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Clinical outcomes for patients finished with the SureSmile® method
compared with conventional fixed orthodontic therapy

Timothy J. Alford®; W. Eugene Roberts®; James K. Hartsfield Jre; George J. Eckert?;
Ronald J. Snyder®

ABSTRACT

Objective: Utilize American Board of Orthodontics (ABO) cast/radiographic evaluation (CRE) to
compare a series of 63 consecutive patients, finished with manual wire bending (conventional)
treatment, vs a subsequent series of 69 consecutive patients, finished by the same orthodontist
using the SureSmile® (SS) method.

Materials and Methods: Records of 132 nonextraction patients were scored by a calibrated
examiner blinded to treatment mode. Age and discrepancy index (DI) between groups were
compared by t-tests. A chi-square test was used to compare for differences in sex and whether the
patient was treated using braces only (no orthopedic correction). Analysis of covariance tested for
differences in CRE outcomes and treatment times, with sex and DI included as covariates. A
logarithmic transformation of CRE outcomes and treatment times was used because their
distributions were skewed. Significance was defined as P < .05.

Results: Compared with conventional finishing, SS patients had significantly lower DI scores, less
treatment time (~7 months), and better CRE scores for first-order alignment-rotation and
interproximal space closure; however, second-order root angulation (RA) was inferior.
Conclusion: SS patients were treated in less time to better CRE scores for first-order rotation (AR)
and interproximal space closure (IC) but on the average, malocclusions were less complex and
second order root alignment was inferior, compared with patients finished with manual wire

bending. (Angle Orthod. 2011;81:383-388.)
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INTRODUCTION

New orthodontics products and treatment systems
often claim to produce better, faster, and more efficient
results, but rarely is any independent scientific
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validation performed. SureSmile® (OraMetrix, Ri-
chardson, Tex) is a computer-aided treatment concept
introduced in 1998, but not released commercially until
around 2005. In the present context, the SureSmile (SS)
method is used to facilitate orthodontic finishing. The SS
process digitally captures three-dimensional (3D) imag-
es of the teeth and brackets. Computer software
develops a 3D therapeutic model of the patient’s
dentition, and a virtual treatment plan (VTP) is formulat-
ed, which then guides a computer-aided robot to bend
and reprogram the form of nickel-titanium (NiTi) arch-
wires, to move the teeth into desired positions.’
Sachdeva et al.”* describe the SS process and
philosophy of treatment to create a “patient-centered
practice” that delivers high-quality care while minimizing
discomfort, compliance demands, chair time, and
treatment duration. Furthermore, SS is touted to reduce
bending wire errors, thereby shortening treatment time
without sacrificing the quality of the result.?

In 1998, the American Board of Orthodontics (ABO)
initiated a series of objective assessments for facilitat-
ing the board certification process.® The Discrepancy
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Table 1. Ranges and Mean * Standard Error (SE) Distributions for CRE Scores®

Conventional (n = 63)

SureSmile (n = 69)

Min Max Mean (SE) Min Max Mean (SE)
Age (start of treatment) 12 60 17.8 (0.8) 13 60 18.1 (0.9)
DI (Discrepancy Index) 3 40 15.8 (0.9) 1 33 13.2 (0.9)
AR (alignment and rotations) 0 10 4.0 (0.3) 0 7 2.7 (0.2)
MR (marginal ridges) 0 12 5.2 (0.3) 0 16 5.3 (0.4)
BL (buccal-lingual) 0 6 2.7 (0.2) 0 8 2.7 (0.2)
OJ (overjet) 0 9 2.8 (0.2) 0 10 2.7 (0.3)
OC (occlusal contacts) 0 12 2.2 (0.3) 0 10 2.0 (0.3)
OR (occlusal relationship) 0 10 2.3 (0.3) 0 7 1.6 (0.2)
IC (interproximal contacts) 0 5 0.5 (0.1) 0 2 0.2 (0.1)
RA (root angulation) 0 7 0.9 (0.2) 0 5 1.3 (0.2)
Total CRE score 9 38 20.8 (0.8) 6 38 18.5 (1.0)
Tx time: total 14 71 32.0 (1.6) 7 78 22.7 (1.5)
Tx time: in braces alone 12 38 23.6 (0.7) 7 35 16.7 (0.8)
Tx time: in braces-only patients 14 31 23.0 (1.0) 7 31 15.8 (1.0)

2 CRE indicates cast/radiographic evaluation; max, maximum; min, minimum; and Tx, treatment.

Index (DI) and cast/radiographic evaluation (CRE)
scores have proved to be effective research tools for
assessing clinical outcomes.®'® The CRE assesses
treatment outcomes by measuring eight different
parameters of dental morphology: (1) alignment and
rotations (AR), (2) marginal ridge adaptation (MR), (3)
buccal-lingual (BL) inclination of the posterior seg-
ments, (4) overjet (OJ), (5) occlusal contacts (OC) of the
posterior segments, (6) occlusal relationship (OR) of the
posterior segments (sagittal plane), (7) interproximal
contacts (IC), and (8) root angulation (RA), as mea-
sured on a panoramic radiograph. Points are added for
each deviation from ideal in all eight categories.
Several methods have been developed to measure
malocclusion severity, or need, as assessed by the
world community.***®* The CRE has been used to
study orthodontics outcomes in several clinical sam-
ples such as graduate orthodontics programs®'' and
patients treated with clear aligners,™ and to assess the
impact of indirect bonding on the final result.”® These
studies demonstrated that the DI and CRE are
effective research tools for assessing the complexity
of a malocclusion and the outcome of orthodontics
treatment under a variety of clinical conditions.
Initially, a 48% decrease in treatment time was
reported for a limited number of patients treated with
the SS protocol,® but the data were difficult to interpret
because of the limited number of patients and a
remarkably low average CRE score of 7.5. More
recently, Moles* reported an average treatment time of
13.1 months for 500 patients treated with SS since the
technology was incorporated into routine practice.
Neither Moles* nor Sachdeva et al.® statistically
analyzed their data, and sampling methods are
suspect because no mention was made of how
patients were assigned to each treatment category.
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The purpose of the present study is to investigate
treatment duration relative to outcomes (CRE) and
malocclusion complexity (DI) for SS and conventional
treatment, rendered under similar conditions by the
same orthodontist.

MATERIALS AND METHODS

The assessor did not treat patients and was blinded
as to the treatment method. This was a convenience
sample of 146 consecutively finished, cooperative
patients, treated without extractions. The same ABO-
certified orthodontist, who had 2 years of SS experi-
ence, finished each patient with manual wire bending
(conventional) or the SS technique. The same expe-
rienced clinical examiner trained and calibrated the
assessor in the use of CRE and DI methods, using
standardized patient records as previously de-
scribed.®'° Case selection consisted of the following:
(1) second molars erupted and in occlusion, (2) no
dental agenesis, (3) no documented compliance
problems, (4) all patients treated to an optimal result
in the opinion of the treating orthodontist, and (5) no
extractions performed. Because of incomplete records,
14 patients were disqualified, leaving 63 finished
conventionally and 69 finished with SS. The groups
were compared for pretreatment differences using
age, sex, and beginning DI as covariates.

All radiographs were transferred electronically from
the treating office directly to the assessor, and the casts
were shipped by mail. The DI was determined for each
patient as specified by the ABO."” The CRE score for
each patient was reported, along with scores on the
eight components (Table 1). The groups were statisti-
cally compared, relative to differences in DI and total
CRE score, as well as for each of its eight components.
Patient histories and treatment notes were sent for the
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assessor’s review after scoring was completed, and
casts were returned to the treating orthodontist’s office.
Therefore, the assessor was blinded to all aspects of
treatment during the scoring process. Total treatment
time was calculated for each patient. Any initial
orthopedic treatment or rest phase (retention or guid-
ance of eruption) was not considered part of the active
treatment time. Patients in both groups were divided into
braces only (no orthopedic treatment) and braces plus
orthopedic therapy (two-phase treatment).

Two-sample f-tests were used to compare conven-
tional and SS groups for differences in age and DI. A
chi-square test was used to compare the two groups
for differences in sex and whether the patient was
treated using braces only (no orthopedic intervention).
Analysis of covariance was used to compare the
groups for differences in CRE outcomes and treatment
times, with sex and DI included as covariates, because
they are known factors that can influence CRE
outcomes and treatment times. A logarithmic transfor-
mation of CRE outcomes and treatment times was
used because their distributions were skewed.

RESULTS

Table 1 compares conventional vs SS patients
relative to age, DI, scores on components of the CRE,
total CRE score, and treatment time (with or without
orthopedic therapy). The conventional group was
composed of 63 patients, and the SS group included
69. Although the conventional group was 51% male,
compared with an SS group that was only 38% male,
this trend was not statistically significant (P = .13). No
significant difference was noted between groups in
terms of patient age (P = .80), but the SS group had
significantly lower DI scores (P = .0423). Forty (58%) in
the SS group were treated only with braces, with no
early (phase 1) treatment or orthopedic appliances, but
only 24 (38%) in the conventional group were treated
using only fixed appliances (P = .0225).

Compared with those given conventional treatment,
SS patients had lower AR scores (P = .0004), reduced
IC scores (P = .0152), less total treatment time (P =
.0001), reduced treatment time in braces (P = .0001),
and reduced treatment time in braces-only patients (P =
.0001). A strong trend was observed toward SS
producing a lower total CRE score (P = .0541) and a
higher RA score (P = .0692), compared with conven-
tional treatment. The two groups did not have signif-
icantly different MR (P = .86), BL (P = .56), OJ (P =
.49), OC (P = .71), or OR scores (P = .10) (Table 1).

DISCUSSION

Caution must be used when interpreting the results
of the current study because (1) SS patients had

ABO Discrepancy Index (DI} Scores

SureSmile®

Conventional

Figure 1. DI scores for patients finished with SureSmile and
conventional orthodontics methods (mean = SE).

significantly (P = .0423) fewer complex malocclusions
(Figure 1), (2) SS patients were usually treated with
only fixed appliance alignment (no orthopedics), as
documented in Table 1, and (3) root angulation was
scored on panoramic radiographs. Although the
evaluator was blinded to treatment mode, the sample
was not randomized. This study provides initial insight
into the problem, but a definitive comparison requires a
randomized clinical trial using 3D imaging for assess-
ment.

The mean DI of 13.2 for the SS group was
significantly less than the 15.8 mean value reported
for the conventional group (P = .0423). Sachdeva?®
reported little correlation between the outcome as-
sessment and the beginning DI; however, other
authors®®™ with much larger patient samples found a
positive correlation between beginning DI, CRE score,
and length of treatment. By using age, sex, and DI as
covariates in the analysis, the analysis accounts for
group differences as much as can be done in a
nonrandomized sample.

A trend (P = .0541) toward lower total CRE scores
was seen in the SS group, but the difference was not
statistically significant (Figure 2). The conventional
group showed a trend toward a higher percentage of
male patients (51% vs 39%). Several authors®® have
shown a positive correlation between males and
increased CRE scores. Thus, the present conventional
treatment group may be prone to higher CRE scores
because it consists of more complex malocclusions
and a larger fraction of males.

Analysis of CRE components (Figure 3) shows that
SS produced a more favorable outcome in the AR and
IC components. The lower AR scores may be
attributed to increased accuracy of the automated
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Figure 2. Final alignment scores via ABO cast/radiograph evaluation
(CRE) for patients finished with SureSmile and conventional
orthodontics methods (mean = SE).

system in achieving appropriate bends in NiTi wire to
accomplish desired tooth movement; this result is
consistent with the SS goal to limit treatment errors.™*
An inaccurate bend in an archwire may introduce an
iatrogenic problem that requires additional treatment
time. If the SS robotic device routinely achieves bends
in archwires that preserve superelastic properties,'
then an increased range of activation may contribute to
more favorable alignment of the crowns of the teeth
compared with manually bent archwires.

The trend in IC was surprising because no patients
were treated with extraction therapy. Although the
practitioner may have placed inappropriate finishing
bends, other biomechanical explanations could be
offered for the increase in interproximal spaces that is
likely to occur. Interproximal spaces in the finished
occlusion may be due to side effects of biomechanics,
intermaxillary tooth size discrepancies, and/or residual
band spaces. First, application of second-order mo-
ments to correct axial inclinations commonly results in
space opening, unless the entire arch is secured with
cinch-back bends, figure-eight ligatures, or elastic
chains. Thus, manual wire bending may result in a
greater number of interproximal spaces as a side
effect of efficient root paralleling. SS treatment may be
less prone to this problem because teeth tend to be
tipped into an optimal alignment of the crowns.
Second, more complex malocclusions are more likely
to express abnormal dental anatomy and intermaxillary
tooth size discrepancies, both of which may elevate
the DI score.

An interesting result was the trend toward a lower
(better) score in conventional cases with respect to
root angulation (RA). SS effectively tipped the crowns
of the teeth to the desired position, but the roots were
not as well aligned. This problem may reflect an
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Figure 3. Total treatment (Tx) time for each group was subdivided

into Tx time in braces (fixed appliances on the teeth) and Tx time in
braces only (no orthopedic Tx) (mean = SE).

inefficiency of SS archwires in second-order tooth
movement, more relaxed finishing standards for SS
compared with conventional treatment, and/or a
radiographic error that is determining axial inclination.
Studies have shown that root position can vary by as
much as 25 degrees, depending on the panoramic
beam angle of radiation.?*#' The tendency for incom-
plete axial inclination correction may lie in the SS
emphasis on shorter treatment time. The relatively light
forces expected from NiTi wires via the SS system
may tend to tip the crown of the tooth into the desired
position, but an adequate moment to efficiently align
the roots may be lacking. Because of a desire to
decrease treatment time, the clinician may have
allowed insufficient time for root movement once the
crowns were aligned.

In the other five areas of the CRE grading system—
MR, BL, OJ, OR, and OC—no differences between the
two groups were reported. In theory, the SS system
should score lower (better) in all areas if the bends are
more accurate than those of conventional treatment.
These data suggest that the SS approach has little
effect on most of the components of the CRE score.

Figure 4 shows differences in treatment times
between the two groups. In all three categories,
treatment times were lower for the SS patients. This
difference was statistically significant (P = .0001) for
the three groups. In all cases, including both one- and
two-phase treatment, overall treatment times were
decreased with SS. Because the treatment time in the
orthopedic portion of treatment (~6 months) was the
same for the two groups, the time savings occurred in
the fixed appliance portion of therapy. On average, SS
technology decreased treatment time by about
7 months compared with conventional therapy. Be-
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Figure 4. Final alignment scores, determined by ABO cast/
radiograph evaluation (CRE), were subdivided into each of the eight
components as defined in Table 1 (mean *+ SE).

cause this was not a randomized clinical trial, many
uncontrolled variables may be manifest in the results.
Because the selection criteria for this study applied to
nonextraction cases, it would be interesting to evaluate
extraction cases, especially considering the apparent
increase in problems with root movement and paral-
leling associated with SS.

Recently, Sax et al.??> compared outcomes of 38 SS
patients vs 24 conventionally treated patients drawn from
the private practices of three orthodontists. They reported
that SS resulted in better CRE outcomes with less
treatment time. These results must be interpreted with
caution because neither the patient selection methods nor
the distribution of cases among the three orthodontists
was clear. In comparison, SS and conventionally treated
patients assessed in the present study were given
consecutive finishes by the same orthodontist.

Determining the CRE scores of patients about
7 months before the end of active treatment would
provide a more effective assessment of the finishing
potential of SS compared with conventional mechan-
ics. Pinskaya et al.® showed a diminishing return on
treatment quality as treatment duration increased and
patient cooperation declined (“burnout”). However, it is
also possible that during finishing, the result is better in
one area but declines in other areas, as the clinician
pursues an optimal result. A clinician may be more
inclined to remove appliances when first- and second-
order alignment is improved with SS treatment. When
crowns of teeth are well aligned, it may be more
difficult to detect axial inclination problems.

This study could be improved by performing a
prospective, randomized, blinded study to compare
treatment using SS technology vs conventional treat-
ment. Also, it would be germane to measure the CRE
at the start of finishing, to see whether the terminal
6 months or so of treatment has a significant effect on
overall CRE score. Such a well-structured study would
best be accomplished in a university setting.

CONCLUSIONS

« SS computer-aided treatment produced significantly
lower CRE scores in the first-order alignment and
rotation and interproximal space closure categories.

» Trends favored lower total CRE score for SS
patients, but second-order root alignment (RA)
scores were inferior for SS compared with conven-
tional treatment.

« SS cases had significantly less treatment time

(~7 months) for patients treated in two phases and

those treated with braces alone. For patients

receiving two-phase treatment (orthopedic treat-
ment), the decreased treatment time was attributable
only to the time in fixed appliances.

Decreased treatment time with SS is tempered by

less complex malocclusions (lower DI, less orthope-

dics) in the SS group and inferior second-order root
alignment.

« A randomized clinical trial is needed to determine
whether the SS approach has an effect on treatment
efficiency (results vs treatment time).

REFERENCES

1. Mah J, Sachdeva R. Computer-assisted orthodontic treat-
ment: the SureSmile® process. Am J Orthod Dentofacial
Orthop. 2001;120:85-87.

2. Sachdeva R. SureSmile® technology in a patient-centered
orthodontic practice. J Clin Orthod. 2001;35:245-253.

3. Sachdeva R, Fruge JF, Fruge AM, et al. SureSmile®: a
report of clinical findings. J Clin Orthod. 2005;39:297-314.

4. Moles R. Interview by Dr. Redmond: the SureSmile® system
in orthodontic practice. J Clin Orthod. 2009;43:161-174.

5. Casko JS, Vaden JL, Kokich VG, Damone J, James RD,
Riolo ML, Owens SE, Bills ED. Objective grading system for
dental casts and panoramic radiographs. Am J Orthod
Dentofacial Orthop. 1998;114:589-599.

6. Pinskaya YB, Hsieh TJ, Roberts WE, Hartsfield JK.
Comprehensive clinical evaluation as an outcome assess-
ment for a graduate orthodontics program. Am J Orthod
Dentofacial Orthop. 2004;126:533-543.

7. Deguchi T, Honjo T, Fukunaga T, Miyawaki S, Roberts WE,
Yamamoto TT. Clinical assessment of orthodontic outcomes
with the peer assessment rating, discrepancy index, objective
grading system, and comprehensive clinical assessment.
Am J Orthod Dentofacial Orthop. 2005;127:434—443.

8. Knierim K, Roberts WE, Hartsfield JK. Assessing treatment
outcomes for a graduate orthodontic program: follow up

Angle Orthodontist, Vol 81, No 3, 2011



388

10.

11.

12.

13.

14.

15.

study for classes of 2001-2003. Am J Orthod Dentofacial
Orthop. 2006;130:643e1-648e11.

. Campbell CL, Roberts WE, Hartsfield JK, Rong Q. Treat-

ment outcomes in a graduate orthodontic clinic for cases
defined by the American Board of Orthodontics malocclu-
sion categories. Am J Orthod Dentofacial Orthop. 2007;132:
822-829.

Vu CQ, Roberts WE, Hartsfield JK, Ofner S. Treatment
complexity index for assessing the relationship of treatment
duration and outcomes in a graduate orthodontics clinic.
Am J Orthod Dentofacial Orthop. 2008;133:9.e1-9.e13.
Detterline DA. Comparison Between Clinical Outcomes of
0.018-Inch and 0.022-Inch Bracket Slot Size Using the ABO
Objective Grading System [unpublished MSD thesis]. In-
dianapolis, Ind: Indiana University School of Dentistry; 2009.
Djeu G, Shelton C, Maganzini A. Outcome assessment of
Invisalign™ and traditional orthodontic treatment compared
with the American Board of Orthodontics objective grading
system. Am J Orthod Dentofacial Orthop. 2005;128:292—298.
Kalange JT, Thomas RG. Indirect bonding: a comprehen-
sive review of the literature. Semin Orthod. 2007;13:3-10.
Richmond S, Shaw WC, O’Brien KD, Buchanan IB, Jones R,
Stephens CD, Roberts CT, Andrews M. The development of
the PAR Index (Peer Assessment Rating): reliability and
validity. Eur J Orthod. 1992;14:125-139.

Richmond S, Shaw WC, Roberts CT, Andrews M. The PAR
Index (Peer Assessment Rating): methods to determine

Angle Orthodontist, Vol 81, No 3, 2011

16.

17.

18.

19.

20.

21.

22.

ALFORD, ROBERTS, HARTSFIELD, ECKERT, SNYDER

outcome of orthodontic treatment in terms of improvement
and standards. Eur J Orthod. 1992;14:180-187.

Onyeaso CO, Beogole EA. Relationship between index of
complexity, outcome and need, dental aesthetic index, peer
assessment rating index, and American Board of Orthodon-
tics objective grading system. Am J Orthod Dentofacial
Orthop. 2007;131:248-252.

Cangialosi TJ, Riolo ML, Owens SE, et al. The ABO
discrepancy index: a measure of case complexity. Am J
Orthod Dentofacial Orthop. 2004;125:270-278.

Riolo ML, Owens SE, Dykhouse VJ, et al. ABO resident
clinical outcomes study: case complexity as measured by
the discrepancy index. Am J Orthod Dentofacial Orthop.
2005;127:161-163.

Sander FM, Sander C, Roberts WE, Sander FG. Bending
properties of superelastic nickel titanium archwires. J Clin
Orthod. 2008;42:581-586.

McKee IW, Williamson PC, Lam EW, Heo G, Glover KE,
Major PW. The accuracy of 4 panoramic units in the
projection of mesiodistal tooth angulations. Am J Orthod
Dentofacial Orthop. 2002;121:166—175.

Garcia-Figueroa MA, Raboud DW, Lam EW, Heo G, Major
PW. Effect of buccolingual root angulation on the mesiodis-
tal angulation shown on panoramic radiographs. Am J Orthod
Dentofacial Orthop. 2008;134:93-99.

Saxe AK, Louie LJ, Mah J. Efficiency and effectiveness of
SureSmile®. World J Orthod. 2010;11:16-22.



