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ABSTRACT 
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Introduction:  This research investigated changes in arch width and arch length through 

a CBCT analysis of patients treated with either Damon or Conventional brackets.  

Methods: Pre-treatment and post-alignment CBCT files were collected for borderline 

extraction patients treated through non-extraction therapy (17 Damon, 13 Conventional).  

Measurements were made for the canine, premolars, and first molars to evaluate dental 

arch width (inter-occlusal dimension: IOD, inter-apical dimension: IAD), skeletal arch 

width (inter-buccal/lingual alveolar crests: IBACD, ILACD), angulation, and arch length 

changes.  

Results: IOD increased for all teeth, with similar overall expansion in both groups.  

Damon cases showed tipping of all teeth except the mandibular canine.  The arch length 

increased for both treatment modalities in both jaws.  IBACD decreased for teeth, which 

translated. 

Conclusion: The claim that moderate to severe crowding can be resolved through 

translation of the posterior dentition without AP expansion of the dental arch was not 

supported by this study.   
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INTRODUCTION: 

 

Review of Literature 

Crowding: 

 
Crowding is one of the major challenges that orthodontists face and is a common 

chief complaint of patients seeking orthodontic treatment.  The etiology of dental 

crowding is still unknown. However theories exist attributing crowding to the soft diet of 

modern man in addition to genetic factors.  Primitive man ate a coarse diet that led to 

interproximal wear of teeth, reducing the mesiodistal width of permanent dentition. This 

did not result in spacing between teeth because of mesial migration of the posterior 

dentition, maintaining tight contact points between abutting teeth.  Begg found that in 

Australian aboriginal populations there was a loss of 10 mm or more of interproximal 

tooth structure, which allowed for maintenance of anatomically correct occlusion without 

crowding (Begg, 1954). Studies have attributed modern dental crowding to the current 

availability of a more processed, softer, diet resulting in less interproximal wear.  

Additionally, studies have shown that there is a strong genetic contribution to dental 

crowding.  In a 2013 study of two genetically isolated indigenous populations that 

originate from the same region and have a similar diet, Normando et al. found that 

although the two groups had teeth of the same size and displayed the same amount of 

wear, one group had smaller dental arch dimensions and more crowding.  Normando 

attributed this difference in crowding rates between the two populations to differing 

genotypes for jaw size supporting the theory that genetics also influences dental arch 

shape and crowding (Normando, 2013).   
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 Crowding can be resolved by the expansion of the original arch form in the 

antero-posterior or transverse dimensions, the reduction of tooth mass through extractions 

or interproximal reduction, or a combination of the two. Arch form expansion in the 

antero-posterior (A-P) dimension would lead to proclination of the incisors and a more 

protrusive lip posture, which is often an undesirable side effect.  Prior to the fusion of the 

mid-palatal suture, skeletal expansion in the lateral dimension is possible.  However, 

once this suture closes, at about age 15 in females and age 16 in males, expansion is 

usually unsuccessful because there is little or no basal skeletal movement and changes in 

width are due to tipping of the teeth within the confines of the alveolus (Vanarsdall, 

1999).   

Deviation from a patient’s natural arch form, through expansion in either A-P or 

transverse dimensions, has been critiqued in the literature as having poor stability 

because of the counter-expansive force of patient’s facial musculature.  In the lower arch, 

which is often thought of as the limiting arch in orthodontic treatment, the lower incisor 

cannot be proclined beyond 2mm without sacrificing treatment stability because lip 

pressure significantly increases as this point (Proffit, 2013).  Additionally, expansion of 

the pre-treatment mandibular intercanine width has been found to be unstable (Proffit, 

2013).  However, posterior arch expansion distal to the canines may have more stability, 

because according to Proffit, the lip pressures are relatively low in the posterior arch and 

expansion across the premolars and molars is more likely to be maintained (Proffit, 

2013).  Tipping the teeth too far laterally or labially can also periodontally compromise 

teeth by causing dehissance or fenestration through the bone.  Fenestration becomes more 
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likely as the incisors are advanced and with transverse movement beyond 3 mm (Proffit, 

2013). 

Extraction Debate:  

 
The amount of crowding present in a case is often a critical factor in developing a 

treatment plan.  According to Proffit, Class I cases showing less than 4 mm of crowding 

rarely require extraction, between 5 to 9 mm of crowding are borderline extraction cases 

with both extraction and non-extraction as possible treatment options, and more than 9 

mm of crowding almost always requires extraction (Proffit, 2013).  The Damon 

philosophy challenges these long held views and suggests that many cases, which, by 

previous standards, would require extraction, can be successfully treated by non-

extraction through the use of the Damon appliance system.   

Professional consensus on extractions throughout the orthodontic community has 

undergone several ideological shifts.  Edward Angle, who has been given the title the 

“father of modern orthodontics,” felt that a full complement of teeth was essential to a 

proper occlusion. He set a classification scheme of occlusal relationships, which, was 

based on a defined dental relationship, and little importance was given to facial 

proportions and esthetics (Profitt, 2013).  Angle also held a strong religious belief 

supporting the need for a full complement of teeth, stating in 1902: 

…my belief is that if we would confer the greatest benefits upon our patients from an 

aesthetic standpoint we must work hand in hand with nature and assist her to establish the 

relationship of the teeth as the Creator intended they should be, and not resort to 

mutilation (Angle, 1902 in Bernstein, 1992, p. 466).   
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Angle felt that new bone could be induced to grow to support a full complement of teeth 

through mechanical means (Angle, 1902 in Bernstein, 1992, p. 466), similar to the beliefs 

of the Damon philosophy today.  

Calvin Case, a contemporary of Angle, famously debated Angle in “The 

Extraction Debate of 1911” at that year’s meeting of the National Dental Association.  

Case presented the Darwinian based belief that extractions were necessary under certain 

circumstances because bone induction was not possible and that the Orthodontist should: 

…remove without hesitation such portions of those naturally produced anatomical 

disharmonies as are within his reach, and which characterize the principle deformity, 

instead of attempting to carry out in so limited a degree the original designs of the Maker 

when he fashioned an Apollo (Case, 1905 in Bernstein, 1992, p. 465).  

 

This debate was strongly rooted in the ongoing conflict between the theories of evolution 

and creationism, however, Angle’s followers largely predominated, and by the 1920s 

most practitioners did not perform extractions for orthodontic purposes (Dewel, 1942).   

Charles Tweed and Raymond Begg, two influential practitioners of the 1940s and 

1950s were inspired by Case.  Tweed, originally a disciple of Angle, was unhappy with 

the facial esthetics, stability, and health of the periodontium seen in many cases treated 

through non-extraction therapy (Tweed, 1944). After careful review of cases previously 

treated with the non-extraction philosophy, Tweed found that crowding was often 

resolved through proclination of the mandibular incisors with post-retention relapse 

occurring as the lower incisors returned to the pre-treatment position over the basal bone 

(Tweed, 1944).  Tweed developed a philosophy based on centering the mandibular 

incisor over the basal bone of the mandible, dismissing the previous belief that the bone 

would follow teeth into a protruded position.  Often, obtaining this goal, led to the 

extraction of premolars as part of the treatment plan.  Over time, however, many 
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practitioners were again dissatisfied with the facial appearance of widespread treatment 

by premolar extraction, and the pendulum swung back towards non-extraction.   

Today, increasing importance has been placed on frontal facial esthetics, with the 

position of the upper incisor within the smile arc of utmost importance (Shook, 2016).  

Patients often resist extractions due to the sacrifice of usually healthy teeth and the 

history of compromised facial esthetics due to previous overuse of treatment with 

extractions.  Most contemporary orthodontists feel that extractions are necessary in 

certain cases but should be avoided when doing so would compromise facial esthetics.   

Self Ligation and the Damon System: 

 
Self-ligation is not a new concept in orthodontics.  It was first introduced in the 

mid-1930’s with the Russell attachment by Stolzenberg, which consisted of a screw that 

could be tightened or loosened to adjust the bracket interaction with the wire (Zreaqat, 

2011; Chen, 2010). The appliance did not gain much popularity and eventually 

disappeared from the market.  Two types of modern self-ligation brackets have been 

developed differentiated based on their mechanism of closure: active and passive self-

ligation.  Active self-ligation has a spring clip that encroaches on the lumen of the bracket 

slot and engages the archwire, whereas passive self-ligation brackets do not interact with 

the archwire and function as a tube through which the wire travels.  In the early 1970s, 

Ormco introduced Edgelok brackets, which are considered the first modern self-ligating 

bracket (Zreaqat, 2011).  This bracket had a round body with a sliding cap, which was 

used to open or close the slot.  Many orthodontists had difficulty controlling precise tooth 

movement with this bracket due to the passive self-ligation mechanism of the cap. Strite 

Industries later proposed the first active self-ligation bracket with the SPEED appliance 
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in the 1980s. This bracket had an active nickel-titanium spring door, which was designed 

to improve control over tooth movement (Zreaqat, 2011). In 1996, Dwight Damon 

introduced the Damon SL I passive self-ligation appliance.  The initial design has 

undergone several modifications, currently making the Damon appliance what is perhaps 

one of the most widely known self-ligation brackets available (Zreaquat, 2011).    

Central to the Damon System philosophy is that idea that through the use of 

passive self-ligation brackets, very light forces, and high-tech archwires, the force of a 

patient’s lips, tongue, and facial muscles can be readapted to create a new force 

equilibrium and arch form (Damon, 2005).  Many practitioners find the idea of self-

ligation attractive because the Damon philosophy claims that this new arch form can 

manage crowding in many cases without necessitating extractions (Chen, 2010).     

Dr. Damon presents several case reports in which posterior transverse expansion 

of the dental arch occurs without an increase in the mandibular intercanine width, 

proclination of the anterior teeth, or distalization of the molars (Damon, 2005).   Damon 

coined the term the “Fränkel effect” to explain this posterior width increase after the 

appliance developed by Rolf Frankel, which similarly aimed to modify the “natural 

interplay of forces” and reshape the dental arch (Fränkel, 1969).   By removing the 

pressure from the orofacial musculature, through the use of buccal shields on the 

appliance, Fränkel measured expansion of 5 mm in the premolar region (Fränkel, 1969).  

Fränkel postulated that the buccal shields stretched the soft tissues leading to apposition 

of new bone in the apical base area (Fränkel, 1969).  This idea is similar to the Angle’s 

philosophy from the early 1900s that new bone would develop to accommodate all of the 

teeth when aligned.  Dr. Damon similarly believes that with his appliance teeth can be 
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moved in all planes of space without excessive tipping and that the teeth remain fully 

encased in alveolar bone through boney apposition (Damon, 2005).   

With the Damon System the posterior arch expansion, or Fränkel effect, is 

believed to occur through the use of small diameter initial wires (typically 0.014 inch 

Copper NiTi) with broad arch forms rather than with buccal shields.  The period between 

wire changes is also elongated to allow for full expression of the wire.   According to the 

Damon philosophy, a new balance of the facial and tongue muscles results because the 

posterior expansion of the dental arch allows the tongue to lift and move forward 

allowing for a new equilibrium of forces to be established (Damon, 2005).  Several 

articles published in refereed journals have investigated whether posterior expansion 

occurs with the Damon appliance through bodily movement of the posterior dentition and 

apposition of new bone.  Currently, no peer-reviewed journal supports this claim, with all 

supporting evidence coming from case reports presented by Dr. Damon, which provides 

weak scientific evidence in support of this claim (Marshall, 2010).   

Additionally, the Damon philosophy states that anterior movement of the incisors 

does not occur when resolving crowding with the Damon appliance because the facial 

muscles, the Orbicularis Oris, Mentalis, and Depressor Labii inferioris, resist 

proclination of the anterior teeth.  Damon coined this theory the “Lip Competency 

Effect,” and combined with the Fränkel effect cites these events as the explanation for the 

resolution of crowding with the Damon appliance system in cases that would by previous 

standards require extraction.  

The claim of lack of incisor proclination with the Damon system was supported 

by a 2010 systematic review, which showed a small, but statistically significant, 
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difference in incisor proclination in patients treated with Damon brackets vs. 

conventional brackets.  The review of 3 studies of a high level of evidence, showed 1.5 

degrees less incisor proclination in those treated with Damon brackets than those treated 

with conventional brackets (Chen, 2010).   However, one study included patients who 

had undergone extractions.  Thus standardization was lacking among the articles included 

in the review (Chen, 2010) and more research, of high scientific caliber must be 

conducted on this topic.   

Few studies have investigated the stability of cases treated with Damon brackets 

(Chen, 2010).  Only case reports have evaluated long-term stability of lateral expansion 

and these provide a low level of evidence supporting the stability of cases treated with 

Damon brackets (Marshall, 2010).  A 2014 review found a similar lack of high-level 

studies investigating stability of Damon treatment (Gebeile-Chauty, 2014).  Peer-

reviewed data is currently required to determine if treatment with Damon brackets can 

afford Orthodontists all of the benefits, which the philosophy claims to provide.   

If the claims of the Damon system of posterior transverse expansion through 

bodily movement of the teeth and maintenance of the antero-posterior (A-P) dimensions 

of the arch in skeletally mature patients are validated, use the Damon system might allow 

orthodontic practitioners to avoid extractions in cases which would traditionally be 

treatment planned for the removal of teeth.  Cases of moderate to severe crowding might 

be managed successfully without the loss of teeth, with no compromise of the boney 

housing supporting the teeth, and with long-term stability.   
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Cone Beam Computed Tomography (CBCT): 

 
 With the introduction of three-dimensional imaging to dentistry, and the 

widespread application of this technology, Orthodontists are now able to overcome some 

of the diagnostic shortcomings of 2-dimensional (2D) imaging.  Traditionally, 

orthodontic records have consisted of several 2D diagnostic aids including panoramic 

radiographs, lateral cephalograms, PA cephalograms, and PA or bitewing radiographs 

when necessary.  These imaging modalities are well known to include errors including 

magnification, geometric distortion, superimposition of structures, projective 

displacements (which can elongate or foreshorten an object), rotational errors, and linear 

projective transformation (Kapila, 2011).  With the introduction in the late 1990s of 

computers capable of the complex computations and x-ray tubes capable of continuous 

exposure, 3D imaging became a possibility in the dental office through the use of cone 

beam CT machines which were simultaneously reduced in size and became inexpensive 

enough for routine dental use (Scarfe, 2008).    

The CBCT image is generated through a rotating gantry to which an x-ray source 

and detector are fixed.   The beam of radiation is directed through the middle of the area 

of interest and onto an x-ray detector (Scarfe, 2008).  CBCT differs from traditional CT 

in the shape of the x-ray beam, with CBCT using a round or rectangular cone-shaped 

beam, whereas traditional CT uses a fan shaped beam.  The x-ray source and detector 

rotate around a fulcrum fixed near the area of interest; usually this rotation is 360 

degrees.  Only one rotation of the gantry around the object is necessary because the 

exposure incorporates the entire field of view.  During this rotation many (150-600+) 

sequential images of the field of view are acquired at certain degree intervals.  These 
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exposures provide 2D projection images known as “basis”, “frame”, or “raw” images.  

These images are similar to lateral or PA cephalometric images, which each being taken 

at a slightly different angle than previous (Scarfe, 2008).  Together these raw images 

compose the projection data.   The number of images which comprises the projection data 

can be either fixed or variable depending on the machine; more images allows for greater 

spatial contrast and resolution, and causes an increase in the signal-to-noise ratio 

resulting in smoother images and less metallic artifacts.  However, the disadvantage of 

more raw data is a longer scan time, higher patient radiation dose, and longer 

reconstruction time (Scarfe, 2008).   

The use of CBCT over traditional, medical, CT in maxillofacial imaging has led 

to many benefits including: rapid scan time, beam limitation, increased image accuracy, 

and reduced patient radiation dose.  CBCT scans can be completed in a much shorter time 

than traditional CT, leading to fewer artifacts due to patient movement.  Additionally, 

many CBCT units allow the practitioner to select a determined field of view (FOV) based 

on the structures, which must be visualized.  This is desirable because the irradiated field 

may be limited.  CBCT imaging is also highly accurate with voxel resolution ranging 

from 0.4 mm to .076 mm.  Importantly, images thus achieve a level of resolution, which 

is accurate enough for direct measurement, in a 1:1 ratio in all three planes of space with 

the original object, and no distortion or magnification (Scarfe, 2008).    

Published reports have indicated that the effective dose for CBCT ranges from 29-

477 μSv, depending upon the machine and FOV.  The large range of radiation exposure 

dosages with CBCT units is due to the fact that the x-ray beam may be continuous or 

pulsated, with pulsation resulting in less radiation exposure to the patient (Scarfe, 2008).  
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Compared to traditional CT, which has an effective dose of approximately 2000 μSv, 

there is a large dose reduction with CBCT, between 76.2 – 98.5% (Scarfe, 2008).  

Additionally, when compared to conventional, 2D imaging methods, CBCT does not 

dramatically increase the patient radiation exposure.  Dosages for panoramic radiographs 

range from 14.2-24.3 μSv, lateral cephalogram 10.4 μSv, and a full mouth series 13-100 

μSv (Kapila, 2011).  The combined radiation exposure from multiple 2D images is 

usually just slightly lower than that of a CBCT scan, while providing the practitioner with 

significantly less diagnostic information. The ability to view structures in 3D and the 

relatively small difference in radiation exposure to the patient has led many practitioners 

to use implement the use of CBCT radiography for all patients rather than using a 

combination of multiple 2D imaging methods.  

CBCT will be used in this study due to the ability to examine the position of the 

teeth and bone in both the A-P and transverse dimensions.  Evaluation will be possible of 

whether dental tipping, either buccally or labially, occurred to resolve crowding in 

borderline extraction cases.  The precision of measurements made with this imagining 

modality will be instrumental in supporting or opposing the claims of the Damon 

philosophy.  

Previous Research 

 
Dr. Marjan Askari at the University of Maryland completed a study similar to the 

present research in 2012.  Dr. Askari’s investigation also examined transverse and A-P 

changes, which occurred during the treatment of patients, treated with Damon brackets 

vs. Conventional brackets through the use of CBCT scans.  However, because of the 

limited application of CBCT technology in Orthodontic offices at the time of the study, 



12 

 

few practitioners were routinely using CBCT during the diagnostic phase of treatment.  

Because of this, only 11 total patients met the inclusion criteria of the study and were 

included as part of the data set of this research.  Another limitation of the research was 

that the practice selected to represent the Damon group was not ideal.  Critical to the 

Damon philosophy is coupling the use of Damon brackets with a specific archwire 

sequence.   Unfortunately, the practice selected for treating patients with Damon brackets 

did not follow this archwire sequence and thus did not truly portray of the effects of the 

Damon philosophy when properly employed.  For those reasons, the present study will 

replicate the Askari (2012) study with a larger sample size and including only patients 

treated strictly with the Damon archwire protocol.  

The findings of Askari (2012) were as follows: 

1. The interocclusal arch-width measurements increased for both Damon and 

conventional groups, with a larger increase seen in the Damon group.  For Damon 

cases, the largest expansion occurred in the first premolars, and in conventionally 

treated cases, the largest expansion occurred in the maxillary premolar and 

mandibular canine.  The least amount of expansion occurred in the first molar of 

both groups.   

2. In Damon cases, the inter-apical dimension did not change or decreased as the 

interocclusal dimension increased, indicating that these teeth were tipped and not 

moved bodily.  The Conventional group varied in the changes in the interapical 

dimension.  These findings showed that translation occurred for the maxillary first 

premolar and mandibular canine, while the mandibular second premolar and 

molar showed more tipping.  This corresponded with a pattern of inter-buccal 
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bone expansion in cases of tipping and inter-lingual bone expansion in cases of 

translation.  This trend, however, did not reach statistical significance for any 

teeth. 

3. Arch length increased in both groups, with larger changes occurring in the Damon 

group. This indicated more labial tipping in the Damon group. 

 

Primary Purpose 

 

The primary purpose of this research was to evaluate changes in arch dimensions in cases 

treated by non-extraction therapy using CBCT.   

 

1. Damon initial vs. Damon post-alignment 

To evaluate changes in dental and skeletal arch width and length in 

patients treated with the Damon System 

2. Conventional initial vs. Conventional post-alignment 

To evaluate changes in dental and skeletal arch width and length in 

patients treated with Conventional mechanics 

3. Damon vs. Conventional 

To compare 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 Conventional mechanics.   
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Primary Hypotheses: 

 

Hypothesis 1:  Damon initial vs. Damon post-alignment measurements 

 

Null hypothesis:  There will be no significant difference between pre-and post-alignment 

measures of: 

a. Arch length 

b. Arch width measurement at inter-occlusal dimension (IOD) of  

• Canines (K9) 

• First premolars (PM1) 

• Second premolars (PM2) 

• First molars (M1) 

c. Arch width measured at first molar inter-central fossa (M1-ICF) 

d. Inter-apical dimension (IAD: of K9, PM1, PM2, and M1) 

 

Research hypothesis: There will be an increase from pre- to post- alignment 

measurements in: 

a. Arch length 

b. Arch width measurement, IOD of K9, PM1, PM2, and M1 

c. Arch width measured at M1-ICF 

d. IAD: of K9, PM1, PM2, and M1 
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Hypothesis 2: Conventional initial vs. Conventional post-alignment measurements  

Null hypothesis:  There will be no significant difference between pre-and post-alignment 

measures of: 

a. Arch length 

b. Arch width measurement, IOD of K9, PM1, PM2, and M1 

c. Arch width measured at M1-ICF 

d. IAD: of K9, PM1, PM2, and M1 

Research hypothesis: There will be an increase from pre- to post- alignment 

measurements in: 

a. Arch length 

b. Arch width measurement, IOD of K9, PM1, PM2, and M1 

c. Arch width measured at M1-ICF 

d. IAD: of K9, PM1, PM2, and M1 

Hypothesis 3: Damon treatment changes vs. Conventional treatment changes 

Null hypothesis:  There will be no significant difference between Damon and 

conventionally treated cases in measures of: 

e. Arch length 

f. Arch width measurement, IOD of K9, PM1, PM2, and M1 

g. Arch width measurement, IOD of all teeth (maxilla and mandible) 

h. Arch width measured at M1-ICF 

i. IAD: of K9, PM1, PM2, and M1 

j. Teeth angulation (K9, PM1, PM2, and M1) 

k. Buccal alveolar bone and lingual alveolar bone crest distance (IBACD, 

ILACD) 

 



16 

 

Research hypothesis: There will be a significant increase between Damon and 

Conventionally treated cases, with Damon being significantly larger in measures of: 

a. Arch length 

b. Arch width measurement, IOD of K9, PM1, PM2, and M1 

c. Arch width measurement, IOD of all teeth (maxilla and mandible) 

d. Arch width measured at M1-ICF 

e. IAD: of K9, PM1, PM2, and M1 

f. Teeth angulation (K9, PM1, PM2, and M1) 

g. Buccal alveolar bone and lingual alveolar bone crest distance (IBACD, 

ILACD) 
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MATERIALS AND METHODS: 

 

Approval for this research was obtained from the Human Research Protections Office 

(HRPO) of the University of Maryland and found to be exempt from Institutional Review 

Board evaluation because all data were pre-existing and the subjects were unidentifiable 

from the data set (submission HP-00067990).  All patients were retrospectively selected 

from the records of two private practice orthodontic offices: Dr. Raj and Ty Saini with 

conventional edgewise brackets or Dr. Bruce and Gabe Ollins with the Damon self-

ligating system.  Patients were classified as either having mild (<4 mm), moderate (5-9 

mm), or severe (9+ mm) dental crowding based on the initial records. 13 subjects treated 

with Conventional brackets and 17 patients treated with Damon brackets were included in 

this study based on the following criteria: 

Inclusion criteria: 

• Non-growing patients, determined to be post-pubertal, CVMS III-V  

• Class I occlusion or mild Class II/Class III occlusion 

• moderate 5-9 mm or severe ≤ 9 mm crowding 

• Non-extraction treatment 

• Interproximal reduction not to exceed 1 mm 

• No therapeutic intervention exclusive of archwires 

• No surgical intervention 

• Initial and post alignment CBCT 

• No missing dentition, excluding 2nd and third molars 
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Exclusion criteria: 

• Patients prior to pubertal growth spurt 

• Moderate to severe Class II or III occlusion 

• Extraction treatment 

• IPR in excess of 1 mm 

• Missing dentition, excluding 2nd and 3rd molars 

• Pathology associated with the head and neck 

• Radiation to the head and neck 

 

The Conventionally ligated edgewise bracket group were treated with Unitek APC 

brackets with MBT prescription (0.22” slot).  Archwires were also from Unitek Corp.  

The typical archwire sequence in this practice is: 

• 0.014 to 0.016 inch NiTi 

• 0.018 inch SS 

• 0.016 x 0.022 inch NiTi 

• 0.018 x 0.025 inch SS or 0.019 x 0.025- inch SS  

In the group treated with the Damon appliance, Damon Q, self-ligating brackets with 

.022” slot manufactured by Ormco were used.  The typical archwire sequence in this 

practice is:  

• 0.014 inch CuNiTI 

• 0.018 inch CuNiTi 

• 0.014 x 0.025 inch CuNiTi 

• 0.018 x 0.025 inch CuNiTi 

• 0.019 x 0.025 TMA  
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This is in accordance with the Damon philosophy archwire sequence. 

Both offices use an i-CAT machine by Imaging Sciences for CBCT scans.  The 

patients were scanned with a field of view of 16 cm x 13 cm and 0.3 voxel resolution.  

Both groups were scanned for 8.9 seconds during which the machine rotated around the 

patient one time and exposed the patient to approximately 87 micro-Sieverts of radiation.  

The Damon office uses a smaller field of view for the post-alignment CBCT and the 

Quick Scan feature, which scans for 4.8 seconds and does a half rotation to minimize 

radiation exposure to the patient.   

 DICOM files were obtained for both the Conventional and Damon groups and all 

measurements were made on Anatomage In Vivo Dental 5.0 software.  Measurements 

were made from the non-functional cusp tips, except for the mandibular first premolar, to 

better visualize anatomy because the patients were in centric occlusion during the scans.  

The same measurements were completed on CBCT scans from T1- pretreatment and T2-

postalignment.   IPR quantification was completed for the Conventional group by 

measuring the maxillary and mandibular dental widths from canine to canine on both the 

pre- and post- CBCT scans to determine that the amount of IPR did not exceed 1 mm.  

This was only completed for the Conventional practice, as the Damon practice reported 

completing no IPR.  CVMS stage at the beginning of treatment was determined from a 

lateral cephalogram constructed from the pretreatment CBCT image.   
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Measurement Protocol and Description 

 
Two dental students, who were blinded to the study, were trained in the use of 

Anatomage Invivo 5 software and to identify all landmarks used in this study.  In order to 

obtain a clear view of the measurement landmarks, tools such as zoom and rotate were 

used.  The dental students independently measured each point and the average of their 

measurements was used.  Each student also repeated the measurements for one randomly 

selected patient to evaluate intra-rater reliability. The following measurements were made 

using the listed landmarks and abbreviations (Table 1): 

Arch Length 

A
L

 Arch Length 

Perpendicular distance from a line connecting the mesial of 

the first molars to the contact point between the dental 

incisors 

Arch width 

IO
D

 

 

 

Inter-occlusal 

dimension 

K9: Distance between canine cusp tips 

Mand PM1: Distance between mandibular fist premolar       

buccal cusp tips 

Mand PM2: Distance between mandibular second premolar 

lingual cusp tips 

Max PMs: Distance between maxillary premolars buccal 

cusp tips 

Mand M1: Distance between mandibular 1st molars lingual 

groove 

Max M1: Distance between maxillary 1st molar buccal 

groove 
IC

F
 

Inter-central fossa 
M1: Distance between first molars central fossa 

IA
D

 

Inter-apical 

dimension 

K9: Distance between canine apices 

Mand PMs: distance between mandibular premolar apices 

Max PMs: Distance between maxillary premolar apices 

Mand M1: Distance between mandibular first molar mesial 

root apices 

Max M1: Distance between maxillary first molar palatal root 

apices 

IB
A

C
D

 

Inter-buccal alveolar 

crest dimension 

Distance between buccal alveolar crestal bone 
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IL
A

C
D

 

Inter-lingual alveolar 

crest dimension 

Distance between lingual alveolar crestal bone 

Tooth Angulation 

R
/L

- an
g

le 

Angulation of the 

tooth on the right/left 

side 

Mand Canine: angle between cusp-tip to apex to mandibular 

border 

Max Canine: angle between cusp-tip to apex to nasal floor 

Mand PM1: angle between buccal cusp tip to apex to 

mandibular border 

Mand PM2: angle between lingual cusp tip to apex to 

mandibular border 

Max PMs: angle between buccal cusp to buccal root apex to 

nasal floor 

Mand M1: angle between central fossa to furcation to 

mandibular border 

Max M1: angle between central fossa to furcation to nasal 

floor  

Table 1: Measurements and abbreviations 

Arch width:  

Dental arch width measurements:  Inter-occlusal distances (IOD) and Inter-apical 

distances (IAD): 

The non-functional cusps, lingual cusps in the mandibular arch, and buccal cusps in the 

maxillary arch, were used for clear identification of landmarks for all measurements 

because the scans were taken in centric occlusion.  Mandibular first premolars were 

measured from the buccal cusp tip due to variations in the anatomy of the lingual cusp of 

these teeth.  Arch width measurements were taken from cusp tip to cusp tip of the 

corresponding tooth on the contralateral side.  
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Canines (Figure 1): 

IOD: measured from cusp-tip to cusp-tip 

IAD: measured from canine apex to apex 

 
         Fig 1a.      Fig 1b. 

Figure 1: (a) Maxillary cuspid IOD/IAD and (b) Mandibular cuspid IOD/IAD 

measurements (Askari, 2012) 

 

Premolars (Figure 2 and 3): 

IOD: measured from non-functional cusp tip to non-functional cusp tip. Mandibular first 

premolars were measured from the buccal cusp tip due to variations in the anatomy of the 

lingual cusp of these teeth.   

 

IAD: Measured from premolar apex to apex.  If a tooth had 2 roots, the buccal root apex 

was chosen 

The first and second premolars were measured separately and combined in all 

measurements for statistical purposes. 
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Figure 2a.            Figure 2b. 

Figure 2: (a) Maxillary PM1- IOD/IAD (b) Mandibular PM1- IOD/IAD measurements 

(Askari, 2012) 

 

 
 Figure 3a.             Figure 3b. 

Figure 3: (a) Maxillary PM2- IOD/IAD (b) Mandibular PM2- IOD/IAD measurements 

(Askari, 2012) 

 

Molars (Figure 4 and 5): 

IOD: The inter-occlusal arch width was measured in two ways.  A measurement from the 

central fossa was used to minimize the effect of tipping (M1-ICF).  A second 

measurement was completed from the non-functional cusp tips of the first molars (M1-

IOD).  



24 

 

 
 Figure 4a.           Figure 4b. 

Figure 4: (a) Maxillary M1-ICF and (b) Mandibular M1-ICF measurements (Askari, 

2012) 

IAD: The IAD in the mandible was measured from the mesial root apices, in the maxilla 

from the palatal root apex.  

 

 
  Figure 5a.             Figure 5b. 

Figure 5: (a) Maxillary IOD/IAD and (b) Mandibular IOD/IAD measurements 

(Askari, 2012) 
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Skeletal arch width measurements: (Figure 6) 

 

The skeletal arch width measurements for each of the teeth was measured from the crest 

of the alveolar bone of the respective tooth to the alveolar crest of the same tooth on the 

contralateral side.   

 

IBACD: buccal alveolar crest of the respective tooth to the buccal crest of bone on the 

contralateral side 

ILACD: lingual alveolar crest of bone to the lingual alveolar crest of the same tooth on 

the contralateral side 

 

Figure 6a.                                      Figure 6b. 

Figure 6: (a) Maxillary PM2- IBACD/ILACD (b) Mandibular PM2- IBACD/ILACD 

(Askari, 2012) 

Angulation measurements: 

For the maxillary teeth, the angulation measurements were completed relative to the point 

of intersection between the nasal septum and the nasal floor seen in the frontal view.  For 

the mandibular teeth, angulation was measured to the lowest border of the mandible as 

seen in the frontal view. 
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Angulations were measured separately on each tooth for the right and left sides, but were 

combined for each tooth for statistical purposes. 

Canines: (Figure 7) 

Maxillary: angle between the cusp-tip to apex to nasal floor 

Mandibular: angle between the cusp tip to the apex to the lowest border of the 

mandible 

  
Figure 7a.       Figure 7b. 

Figure 7: (a) Maxillary cuspid- angulation and (b) Mandibular cuspid angulation 

 

 

Premolars: (Figure 8)  

If there were two premolar roots, the buccal root was chosen. 

Maxillary: angle between the non-function cusp tips to the apex to the nasal floor 

Mandibular: angle between the non-functional cusp tips to the lowest border of 

the mandible. Mandibular first premolars were measured from the buccal cusp tip 

due to variations in the anatomy of the lingual cusp of these teeth.   



27 

 

 
 Figure 8a.              Figure 8b. 

Figure 8: (a) Maxillary PM1-angulation and (b) Mandibular PM1- angulation (Askari, 

2012)  

Molars: (Figure 9) 

 Maxillary: angle between the central fossa to the furcation to the nasal floor 

Mandibular: angle between the central fossa to the furcation to the lowest border 

of the mandible 

Figure 9a.             Figure 9b. 

Figure 9: (a) Maxillary M1-angulation (b) Mandibular M1-angulation (Askari, 2012) 
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Arch length: (Figure 10) 

The arch length was measurement was the perpendicular distance from a line connecting 

the mesial of the first molars to the contact between the central incisors.  This 

measurement was made in the axial view for both the maxilla and mandible. 

   
Figure 10a.     Figure 10b. 

Figure 10: (a) Maxillary and (b) Mandibular arch length measurements (Askari, 2012) 

 

Assessment methods:  
 

1. To evaluate the effect of each treatment separately, averages in the inter-occlusal 

dimension (IOD), inter-apical dimension (IAD), and the arch length (AL) were 

compared between pre-treatment and post-alignment scans of the same treatment 

modality. 

2. To compare the dental and skeletal differences between Damon and Conventional 

systems, differences between pre-treatment and post-alignment arch width and 

arch length were measured for each treatment modality. 

3. To evaluate whether translation of the alveolus occurred laterally, the pre-

treatment and post-alignment dimensional changes in buccal (IBACD) and lingual 

(ILACD) plates were compared 
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4. To evaluate whether the teeth tipped within the alveolus or moved via translation, 

the pre-treatment and post-alignment measurements of IOD and IAD changes and 

differences in the angular dimension were compared. 

Statistical Analysis: 
 
 For the assessment of error, the dental students were asked to repeat 

measurements on one randomly selected patient’s CBCT.  Intra-rater errors  (Table 2) 

were calculated by using Pearson’s correlation coefficient with very good intra-rater 

reliability (r values ranged from .9658 to .9969).   

  r value  R squared    r value  R squared  

Evaluator 1     Evaluator 2     

IOD 0.9879 0.9759 IOD 0.9748 0.9503 

IAD 0.9658 0.9328 IAD 0.9832 0.9666 

Angular 

measures 0.9847 0.9697 

Angular 

measures 0.9692 0.9393 

IBACD/ILACD 0.9991 0.9983 IBACD/ILACD 0.9969 0.9939 

Arch length  0.9897 0.9794 Arch length  0.9673 0.9356 

Table 2: Intra-rater reliability 

To evaluate changes within each treatment group (Damon pre-treatment vs. 

Damon post-alignment and Conventional pre-treatment vs. Conventional post-alignment: 

Hypothesis 1 and 2), a paired t-test was used.  To evaluate dental and skeletal changes 

between different treatment modalities (changes seen with Damon vs. Conventional: 

Hypothesis 3), an independent t-test was performed on the differences between initial and 

post-alignment measurements for each variable.   
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RESULTS: 

Hypothesis 1: Damon initial vs. Damon post-alignment measurements (Table 3) 

 

In order to measure changes from initial to post-alignment in the Damon group, a paired 

t-test was performed for each tooth’s IOD, M1-ICF, IAD, and arch length.   

Maxilla: 

 The interocclusal dimension increased for all teeth (K9, PM1, PM2, and M1).  

Statistically significant changes were found for the K9 (p =.0046, t= 3.297), PM1 (p = 

<.0001, t= 6.12) and PM2 (p=<.0001, t=8.543).  The inter-central fossa distance for the 

first molars was also significantly increased (p= .0268, t= 2.439).  The interocclusal 

measurement for the first molar, however, did not reach statistical significance.  These 

findings were the same as the previous study completed by Dr. Askari.  The interapical 

distance measurement decreased for the K9 and PM2, and increased slightly for the PM1 

and M1.  However, none of these changes reached statistical significance.  The arch 

length for the maxilla increased slightly during alignment (mean = .239 mm), and did not 

reach statistical significance.   

Mandible: 

 The interocclusal dimension in the mandible also increased for all teeth with the 

K9 (p= .0114, t=2.856), PM1 (p=.0019, t =3.719), and PM2 (p=.0002, t=4.874) reaching 

significance.  As in the maxilla, the first molar interocclusal dimension measured at the 

non-functional cusp did not reach significance but when measured at the central fossa 

(M1-ICF) statistical significance was observed (p= .0474, t=2.148).  The interapical 

dimension measurement for the K9 increased, achieving statistical significance (p= 

.0014, t=3.845), all other teeth, PM1, PM2, and M1, showed decreases in interapical 
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dimension, which were not statistically significant.  The arch length for the mandible 

increased and achieved statistical significance (p= <.0001, t= 8.167). 

Damon Treatment:  

  Post-alignment- Initial 

 Tooth N Initial Mean ± SD Final Mean ± SD t p 2-tailed 

             

IOD- 

Maxilla 
K9 17 33.9 ± 2.16  35.65 ± 1.77 3.297 0.0046 

PM1 17 40.91 ± 2.23 44.17 ± 1.83 6.12 <.0001 

PM2 17 46.22 ± 2.74 48.68 ± 2.36 8.543 <.0001 

M1 17 53.5 ± 1.97 53.95 ± 1.9 1.472 0.1605 

             

IOD- 

Mandible  
K9 17 24.76 ± 1.52 25.87 ± 1.58 2.856 0.0114 

PM1 17 33.23± 2.76  35.85 ± 3.22 3.719 0.0019 

PM2 17 29.25 ± 2.72 32.52 ± 2.24 4.874 0.0002 

M1 17 33.79 ± 3.82  33.94 ± 2.22 0.2191 0.8293 

             

M1- ICF 

 
 Maxilla 17 45.75 ± 2.14 46.59 ± 2.17 2.439 0.0268 

Mandible 17 40.91 ± 1.6 41.57 ± 1.48 2.148 0.0474 

             

IAD- 

Maxilla 
K9 17 26.15 ± 3.57 25.56 ± 3.27 0.6185 0.545 

PM1 17 33.08 ± 2.89 33.34 ± 2.76 0.6997 0.4942 

PM2 17 39.56 ± 2.83 38.88 ± 3.41 1.365 0.1912 

M1 17 31.96 ± 3  32.01 ± 2.77 0.195 0.8479 

             

IAD-

Mandible  
K9 17 19.34 ± 2.16 22 ± 2.86 3.845 0.0014 

PM1 17 30.57 ± 1.76 30.49 ± 2.51 0.1837 0.8566 

PM2 17 39.08 ± 3.08 39.06 ± 3.09 0.03237 0.9746 

M1 17 50.19 ± 3.97  49.48 ± 3.66 1.449 0.1667 

             

Arch 

Length  
Maxilla 17 27.63 ± 2.2 27.87± 1.72 0.4528 0.6568 

Mandible 17 23.05 ± 1.63 25.21 ±1.87 8.167 <.0001 

Table 3: Damon changes in maxillary and mandibular arch dimensions before and 

post-alignment: interocclusal dimension (IOD), first molar inter-central fossa (M1-

ICF), interapical dimension (IAD), and arch length (AL) 

*Red= Significant  
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Hypothesis 2: Conventional initial vs. Conventional post-alignment measurements  
(Table 4) 

 

In order to measure changes from initial to post-alignment in the Conventional group, a 

paired t-test was performed for each tooth’s IOD, M1-ICF, IAD, and arch length.   

Maxilla: 

 The interocclusal dimension changes for the group treated with Conventional 

brackets also increased for all teeth measured, but only achieved statistical significance at 

the PM1 (p= .0001, t= 5.592), PM2 (p= <.0001, t= 6.343), and M1-ICF (p= .0451, t= 

2.236).  The K9 and M1, non-functional cusp measurements increase did not achieve 

significance.  The interapical dimension measurements increased for the K9 and PM2 and 

decreased for the PM1 and M1, none of these changes reached statistical significance.  

The arch length increased during treatment reaching statistical significance (p= .0015, t= 

4.084).   

Mandible: 

 The interocclusal dimension changes again increased for all teeth, with only the 

PM1 (p=.0093, t= 3.096) and PM2 (p=.0028, t= 3.754) reaching statistical significance, 

and the K9 approaching significance (p = .087, t= 1.864).  The M1 non-functional cusp 

measurement, and central fossa (M1-ICF) measurements increased but did not reach 

statistical significance.  The interapical dimension changes mirrored those seen with 

Damon treatment with the K9 IAD change increasing (mean= .233 mm) and all other 

measurements (PM1, PM2, and M1) decreasing, and the decrease seen in the PM2 

approaching significance (p = .0781, t= 1.926).  The arch length again increased, 

reaching statistical significance (p= .0003, t= 5.002).  
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Conventional treatment 

Post-alignment - Initial 

  Tooth N Initial mean ± SD Final mean ± SD t p 2-tailed  

              

IOD-  

Maxilla 

  

  

  

K9 13 34.22 ± 2.9 34.34 ± 2.32 0.1906 0.852 

PM1 13 40.17 ± 4.03 43.53 ± 2.69 5.592 0.0001 

PM2 13 45.25 ± 4.22 48.37 ± 3.28 6.343 <.0001 

M1 13 53.23 ± 4.15 53.85 ± 3.86 1.552 .1465 

              

IOD-  

Mandible 

  

  

  

K9 13 24.59 ± 3.15 25.61 ± 2.83 1.864 0.087 

PM1 13 32.19 ± 4.65 34.94 ± 2.62 3.096 0.0093 

PM2 13 28.38 ± 2.78 31.52 ± 2.78 3.754 0.0028 

M1 13 32.73 ± 2.7 32.94 ± 3.05 0.4829 0.6379 

              

M1- ICF 

  

Maxilla 13 44.99 ± 3.97 46.13 ± 3.98 2.236 0.0451 

Mandible 13 40.9 ± 2.51 41.13 ± 2.41 0.5992 0.5602 

              

IAD –  

Maxilla 

  

  

  

K9 13 25.97 ± 3.94 26.42 ± 3.75 0.8301 0.4227 

PM1 13 34.53 ± 4.4 33.86 ± 3.9 0.882 0.3931 

PM2 13 39.05 ± 4.22 39.89 ± 4.57 1.241 0.2383 

M1 13 32.9 ± 3.33 32.27 ± 3.78 1.395 0.1884 

              

IAD –  

Mandible 

  

  

  

K9 13 19.95 ± 0.94 20.18 ± 2.42 0.415 0.6855 

PM1 13 29.49 ± 1.85 28.86 ± 1.92 1.399 0.1871 

PM2 13 40.09 ± 3.09 39.12 ± 3.48 1.926 0.0781 

M1 13 51.2 ± 3.97 50.53 ± 4.05 0.9795 0.3467 

              

Arch Length 

  

Maxilla 13 27.9 ± 2.99 29.48 ± 2.52 4.084 0.0015 

Mandible 13 22.98 ± 2.38 25.2 ± 2.58 5.002 0.0003 

Table 4: Conventional changes in maxillary and mandibular arch measurements before 

and post-alignment: interocclusal dimension (IOD), first molar inter-central fossa (M1-

ICF), interapical dimension (IAD), and arch length (AL) 

*Red= Significant, Blue= approaching significance  
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Hypothesis 3: Damon treatment changes vs. Conventional treatment changes  

 

In order to evaluate differences between the Damon and Conventional treatment groups, 

an unpaired t-test was performed for each tooth’s IOD, M1-ICF, IAD, and arch length, 

IBACD/ILACD, R/L angulation.   

Maxilla: (Table 5) 

 In the maxilla, the inter-occlusal dimension increase at the K9 was larger with 

with Damon treatment and approached significance (p= .0604, t= 1.957).  For all other 

IOD teeth (PM1, PM2, M1, M1-ICF, PMs combined, all teeth combined), statistical 

significance was not reached.  The interapical dimension of the maxillary second 

premolar approached statistical significance with Damon treated cases showing a 

decrease in interapical width (mean = -.68 mm) and Conventionally treated cases 

showing an increase in interapical dimension at the second premolar (mean = .83 mm), (p 

= .0747, t= 1.851).  Statistical significance was not achieved for all other teeth in 

interapical dimension changes (K9, PM1, M1, PMs combined). There was also a 

significantly greater increase in the inter-buccal alveolar crest distance (IBACD) for the 

maxillary M1 with Conventional treatment (mean = 1.07 mm) than Damon treatment 

(mean = -.06 mm), which decreased in this dimension, (p = .0418, t = 2.133).  All other 

IBACD (K9, PM1, PM2, PMs combined) and ILACD (K9, PM1, PM2, M1, PMs 

combined) measurements did not reach significance.  The angular measurements for the 

canine approached significance with a greater increase in angulation in Damon treated 

cases (mean = 9.88 degrees) than Conventionally treated cases (mean = 4.06 degrees), (p 

= .0703, t = 1.882).  All other teeth (PM1, PM2, M1, PMs combined) did not approach 

statistical significance.  The maxillary arch length increased for both cases treated with 

Damon and Conventional brackets during treatment with a larger increase seen in 

Conventional cases (mean = 1.58 mm) over Damon cases (mean = .24 mm).  This 

increase in arch length approached significance, (p = .0629, t = 1.937 
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Maxilla: Independent t-test  

Damon vs. Conventional: (Post-alignment – Initial) 

    N Damon Mean 

Conventional 

Mean t p 2 -tailed 

IOD 

K9 30 (13,17) 1.75 ± 2.19 0.12 ± 2.34 1.957 0.0604 

PM1 30 (13,17) 3.26 ± 2.2 3.36 ± 2.17 0.1239 0.9023 

PM2 30 (13,17) 2.46 ±1.19 3.12 ± 1.77 1.22 0.2326 

M1 30 (13,17) 0.45 ±1.25 .62 ± 1.44 0.3513 .7280 

M1-ICF 30 (13,17) 0.85 ± 1.43 1.14 ± 1.83 0.4857 0.631 

PMs 60 (26, 34) 2.86 ± 1.79 3.24 ± 1.94 0.7854 0.4354 

All teeth  120 (52, 68) 1.98 ±2.02 2 ± 2.69 0.04378 0.9652 

 

IAD 

K9 30 (13,17) -0.58 ± 3.89 0.46 ± 1.98 0.8779 0.3875 

PM1 30 (13,17) 0.26 ± 1.52 -0.67 ± 2.72 1.183 0.2469 

PM2 30 (13,17) -0.68 ± 2.04 0.83 ± 2.42 1.851 0.0747 

M1 30 (13,17) 0.06 ± 1.18 -0.63 ± 1.64  1.341 0.1908 

PMs 60 (26, 34) -0.21 ± 1.83 0.08 ± 2.63 0.5096 0.6123 

 

IBACD 

K9 30 (13,17) 0.49 ± 1.62 -0.21 ± 1.36 1.252 0.2208 

PM1 30 (13,17) 1.96 ±1.55 1.42 ± 1.94 0.8642 0.3948 

PM2 30 (13,17) 1.55 ± 1.35 1.69 ± 1.47 0.285 0.7777 

M1 30 (13,17) -0.06 ± 1.44 1.07 ± 1.42 2.133 0.0418 

PMs 60 (26, 34) 1.76 ± 1.45 1.55 ± 1.69 0.495 0.6224 

 

ILACD 

K9 30 (13,17) 0.52 ± 1.81 0.18 ± 1.92 0.4977 0.6226 

PM1 30 (13,17) 2.45 ± 1.59 1.87 ± 2.45 0.788 0.4373 

PM2 30 (13,17) 1.32 ± 1.08 1.59 ± 1.61 0.5618 0.5787 

M1 30 (13,17) 0.42 ± 1.27 0.84 ± 1.36 0.8624 0.3958 

PMs 60 (26, 34) 1.88 ± 1.46 1.73 ± 2.03 0.3386 0.7361 

 

R/L -

angle  

K9 60 (26, 34) 9.88 ± 9.5 4.06 ± 6.6 1.882 0.0703 

PM1 60 (26, 34) 7.06 ± 6.88 8.7 ± 7.38 0.628 0.5351 

PM2 60 (26, 34) 6.34 ± 7.02 5.88 ± 5.63 0.1918 0.8493 

M1 60 (26, 34) 2.62 ± 3.9 1.54 ± 4.34 0.7121 0.4823 

PMs 120 (52, 68) 6.7 ± 6.85 7.29 ± 6.59 1.745 0.7369 

 

Arch 

Length   30 (13,17) 0.24 ± 2.18 1.58 ± 1.4 1.937 0.0629 

Table 5: Comparison of the combined maxillary arch changes between Damon vs. 

Conventional systems in IOD, IAD, inter-buccal alveolar crest distance (IBACD), inter-
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lingual alveolar crest distance (ILACD), R/L combined angular measurments, and arch 

length 

*Red: significant, Blue = approaching significance  

Mandible: (Table 6) 

 In the mandible there was little difference between the two treatment groups in 

the IOD.  None of the teeth (K9, PM1, PM2, M1, M1- ICF, PMs combined, or all teeth 

combined) approached significance.  The interapical dimension for the mandibular canine 

increased significantly more with Damon treatment (mean = 2.65 mm) than with 

Conventional treatment (mean = .23 mm), (p = .0147, t = 2.602).  All other teeth (PM1, 

PM2, M1, and PMs combined) showed a similar pattern of decreasing in IAD in both 

treatment groups, although none of the changes reached significance.  The IBACD 

increased for the mandibular PM2 in both the Damon (mean = 2.15 mm) and 

Conventional groups (mean = 1.29 mm), with a larger increase in the Damon group 

approaching statistical significance, (p = .098, t = 1.712).  All other teeth (K9, PM1, M1, 

and PMs combined) did not reach statistical significance.  The ILACD measurements for 

the PM2, (p= .0946, t = 1.73) and PMs combined, (p=.0863, t= 1.745) also approached 

significance, increasing more in the Damon treatment group. The canine angulation 

increased with Damon treatment (mean = 3.52 degrees) and decreased with Conventional 

treatment (mean = -4.28 degrees), approaching statistical significance, (p = .0636, t= 

1.931).  The M1 angulation decreased significantly with Damon treatment (mean = -.45 

degrees) and increased with Conventional treatment (2.87 degrees), (p= .0347, t= 2.22). 

The arch length in the mandible increased for both treatment groups through alignment, 

with no significant difference between the two. 
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Mandible: Independent t-test (Damon vs. Conventional) Post-alignment - Initial 

    N 

Damon 

Mean 

Conventional 

Mean t p 2- tailed 

IOD 

K9 30 (13,17) 1.11 ± 1.61 1.03 ± 1.99 0.1307 0.897 

PM1 30 (13,17) 2.62 ± 2.9 2.75 ± 3.20 0.1215 0.9042 

PM2 30 (13,17) 3.27 ± 2.77 3.14 ± 3.02 0.1258 0.9008 

M1 30 (13,17) 0.15 ± 2.82 0.21 ± 1.55 0.06672 0.9473 

M1- 

ICF 30 (13,17) 0.66 ± 1.27 0.24 ± 1.42 0.8665 0.3936 

PMs 60 (26, 34) 2.94 ± 2.81 2.95 ± 3.06 0.00165 0.9987 

All 

Teeth 120 (52, 68) 1.79 ± 2.81 1.78 ± 2.75 0.01232 0.9902 

  

IAD 

K9 30 (13,17) 2.65 ± 2.85 0.23 ± 2.02 2.602 0.0147 

PM1 30 (13,17) -0.09 ± 1.91 -0.62 ± 1.61 0.8191 0.4196 

PM2 30 (13,17) -0.02 ± 3.11 -0.97 ± 1.82 0.9757 0.3376 

M1  30 (13,17) -0.71 ± 2.03 -0.67 ± 2.46 0.054 0.9573 

PMs 60 (26, 34) -0.05 ± 2.54 -0.8 ± 1.69 1.288 0.2029 

  

IBACD 

K9 30 (13,17) -9.85 ± 1.28 -10.01 ± 2.13 0.2534 0.8018 

PM1 30 (13,17) 1.05 ± 2.08 1.03 ± 1.65 0.0295 0.9767 

PM2 30 (13,17) 2.15 ± 1.11 1.29 ± 1.65 1.712 0.098 

M1  30 (13,17) 0.11 ± 1.15 -0.15 ± 1.49 0.536 0.5962 

PMs 60 (26, 34) 1.6 ± 1.74 1.16 ± 1.62 1.005 0.3193 

  

ILACD 

K9 30 (13,17) 1.94 ± 1.21 1.37 ± 1.44 1.174 0.2504 

PM1 30 (13,17) 1.76 ± 1.62 1.25 ± 1.83 0.806 0.427 

PM2 30 (13,17) 2.01 ± 1.26 1.12 ± 1.56 1.73 0.0946 

M1  30 (13,17) 0.44 ± .89 0.09 ± 2.35 0.5769 0.5686 

PMs 60 (26, 34) 1.89 ± 1.43 1.19 ± 1.67 1.745 0.0863 

  

R/L -

angle  

K9 60 (26, 34) 3.52 ± 11.21 -4.28 ± 10.61 1.931 0.0636 

PM1 60 (26, 34) -2.45 ±8.1 -2.85 ± 8.6 0.1308 0.8969 

PM2 60 (26, 34) 5.22 ± 8.12 5.83 ± 7.74 0.2085 0.8364 

M1  60 (26, 34) -0.45 ± 3.94 2.87 ± 4.21 2.22 0.0347 

PMs 120 (52, 68) 1.38 ± 8.88 1.49 ± 9.16 0.04483 0.9644 

  

Arch 

Length   30 (13,17) 2.17 ± 1.1 2.22 ± 1.6 0.09957 0.9214 

Table 6: Comparison of the combined mandibular arch changes between Damon vs. 

Conventional systems in IOD, IAD, inter-buccal alveolar crest distance (IBACD), inter-
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lingual alveolar crest distance (ILACD), R/L combined angular measurements, and arch 

length 

*Red: significant, Blue = approaching significance  

 

In Summary: 

 

Hypothesis 1: Damon initial vs. Damon post-alignment 

Significant differences between pre-treatment and post- alignment were found for the 

following measurements: 

1. Arch width IOD: maxillary and mandibular K9, PM1, PM2 

2. M1-ICF: maxillary and mandibular  

3. IAD: Mandibular K9 

4. Arch length: Mandibular 

Hypothesis 2: Conventional initial vs. Conventional post-alignment  

Significant differences between pre-treatment and post-alignment were found for the 

following measurements:  

1. Arch width IOD: maxillary and mandibular PM1, PM2.  The mandibular canine 

approached significance  

2. M1-ICF: Maxillary 

3. IAD: The mandibular PM2 approached significance.  

4. Arch length: Maxillary and mandibular 

 

Hypothesis 3:  

Significant differences between Damon and Conventional treatment groups were found 

for the following comparisons:  

 

1. Arch width IOD: The maxillary canine approached significance, with a greater 

increase in the Damon group 

2. IAD: The mandibular canine measurement was significantly larger in the Damon 

group than the Conventional group. The maxillary second premolar approached 

significance with the Damon group decreasing in this dimension and the 

Conventional group increasing in this dimension 
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3. IBACD: The maxillary first molar reached statistical significance, with the 

Damon group decreasing and the Conventional group increasing.  The mandibular 

second premolar approached significance with both treatment groups increasing.   

4. ILACD: The mandibular second premolar and combined premolar measurements 

approached significance with larger increases seen in the Damon group.   

5. R/L angulation: The first molar had a statistically significant difference between 

the Damon group, in which the angulation decreased, and the Conventional group 

in which the angulation increased. The maxillary and mandibular canines 

approached significance with larger increases in angulation seen in the Damon 

group.  

6. Arch length: The maxillary arch length increased more in the Conventional group 

approaching significance.   
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DISCUSSION: 

 

Damon and Conventional pre-treatment vs. post-alignment 

Interocclusal dimension: IOD 

 

 This study showed that non-extraction treatment in both treatment groups 

increased the IOD for all teeth in both arches.  In Damon treated cases, these increases 

were statistically significant for most of the teeth evaluated (K9, PM1, PM2, and M1-

ICF) in both the maxilla and the mandible.  The largest increases in IOD in both Damon 

and Conventionally treated groups were seen in the premolar region. The Damon treated 

cases showed the largest increases at the maxillary PM1 (average of 3.26 mm increase), 

and the mandibular PM2 (average of 3.27 mm increase).  Both Damon arches showed the 

least increase at the M1 non-functional cusp measurement (M1-IOD), (.45 mm in the 

maxilla) and (.15 mm in the mandible).  However, when measured at the M1-ICF rather 

than M1-IOD a statistically significant increase in dental arch width was noted in both 

arches (.85 mm in the maxilla, .66 mm in the mandible).  Similar results were expected 

when measuring the arch width in either the IOD or ICF dimensions, however, this was 

not the case in this study, and a similar finding occurred in Dr. Askari’s research.  An 

increase at M1-IOD of .45 mm was not significant, while an increase at the M1-ICF of 

.85 mm was found to be statistically significant.  Similarly in the mandible an increase at 

the M1-IOD of  .15 mm was not significant, while an increase of .66 mm at the M1-ICF 

was statistically significant.  Although these changes are statistically significant, 

clinically they are likely not large enough to impact treatment, and could be due to either 

measurement error or dental tipping of these teeth.   
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 In Conventionally treated cases, a statistically significant increase in IOD was 

achieved in the both arches for the PM1 and PM2, the maxillary M1-ICF (average 

increase of 1.14 mm), and the mandibular K9 approached significance (average increase 

of 1.03 mm).  Similar to Damon treated cases, the largest increase in IOD was seen in the 

premolar region, with the maxillary PM1 showing the greatest increase (average of 3.36 

mm), and the mandibular PM2 showing the greatest increase (average of 3.14 mm).  

 Interestingly, while the smallest increase in IOD with Damon treatment was seen 

in the maxillary M1-IOD measurements, the smallest increase in IOD in the 

Conventionally treated maxilla was seen at the K9 (average of only .12 mm increase).  

Dr. Askari’s study also found that the smallest increase in IOD of the Conventional 

maxilla was at the K9, with an average of only .5 mm increase. The mandible followed a 

similar pattern to Damon with the smallest increase in both treatment modalities 

occurring at the M1-IOD, (an average increase of only .15 mm with Damon and .21 mm 

with Conventional treatment).   

 As with Damon treatment, in Conventionally treated cases, the maxillary M1-ICF 

dimension change (1.14 mm) was found to be statistically significant while the IOD 

increase (.62 mm) was not found to be significant. This discrepancy of findings between 

measurement landmarks may again have been due to measurement error. 

 The findings of this study correlate well with previous research regarding arch 

width expansion in non-extraction cases.  Weinberg et al. found clinically significant 

inter-premolar expansion (1.6 mm at the first premolar, 1.8 mm at the second premolar) 

in the mandibles of non-extraction cases treated with conventional mechanics; the inter-

canine width and inter-molar widths were also found to increase (.9 mm inter-canine 
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width, 1.2 mm inter-molar width) (Weinberg, 1996). The present research showed 

slightly more inter-premolar expansion (2.75 mm at the first premolar, 3.14 mm at the 

second premolar) and inter-canine expansion (1.03 mm), and slightly less inter-molar 

expansion (.21 mm). Importantly, the trend of generalized increase of IOD for all teeth 

was corroborated in this study. Similarly, in the maxilla of non-extraction cases, Aksu et 

al. found increases in the inter-canine width (.85 mm) and inter-molar width (1.45 mm) 

(Aksu, 2005), while Meyer et al. found maxillary inter-premolar expansion (1.65 mm) 

(Meyer, 2014).  The present study found slightly less inter-canine expansion (.12 mm) 

and inter-molar expansion (.62 mm) and more inter-premolar expansion (3.24 mm).  

Again, the general trend of maxillary dental arch width expansion across all teeth in non-

extraction cases was confirmed by this study.    

Interapical Dimension: IAD 

 In order to differentiate between changes in arch width from dental tipping and 

bodily translation of teeth, an evaluation of the changes in the apical dimension of teeth 

must be made.  CBCTs allow for evaluation of changes in this dimension, as dental cast 

analysis and 2D imaging cannot.  

 The results of the inter-apical distance changes for Damon showed an overall 

trend that the IAD remained the same or decreased for all teeth, although none of the 

measurements reached statistical significance.  The Damon maxillary PM1 and M1 

increased slightly in this dimension, with the largest increase in IAD noted at the PM1 

(only .257 mm increase).  This very small increase is clinically negligible and can be 

considered no change in the IAD of these teeth.  The Damon maxillary K9 and PM2 both 

decreased in IAD with the largest decrease seen at the PM2 (average of -.68 mm).  A 

similar trend was noted in the mandible of Damon treated cases, with all of the teeth 
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decreasing in IAD, except for the K9, which increased significantly (average of 2.653 

mm).  The IAD of all Damon treated patients either, clinically remained the same or 

decreased, while there was an increase in IOD for these teeth, indicating that generally, 

the teeth were tipped buccally rather than moved bodily.  The mandibular canine had a 

statistically significant increase in IAD and IOD, indicating that in Damon treated cases, 

there may be bodily movement of the K9 rather than dental tipping.   

 For Conventionally treated cases, the maxilla showed varied results in the IAD.  

The K9 and PM2 showed expansion of the IAD, with the most expansion seen at the 

PM2 (.833 mm).  The PM1 and M1 showed a decrease in IAD with the largest change 

noted in the PM1 (-.665 average decrease).  None of these measurements reached 

statistical significance.  In the mandible a trend similar to that seen with Damon treatment 

was noted, a slight increase in IAD of the canine (.233 mm) and decrease in all other 

teeth (PM1, PM2, and M1), with the second premolar showing the largest decrease (-.972 

mm).  None of these measurements reached statistical significance.  The results indicate 

that Conventional treatment shows a varied response, with some teeth (maxillary K9 and 

PM2, and mandibular K9), displaying more bodily movement as both the IAD and IOD 

increased during treatment, and all other teeth (maxillary: PM1, M1 and mandibular: 

PM1, PM2, M1) showing more dental tipping.  

Arch Length 

 The arch length increased for both the maxilla and mandible of both the 

Conventional (maxilla: 1.58 mm, mandible: 2.218 mm) and Damon treatment groups 

(maxilla: .23 mm, mandible 2.169 mm).  For the Conventional group, these increases 

were significant for both arches, whereas in the Damon treatment group only the 

mandibular increase was significant.  The differing increases in arch length in the maxilla 
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between to two treatment groups can be explained by the fact that the Conventional group 

experienced the least arch expansion in the IOD in the canine (.12 mm), whereas the 

Damon group experienced statistically significant expansion in the canine region (1.75 

mm).  The Conventionally treated group may have experienced more arch length 

expansion as compensation for less transverse expansion in the canine region, leading to 

a significant increase in the A-P dimension.  Additionally, no evaluation was made of 

whether molar distalization occurred in this study, this would also account for an increase 

in arch length without leading to incisor proclination.  Future studies might additionally 

evaluate incisal inclination and molar distalization to determine the manner in which arch 

length increases occurred.  

 The A-P and transverse findings corroborate the results of a study completed by 

Tao et. al., in which the Damon system was compared to Conventional mechanics in 

patients displaying a minimum of 5 mm of crowding treated through non-extraction 

protocols. The study showed that crowding was resolved in both treatment groups mostly 

through inter-premolar expansion and arch length increases (Tao, 2008), findings similar 

to those of the present study.  Similarly, Tang et al. showed significantly more forward 

movement of the lower lip in non-extraction Damon cases (3.4 mm in non-extraction 

cases) than patients who underwent extraction treatment (1.6 mm in extraction cases) 

(Tang, 2008).  This indicates that the arch perimeter increases in the Tang study were 

also achieved through mandibular A-P expansion, as the results of this research similarly 

indicate.  
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Damon vs. Conventional: 
 Changes in both dental and skeletal arch width and arch length measurements 

throughout treatment were then compared between treatment groups.  This was done to 

determine if significant differences existed between the two treatment modalities.   

Interocclusal dimension: IOD 

 

 The results of this study showed that there was no statistically significant 

difference between Damon and Conventional treatment in IOD.  Only the IOD increase at 

maxillary K9 approached significance (Conventional group increased only .12 mm, 

Damon group increasing 1.75 mm). This finding was previously discussed as a possible 

explanation for why less arch length expansion occurred in the maxilla of the Damon 

treatment group.  

 When all of the teeth were combined (Table 7), little difference was found in total 

dental arch width change between the two treatment modalities in either the maxilla or 

the mandible. The Conventional group experienced 2 mm overall increase in the maxilla 

and the Damon group experienced 1.98 mm increase.  In the mandible, the Conventional 

group experienced an overall increase of 1.78 mm, the Damon group 1.79 mm increase.   

  Overall arch expansion (IOD) 

  Damon Conventional Ratio Damon/Conventional total IOD all teeth 

Maxilla 1.98 2 0.99 

Mandible 1.79 1.78 1.01 

Table 7: Comparison of the overall arch expansion during treatment in the Damon group 

and Conventionally treated cases  

 

The ratio of Damon total IOD increase/Conventional total IOD increase for all teeth 

approached 1 for both the maxilla and the mandible, indicating that a similar amount of 

expansion was seen with Damon and Conventional treatment in both jaws.  These 
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findings counter the claim of proponents of the Damon philosophy that posterior 

transverse expansion occurs without intercanine increase with this appliance system 

beyond that seen with conventional treatment mechanics. This claim cannot be supported 

by this study.   

Interapical Dimension: IAD 

 
 When looking at the IAD, Damon cases demonstrated a trend of decreasing or no 

change in IAD, while increasing in IOD for all teeth while Conventionally treated cases 

showed varied responses.  For the maxillary PM2, this approached significance with the 

largest decrease in IAD occurring at the PM2 of Damon cases (-.68 mm change), and the 

largest increase in IAD of Conventionally treated cases (.83 mm change).  These findings 

indicate that overall the teeth were tipped laterally with Damon treatment and varied 

between translation and tipping with Conventional mechanics.  The mandibular canine is 

the only exception to this trend with significantly more expansion of the IAD seen in 

Damon cases than Conventional cases (Conventional: .23 mm expansion, Damon: 2.65 

mm expansion).  This significant relationship indicates that the mandibular canine in 

Damon cases may move through translation because both the IOD and IAD increased.  

  Perhaps the bodily movement exhibited in this study by the Damon treated 

mandibular canines makes inter-canine expansion more stable than simple dental tipping 

but this has yet to be confirmed through research. Studies have shown that regardless of 

original malocclusion or treatment modality used, the mandibular intercanine width 

increases through orthodontic treatment by 0.8-2 mm, and decreases in the retention 

period by 1.2- 1.9 mm (Burke, 1998).  Orthodontists often use this evidence to support 

the treatment goal of maintaining the pre-treatment mandibular inter-canine width. No 
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studies could be found in the literature comparing the stability of expanding the 

mandibular inter-canine width through bodily movement vs. dental tipping. 

 Only one study investigating the stability of Damon treatment vs. Conventional 

treatment in retention could be found in the literature.  This 2017 study by Ab Rahman et 

al., evaluated arch width and length changes in the mandible after 6 months of retention 

in cases of mild-moderate crowding treated with either Damon brackets or Conventional 

brackets.  It was found that incisor irregularity increased and inter-premolar arch width 

decreased in both groups.  The Conventionally treated group also experienced a decrease 

in arch length of .89 mm while the Damon group did not, although the authors report that 

this arch length decrease may not be clinically significant (Ab Rahman, 2017).  The 

author felt that there was not a significant difference between the stability of cases treated 

with Damon vs. Conventional brackets although more studies on this subject are 

necessary (Ab Rahman, 2017).  Thus, although the mandibular canine seems to translate 

buccally during orthodontic treatment, this may not increase the long-term stability of 

Damon treatment over Conventional treatment.  

  Evaluating the ratio of IOD/IAD is one method of determining whether the teeth 

moved by dental tipping or bodily movement. When IOD changes (crown level changes) 

are compared to IAD changes (root level changes), the method of tooth movement can be 

evaluated. A negative ratio indicates that the teeth tipped either buccally or lingually.  A 

high positive ratio indicates that tipping occurred with the crown tipping buccally more 

than the apex.  A positive ratio of 1, or approaching 1, indicates that equal, or similar, 

crown and root movement occurred and the tooth moved bodily either buccally or 

lingually.   
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Maxilla: Ratio of crown to root movement 

  Damon   Conventional 

Teeth IOD IAD IOD/IAD  IOD IAD IOD/IAD 

K9 1.75 -0.58 -3.02   0.12 0.46 0.26 

PM1 3.26 0.26 12.54   3.36 -0.67 -5.02 

PM2 2.46 -0.68 -3.62   3.12 0.83 3.76 

M1 0.45 0.06 7.5   0.62 -0.63 -0.98 

Table 8: Ratio of maxillary changes in crown to root movement in the Damon and 

Conventional treated cases 

*Red: Ratio indicates that the teeth moved by translation 

Blue: Ratio indicates that the teeth tipped buccally 

 

 In the maxilla (Table 8), with Damon treatment, none of the ratios approach 1 and 

the values for the PM1 and M1 are high.  Because the IOD increased for all teeth and the 

IAD either decreased or remained about the same, overall these teeth tipped buccally. 

The very high positive values for the PM1 and M1 indicate that significant dental tipping 

occurred for these teeth.  With Conventional treatment a mixture of movement types was 

seen.  The ratio for the K9 and PM2 approach 1 indicating that these teeth moved in a 

bodily fashion.  The negative ratios for the PM1 and M1 indicate dental tipping of these 

teeth.  

Mandible: Ratio of crown to root movement 

  Damon   Conventional 

Teeth IOD IAD IOD/IAD  IOD IAD IOD/IAD 

K9 1.11 2.65 0.42   1.03 0.23 4.48 

PM1 2.62 -0.09 -29.11   2.75 -0.62 -4.44 

PM2 3.27 -0.02 -163.5   3.14 -0.97 -3.24 

M1 0.15 -0.71 -0.21   0.21 -0.67 -0.31 

Table 9: Ratio of mandibular changes in crown to root movement in the Damon and 

Conventional treated cases 

*Red: Ratio indicates that the teeth moved by translation 

Blue: Ratio indicates that the teeth tipped buccally 
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 In the mandible (Table 9), the Damon PM1, PM2, and M1 show a negative ratio, 

with very large negative ratios seen for the PM1 and PM2.  This indicates that tipping 

occurred for these teeth with a lot of tipping in the premolar region.  The mandibular K9 

ratio approaches 1 indicating that this tooth moved through translation.  The 

Conventionally treated mandible shows a similar pattern with the PM1, PM2 and M1 all 

displaying negative ratios indicating tipping and the K9 ratio approaches 1 showing that 

this tooth also likely moved bodily with some buccal crown and root movement.   

 Overall, the mandibular K9 was the only tooth in the Damon treatment group that 

moved in a bodily fashion.  One possible explanation for this is differential torque 

selection with the Damon appliance.  The Conventional practice selected for this study 

uses a torque prescription of 0° for all cases, while the Damon practice varies the torque 

selection for maxillary and mandibular canine-to-canine brackets based on that particular 

case.  For mandibular canines, Damon brackets are manufactured with the options of low 

torque: 0°, standard torque: +7°, and high torque: +13°. The selection of a high torque 

mandibular canine bracket would tend to increase the IOD and ideally translate the roots 

of these teeth laterally simultaneously. This may enhance the bodily movement of this 

tooth and explain why this tooth movement varied from all other teeth in the Damon 

treatment group. Thus, this study cannot prove that bodily movement of the teeth occurs 

with Damon treatment as is claimed, except for the mandibular canine, which shows a 

tendency for translation.   

Arch Length 

 
 The arch length change in the maxilla approached significance (Conventional 

treatment increased 1.58 mm, Damon treatment increased .24 mm) while the mandibular 
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arch length changes between treatment modalities was not significant. Because the 

smallest increases in maxillary IOD were seen at the canine (only .12 mm), perhaps 

excess A-P expansion occurred as a side effect.  The Damon treatment group conversely 

experienced, significant transverse expansion at the maxillary K9 (1.75 mm), which 

coupled with transverse expansion of the posterior teeth, may have led to less of an 

increase in arch length. Damon and Conventionally treated cases experienced similar 

expansion of the K9, PMs, and M1 in the mandible and thus, did not experience 

statistically significant differences in arch length.   

Interbuccal/Interlingual Alveolar Cortical Dimension: IBACD/ILACD 

 
 Evaluation of the skeletal arch width changes can be completed through 

measurement of changes in the buccal and lingual cortical plates, measured in this study 

as IBACD and ILACD.  This measurement will be used to evaluate if apposition of bone 

occurs causing the skeletal arch width to increase.  

 A 2016 showed that some apposition of buccal bone is possible when translating 

posterior teeth, about 0.5 mm was recorded at the maxillary premolar (Capps, 2016). 

Importantly, patients who initially had larger amounts of buccal bone (including both 

trabecular and cortical bone) experienced less buccal bone apposition because there was a 

larger distance the tooth would travel prior to contacting the buccal cortical bone (Capps, 

2016). These findings indicate that IBACD expansion, if possible, is dependent upon on 

the initial amount of trabecular bone between the tooth and the cortical bone. Conversely, 

Cattaneo et al. compared changes seen with Damon brackets to active self-ligation 

brackets on CBCT and found what the authors considered to be clinically insignificant 
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boney apposition occurred in most cases (some cases, however, showed between .5 - ≤.7 

mm apposition), countering the claim of Damon proponents (Cattaneo, 2011).  

 When looking at the IBACD, a general trend of expansion or clinically 

insignificant change was noted for both treatment groups in both jaws, except for the 

maxillary and mandibular K9s. The only statistically significant difference for IBACD 

was seen at the maxillary M1, with the Damon treated maxillary M1 decreasing a 

clinically insignificant amount (-.06 mm) and increasing with Conventional treatment 

(1.07 mm).  This finding was statistically significant and follows the general trend that 

the IBACD increased or did not change for most teeth.  Additionally, the mandibular 

PM2 approached significance with 2.15 mm IBACD expansion in the Damon group, and 

1.29 mm expansion in the Conventional group, indicating that a larger amount of IBACD 

expansion occurred with the Damon group for this tooth.   

 Exceptions to the trend of IBACD expansion were seen with the Conventionally 

treated maxillary K9 (-.21 mm) and both groups for the mandibular canine (-9.85 mm 

Damon group, -10.01 mm Conventional group) with a decrease in IBACD.  While nearly 

10 mm IBACD change in the mandibular canine is likely not an accurate measurement, a 

decrease in IBACD was similarly noted in Dr. Askari’s study.   

 This measurement error can be attributed to partial volume averaging; an effect, 

which occurs in CBCT imaging when a voxel, lies on two structures of varying densities.  

The resulting voxel will be the average density between the two structures rather than the 

density of either original structure (Capps, 2016).  This causes bone height and thickness 

to be underestimated, making it appear that bone loss exists when there is none (Capps, 

2016).  In this study, the IBACD and ILACD measurements were made at the junction of 
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the tooth and the crest of the alveolar bone, predisposing these measurements to partial 

volume averaging.  Thus, although 10 mm decrease in IBACD is probably an 

overestimate, some amount of IBACD decrease most likely did occur.   

 The Conventional maxillary K9, and both Damon and Conventional mandibular 

K9s, showed a pattern of bodily movement based on the IOD/IAD ratios.  It is possible 

that this slight decrease in IBACD dimension occurred because as these teeth were 

translating laterally they quickly came into contact with the denser buccal cortical bone, 

which prevented further lateral movement of the teeth.  Jin et al. found that the buccal 

alveolar bone overlying the maxillary K9 and PM1 was thinner (> 2 mm) than at the 

second premolar (<2 mm) (Jin, 2012), indicating that less lateral movement would be 

possible in the K9 region prior to encountering the buccal cortical plate.  Thus, the 

apposition of buccal bone during translation, which was seen in the Capps study was not 

corroborated by this research and this study supports the view of Cattaneo that little 

boney apposition occurs during translation.  The Conventional group maxillary premolar 

also displayed a pattern of translation but did not show this decrease in IBACD.  Perhaps 

due to an initially thicker amount of overlaying buccal bone in this region, more lateral 

buccal movement was possible prior to contact with the buccal cortical plate.    

 The ILACD also tended to increase or change very little for all teeth.  

The lingual cortical plate of the mandibular PM2 (2.01 mm Damon, 1.12 mm 

Convetional) and combined PMs (1.89 mm Damon, 1.19 mm Conventional) approached 

significance with more expansion noted in Damon cases, although not statistically 

significant.  This expansion followed the general trend of ILACD expansion or clinically 

insignificant change for all teeth regardless of treatment group.  The fact that the lingual 
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alveolar bone expanded in cases where the teeth moved through lateral tipping can be 

attributed to bending of the alveolar bone.  Alveolar bone crest bending has been seen in 

humans with forces less than 50 g (Grimm, 1972). Additionally, alveolar bone bending 

can account for from .6 to 25% of tooth movement (Grimm, 1972). Because the 

IOD/IAD ratio showed dental tipping with the Damon appliance, movement of the 

lingual cortical plate is likely due to lateral bending of the alveolar process rather than 

true translation of the bone.  In future studies, changes in buccal and lingual alveolar 

bone might be better evaluated through a more detailed measurement of the change in the 

thickness of bone between the tooth and the cortical plate rather than a broader trans-arch 

measurement.  This would better account for bending of the alveolus which might occur.  

Additionally, making the measurement below the junction of the alveolar crest and tooth 

minimize the effect of partial volume averaging.  

Angulation 

 
 The angulation of the teeth in relation to immobile skeletal structures was 

measured to evaluate whether the teeth were tipped in the alveolus or moved bodily.  This 

measurement method is likely not as accurate as comparison of IOD/IAD for evaluation 

of this relationship, especially in the canine and premolar region where the CBCT image 

often needed to be rotated along the long axis of the tooth to properly view both the cusp 

tip and apex simultaneously because to the natural mesio-distal inclination of these teeth.  

Capps et al. studied whether boney apposition occurred in teeth, which were moved 

through translation. This research showed that even if the force system is specifically 

designed to move a tooth solely through translation significant angulation change still 

occurs when moving teeth, with approximately 2.2° of change in the experimental 
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premolar (range was 1.0° – 5.4°). Thus, statistically significant change in angulation was 

shown to occur even when the primary method of tooth movement was proven to be 

translation (Capps, 2016).  For those reasons, evaluation of angulation change on CBCT 

may not reliably evaluate whether a tooth moved through tipping or translation.   

 For the maxillary teeth, the angulation of all the teeth in both treatment groups 

was found to increase. The maxillary K9 approached significance (Conventional 4.06° 

increase, Damon, 9.88° increase).  The average pretreatment maxillary canine angulation 

in the Conventional group (116.98°) was larger than that in the Damon group (114.72°), 

but post-alignment, the Damon canine angulation (124.60°) increased to be larger than 

the Conventional group (121.04°).  This change in angulation may have been due to the 

differential torque selection between the two treatment groups.  The Damon high torque 

canine bracket prescription is +11°, while the Conventional practice uses an MBT bracket 

with 0° torque.  This torque differential would lead to the significant angulation change 

seen in the Damon group vs. the Conventional group. This finding also parallels the 

IOD/IAD results for the maxillary K9, which indicated tipping of this tooth with the 

Damon system and a smaller angulation change with Conventional mechanics, and 

translation.  The angulation change seen in the Conventional maxillary K9 was within the 

range seen in the Capps study for a tooth that had primarily moved through translation.   

 In the mandible a varied response was seen between the two treatment groups 

with no clear pattern.  The mandibular M1 had a significantly different angulation 

between treatment modalities with the Damon M1 decreasing in angulation (-.45° 

decrease) and Conventional M1 showing an increase in angulation (2.87° increase).  The 

two teeth had similar angulations in the pretreatment period (166.92° in the Damon 
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group, and 166.63° in the Conventional group).  Post-alignment, the Damon group 

showed little change (166.47°), while the Conventional group increased in angulation 

(169.51°).  This difference may have again been due to the different torque prescriptions 

between the two bracket systems.  The Damon mandibular first molar prescription is -28° 

while the MBT prescription for the mandibular first molar is -20°.  Perhaps this torque 

differential aided the Damon treatment group in achieving less angulation change than 

was seen with Conventional treatment by resisting the tendency for buccal tipping.  The 

mandibular K9 approached significance with the Damon group experiencing an 

angulation increase (3.52° increase) and the Conventional group experiencing an 

angulation decrease (-4.28° decrease).  The pretreatment mandibular canine in the 

Conventional group showed a larger average canine angulation (151.58°) than the Damon 

group (147.16°). Post-alignment the Conventional group showed a more upright canine 

position (147.30°) than the Damon group (150.68°). Again, this may have been because 

of the torque differences between the two treatment modalities.  The selection of a high 

torque Damon bracket for the mandibular canine would have a prescription of +13° 

leading to an increase in the angulation of this tooth, whereas the use of a 0° torque 

bracket by the Conventional practice may have led to uprighting of this tooth. 

 Thus, changes in angulation of teeth are sensitive to the pre-treatment angulation 

of the teeth and the bracket prescription.  However, angulation changes may not be an 

accurate method for deciphering between dental tipping and bodily movement of the 

teeth.  Comparison of the IOD/IAD ratio is likely a more accurate measurement of 

tipping versus translation of the dentition because these are linear measurements rather 

than angular measurements.  Angular measurements on CBCT have an added level of 
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measurement error when compared to 2D imagining due to the introduction of another 

plane of space, the medio-lateral dimension (Damstra, 2011).  Due to the varied dental 

response in angulation change, especially in the mandible, angular measurements will not 

be used in this study to evaluate whether Damon and Conventional teeth moved through 

tipping or translation.   
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CONCLUSIONS:  

1. IOD: Both Damon and Conventional appliances increased the IOD of all teeth, 

with the largest increases in both groups seen in the premolar region. Similar 

amounts of overall transverse expansion were shown in both treatment groups. 

The claim of increased posterior transverse expansion without intercanine 

expansion with the Damon appliance beyond the limits of Conventional 

mechanics cannot be proven with this study.   

2. IAD: Damon cases tended to decrease or experience no change in IAD while 

increasing in IOD, indicating more tipping of Damon teeth laterally.  

Conventional cases showed a varied response with some teeth tipping (maxillary 

PM1, M1 and mandibular PM1, PM2, M1) and some teeth translating (maxillary 

K9, PM2 and mandibular K9). The Damon treated mandibular canine increased in 

IOD and IAD, displaying bodily movement.  This study cannot prove that bodily 

movement of the teeth occurs with Damon treatment as is claimed, except 

possibly for the mandibular canine.   

3. Arch length: The arch length increased in the maxilla and mandible in both 

treatment groups with the Damon treated maxilla showed less arch length increase 

than the Conventional maxilla. The Damon claim of resolving crowding without 

increasing the A-P dimension cannot be supported by this study.   

4. IBACD/ILACD:  The Conventional maxillary K9 and mandibular K9s for both 

treatment groups moved through translation but showed a decrease in IBACD.  

Apposition of buccal bone in cases of translation could not be corroborated by 

this study.  Both IBACD and ILACD increased for all other teeth indicating the 

some bone bending occurred during tipping.   
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5. Angulation: The maxillary angulation increased for all teeth in both treatment 

groups and the mandible showed a varied response between teeth and treatment 

groups.  Changes in angulation were sensitive to both pre-treatment tooth 

angulation and the prescription of the bracket system used and thus will not be 

used in this study to evaluate the method of tooth movement.  

 

Future direction/Study Limitations:  

 

This research was limited in that it was repeat study of a previously conducted pilot 

study.  Currently much more routine use of CBCT during diagnostic record taking in 

Orthodontic practices enabled this study to significantly improve the sample size and also 

follow the protocol for archwire sequence suggested for used with Damon brackets.  For 

those reasons, this study is a scientifically improved examination of dental and skeletal 

changes, which occur with Damon and Conventional brackets during orthodontic 

treatment.  However, the measurement methods employed in this study could be changed 

to provide even more information.  Future studies might include an analysis of incisor 

inclination to determine if arch length changes were due to molar distalization or incisor 

proclination.  Additionally, a more detailed analysis of the tooth movement in relation to 

the cortical bone would be an improved method of determining if boney apposition 

occurs with Damon treatment.  The current method for IBACD/ILACD measurement 

may provide a broad view of inter-arch skeletal changes but a more detailed view is 

likely more accurate for assessment of apposition which the literature suggests would 

occur as fractions of a millimeter change.  Evaluating for dehissance and fenestration 

during treatment may also aid practitioners in knowing if arch expansion with either 

treatment modality exceeds the limitations of the alveolar bone.  Compromising the 
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periodontal health of patients would be a reason to pursue extraction over non-extraction 

treatment in borderline cases.  Lastly, angulation measures do not seem to be an accurate 

method of determining if translation or tipping was the predominant method of tooth 

movement.  Other methods of evaluation for tipping and translation may provide more 

insight.  
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