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Evaluation of incisor position and dental transverse dimensional changes

using the Damon system

Rohini Vajariaa; Ellen BeGoleb; Budi Kusnotoc; Maria Therese Galangd; Ales Obreze

ABSTRACT
Objectives: To test the hypotheses that the Damon system will maintain intercanine, interpremolar,
and intermolar widths. To test subsequent hypotheses that the Damon system will not produce a
significant difference in maxillary and mandibular incisor position/angulation when compared with
control groups treated with conventional fixed orthodontic appliances for similar malocclusion.
Materials and Methods: Subjects treated with the Damon system (N 5 27) were compared with
subjects treated with a conventionally ligated edgewise bracket system (N 5 16). Subjects’
pretreatment and posttreatment lateral cephalometric radiographs and dental models were
scanned, measured, and compared to see whether significant differences exist between time
points and between the two groups.
Results: Results did not support the claimed lip bumper effect of the Damon system and showed
similar patterns of crowding alleviation, including transverse expansion and incisor advancement,
in both groups, regardless of the bracket system used.
Conclusions: Maxillary and mandibular intercanine, interpremolar, and intermolar widths
increased significantly after treatment with the Damon system. The mandibular incisors were
significantly advanced and proclined after treatment with the Damon system, contradicting the lip
bumper theory of Damon. Posttreatment incisor inclinations did not differ significantly between the
Damon group and the control group. Patients treated with the Damon system completed treatment
on average 2 months faster than patients treated with a conventionally ligated standard edgewise
bracket system. (Angle Orthod. 2011;81:647–652.)
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INTRODUCTION

In the 1990s, Dwight Damon developed a theory
asserting that low friction and light forces produced
more biologically stable results. His philosophy was

the impetus for the creation of his orthodontic
appliance system. The Damon system includes broad
archwires and self-ligating brackets with a twin
configuration and a passive slide on the outward face
of the bracket. Studies have shown that self-ligating
brackets have less friction during sliding mechanics
than conventionally ligated counterparts, and Damon
brackets in particular have exhibited less friction than
ligated brackets.1–4

Some practitioners claim that the reduced frictional
levels of self-ligating brackets lead to faster treatment
progress, fewer appointments, and reduced treatment
times.5–7 The Damon philosophy also states that
biologically friendly light forces do not overpower the
musculature. Instead, the arch form aligns by taking
the path of least resistance, which is posterior
expansion.8,9 The perioral muscles, like the orbicularis
oris and the mentalis muscle, act as a ‘‘lip bumper,’’
which minimizes the anterior movement of the inci-
sors.9 Damon also believes that the mandibular
intercanine width does not change significantly with
his system, and his lateral cephalometric tracings show
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minimal labial movement of incisors in his published
articles. In cases of Class I malocclusion with anterior
crowding and treated nonextraction using conventionally
ligated brackets, mandibular incisors are typically
advanced and proclined.10,11 When the Damon 2 bracket
system was compared with a conventional edgewise
counterpart, both groups experienced an increase in
mandibular incisor proclination and mandibular trans-
verse dimension. In fact, the only significant difference
noted between groups was an increase in mandibular
intermolar width in the sample treated with self-ligating
brackets.11 Crowding was resolved by a combination of
transverse expansion and incisor proclination, regard-
less of the bracket type used.

The purpose of this study was to evaluate radiograph-
ically the anteroposterior change in the position and
inclination of the maxillary and mandibular incisors
(whether the posttreatment incisor inclinations differed
between the two samples) and to examine transverse
(intercanine, interpremolar, and intermolar) dimension
changes in dental arches treated with the Damon system.

MATERIALS AND METHODS

Approval to conduct this study was obtained from a
university institutional review board. Patients were
retrospectively selected as subjects from one private
practice orthodontic office because their malocclusions
met the following criteria: a Class I dental and skeletal
malocclusion, permanent dentition, no prior orthodon-
tic treatment, constricted arches or crowding in both
arches, and no skeletal crossbites present. A total of
27 patients underwent orthodontic treatment with a
0.022-inch-slot Damon appliance, and 16 patients
underwent orthodontic treatment with a 0.018-inch-
slot conventionally ligated standard edgewise bracket
system. All mechanics were consistent with a non-
extraction treatment plan. No other appliances (ie,
headgear, Herbst, lip bumper, or distalizing applianc-
es) were used in conjunction with the Damon system.

In the group treated with the conventionally ligated
edgewise system, the brackets used were standard
edgewise (Dentsply GAC, Bohemia, NY). The treating
orthodontist used the following archwire sequence:
0.013-inch nickel titanium (NiTi) or 0.014-inch copper
(Cu) NiTi (Ormco, Glendora, Calif); 0.016-inch Cu NiTi
(Highland Metals, San Jose, Calif); 0.016-inch stain-
less steel (SS) (Oscar, Fisher, Ind); and 0.016 3

0.022-inch SS (Rocky Mountain Orthodontics, Denver,
Colo). The orthodontist did not use a template for any
of the SS archwires before placing them in the mouth.
Instead, he used patients’ pretreatment arch forms as
a guide in this sample. Torque was placed in the steel
archwires as needed. In the group treated with the
Damon appliance, D3 MX self-ligating brackets

(Ormco) were bonded. The following Ormco archwires
were sequentially used: 0.012- to 0.014-inch Cu NiTi;
0.016-inch Cu NiTi; 0.014 3 0.025-inch Cu NiTi; 0.018
3 0.025-inch Cu NiTi; and 0.019 3 0.025-inch titanium
molybdenum alloy (TMA) or SS.

The subjects’ casts were deidentified by the staff of
a private practice orthodontist from whom the sample
was collected. Pretreatment and posttreatment plaster
models for all 43 patients were scanned using a
nondestructive, three-axis laser surface scanner
(3Shape R-700 Desktop Orthodontic Scanner, Copen-
hagen, Denmark). The model was placed on a platform
capable of rotating and tilting, enabling a dual-image
capture from two cameras and one laser (Figure 1A).
A high-resolution scan of each model took approxi-
mately 2 minutes. Images produced were stereolitho-
graphy (STL) files with an accuracy of 0.20 micron
(Figure 1B). Measurements such as the curve of Spee
(Figure 1C) and arch perimeter (Figure 1D) were then
performed on these digital images using analytical
software (ESM Digital Solutions, Dublin, Ireland).

The following measurements, illustrated in Figure 2,
were collected to determine the transverse and
anteroposterior changes that occurred during treat-
ment:

N Transverse measurements: intercanine width mea-
sured at the cusp tip of the canines, inter–first premolar
width measured at the central occlusal pit of the first
premolar, inter–second premolar width measured at
the central occlusal pit of the second premolar, and
intermolar width measured at the central occlusal pit
on the mesial fossa of the first molar

N Anteroposterior measurements: arch depth at the
canines, measured from the mid arch point between
incisors perpendicular to a line connecting the cusp
tips of the canines, arch depth at the first molar,
measured from the mid arch point between central
incisors perpendicular to a line connecting the mesial
contact points of the first molars

N Additional intra-arch measurements: curve of Spee,
measured from the perpendicular distance between
the most gingival cusp tip in the dental arch to a line
drawn from the central incisor incisal edge to the
mesiobuccal cusp tip of the first molar in the same
quadrant, and crowding, measured as the absolute
value of the space required subtracted from the space
available in the dental arch, as shown in Figure 3

Each subject’s pretreatment and posttreatment
lateral cephalometric radiographs were scanned using
Adobe Photoshop 7.0 (San Jose, Calif) and were
digitally traced using Dolphin, version 10.5 (Chats-
worth, Calif). All lateral cephalometric radiographs
were traced by the primary investigator, and pretreat-
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ment and posttreatment radiographs were superim-
posed on constant landmarks. The following measure-
ments are illustrated in Figure 4 and were performed
on both pretreatment and posttreatment lateral ceph-
alometric radiographs:

N The angle formed by the intersection of a line from
nasion to A point (NA) with a line drawn along the
maxillary central incisor long axis (U1)

N The angle formed by the intersection of a line from A
point to pogonion (APog) with a line drawn along the
maxillary central incisor long axis (U1)

Figure 1. (A) 3Shape R-700 three-dimensional (3D) study model scanner. (B) R-700 digital model scanning software. (C) 3D cast generated by

3Shape R-700 scanner used to measure curve of Spee. (D) 3D cast generated by 3Shape R-700 scanner used to measure dental arch

perimeter discrepancy.

Figure 2. Transverse and anteroposterior measurements. (A) Arch

depth to canines. (B) Intercanine width. (C) Inter–first premolar width.

(D) Inter–second premolar width. (E) Intermolar width. (F) Arch depth

to mesial of first molars. Figure 3. Measurement for arch perimeter in the dental arch.
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N The angle formed by the intersection of a line drawn
along the mandibular plane (MP) with a line drawn
along the mandibular central incisor long axis (L1)

N The angle formed by the intersection of a line from A
point to pogonion (APog) with a line drawn along the
mandibular central incisor long axis (L1)

Ten sets of lateral cephalometric radiographs were
randomly selected, traced, and superimposed accord-
ing to the previous criteria. Radiographs were retraced,
superimposed, and remeasured 1 month later to
assess intraoperator reliability. Before the casts were
scanned and measurements were taken using ESM
Digital Solutions software, the reliability of this scanner
was tested. A total of 10 sets of casts were randomly
selected and scanned using the desktop scanner. The
corresponding 10 pretreatment plaster study models
were also measured using digital calipers (Nesco
Electronic Digital Calipers, Canton, Mass). High
reliability was confirmed for the radiographs and dental
model measurements.

Statistical Analysis

The Shapiro-Wilk test was performed on all measure-
ments to ensure that the variables were normally
distributed. For those variables for which normality was
confirmed, a paired sample t-test was used to assess
differences in the means between pretreatment and
posttreatment values. The Mann-Whitney test was
performed on the variables that were not distributed

normally to determine whether the Damon and conven-
tionally ligated groups were significantly different.

An independent t-test was used to assess differenc-
es in means between the posttreatment values of both
the Damon group and the conventionally ligated group.
Last, correlations between incisor inclination, curve of
Spee, and crowding were evaluated using the Pearson
correlation coefficient.

RESULTS

When the Damon sample was analyzed, results
showed that intercanine, inter–first premolar, inter–
second premolar, and intermolar widths were signifi-
cantly larger after treatment (Table 1). The mandibular
incisor was proclined, as indicated by the measure-
ment L1-MP. The mandibular incisor was also ad-
vanced anteroposteriorly, as indicated by L1-APog and
supported by an increase in arch depth. Maxillary
incisors were not significantly proclined or advanced at
the .05 confidence level.

When the sample treated with conventionally ligated
edgewise brackets was analyzed, results show that the
maxillary and mandibular incisors were significantly
proclined after treatment with conventionally ligated
edgewise appliances, as indicated by U1-SN and L1-
MP, respectively (Table 2). In the transverse dimen-
sion, maxillary and mandibular intercanine, inter–first
premolar, and inter–second premolar widths were
significantly larger after treatment. The mandibular
intermolar width showed significant expansion after
treatment with no statistically significant expansion on
the maxillary intermolar width.

When the two samples were compared, the only
significant difference between groups was noted in the

Figure 4. Diagram of the cephalometric points and planes used.

Table 1. T-tests of Differences Between Time Points T1 and T2 for

The Damon Group

N Meana s.d. t p

U1-SN 27 3.13 8.05 2.02 0.054

U1-Apog 27 0.91 3.35 1.41 0.17

L1-MP 27 6.09 6.94 4.56 *0.00

L1-Apog 27 2.02 2.36 4.45 *0.00

Mand IC 25 2.24 1.66 6.77 *0.00

Max IC 22 1.74 3.44 2.36 *0.03

Mand 1PM 25 4.21 2.19 9.63 *0.00

Max 1PM 25 2.87 3.03 4.74 *0.00

Mand 2PM 25 4.35 2.53 8.56 *0.00

Max 2PM 25 2.77 3.19 4.35 *0.00

Max IM 25 2.79 1.60 8.75 *0.00

Mand IM 25 2.24 1.66 6.73 *0.00

L3 Depth 24 1.05 1.57 3.29 *0.03

L6 Depth 25 1.37 1.98 3.45 *0.00

U3 Depth 22 20.04 1.94 20.09 0.93

U6 Depth 25 0.13 1.74 0.38 0.71

a Positive mean indicates post-treatment value greater than pre-

treatment.

* Statistically significant level at p,0.05.
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maxillary intermolar width. The change in maxillary
intermolar width in the Damon group was significantly
greater when compared with the conventionally ligated
group (P , .05) (Table 3).

Pearson correlations revealed that the initial curve of
Spee, initial crowding in the mandibular arch, and final
incisor inclination were not statistically significant in
either sample at the .05 level (Tables 4 and 5).

DISCUSSION

Mandibular incisor proclination and advancement are
common findings in studies that analyze alleviation of
crowding. Studies have consistently shown that ad-
vancement of the mandibular incisors, along with
expansion of the buccal segments, occurs when
crowding is alleviated during nonextraction treatment
when no other appliances (eg, headgear, distalizers, lip

bumpers) are used.8,10,11 In fact, Pandis et al.8 observed
a 7- to 8-degree proclination of mandibular incisors
associated with crowding alleviation when Damon 2
brackets were used; their results were very similar to
those obtained in the current study. The notion that
incisor advancement and proclination will be significantly
less using the Damon system could not be supported by
this study. The use of Class II elastics in this study was
minimal but could have contributed to mandibular incisor
proclination.12,13 Increases in transverse dimension in
the Damon group could be explained by the wide Ormco
Cu-NiTi archwires that were used during the first part of
treatment. However, according to this logic, it would be
expected that the mandibular intermolar width would be
significantly greater after treatment in the Damon group
than in the conventionally ligated group, but this result
was not observed, possibly because of the bone biology
of the mandible. Mandibular bone is denser than
maxillary bone, possibly hindering the extent of mandib-
ular molar expansion. Dental changes produced by the
Damon system were not significantly different from
those seen with the conventionally ligated bracket
system, with the exception of maxillary intermolar
expansion. This could also be explained by the
difference in transverse dimension between the heaviest
SS archwires used in each sample. For example, a
Damon maxillary 19 3 25-inch SS archwire has an arch
depth of 65 mm on average. The maxillary 16 3 22-inch
SS archwire used in the conventionally ligated sample
had a transverse dimension of only 65.5 mm at the same
arch depth of 65 mm. The greater transverse dimension
of the maxillary archwire used in the Damon group could
help explain why greater maxillary intermolar expansion
was seen in this group as compared with the conven-
tionally ligated sample.

The study could have been improved by eliminating
as many differences as possible between the two

Table 2. T-tests of Differences Between Time Points T1 and T2 for

The Conventionally-Ligated Group

N Mean s.d. t p

U1-SN 16 3.50 5.22 2.68 *0.01

U1-Apog 16 0.77 2.18 1.41 0.18

L1-MP 16 5.33 5.59 3.81 *0.00

L1-Apog 16 2.27 2.30 3.94 *0.00

Mand IC 14 1.85 2.47 2.55 *0.02

Max IC 12 1.72 2.72 2.36 *0.03

Mand 1PM 14 3.22 2.77 4.35 *0.00

Max 1PM 13 3.44 1.80 6.89 *0.00

Mand 2PM 14 2.60 3.36 2.89 *0.01

Max 2PM 13 2.87 2.41 4.30 *0.00

Mand IM 14 1.85 2.47 2.80 *0.02

Max IM 13 0.60 2.42 0.89 0.39

L3 Depth 14 1.84 3.84 1.80 0.10

L6 Depth 14 0.90 1.72 1.96 0.07

U3 Depth 12 20.57 1.69 21.17 .268

U6 Depth 13 0.39 1.55 .907 .382

a Positive mean indicates post-treatment value greater than pre-

treatment.

* Statistically significant level at p,0.05.

Table 3. T-test of T2-T1 Differences Between Groups

Normally Distributed

Variable Group Mean s.d. t-test p

L1-MP Diff Damon 5.883 6.942

Conventional 5.325 5.591 0.375 0.709

L1-Apog Diff Damon 2.022 2.363

Conventional 2.269 2.302 20.334 0.740

U1-Apog Diff Damon 0.907 3.347

Conventional 0.769 2.183 0.148 0.883

Mand 2PM Diff Damon 4.348 2.532

Conventional 2.601 3.363 1.834 0.075

Max IM Diff Damon 2.794 1.596

Conventional 0.599 2.416 3.363 *0.002

U3 Depth Diff Damon 20.037 1.941

Conventional 20.570 1.691 0.739 0.430

U6 Depth Diff Damon 0.131 1.738

Conventional 0.390 1.550 20.451 0.655

* Statistically significant level at p,0.05.

Table 4. Correlations Between Initial Crowding, Curve of Spee,

and Final Incisor Inclination in The Damon Group (N527)

Variables Coefficient p

Curve of Spee - T2 LI-MP 0.124 0.538

Curve of Spee - L Crowding 20.121 0.549

T2 L1-MP - L Crowding 0.074 0.714

* Statistically significant level at p,0.05.

Table 5. Correlations Between Initial Crowding, Curve of Spee,

and Final Incisor Inclination in The Conventionally-Ligated

Group (N516)

Variables Coefficient p

Curve of Spee - T2 LI-MP 0.161 0.567

Curve of Spee - L Crowding 0.227 0.416

T2 L1-MP - L Crowding 0.191 0.478

* Statistically significant level at p,0.05.
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samples, for example, it would be ideal to have the
same manufacturer and slot size utilized in both
samples. Studies have been done that examine the
mandibular arch only, but more studies with large
sample sizes are needed that analyze both arches.
Further research comparing the Damon system vs
conventionally ligated counterparts would help practi-
tioners identify the strengths and limitations of the
Damon system, and the information gained would be a
valuable tool in patient selection.

CONCLUSIONS

N Intercanine width increased significantly after treat-
ment with the Damon system.

N Inter–first premolar and inter–second premolar
widths increased significantly after treatment with
the Damon system.

N Maxillary and mandibular intermolar widths increased
significantly after treatment with the Damon system.
Maxillary intermolar width was significantly larger by
2.19 mm after treatment with the Damon group
compared with the conventionally ligated group.

N Mandibular incisors were advanced significantly after
treatment with the Damon system, contradicting the
lip bumper theory of Damon.

N Only the mandibular incisors were proclined signif-
icantly after treatment with the Damon system.

N Posttreatment incisor inclinations did not differ
significantly between the Damon group and the
control group.
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