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Introduction: This is a pilot study utilizing CBCT to compare cases treated with either
the Damon System or conventional mechanics. The primary purpose of this study was to
evaluate changes in dental and skeletal arch width and length. The secondary purpose
was to evaluate differences between the three CBCT views (3D coordinate, sectional, and
volume views). Methods: Eleven Patients (18 years of age) with moderate to severe
crowding who had both pre- and post-treatment CBCTs and were treated with nonextraction, either with conventional edgewise appliances or with a self-ligating Damon
system were retrospectively selected from two orthodontic practices. The arch length,
inter-occlusal, inter-apical, inter-buccal and inter-lingual alveolar crest arch widths, and
the bucco-lingual angulation for canine, premolars and first molars were measured.
Different CBCT views were evaluated by first measuring the interocclusal distances of
the respective teeth in the coronal section and the volume views. These measurements
were compared with those gathered previously using the 3D coordinate system. A paired
t-test, an independent t-test, and an ANOVA were used for statistical analysis. Results:

Both non-extraction treatment modalities resulted in interocclusal arch width expansion
in both the maxilla and the mandible. The overall expansion of arches in the Damon
treated cases, was statistically greater than in the conventionally treated cases. Maxillary
and mandibular arch lengths were increased but not significantly in both groups. There
were no statistically significant differences between the three different CBCT views.
Conclusion: Both the Damon and conventional systems resulted in increased arch width
and length, but the Damon system caused significantly more overall arch expansion.
There was less tipping of the teeth during arch expansion in the conventional system. The
ratio of crown to root movement in the conventional system versus Damon group in the
maxilla was approximately 1:1 versus 3:1 and in the mandible 3.6:1 versus 6:1. Using the
3D coordinate systems to evaluate the interocclusal points in CBCT yields the most exact
measurements but the volume and sectional views provide accurate measurements of arch
length and arch width.
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INTRODUCTION

Anecdotal statements and case reports have been made regarding the Damon
System’s ability to achieve biologically induced tooth movements and treatment that in
most cases does not require the extraction of permanent teeth, rapid palatal expansion, or
distalization of molars. This technique purports that teeth are moved to physiologically
determined positions with minimal tipping in all planes of space and the alveolar bone
will follow. In this age of evidence-based treatment, it is imperative that the results
claimed are placed under the scrutiny of peer review that either prove or refute these
statements.

Review of Literature
The evolution of the shape of human dental arch is distinct when compared to
other primate species. Hominid evolution has demonstrated that the arch form in man is
parabolic (Berkovitz, Holland, and Moxham, 1984). The size and shape of the ideal
dental arch in the profession of dentistry has been debated ad infinitum, and has been
used for diagnosis and treatment of malocclusions for over 100 years. In orthodontics,
maintenance of the arch form has led to two diverging methods of therapy.
The swinging pendulum of extraction versus non-extraction treatment is a concept
well known in orthodontics. Once again we enter the non-extraction era. Extraction is
believed to have a negative effect on profile and smile esthetics. We see statements such
as “full dentition yields a full smile, a better profile and, for most people, better midface
support” in advertising claims. We see claims published without supporting evidence
1

beyond selected case reports (Damon, 2006). We see a preponderance of evidence
stating the contrary. Examples of this evidence are briefly reviewed.
Bowman and Johnston (2000) investigated the profile changes in extraction and
nonextraction patients when assessed by laypersons and dentists. It was concluded that
extraction had a positive effect on the profile of patients with some combination of
crowded and proclined teeth, whereas non-extraction therapy had a detrimental effect on
the profile. Erdinc et. al. (2007) compared the long-term soft-tissue profile changes in
patients treated with or without extraction of four first premolars and found no long-term
differences in the soft-tissue profiles of the two groups.
Some practitioners believe that extractions result in large buccal corridors that are
detrimental to the smile. Işiksal et. al. (2006) compared smile esthetics of extraction and
non-extraction patients and a control group. In that study, the smiles were evaluated by
10 orthodontists, 10 plastic surgeons, 10 general dentists, 10 artists, and 10 patients. They
concluded that there was no difference in attractiveness between extraction and nonextraction patients, and that the extraction group actually had wider arches than the nonextraction group. The result of this study agrees with the studies of Johnson and Smith
(1995) and Gianelly (2003), who also concluded that there was no difference in smile
esthetics when extraction and non-extraction patients were compared.
Final occlusion of patients treated with extraction versus non-extraction groups
were evaluated using an Objective Grading System (OGS) in a study by Farhadine et. al.
(2005). They found extraction of four premolars resulted in a better occlusion. Their
findings based on OGS showed 43% of non-extracted and more than 70% of extracted
cases had acceptable occlusion.
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If the current state of evidence points to the fact that extraction has no detrimental
effect in facial esthetics and it provides a superior occlusion to non-extraction treatment
then using current state of evidence one would expect a higher percentage of extraction
cases. The question becomes why a pendulum is swung to the non-extraction mode of
treatment? It is in light of lack of evidence in this era of evidence-based dentistry that this
research is trying to address some unresolved claims. With the advent of CBCT, claims
that were hard to validate or refute can now be put to the test. Self-ligating brackets with
low-force, low-friction archwires seem to be at the cutting edge of the market with
Damon philosophy leading the path to a more non-extraction mode of therapy. This study
is a small step in evaluating differences in dental and skeletal changes between
conventional versus Damon treated cases.
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Damon vs. Conventional (MBT)
The so-called “swinging pendulum” of extraction versus non-extraction treatment
that began with the great Dewey – Case Debates of 1911(Asbell, 1990) remains
unresolved to this day. E. H. Angle initially provided extraction treatment for his patients,
but modified his approach to therapy based upon the philosophy that a full complement
of teeth can be maintained by modifying the environment surrounding the dentition (Lee,
1999). Opposed to this non-extraction form of therapy were Tweed and Begg, who
became dissatisfied when patients examined during the retention period demonstrated
relapse due to the lateral expansion and proclination of the dental arches (Brandt and
Tweed, 1967). It should be emphasized that the forces used to provide non-extraction
therapy during the time of Angle were higher than those used today, and according to
Ward, Workman, Brown, and Richmond (2006) very little work has been done with the
type of appliance and protocol currently in use.
Resolution of crowding can be achieved by anteroposterior or transverse
movement of the dentition if non-extraction treatment is to be performed. Leveling of the
Curve of Spee is correlated only with proclination of the lower incisors (Weinberg 1996).
Weinberg and Sadowsky (1996) showed that treatment of Class I malocclusions
without extraction resulted in generalized expansion of the buccal segments along with
advancement of the lower incisors irrespective of the treatment modalities used in their
study. These treatments included maxillary cervical headgear with or without use of
Class III elastics, a variety of expanders and transpalatal arches, or lip bumpers. They
found that expansion was greatest at the second premolars (1.8 mm) and least at the
canines (0.9 mm).
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Other studies that have examined use of a single type of expansion appliance,
such as rapid palatal expanders, quadhelices, tandem mechanics, or lip bumpers, which
have shown greater mean changes in mandibular arch widths (Wertz and Dresken (1977)
using a variety of fixed expansion screws; Sanstrom et. al. (1988) using an Hass-type
rapid palatal expander followed by fixed appliances; Hass (1970) using Tandem
mechanics; Bergersen (1972) using lip bumpers treatment; and Cetlin and Ten Hoeve
(1983) using lip bumpers).
The Damon System was first introduced in the 1990’s and incorporates low
friction brackets and low force wire technologies (Damon, 1998). The Damon System
includes the use of passive self-ligating brackets, along with continuous low force
deflection wires that are reported to produce a dentoalveolar response that appears to be
different than conventional fixed mechanics (Damon, 2005). The general philosophy
underlying this system is to approximate biologically induced tooth moving forces. The
system is claimed to provide a reliable and simple means of achieving the best possible
facial balance for each patient through the use of light forces to develop a functional
adaptation of the basic arch form based upon the philosophy of maintaining the original
arch shape for stability. According to Damon, the alteration of the arch form through this
system is “physiologically determined” and creates a new equilibrium that allows the
arch to reshape itself to accommodate the teeth (Damon, 2005).
Consistent with these beliefs, treatment protocols have been designed which
attempt to mirror biological and physiological principles of tooth movement. Proponents
of the Damon System believe that light archwires, such as copper nickel-titanium (Cu
NiTi), do not overpower lip musculature, and hence the orbicularis oris and mentalis
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muscles produce a “lip-bumper” effect on the maxillary and mandibular incisors. In this
system, teeth take the path of least resistance, which in extraction cases means teeth
moving to the extraction site; however, in non-extraction cases, this produces posterior
expansion with maintenance of incisors anteroposterior position (Damon, 1998).
The Conventional orthodontic dictum suggests insertion of the largest possible
wire as early as possible. This approach is thought to provide the clinician with three
dimensional “control”. Unfortunately, this mechanistic approach cannot take advantage
of the surrounding tissues (Damon 1998). Damon argues (1998) that just as teeth appear
in their pre-treatment positions, as dictated by the interplay of forces between the cheek,
tongue and periodontal forces, these same force systems can be the guiding adjuncts for
orthodontic purposes. Damon (1998) believes that in conventional systems, bracket slots
filled with large size wires (even flexible ones) generate force systems high enough to
overpower musculature and disrupt periodontal integrity. As a result, teeth are flared
labially. However, with low-force, low-friction system, not only are these tissues thought
not to be overpowered, but they would guide teeth into physiologic positions. These
positions (hence the arch form) are determined by the balance of forces within the three
tissue system: gingiva, PDL and bone (Damon 1998).
Damon states that the arch form produced is natural and functional, and not forced
by a predetermined, manufactured form, however the following are representative of
studies disputing these statements.
Peck (2008) stated that we know almost nothing about Dwight Damon’s early
study of 7000 photographs of great smiles that resulted in his ideal arch form - a single
shape and size to which Damon System wires are formed.
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In a study of 19 non-extraction treatments utilizing the Damon appliance, Tang et.
al. (2008) found a variety of treatment responses ranging from successful (11 subjects) to
unsuccessful (8 subjects) treatment. Among their findings were more forward movement
of the lower lip, a decrease in the Z-angle (the angle between Frankfort horizontal and a
line drawn from soft tissue pogonion to the most procumbent lip), and soft tissue chin
strain in the unsuccessful group. They concluded that the Damon appliance should not be
used in all cases with severe crowding, and a straight soft tissue profile and upright
incisor position are a prerequisite for non-extraction treatment.
Tao et. al. (2008) reviewed the records of 24 non-extraction patients with a Class I
skeletal pattern and upper arch crowding greater than 5mm treated with the Damon
appliance. They found a significant increase in upper arch length and arch width after the
correction of crowding. They also found arch perimeter is gained by the increase in both
arch length and inter-bicuspid arch width.
The effects of leveling and alignment on arch dimensions and mandibular incisor
position have been described for the pre-adjusted, edgewise appliance system
(Conventional system). Typical changes involve an increase in arch perimeter caused by
incisor advancement and transverse expansion. However, with the exception of some
isolated case reports describing significant arch development with the Damon appliance,
using dramatically enlarged archwires, there is little scientific research into arch
dimensional changes with self-ligating systems. The pattern of arch dimensional changes
has implications for long-term stability (Burke, 1998). The ideal scenario would involve
little incisor proclination and intercanine expansion, with most of the arch perimeter
increase generated by expansion across the molars and premolars.
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N. Pandis et. al. (2010) in a prospective randomized clinical trial investigated the
duration of treatment with self-ligating brackets compared with conventional appliances
in cases exhibiting mandibular crowding and the accompanying dental effects. Overall,
they showed that, Damon 2 brackets are not more efficient than conventional appliances
in terms of the time required to resolve severe anterior mandibular crowding. However,
moderate crowding was alleviated 2.7 times faster with the Damon 2 brackets, which
they attributed to the greater free play of the self-ligating appliances. They also found that
both bracket types alleviate crowding by similar mechanisms that involve mandibular
incisor proclination and mild expansion of dental arches. Intermolar width increase in the
self-ligating group was 1.5 times greater than in the conventional-appliance group
(Pandis, 2007).
A systematic review of the literature for treatment utilizing self-ligating brackets
(Chen et. al., 2010) indicated that the mechanism to resolve anterior crowding appeared
to be the same when comparing conventional and self-ligating systems. This systematic
review also showed that shortened chair time and slightly less incisor proclination
appeared to be the only significant advantages of self-ligating systems over conventional
systems as supported by the current evidence.
Ehsani (2010) evaluated dental and skeletal changes following orthodontic
treatment with Damon self-ligating (SL) brackets in 20 non-extraction patients using
frontal and lateral cephalometric radiographs that were analyzed in a three-dimensional
(3D) analysis computer software program. Bolton templates were used as controls.
Ehsani found that Damon treatment did not result in buccal tipping of molar crowns or
maxillary base width increase. In her conclusion, tooth alignment with the Damon system
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appeared to be accomplished through a combination of arch width changes and incisor
proclination and/or lingual root torque.
In a study using dental casts and cephalograms comparing rapid palatal expansion
and the Damon appliance on non-extraction treatment, Yu et. al. (2008) found that both
RPE and the Damon technique were successful in increasing arch width to correct
moderate crowding. According to Yu, the Damon appliance protrudes the upper and
lower incisors and expands the dental arch by buccal tipping of bicuspids and molars.
The “lip-bumper” effect of the Damon system was not observed in a study by Vajaria et.
al. (2011). Using study models and cephalograms that were scanned and measured, they
found that crowding was alleviated through transverse expansion and the incisor
advancement was seen in both the conventionally treated and Damon treated groups.
Almost all the research that has been done with regard to arch expansion or
incisor proclination using conventional versus self-ligating systems has been performed
using casts or lateral cephalograms. Conventional radiographic imaging, such as
panoramic or intraoral radiographs, has limitations - such as magnification, distortion,
superimposition, limited perspective, and lack of resolution. Images obtained by Cone
Beam Computer Tomography (CBCT) can measure sectional planes in 3-dimentional
spaces. One practical application of CBCT (Mah et. al., 2010) is to offer an undistorted
view of tooth roots and 3D spatial orientation of bones and teeth. Therefore, this
technology can be utilized in the evaluation of the effects of treatment on the crown, root
and bone measurements of individual patients.

9

CBCT
Computer Tomography (CT) and CBCT allows us to utilize 3D images which are
increasingly used for planning and evaluating various dental procedures. For
conventional CT images, a thin collimated fan of radiation is projected through the
subject and is recorded on a thin linear sensor as the x-ray machine circles the subject.
The patient is then advanced in the scanner and data are recorded for a new slice. The
information on each slice is stacked up above one another creating a 3D image. Modern
scanners employ a helical geometry so that a patient passes continuously through the
imaging apparatus and avoids discrete stops between slices.
Cone beam computer tomography (CBCT) uses a less highly collimated cone of
x-rays, which are projected on the surface of the planar sensor in a single pass of the
emitter around the subject. Between 150 and 400 individual exposures are made in that
single pass yielding a separate planar (2D) data set for every 1-2° of arc. The data from
all individual exposures is reconstructed into a digital block of voxel values (volumetric
pixels that are identical in all 3 dimensions) using a back-projection algorithm similar to
the ones used in conventional CT reconstruction. Each voxel has a unique gray scale
value just like the ones in conventional CT, however, less precise information is
produced due to a lack of collimation and increased noise. This data can be used to
reconstruct a 3D volumetric representation of the image obtained, or alternatively, it can
be cut in any flat or curved 2D plane as desired.
CBCT machines can be grouped based on their fields of view, resolution, and
their multi-functionality (3D image or 2D panorex or ceph). The field of view can be

10

small (just the dental area), medium (to include images of the joints) and large (for
cephalometric images) (Scholz, 2011).
There are also different resolutions between the different brands of CBCT
machines. Some machines are capable of providing voxel sizes of 0.125 mm, which is
close to the resolution needed for fabrication of appliances. Kodak 9000 3D now
advertises a voxel size of 0.076 mm (Scholz, 2011).
Contemporary trends in imaging, such as CBCT, allow a change from a physical
dataset of records toward a virtual patient-specific model (VPSM). VPMS via the use of
CBCT provides 3-dimensional 1:1 accurate information (Hernández-Soler, 2011).
Creed et. al. (2011) found that the accuracy of linear measurements obtained from
CBCT images was comparable with those of OrthoCAD digital models. The accuracy of
OrthoCAD digital models in comparison to traditional plaster models have been
established in a previous study done by Shambarger et. al. (2007).
CBCT’s linear accuracy has also been verified (Moshiri, 2007). This accuracy has
justified the use of CBCT scans for studying implant sites, (Chen Lc, 2008) palatal
thickness (Gracco, 2008), and cephalometric values (Chien, 2009). Thus far, these studies
have been limited to larger measurements spanning several centimeters.
Spatial resolution is defined as the minimum distance needed to distinguish
between two separate objects, and is often incorrectly assumed to be equal to a scan’s
resolution or voxel size. Factors such as partial volume averaging, noise, and artifacts
make it impossible to achieve a resolution equal to the voxel size. For example, in a study
by Ballrick et. al. (2008), a 0.2 mm voxel scan had an average spatial resolution of 0.4
mm.
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The two most common voxel sizes used for orthodontic scans - 0.3 and 0.4 mm both have an average spatial resolution of 0.7 mm. A spatial resolution of 0.7 mm would
not be adequate to properly visualize areas of thin bone. Spatial resolution is also
frequently confused with measurement accuracy. Measurements made with CBCT have
been shown to be accurate to within 0.1 to 0.2 mm (Hilger, 2005). However, linear
accuracy over long distances is different from a scan’s ability to differentiate between
two objects in close proximity (spatial resolution).
A voxel can display only one gray value at a time. To account for this, the voxel
displays an average of the densities present. Simply put, if a voxel represents an area of
75% lucent soft tissue and 25% opaque cortical bone, the voxel will appear more lucent
than opaque. This process can make boundaries between densities harder to accurately
distinguish, and results in lower spatial resolution.
The effect of partial volume averaging on thin bone has been well documented in
conventional computed tomography (CT) scanners (Hangartner, 1996). It was shown that
the angle at which the image plane intersects the bone wall can cause thin bone to appear
thicker or thinner than it is (Ahlqvist, 1999). This type of partial volume averaging can
cause bone walls thinner than 1 mm to all but disappear on CT scans (Ahlqvist, 1998).
A few other caveats exist regarding CBCTs, with radiation dose being the most
controversial. Although the radiation dosage is much smaller than the traditional CT, the
radiation dose is still a cause for concern. A further inherent consequence of using cone
beam rather than fan beam geometry is a reduction in collimation, which, result in
increased scatter and noise artifacts. This results in difficulty in discerning different soft
tissue densities. There are also problems detecting the boundaries between structures,
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particularly where the bone thickness is reduced. This is referred to as segmentation
problem. There can also be major problems of information loss when metal objects, such
as dental restorations completely block the passage of the x-ray beam between the object
and the x-ray detector (Baumrind, 2011). Similarly another study showed that metallic
and nonmetallic orthodontic brackets interfere with the diagnostic quality of CBCT
images (Sanders, 2007).

13

Primary Purposes
The primary purposes of this research were to evaluate the changes in arch
dimensions of non-extraction treated cases using CBCT.

1. Damon initial vs. Damon final
To evaluate the changes in dental and skeletal arch width and length in patients
treated with the Damon System.

2. Conventional initial vs. Conventional final
To evaluate the changes in dental and skeletal arch width and length in patients
treated with the Conventional mechanics.

3. Damon vs. Conventional
To evaluate the changes in the dental and skeletal arch widths and arch length
measurements of patients that were treated with the Damon System compared to
patients treated with the Conventional mechanics.
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Secondary Purpose
CBCT views
To evaluate various CBCT images and compare the measurements obtained
though the 3D coordinate system with the same measurements both in a volume
view (as if looking at a dental cast) and the coronal sectional view of the occlusal
portion of all teeth.

15

Primary Hypotheses
Hypothesis 1: Damon initial vs. Damon final measurements
Null hypothesis: There is no significant difference between pre- and post-treatment
measures of:
a. Arch length,
b. Inter-occlusal arch width (IOD) of:


Canines (K9),



First premolars (PM1),



Second premolars (PM2),



First molars (M1)

c. First molar inter-central fossa (M1-ICF),
d. Inter-apical dimension (IAD: K9, PM1, PM2, and M1)
Research hypothesis: There is a greater increase from pre- to post-treatment in:
a. Arch length,
b. Arch width IOD (K9, PM1, PM2, and M1),
c. M1 ICF,
d. IAD (K9, PM1, PM2, and M1)
Hypothesis 2: Conventional initial vs. Conventional final measurements
Null hypothesis: There is no significant difference between pre- and post-treatment
measures of:
a. Arch length,
b. Arch width IOD (K9, PM1, PM2, and M1),
16

c. M1 ICF,
d. IAD (K9, PM1, PM2, and M1)
Research hypothesis: There is a greater increase from pre- to post-treatment in:
a. Arch length,
b. Arch width IOD (K9, PM1, PM2, and M1),
c. M1 ICF,
d. IAD (K9, PM1, PM2, and M1)

Hypothesis 3: Damon treatment changes vs. Conventional treatment changes
Null hypothesis: There is no significant difference between Damon and Conventional
treated cases in measures of:
a. Arch length,
b. Arch width IOD (K9, PM1, PM2, PMs, and M1),
c. All teeth IOD (maxilla and mandible)
d. M1 ICF
e. IAD (K9, PM1, PM2, PMs, and M1)
f. Teeth angulation (K9, PM1, PM2, PMs, and M1)
g. Buccal alveolar bone and lingual alveolar bone crest distance (IBACD, ILACD)
Research hypothesis: There is a difference between Damon and Conventionally treated
cases in:
a. Arch length,
b. Arch width IOD (K9, PM1, PM2, PMs and M1),
c. All teeth IOD (maxilla and mandible)
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d. M1 ICF
e. IAD (K9, PM1, PM2, and M1)
f. Teeth angulation (K9, PM1, PM2, PMs, and M1)
g. Buccal alveolar bone and lingual alveolar bone crest distance (IBACD, ILACD)

Secondary Hypothesis:

CBCT views
Null hypothesis: There is no significant difference in interocclusal arch widths
measurements between the following CBCT views:
a. 3D coordinate system,
b. coronal section,
c. volume
Research hypothesis: Measurements made utilizing the 3D coordinate system are more
accurate than either the coronal sections or the volume views.

18

MATERIALS AND METHODS

Approval to conduct this study was obtained from the Human Research
Protections Office (HRPO) of University of Maryland Institutional Review Board (2010).
Patients were retrospectively selected from two private orthodontic practices. The
patients received treatment in either the office of Dr. Raj and Ty Saini utilizing a
Conventional edgewise appliance (MBT), or in Dr. David Paquette’s office ulitizing a
self-ligating Damon system. Both systems used 0.022-in archwire slots. Patients with
moderate (3-6) mm to severe (>6 mm) crowding as was judged by clinicians were
utilized. Eleven subjects were selected in this study based on the following:

INCLUSION CRITERIA


Patients having a chronological age of 18 years or older



Class I occlusion or mild class II/III malocclusion.



Moderate to severe crowding (as judged by the treating clinician)



Non-extraction treatment



No interproximal reduction



No therapeutic intervention exclusive of archwires



No surgical intervention



Available initial and final CBCT



No missing teeth, excluding second and third molars
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EXCLUSION CRITERIA


Patients prior to pubertal growth



Extraction at any point during treatment



Missing teeth, excluding second and third molars



Pathology associated with head and neck area



Radiation to head and neck area

Five patients who received treatment of both the maxillary and mandibular arches in
both treatment categories, and one patient in the Damon group with only mandibular arch
fitting the criteria were included in the study.
In the group treated with the Conventional edgewise system, the brackets used were
Unitek APC with MBT prescription (0.022" slot). Archwires were also from Unitek
Corp. The treating orthodontist typically used the following archwire sequence which
were ligated mainly with elastomeric ligation:
o Maxilla/Mandible:
 0.014- to 0.016-inch NiTi
 0.018 -inch SS
 0.0160.022-inch NiTi
 0.0180.025-inch SS or 0.0190.025-inch SS

In the group treated with the Damon appliance, self-ligating brackets (Ormco) were
utilized. The following Ormco archwires were sequentially used:
o Maxilla:
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 0.014- to 0.016-inch CuNiTi
 0.0160.025-inch CuNiTi
 0.0180.025-inch CuNiTi
 0.0190.025-inch SS
o Mandible:
 0.014- to 0.016-inch CuNiTi
 0.0140.025-inch CuNiTi
 0.0180.025-inch CuNiTi
 0.0160.025-inch SS

The Conventionally treated cases were scanned in an i-CAT machine by Imaging
Sciences. The patients were scanned with a FOV of 16x13cm. The machine rotates one
time around the patient for 8.9 seconds and exposes the patient to 87 micro-Seiverts.
Patients were exposed to radiation for 4 seconds total.
DICOM files for both the Conventional and Damon treated cases were obtained via
an i-CAT machine with 0.3 voxel resolution. The Anatomage InVivoDental 5.0 software
was used for all measurements used in this study. InVivoDental 5.0 is a volumetric
imaging software for dental clinicians. The software can handle DICOM data generated
by Cone Beam CT machines such as the i-CAT®, Gendex, Kodak, EWOO, Vatech,
iluma®, NewTom®, Scanora, ProMax3D, PreXion, etc.
Since, all CBCTs were obtained with patients in centric occlusion, the non-functional
cusps in each arch were used to measure the inter-occlusal arch widths for better cusp tip
views. The arch width was measured at the first molar, first and second premolars, and
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the cuspids in both arches. The arch width measurements included not only the occlusal
portion of the teeth, but also their respective buccal and lingual cortical plates. The interapical areas of each of the respective teeth were also measured, along with the
angulations of each tooth. Arch length was measured as the distance between the midpoint of the line connecting the mesial of the first molars to the contact point between the
central incisors. Arch width, arch length, and tooth angulation were measured at pretreatment (T1) and post-treatment (T2).
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Measurement Protocol and Description
A clear view of the object being measured was obtained using Invivo 5’s tools
such as rotate, clipping, and zoom. Once a clear and distinct view of the arch or tooth
under study was utilized, measurements were taken and recorded. Jeff Gardyn and Dov
Elman, two dental students who were trained to work with the software, but were blind to
the study, recorded pictures and data for each patient. Both dental students worked
together for all measurements for all the patients and consulted with each other as to the
optimal placement of reference points on every measurement taken as well as what
constituted the most accurate view. The following measurements were obtained as shown
in Table1.
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Table 1: Measurements and abbreviations.
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Measurements were obtained on the frontal section view after the image was
coordinated in the sagittal and coronal views as is seen in Figure 1, unless otherwise
stated. For all figures, taken from images of actual patients, the red dots indicate points of
interest, blue lines show the distance between the two points, the green numbers indicate
the actual measurements, and the other two lines (green and orange line) are to coordinate
the views.
Conventional lateral cephalograms compared to CBCT are taken with teeth in
occlusion. The segmentation (separation) of maxillary and mandibular teeth becomes
more difficult because the cusps of antagonist teeth overlap. Teeth in occlusion scans
make it more difficult to build an accurate dental model as they reduce the visibility of
teeth surfaces (Hernández-Soler, 2011). Since the CBCTs of patients in this study were
taken with patients in centric occlusion, the non-functional cusps were chosen for
interocclusal arch width and angular measurements.

Figure 1: An example of a 3D coordinate system of a subject’s CBCT scan.
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Dental measurements:
Arch width: Inter-Occlusal (IOD) and Inter-Apical (IAD) Distances
Individual arch width measurements of paired teeth were made from cusp tip to
cusp tip. Since the CBCTs were measured with the patient in centric occlusion, the nonfunctional cusps were chosen, except for mandibular first premolars. Combined IOD
differences for canines, premolars, and molars were also made in each arch for statistical
purposes.

Cuspids:
Inter-occlusal arch width for cuspids was measured from cusp tip to cusp tip.
Inter-apical distance was measured from apex to apex.

Fig. 2b

Fig. 2a

Figure 2: (a) Maxillary Cuspid-IOD/IAD and (b) Mandibular Cuspid-IOD/IAD
measurements.
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Premolars:
Inter-occlusal arch width for maxillary premolars and mandibular second
premolars was measured between non-functional cusp tip (Figure 3 and 4 a and b).
However, the inter-occlusal arch width for the mandibular first premolars were measured
from the functional cusps due to rudimentary lingual cusps of these teeth (Figure 3b).
Inter-apical distance was measured from premolar apex to apex. When two roots were
present the buccal root apex was chosen. The first and second premolars were measured
separately and then combined for all measurements for statistical purposes.

Fig. 3a

Fig. 3b

Figure 3: (a) Maxillary PM1-IOD/IAD and (b) Mandibular PM1-IOD/IAD
measurements.
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Fig. 4a

Fig. 4b

Figure 4: (a) Maxillary PM2-IOD/IAD and (b) Mandibular PM2-IOD/IAD
measurements.
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Molars:
The inter-occlusal arch width was measured in two different ways. One
measurement was made from central fossa to central fossa. This measurement is less
affected by tipping of these teeth than if the cusp tips were chosen.

Fig. 5a

Fig. 5b

Figure 5: (a) Maxillary M1-ICF and (b) Mandibular M1-ICF measurements
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The second measurement was made between the non-functional cusps. After first
coordinating the points in the coronal view. The non-functional cusp/groove in the frontal
view were then chosen.
To measure the inter-apical distance in the mandible, the mesial root apices were
selected by scanning through sectional slices in the frontal view until the first molars’
root apices on either side of arch were visible. For maxillary first molars, the inter-apical
distance of the palatal root was chosen.

Fig. 6a

Fig. 6b

Figure 6: (a) Maxillary M1-IOD/IAD and (b) Mandibular M1-IOD/IAD
measurements
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Angular measurements:
The angulations of the maxillary teeth were all measured relative to the point of
intersection between the nasal septum and the nasal floor as was seen in the frontal view.
The angulation of the mandibular teeth were measured relative to the lowest border of the
mandible in the frontal view. Angulations were measured separately on each tooth for the
right (R) and left (L) side, but the combined R and L for each tooth is reported for
statistical purposes.
Maxillary Canine: angle between cusp-tip to apex to nasal floor
Mandibular canine: angle between cuspid cusp tip to apex to the lower border of
mandible.
Premolars: The non-functional cusp tips to apex to nasal floor in maxilla and to the
lowest border of the mandible. Functional cusps were chosen for mandibular PM1. If
there were two premolar roots available the buccal root was chosen.

Fig. 7a

Fig. 7b

Figure 7: (a) Maxillary PM1-angulation and (b) Mandibular PM1-angulation
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Molars: The central fossa to furcation to nasal floor or lowest border of the mandible.

Fig.8a

Fig. 8b

Figure 8: (a) Maxillary M1-angulation from central fossa to furcation to nasal floor
and (b) Mandibular M1-angulation from central fossa to furcation to lowest point of
mandibular border
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Skeletal arch-width measurements:
The skeletal arch width measurements for each of the teeth included the distance
between the alveolar bone and the respective tooth to the same point on the other side of
the arch:
IBACD Buccal crest of bone to buccal crest of bone
ILACD Lingual crest of bone to lingual crest of bone

Fig. 9a

Fig. 9b

Figure 9: (a) Maxillary PM2-IBACD/ILACD and (b) Mandibular PM2IBACD/ILACD measurements
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Arch length:
Arch length was measured as the perpendicular distance from a line connecting
the mesial of the first molars to the contact between the central incisors. The maxillary
arch lengths were measured in the volume view, whereas the mandibular measurements
were done in the section view.

Fig. 10a

Fig. 10b

Figure 10: (a) Maxillary arch length and (b) Mandibular arch length
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Inter-occlusal arch width measurements:
The same data was also gathered for individual tooth using the 3-D coordinate
system for better visualization of individual tooth to be measured.
The measurements of the interocclusal arch width distances were obtained using
the section and volume views for all teeth as if looking at a dental cast from the occlusal.
This was done to compare the relative accuracy of these views as opposed to the
previously measured inter-occlusal distances of the respective teeth using the three
coordinate systems. This view helps identify the most exact point of interest since you
have the option of manipulating the section view in the frontal, sagittal and coronal
coordinate system before the actual measurement is obtained.

35

a. Maxilla
i. From cusp tip to cusp tip of canine
ii. From buccal cusp tip to buccal cusp tip of 1st and 2nd Premolar
iii. From buccal groove to buccal groove of 1st molar

Fig. 11a

Fig. 11b

Figure 11: (a) Maxillary IOD Volume view and (b) Maxillary IOD Section view
viewmeasurements
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b. Mandible
iv. From cusp tip to cusp tip of canine
v. From lingual cusp tip to lingual cusp tip of 1st and 2nd Premolar
vi. From lingual groove to lingual groove of 1st molar

Fig. 12a

Fig. 12b

Figure 12: (a) Mandibular IOD Volume view and (b) Mandibular IOD Section
view
Note: The mandibular first premolar measurements (as seen in Fig. 12b) were
excluded from comparison of the three views. This was because, in the 3D
coordinate system, the measurements were obtained from the functional cusps
rather than the non-functional cusps due to the rudimentory nature of the lingual
cusps.
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Assessment Methods
1) To evaluate the effect of each treatment separately, changes in the inter-occlusal
arch dimension (IOD), inter-apical arch dimension (IAD), and the arch length
(AL) were compared, respectively.
2) To compare the dental and skeletal differences between the Damon and
Conventional systems, differences between the pre- and post-treatment arch width
and arch length changes in each treatment group were measured.
3) To evaluate the translation of the alveolus laterally, the pre- and post-treatment
dimensional changes in buccal (IBACD) and lingual (ILACD) plates were
compared.
4) To evaluate axial tipping of teeth, the pre- and post- treatment measurements of
IOD and IAD changes and the changes in angular dimension were compared.
5) To evaluate the accuracy of the different views using CBCT, readings of interocclusal arch dimensions were compared among the three views: the section view
at one glance for all involved teeth, the volume view with arches being handled
like dental casts, and the individual measurements obtained via a 3D coordinate
system.
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Statistical Analysis
For the assessment of error, several CBCTs of patients were randomly selected
and were re-measured. Systematic errors were estimated by using a paired 2-tailed t test;
no significant differences were found. Dahlberg’s formula (Dahlberg, 1940) was used for
calculation of combined method errors in locating and measuring different landmarks:
√d2/2n, where d is the difference between the two measurements of a pair, and n is the
number of double measurements. Since, in this study the points of interest were located at
different spatial orientations and clinically some seemed harder to locate than others,
Dahlberg’s calculation was performed on duplicated measurements with regards to their
degree of difficulty. In case of very difficult measurements (i.e. maxillary teeth
angulation), 15 measurements were randomly performed on random cases. This method
error did not exceed 5.3. The same calculations were performed for four moderately
difficult points (IBACD, ILACD) and four easy points (IOD, IAD). The method error in
these cases did not exceed 0.63mm, and 0.053mm, respectively.
To evaluate changes within each treatment category (Damon or conventional:
hypothesis 1 and 2), a paired t-test was used.
To evaluate dental and skeletal changes between different treatment groups (hypothesis
3), an independent t-test was performed on the differences between initial and final
measurements in each treatment category.
To evaluate significant difference between different views of CBCT, one-way ANOVA
was used (secondary hypothesis).
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RESULTS
Hypothesis 1: Damon initial vs. Damon final measurements
In order to examine the changes from initial to final, a paired t-test was performed
for each respective tooth’s IOD, ICF, IAD, and arch length.

Maxilla: (Table2)
All inter-occlusal arch width distances for the measured teeth (K9, PM1,
PM2, and M1) increased during treatment. However, statistically
significant differences were observed only for the cuspids (p=.024, t=
3.530) and the first and second premolars (PM1: p=.021, t=3.688; PM2:
p=.032, t=3.236). The inter-central-fossa distance between the first molars
increased to a statistically significant degree (M1-ICF: p=.026, t=3.466).
However, the first molars interocclusal change, when measured at the nonfunctional cusps did not show a significant difference. Inter-apical
distances of all measured teeth decreased, but the changes were not
statistically significant. The arch length increase during treatment
approached statistical significance (p=.078, t=2.356, mean=1.7mm).

Mandible: (Table 3)
All inter-occlusal arch width distances increased to a statistically
significant degree: (K9: p=.04, t=2.752; PM1: p=.004, t=5.061; PM2:
p=.01, t=4.006, and M1: p=.005, t=4.671). Distance between the intercentral-fossa of the first molars increased to a statistically significant
degree (M1-ICF: p=.002, t=6.031). The inter-apical dimension for the K9
40

and PM2 increased, while for the PM1 and M1 decreased, but none to a
statistically significant degree. Arch length increase also was not
statistically significant (mean=0.7mm).

Hypothesis 2: Conventional initial vs. Conventional final measurements
In order to determine the changes from initial to final measurements, a paired ttest was performed for each respective tooth’s IOD, ICF, IAD, and arch length.

Maxilla: (Table 2)
All inter-occlusal arch width measurements (K9, PM1, PM2, and M1)
increased during treatment. However, there were statistically significant
increases in the inter-occlusal arch width gain only for the first premolars
(PM1: p=.017, t=3.908). The inter-central-fossa measurements between
the first molars increased slightly during treatment, but not to a significant
degree. The inter-apical measurements increased slightly in all measured
teeth except for M1 which decreased slightly, with the only PM1
approaching a statistical significance (p=.06, t=2.597). Arch length
increased (mean=1.2mm) but not to a statistically significant degree.

Mandible: (Table 3)
All inter-occlusal arch widths (K9, PM1, PM2, and M1) increased during
treatment. However, there were statistically significant changes only in the
K9 (p=.045, t=2.881) and PM2 (p=.031, t=3.251), with M1 approaching
statistical significance (M1: p=.075, t=2.390). The first molars intercentral-fossa measurements increased slightly, but not to a statistically
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significant degree. The inter-apical distance of M1 and K9 both increased,
however only the K9-IAD increase was statistically significant (p=.026,
t=3.438). Both PM1 and PM2 inter-apical distances decreased, but not
significantly. Arch length increased (0.3mm), however not to a statistically
significant degree.
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Table 2: Damon and Conventional maxillary arch measurements before and after
treatment: inter-occlusal arch dimension (IOD), first molar inter-central fossa (ICF),
inter-apical dimension (IAD), and arch length (AL).

*Red = significant, Blue = approaching significance.

43

Table 3: Damon and Conventional mandibular arch measurements before and after
treatment: inter-occlusal arch dimension (IOD), first molar inter-central fossa (ICF),
inter-apical dimension (IAD), and arch length (AL).

*Red = significant, Blue = approaching significance.
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In summary:
Hypothesis 1: Damon initial vs. Damon final
Significant differences were found for the following arch measurements:
a. Arch width IOD (maxillary K9, PM1, PM2 and mandibular M1),
b. M1-ICF (both maxillary and mandibular)
There was no significant difference between the following initial and final arch
measurements:
a. Arch length (approached significance in the maxilla),
b. Maxillary M1-IOD,
c. IAD (both maxillary and mandibular K9, PM1, PM2, and M1)
Hypothesis 2: Conventional initial vs. Conventional final
Significant differences were found in the following arch measurements:
a. Arch width IOD (maxillary PM1, mandibular K9 and PM2, with
M1approaching significance),
b. IAD (mandibular K9 with maxillary PM1 approaching significance)
There was no significant difference between the following initial and final arch
measurements:
a. Arch length (both maxillary and mandibular),
b. Arch width IOD (maxillary K9, PM2, and M1, mandibular PM1 and M1),
c. M1-ICF (both maxillary and mandibular)
d. IAD (maxillary K9, PM2, and M1 and mandibular PM1, PM2, and M1)
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Hypothesis 3: Damon treatment changes vs. Conventional treatment changes

Maxilla: (Table 4)
In the maxilla the inter-occlusal arch width (IOD) increase of the
Damon treated group for K9 and PMs was larger, approaching
significance (K9: t=1.611, p=1.0; PMs: t=1.530, p=.10). Statistical
analysis showed a significant increase in the combined changes for interocclusal arch widths during treatment for the Damon cases versus the
Conventional treated cases (t=2.107, p=.025). The changes in the first
molars’ inter-central-fossa widths (M1-ICF) of the Damon group
approached significance, with a greater change in the Damon group
(t=1.455, p=.10). The maxillary inter-apical distances however, had
increased significantly more in the Conventionally treated cases as
opposed to the Damon treated cases in premolars, whether they were
looked at individually (PM1: t=2.667, p=.025; PM2: t=2.199, p=.05) or
combined as a group (PMs: t=3.272, p=.005). Also, there was a
significantly greater increase in PM2 and the combined premolars’ buccal
alveolar crest distances (IBACD) during treatment in the maxilla of the
Damon treated cases (PM2: t=3.308, p=.01; PMs: t=2.878, p= .005) versus
greater change in the lingual alveolar crest distances (ILACD) in the
maxilla of the Conventionally treated cases (t=1.967, p=.05). The only
significant difference in the measured distances for the first molars was an
increase in the lingual plates of bone in the Conventional cases (t=1.914,
p=.05).
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Table 4: Comparison of combined maxillary arch changes between the Damon vs.
Conventional systems (IOD: K9, PM1, PM2, M1, all teeth combined, and AL).
*Red = significance.

*Red = significant, Blue = approaching significance.
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Mandible: (Table 5)
In the mandible, the Damon cases exhibited a significantly greater
increase in inter-occlusal arch dimension for the premolars when
measured individually (PM1: t=2.335, p=.025; PM2: t=1.998, p=.05) and
when the measurements were combined (PMs: t=3.012, p=.005), and for
the first molars (t=2.745, p=.025). The increase in inter-central fossa of the
first molars was also significantly greater in the Damon group
(t=3.921,p=.005). There was also a significantly greater change in the
overall inter-occlusal arch width changes during treatment in the Damon
cases as opposed to the Conventionally treated cases (t=3.270, p=.001).
The only significant change between the two treatments in the inter-apical
dimension was between the cuspids, with a greater increase for the
Conventionally treated cases (t=2.306, p=.025). However, the PM2 and
M1-IAD approached significance (PM2: t=1.410, p=.10; M1: t=1.533,
p=.10). The PM2 the Damon treated group had the greater change, while
for the M1, the Conventional group had the greater change. The interbuccal alveolar crest dimension (IBACD) of PM1 was greater in the
Conventional group than the Damon group The lingual alveolar crest
accompanying the Conventional K9 teeth also increased respectively
(t=1.864, p=.05). For all other measured teeth there was a significantly
greater increase in ILACD in the Damon treated cases as opposed to the
Conventionally treated cases (PM1: t=2.076, p=.05, PM2: t=3.640,
p=.005, PMs: t=4.065, p=.001, M1: t=2.918, p=.01)
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Table 5: Comparison of combined mandibular arch changes between the Damon vs.
Conventional systems (IOD: K9, PM1, PM2, M1, all teeth combined, and AL).

*Red = significant, Blue = approaching significance.
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Data and statistical analysis performed indicate that although arch length in both
treatment groups increased during treatment in both arches with slightly more increase in
the Damon group, there was no statistically significant difference between the two groups
(Table 4 and 5).
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In summary:
Hypothesis 3: Damon treatment changes vs. Conventional treatment changes
Differences were found in the following arch measurements:
a. Arch width IOD (mandibular PM1, PMs, and M1; with maxillary K9 and PMs
approaching significance, all with greater increase in the Damon group),
b. All teeth IOD with greater increase in the Damon group,
c. Mandibular M1-ICF; with maxillary M1-ICF approaching significance, all
with greater increase in the Damon group
d. IAD (maxillary PM1, PM2, and PMs; mandibular K9, all with greater increase
in the Conventional group; with mandibular PM2 (greater change in the
Damon group) and M1 approaching significance (greater change in the
Conventional group))
e. IBACD (maxillary PM2 and PMs, with greater change in the Damon group;
with mandibular PM1 approaching significance, with greater change in the
Conventional group)
f. ILACD (maxillary PMs and M1 with greater change in the Conventional
group; mandibular K9 (with greater change in the Conventional group), PM1,
PM2, PMs, and M1, all with greater change in the Damon group)
g. Teeth angulation (mandibular PM2 approaching significance, with greater
change in the Damon group)
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There was no significant difference between the following initial to final arch
measurements changes:
a. Arch length,
b. Arch width IOD (maxillary PM1, PM2, and M1; mandibular K9),
c. IAD (maxillary K9 and M1; mandibular PM1and PMs),
d. IBACD (maxillary K9, PM1, M1; mandibular K9, PM2, PMs, and M1)
e. ILACD (maxillary K9, PM1, and PM2)
f. Teeth angulation (K9, PM1, M1, and maxillary PM2)
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Secondary Hypothesis: CBCT views
There was no statistically significant difference between the different CBCT
views (3D coordinate system, coronal section, and the volume view).

Table 6: ANOVA comparison of interocclusal arch width measurements via the
sectional (Sec), volume (Vol), and 3D views of CBCT for combined maxilla and
mandible.

Table 7: ANOVA comparison of interocclusal arch width measurements via the
sectional, volume, and 3D views of CBCT for maxilla and mandible separately.
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Secondary Hypothesis: CBCT views
There was no significant difference in interocclusal arch width measurements (IOD)
between the following CBCT views:
a. 3D coordinate system,
b. coronal section,
c. volume
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DISCUSSION

In this study, method errors were 0.053mm for easy points to identify, 0.63mm
for moderately difficult measurement points, and 5.3 for difficult angular measurements.
This data is in agreement with the findings of Damstra et. al. (2011). They evaluated the
measurement error of 17 commonly used cephalometric measurements on 3D CBCT
images and found that Dahlberg’s measurement errors for the angular variables ranged
from 0.88 to 6.29 and for the linear variables, from1.33 to 3.56 mm. This provides
some evidence that the data gathered in this pilot study is of sufficient reliability to be
analyzed and discussed.
Looking at the initial versus final outcomes of a treatment gives us insight into
changes that have occurred. When a claim is made about the effects of one system as a
way of promoting that system over another, then it becomes necessary to compare the
effect of the two systems and compare the differences. If the Damon system is thought to
promote “arch development” in a different or more effective way than the Conventional
system, then it is important to statistically analyze the differences between the two
systems. If both the Conventional and the Damon system resolve crowding by virtue of
the same biologic mechanism, then one cannot claim superiority. If however, some
important differences exist, then those differences need to be quantified so that informed
decision-making can be made regarding treatment options. So, the two systems in this
study were evaluated individually and then the changes during treatment were compared.
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Damon and Conventional initial vs. final
The results of this study show that non-extraction treatment, utilizing both
treatment modalities, resulted in interocclusal expansion in both arches. These increases
proved to be statistically and clinically significant in almost all measurements of maxilla
and mandible for the Damon treated cases. For the maxilla in these cases, the significant
changes ranged from the smallest at M1-ICF (1.2mm) to the greatest change at PM1
(3.5mm). For the mandible, the significant increases ranged from the smallest for M1
(2.6mm) to the largest at PM1 (5.4mm).
One would expect similar changes in the IOD and ICF when measuring the first
molar arch width. This was not the case in M1-IOD of the maxilla in the Damon treated
cases: the M1-IOD increase of 0.6mm was not statistically significant while M1-ICF
increase of 1.2mm was significant. This could be due to measurement error. However,
this also could have resulted from the buccolingual tip of the molars. This can be further
explained by the decrease in the M1-IAD (1.9mm), while there was an increase in
occlusal arch width.
For the Conventionally treated cases, only the interocclusal arch width increase in
the maxillary PM1 and the mandibular K9 and PM2 proved to be significant with the
mandibular M1 increase approaching significance. For the maxilla, these measurements
were narrowest, but non-significant at the canine (0.5mm) and widest at the first premolar
(2.0mm). In the mandible the least amount of expansion occurred at the first molar when
measured at the central fossa (0.4mm), followed by the PM1 (0.6mm), and was largest at
the canine (3.0mm).
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These findings are in agreement with those of Gianelly (2003) who found
increases in inter-premolar and inter-molar widths of non-extraction cases ranging from
0.81 to 2.10 mm. In Gianelly’s study, the arch widths were measured from the cusp tips
of the canines, premolars, and molars on dental casts of randomly selected extraction and
non-extraction cases. As a result, the root positions were not evaluated and hence, one
could not evaluate whether the expansion was due to tipping or bodily movement of the
respective teeth.
Weinberg and Sadowsky (1996), in their examination of multimodality nonextraction treatment, found that expansion was greatest at the second premolars (1.8 mm)
and least at the canines (0.9 mm). The present study’s results indicated the greatest
expansion was at the PM1. In the lower arches of the Conventionally treated cases,
however, the greatest increase was in the K9, followed by PM2. On the other hand, the
least expansion in both the Conventionally and the Damon treated cases were in the first
molar (M1) areas of both arches.
In order to differentiate increases in arch width due to bodily versus tipping
movements, one must evaluate the apical displacement of teeth during interocclusal arch
expansion. It can be seen that CBCTs are of great value in this regard (Mah, 2010).
The results of the inter-apical distance changes from initial to final treatment
indicated that Damon treated cases resulted in decreased IAD for all measured teeth in
the maxilla (from -1.9mm at M1 to -0.05mm at K9), with mixed results in the mandible
(from -1.2mm at PM1 to 0.9mm at PM2). None of these changes were significant. For the
Damon group, since the inter-apical distances decreased or remained stationery and the
interocclusal measurements increased, this indicated that the arch width increase in the
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maxilla and mandible occurred with a tipping movement and not translation. This results
from differences in occlusal displacement of the involved teeth moving laterally with no
change or a slight decrease in the corresponding inter-apical areas.
On the other hand, for the Conventionally treated cases, all inter-apical distances
in the maxilla increased slightly (from 0.5mm at K9 to 3.3mm at PM1) with the
exception of a slight decrease (-1.6mm) in the M1-IAD. However, there were mixed
results in the mandible, with the greatest decrease at PM1 (-0.5mm) and the greatest
increase at the K9 (2.6mm). The only significant change for the inter-apical distance
measured was an increase in the mandibular canine of the Conventionally treated cases.
An examination of the crown and root movements indicated that for the Conventional
non-extraction treatment in the maxilla and mandible, there were bodily movements for
the maxillary PM1 and mandibular K9. The mandibular PM2 and M1, on the other hand,
had significantly more IOD expansion than IAD, indicating tipping of these teeth. The
movement in the remaining teeth did not have significant IAD/IOD changes, indicating a
mixture of changes, with no specific pattern of tipping or bodily movement, whereas, in
the Damon treated cases the expansion was via tipping.
Arch length in the maxilla and mandible increased for both the Conventional
(maxilla: 1.2mm, mandible: 0.3mm) and the Damon (maxilla: 1.7mm, mandible: 0.7mm)
groups with changes in the maxilla of the Damon group approaching significance. This is
in agreement with findings in a study by Tao et. al. (2008). They found that in the nonextraction Damon treatment of the upper arch having greater than 5mm crowding, arch
perimeter was gained by an increase in both arch length and inter-bicuspid arch width.
Therefore, this study does not support the claim that in Damon treated cases there is less

58

tipping of the incisors as compared to the Conventional treatment (Graber, 2005).
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Damon vs. Conventional
In order to compare the dental and skeletal differences between the Damon and
the Conventional systems, the differences between the initial and final outcomes of each
treatment group were measured. To compare the results of different treatment modalities,
one first can determine if there are significant changes in arch width and length during
each treatment. In order to distinguish between the effects of the two treatments, the
differences between the initial and final measurements of each treatment group can be
compared. This allows us to conclude whether the changes are due to specific treatments.
If Damon proponents claim that arches can be developed with their brackets and wires,
one can only accept such a claim if the findings are different from those achieved with
conventional treatment.
The results of this study indicate that in the maxilla although there was no
statistically significant difference between the two treatment groups in interocclusal arch
width (IOD) for the teeth when measured individually, this was not the case when all
teeth were looked at as a group. Statistical analysis showed significantly larger
differences in the Damon cases when compared to the Conventional treatment for the
combined change in interocclusal arch width for both arches. This indicated significantly
greater overall arch expansion in the Damon treated cases during treatment both in the
maxilla and in the mandible.
In the mandible, there was a significantly greater increase in the inter-occlusal
arch dimension for premolars both when measured individually and when the values were
combined. This was also true for the first molars. The data shows significantly greater
change in the inter-occlusal arch width changes during overall treatment in the Damon
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treated cases as opposed to the Conventionally treated cases.
The premolar inter-apical distances, however, increased significantly more in the
maxilla of the Conventionally treated cases as opposed to the Damon treated cases,
whether they were looked at individually or combined as a group. This indicated that
there was more bodily movement of the premolars in the maxilla of the Conventionally
treated cases. This was not the case in the mandible in either treatment category.
In the mandible of the Conventionally treated cases, there were no significant
changes in the lingual plates of bone and, in the buccal, the only significant increase was
in PM1. In the maxilla, there were significant increases in the PMs, and M1 lingual plates
of bone, and no significant increases in the buccal plates of bone. This did not indicate
any specific pattern.
In the mandible of the Damon treated cases, all lingual plates of bone increased
significantly but not in the buccal plates of bone. In the maxilla, there was no significant
change in the lingual plates of bone and significant increases in the buccal plates of bone
in the PM2 and PMs. This does not support the Damon claim that as the “arch is
developed”, the buccal and lingual bone are carried with it.
The mixed results in the mandible as opposed to the maxilla can be due to the
inherent differences in the bone physiology between the respective jaws. The results of
IBACD and ILACD might also be explained by volume averaging. Since these areas are
the contact points between teeth and the alveolar bone, the CBCT machines may not be
able to distinguish these points as clearly as one would expect. This can result in a
misreading of the data. Therefore, this may be why the Damon assertion was not
supported.
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Still, looking at the data, it appears that in most cases where the tooth moved
more in bodily fashion, the distance between the lingual alveolar bone increased, whereas
in tipping cases, the distance between buccal alveolar bone increased. These patterns
were more discernible in the maxilla. The discrepancy between the jaws can be explained
due to the physiologic difference in the nature of the two jaws with mandible being very
dense resulting in no definite pattern of tipping or translation.
The only significant difference in change between the two treatments in the interapical dimension was between the cuspids, with greater change in the Conventionally
treated cases. Interestingly, the lingual alveolar crest width accompanying these teeth also
increased. For all other measured teeth (premolars both individually and combined, and
first molars) there was a significantly greater increase in the Damon cases as opposed to
the Conventionally treated cases. This can be explained by more uprighting as opposed to
the bodily translation of these teeth over the basal bone in the mandible.
To better understand the mode with which teeth moved during arch expansion, the
ratios of overall arch expansion between the Damon and Conventional group were
examined. To see the manner in which teeth moved, the ratios of crown versus root
movement were studied. This method was previously used by Gianelly et. al. (1988) to
examine the posterior and anterior joint spaces to determine the relationship between bite
depth and condylar position.
At the crown level in the maxilla, the Damon system resulted in 2.2 (2.2/1.0)
times more arch expansion than the Conventional system. In the mandible, the Damon
system caused 2.8 (4.2/1.5) times more arch expansion than the Conventional system
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(Table 8).

Table 8: Comparison of overall arch expansion during treatment in the Damon and
Conventional treated cases.

In the Damon system the ratio of crown to root movement in the maxilla was 3.2:1 versus
almost 1:0.7 in the Conventional group (Table 9).

Table 9: Ratio of maxillary changes in crown to root movement in the Damon
and Conventional treated cases.
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On the other hand, the apical distances increased more in the Conventional system
as opposed to the Damon system in all teeth, but significantly more in the cuspids and
first molars. The ratio of crown to root movement for the Damon group was 5.9:1 versus
2.6:1 in the Conventional group (Table 10).

Table 10: Ratio of mandibular changes in crown to root movement in the Damon and
Conventional treated cases.

The above findings indicate that arch expansion at the crown level for the Damon
group in the maxilla is 2.2 times and in the mandible is about three times greater than
those achieved with the Conventional system (Table 8). However, this inter-occlusal arch
expansion is via buccolingual tipping of the teeth and not bodily movement, with the
crowns in the Damon group moving three times as much as their apices. Therefore,
although the arch expansion was greater in the Damon treated group as opposed to the
Conventionally treated cases, this was at the expense of greater tipping.

Although arch length for both arches in both treatment groups increased during
treatment, with a slightly greater increase in the Damon group, there was no statistically
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significant difference in arch length between the two groups. Therefore, the resolution of
crowding was not only through arch width expansion, but also arch length increase in
both systems. Since, the angulation of the incisors to their respective basal bone was not
measured in this study, one cannot determine with certainty whether the arch length
increase was due to molar distalization and not the labial movement of the incisors.
Further study is needed for clarification of this issue.
In an attempt to explain the differences observed in this study between the two
systems, in addition to the differences in the bracket design, we can look at the archwires
used.

Dr. Damon‘s recommended archwire sequence for an 0.022 slot is:
 0.012 or 0.014-inch SE NiTi (start tooth movement, level and align - minimal
friction)
 0.0140.025 or 0.0160.025-inch SE NiTi (complete leveling, rotations, archform, start torque)
 0.0190.025-inch pre-posted SS (complete: torque, arch form, control of vertical
dimension, major mechanics and finishing)

Similar archwires were used in the Damon treated group although the finishing wire
in the lower arch was 0.0160.025-inch SS instead of the recommended 0.0190.025inch SS. All members of the Conventional group, on the other hand, were finished with
either 0.0180.025-inch SS or 0.0190.025-inch SS in both maxilla and the mandible.
Due to the differences in both archwire size and the inherent differences in bracket
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design, one might try to explain the results as a difference in torque expression. In future
studies the torque prescription of the brackets can also be taken into consideration. This
in addition to matching the archwire sizes used can ensure similar torque expression
between the two groups. The broader Damon arch-form may explain the greater overall
increase in interocclusal arch dimension.
Some believe that the Damon philosophy is similar to what was advocated by
Edward H Angle some 100+ years ago with the only difference being in the
armamentarium used (Peck 2008). Damon uses resilient copper-nickel-titanium (CuNiTi)
alloys that produce expansion forces much gentler than Angle’s gold, German silver, or
chrome-steel wires ever could provide (Peck, 2008). The initial archwires used in this
study were similar in the two treatment groups. Damon also uses brackets that are
essentially tubes (Damon, 1998) which lowers the friction. He also advocates leaving the
archwires for a longer duration than is suggested traditionally. In this study the suggested
timelines was not followed. If the Damon philosophy is to be put under scrutiny, this
study cannot support or refute any such claims. To study this, a sufficient sample size
treated using Damon’s exact philosophy should be examined before one can make such a
judgment call.
The small size of the sample in this study is a limiting factor. This study should be
replicated with a sufficient sample size. The archwire designs were not taken into
consideration in this study, due to limited sample available. This is important since
different archwire forms can result in different modes of expansion of the dental arches.
In future studies not only the archwire shape, but also the actual measure of crowding
should be matched. In this study, the crowding was determined by clinicians.
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Also, in future studies, the dental casts might be used for precise
measurement of crowding and also for determining the final occlusion results; the other
alternative in a prospective study could be to obtain CBCTs with patients not in
maximum intercuspation for better reading of occlusal indices.

CBCT views
There was no statistically significant difference between different views.
Therefore, clinicians can be fairly confident of the accuracy of their CBCT measurements
of the interocclusal arch widths and lengths in any one of the three views. This however,
may not be the case when measuring other points and angles where the 3D coordinate
system may be the most accurate tool. This was also concluded by Damstra et. al. (2011),
who said that in order to minimize measurement error, one should verify the location of
each landmark on the axial, coronal, and sagittal slices of each CBCT scan rather that to
rely on the surface model alone for landmark identification. Further studies regarding
other points of interest need to be done.
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CONCLUSIONS

Caveat
a. This was a pilot study. These results were based on a limited number of cases that
were not treated with the exact Damon philosophy.

Primary Hypotheses 1-3:
a. Arch length in the maxilla and mandible increased for both the Conventional and
Damon groups with changes in the maxilla of the Damon group approaching
significance. But, there was no statistically significant difference between the two
groups.
b. Both non-extraction treatment modalities resulted in interocclusal arch width
expansion in both the maxilla and the mandible.
c. Arch expansion proved to be statistically and clinically significant in almost all
measurements of the maxillary and mandibular arches for the Damon treated
cases. Arch expansion in the Conventionally treated cases only proved to be
statistically significant for the maxillary PM1, and mandibular K9 and PM2 arch
changes, with the mandibular M1 measurements approaching significance.
d. The greatest expansion achieved was at the PM1 in both treatment group, except
for the K9 followed by PM2 in the lower arches of the Conventionally treated
cases. On the other hand, the least expansion in both the Conventionally and the
Damon treated cases were in the first molar (M1) areas of both arches.
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e. Although there was no statistically significant difference between the two
treatment groups for interocclusal arch width (IOD) of the measured teeth, this
was not the case when all teeth were compared as a group. Overall arch
expansions in the Damon cases were significantly greater than the Conventional
cases both in the maxilla and the mandible.
f. Interocclusal arch expansion in the maxilla of the Damon group was almost twice
and in the mandible about three times greater than that achieved in the
Conventional system.
g. The inter-apical distance for the Damon cases decreased for all measured teeth in
the maxilla with mixed results in the mandible, none to a statistically significant
degree.
h. In the Conventionally treated cases, all inter-apical distances in the maxilla
increased slightly, with the exception of a slight decrease in the M1-IAD, but
none to a statistically significant degree. There were mixed results in the
mandible. The only significant change was for an increase in the inter-apical
distance in the mandibular canine of the Conventionally treated cases.
i. In the Conventional system the ratio of crown to root movement in the maxilla
was approximately 1:1 versus 3:1 in the Damon group.
j. In the Conventional system the ratio of crown to root movement in the mandible
was 3.6:1 versus almost 6:1in the Damon group.
k. The differential in interocclusal versus inter-apical changes indicate less tipping
of teeth in the Conventionally treated cases as opposed to the Damon ones. This
could be explained by better torque expression in the Conventionally treated
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cases.

Secondary Hypothesis:
Since there was no statistically significant difference between the three different
views in CBCT, coordinating an image in three planes may not be necessary for
simple measurements.

.
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