Only one patient in the conventional-appli-
ance group and five patients in the Insignia group 
did not require bracket repositions or wire bends, 
which suggests that the custom system was not a 
true “straightwire appliance” (Fig. 1). Possible 
reasons include variable biological responses to 
orthodontic forces, less-than-ideal virtual setups, 

inaccuracies in fabrication or seating of the trans-
fer jigs, and mechanical deficiencies in the toler-
ance between bracket slots and archwires. In 
addition, it is possible that bends were needed to 
compensate for side effects from tooth movement: 
the slots are designed from a static model of the 
final occlusion, but tooth movement is actually a 
dynamic process.

Many authors have argued that a true 
straightwire appliance is impossible to achieve 
because of inaccurate bracket placement,2,5,9,10 
variations in tooth morphology,2-8 skeletal discrep-
ancies,2,15 the tissue-rebound effect,2,16-18 and defi-
ciencies in appliance mechanics.2,5,11 Miethke and 
Melsen concluded that “it is unreasonable to antic-
ipate that any straight wire appliance without 
individual adjustments can be anticipated to lead 
to an optimal tooth alignment” and proposed that 
“if the straight wire approach should be followed, 
the bracket would have to be custom made”.3

The customized Insignia appliance may over-
come variations in tooth-surface morphology 
through its manufacturing and bonding process. 
In the virtual setup, a standard bracket pad is 
placed on the tooth with at least three points of 
contact. The transfer jig then allows the clinician 
to transfer the virtual bracket position to the mouth 
and hold the customized bracket in place, so that 
the composite resin can create a “modified custom 
bracket pad”. Logically, the more time spent per-
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TABLE 2
UNADJUSTED MEAN SCORES FROM ABO CAST AND 

RADIOGRAPHIC EVALUATION

		 Conventional Bracket	 Insignia Bracket 
			  Mean	 S.D.		 Mean	 S.D.

Alignment/rotations	 4.64	 2.50	 3.60	 1.94
Marginal ridges	 4.00	 1.95	 3.63	 1.77
Buccolingual inclination	 2.82	 2.56	 2.49	 2.08
Overjet	 4.27	 3.72	 3.06	 1.55
Occlusal contacts	 4.09	 3.75	 3.49	 2.29
Occlusal relationships	 4.36	 4.61	 4.37	 4.34
Interproximal contacts	 0.73	 1.01	 0.03	 0.17
Root angulations	 2.18	 1.25	 1.00	 0.94



fecting and detailing the virtual setup, the less time 
will be required for wire bends or bracket re
positioning to detail and finish the case. Even if 
virtual treatment planning provides an effective 
visualization of the final leveling and alignment 
of the individual arches, it can’t necessarily predict 
the interocclusal fit of the arches, which depends 
on such factors as the leveling biomechanics, the 
mandibular plane angle, and the severity of the 
original malocclusion.

Further research, including randomized clin-
ical trials with larger sample sizes, should be 
conducted to analyze the effectiveness and effi-
ciency of the Insignia custom bracket system. 
Studies analyzing the accuracy of the bonding jigs 
in transferring virtual bracket positions to the 
mouth would also be beneficial.
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