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EVALUATION OF SHORT-TERM STABILITY WITHOUT RETENTION:
A PILOT STUDY
Abstract
by

NADIA CHRISTIANE LYOTARD

Introduction: The purpose of this descriptive study was
to evaluate the short-term stability of orthodontic
treatment without retention. Methods: Thirty consenting

patients participated in this study. At the end of active

treatment (T:), the final archwires were removed, leaving
the fixed appliances on, and a set of alginate
impressions were taken. Four weeks later (T;), a second
set of alginate impressions were taken. A clinical

examination performed at T, determined if the final
archwires were replaced or the fixed appliances removed.
Based on the results of this examination, patients were
divided into two groups. Group I (n=13) had the fixed
appliances removed while group II (n=17) reguired
additional treatment. The ABO-0SG scores as well as the

following six variables were measured on plaster casts at
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Ty and Tz: maxillary and mandibular incisor irregularity,
overbite, overjet, mandibular intercanine and intermolar
widths. These data were analyzed to detect potential
changes form T; to T; and differences between the groups.
Results: Mandibular incisor irregularity, overjet, and
interproximal contacts worsened for the sample as a whole
while marginal ridges, occlusal contacts, and total ABO
scores improved. No statistically significant changes
were found within group I from T, to Ty. Mandibular
incisor irregularity, overbite, overijet,
alignment/rotations, and interproximal contacts worsened
within group II from P, to T, while marginal ridges and
occlusal contacts improved during the same time frame.
Significant differences were noted in
alignment/rotations, interproximal contacts, and
mandibular intercanine width between the groups.
Conclusion: In this sample, allowing one month of
settling at the end of active treatment improved the
occlusion but negatively impacted dental alignment and

interproximal contacts.
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INTRODUCTION

One of the greatest challenges in orthodontics is to
achieve long-term stability. Since the origin of the
profession, every orthodontist has experienced the
frustration of orthodontic relapse. In an attempt to
prevent or minimize relapse, clinicians have developed
many philosophies and retention strategies. However, most
of these are based on personal experience with little
objective data to support them. Sound evidence upon which
practitioners can base their retention protocols is now
necessary. As a starting point, it is essential to
determine if the need for retainers is real and if their
use is truly beneficial for all patients.

The purpose of this study is to establish the need
for retention by evaluating the short-term relapse
without retention. Once the level of need for retention
is determined, other studies comparing appliances and

protocols may be opened.



REVIEW OF THE LITERATURE

Historical Perspective on Retention

The origins of orthodontics‘ can be traced in
medicine as far back as the first millennium. Although
malocclusion, impacted and supernumerary teeth were
documented in the prehistoric man (Weinberger 1926), the
earliest known literature pertaining to the teeth is
found in the writings of Hippocrates (460-377 B.C.},
founder of Greek medicine. Hippocrates was the first to
systematically describe the formation of the teeth,
patterns of eruption, function, and different ailments
that could affect the dentition. The first reference to
an orthodontic treatment was made years later by Aurelius
Celsus (25 B.C. - 50 A.D.), a Roman writer. Celsus
recommended the daily application of finger pressure to a
malposed tooth until it arrived at its correct position.
Cajus Plinius, encyclopedic writer contemporary of
Celsus, was the first to advocate a mechanical treatment
which consisted of filing the teeth to resolve dental

irregularities (Weinberger 1926) .



Knowledge of the stomatologic system continued to
develop over the centuries but much of early dentistry
was focused on issues such as toothache, periodontal
disease, and premature loss of teeth. It was not until
Pierre Fauchard described the precursor of the expansion
arch in 1793 (Weinberger 1926} that orthodontics began
its evolution to become the specialty as we know it
today.

Although the treatment of malocclusion has been
advocated for several hundred years, relapse and the use
of a retention device was not addressed until the early
1800s. J.M. Alexis Schange was the first to write about
the need for a period of stabilization after treatment.
Acco;ding to him, “it would be wrong to think that once
the teeth are brought back to normal position, the whole
treatment is completed” (Weinberger 1926). He further
added that:

"They must be kept in the place assigned to them,

for a long time after treatment, in order that they

may acquire the proper firmness, especially if the
treatment has progressed for a considerable length

of time” (Weinberger 1926).

For this purpose, he used “a rubber band attached to

some hooks on the appliance surrounding the molars”



(Weinberger 1926). Strange’s appliance is the first
officially documented retainer.

In the following years, the difficulty of achieving
long-term stability was a challenge for all
orthodontists. For Kingsley, who is considered the father
of modern orthodontics, it was not difficult to achieve a
good occlusion “... but to hold the [dental system] until
it becomes permanently settled [wasf a much more serious
problem” (Kingsley 1880). For him, the success of
orthodontics lay in the retainer and he recommended the
use of it until reasonable expectation of permanence
could be met. His answer to the question “how long would
that be?” was “I am an agnostic, I do not know”
{(Weinberger 1926). This comment reflects the confusion
and lack of scientific knowledge that existed about
retention.

‘Although most pioneers in orthodontics had different
opinions regarding the means and duration necessary for
retention, they all stressed its importance. For Angell,
“it [was] of course unnecessary to say that, after the
teeth are brought into their proper place, a retaining
prlate must be made~ (Weinberger 1926). Diverse retention

devices were used including appliances made of gutta-



percha, bandages surrounding the face to maintain the
teeth in contact, as well as vulcanite plates with gold
spurs. Angell and Woolworth utilized the appliances used
for active treatment as retainers (Weinberger 1926).

When it came to the duration of the retention
period, protocols were just as varied. Practitioners all
agreed that teeth should be held in position until the
supperting tissues had a chance to rearrange and
solidify. They Jjust did not agree on how long this
process would take. Spalding said that a single night was
sufficient while Kingsley recommended three to four
months, and others at least a year. Woolworth suggested
that his patients monitor the relapse tendency and wear
their retainers more often if necessary while Angell
recommended that the “plate should be laid aside very
gradually, continuing its use at night for a period of
many months_ after treatment ([was] brought to a close”
{(Weinberger 1926).

Another difference in opinion existed regarding the
tightness with which teeth shquld be retained. For Baker,
an ideal retainer had to have minimal contact with the
enamel of the teeth. This not only improved hygiene and

decreased the incidence of rampant decay, but also



provided the freedom that allowed settling of the teeth
in a proper occlusion. For others such as Angell, teeth
needed to be held immovable after treatment to allow
perfect filling of the alveclus around the roots.
According to him, if teeth were allowed to move backward
and forward, “Nature could not accomplish her work and
the teeth could not become firm~ (Weinberger 1926). This
philosophy was shared by Angle (1907) who thought that
allowing some movement would interfere with bone
deposition and would result in abnormal alveolar bone
formation.

The reigning confusion and poor scientific evidence
led to arbitrary retention protocols. This was expressed
by Hawley who wrote that the mistake had been to apply a
“guessed-at” solution to the unsolved and undetermined
problem of the instability of treated malocclusions. He
further added that:

“the length of the period for which any case
needs to be retained is admitted to be unknown
[and] we have been arbitrarily fixing that
time. We apply a fixed retention and at the end
of a certain period- one year, two years, or

longer as the case may be- we remove the
retention” (Hawley 1919),



Normal Physiologic Changes

When attempting to understand the etiology of
relapse, it is important to remember that part of the
post-treatment changes observed can be attributed to
normal physiology. The human dentition is indeed in a
dynamic state, constantly changing throughout 1life. As
stated by Horowitz and Hixon:

“The significant point is that orthodontic
therapy may temporarily alter the courcse of
these continuous changes and possibly, for a
time, even reverse them; however, following
mechanotherapy and the period of retention
restraint, developmental maturation process
resumes” (Horowitz 1969).

In a longitudinal study of untreated normal
occlusions, Sinclair (1983) found that crowding of the
lower incisors, area of most frequent post-treatment
change, was small but statistically significant from
thirteen to twenty vyears of age. He also noted that
mandibular incisor crowding was greater in females. In a
study of lower arch crowding in the third decade,
Richardson (1998) found similar results but emphasized
that changes observed over time were smalil and difficult

to detect clinically as opposed to the ones occurring

during adolescence.



Changes in arch length over a forty-five year span
were investigated by Bishara (1995) who observed an
increase in maxillary and mandibular arch length up to
thirteen and eight years of age, respectively. From
thirteen to forty-five, there was an average 5 mm
decrease in the mandibular arch length of both males and
females. This trend was also noted by Sinclair (1983) who
observed a decrease in arch length during the transition
from primary to permanent dentition and later as well.

Bondevik (1996} analyzed changes in arch width from
twenty-three to thirty-four. He found an increase in
maxillary and mandibular intermolar width in both sexes.
The maxillary intercanine width remained unchanged while
the mandibular intercanine width decreased in both males
and females. The results of this study may, however, need
to be relied on with caution due to the fact that the
sample included both treated and untreated subjects.
DeKock (1972} observed a somewhat different pattern. He
suggested that there was no significant change in arch
width in either arch for females between twelve and
twenty-six while a slight but statistically significant

increase in the width of both arches was noted in males.



Schools of Thought Regarding Orthodontic Stability

In an attempt to understand the causes of relapse,
four main schools of thought emerged starting in the late
1880s. For Norman Kingsley (1880), “the occlusion of the
teeth was the most potent Ffactor in determining the
stability in a new position.” The idea that a proper
occlusion was the key in long-term stability was shared
by many eminent orthodontists such as Edward Angle
{1507), Calvin Case (1920), and Milo Hellman (1944)
amongst others.

In 1922, Rogers introduced the idea that
establishing proper muscle balance was critical, not only
in rendering good treatment but also, in maintaining the
corrected malocclusion. According to him, the primary
etiology of a malocclusion was the absence of functional
activity during growth. Rogers saw no sense in correcting
a problem without first addressing' its cause and
developed specific muscle exercises to stimulate the
arrested development. These were prescribed as
preliminaries to mechanical treatment and, if performed
regularly, markedly improved the malocclusion (Rogers
1922). Webster (1948) and Brodie {1938) shared this

philosophy.
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Lundstrom (1925) formed a third school of thought
that considered the apical base as the key to long-term
stability. According to him, the alveolar process and the
position of the teeth were dependent on the form of the
apical base. Only when it was normal, was neormal
occlusion possible. He vehemently insisted on the fact
that a mere expansion of the arch itself would be
followed by relapse and that to reach stability, “the
orthodontic correction must include also the moving of
the whole region surrounding the apical base” {Lundstrom
1925). According to him, there were two possible means of
attaining such a result: the first by opening the mid-
palatal suture, the second by reconstructing the tissue
around the roots of the teeth that have been moved. This
concept, which drastically opposed Angle’s teachings, was
further developed by McCaulay (1944), Strang (1952), and
Nance (1947) who emphasized the importance of maintaining
the original intercanine and intermolar widths.

In the 1940s, Tweed introduced another theory by
advocating that the mandibular incisors must be upright
over the basal bone for optimal stability and esthetics.
He had been practicing for many years following the

philosophy of a full complement of teeth when he decided
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to recall most of his patients to evaluate the long-term
effects of his treatment. To his stupefaction, he found
that only 20% of his recalled patients could be
classified as “successes”. Tweed noticed that this group
of patients showed much more pleasing facial appearances.
He carefully examined their mouths and faces and came to
the conclusion that
“failures in treatment were caused by failure
to correct all perverted axial inclinations and
Lo establish normal relationship of the teeth
to their respective bones” (Tweed 1944).

This conclusion was supported by findings from
Brodie and Margolis who respectively found that basal
bone cannot be grown and that the normal angular
variation of the mandibular incisors to the  mandibular
plane ranges from 85-93° (Tweed, 1994).

Over the last century, many factors such as
treatment modalities, preservation of original mandibular
intercanine width, influence of gingival tissues, and the
role of third molars were extensively investigated as

possible causes for relapse.

Treatment Modalities

The debate of extraction versus non-extraction

treatment has been ongoing since Edward Angle (1807)
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recommended that orthodontic treatment preserve a full
complement of teeth. Researchers have since compared the
stability of extraction and non-extraction treatment and
the stability of different timing and extraction
patterns. Little (1988) examined a sample of twenty-six
patients treated non-extraction and revealed an average
irregularity index of 6.06 mm at least six vyears
postretention. It is important to note that this sample’s
irregularity index at the end of treatment ranged from
0.86 mm to 4.15 mm. Glenn and associates (1987) observed
a somewhat different pattern in a sample of twenty-eight
patients treated non-extraction. Eight years
postretention, the irregularity index was 1.2 mm. Only 4%
of the patients showed severe relapse with an
irregularity index in excess of 6 mm. The overjet,
overbite, and intermolar width showed no significant
differences between the end of treatment and retention.
Similar observations were made by Sadwosky (1994) who
noted a maxillary and mandibular irregularity of 1.1 mm
and 1.4 mm respectively in a sample of patients evaluated
at least five years postretention. The postretention
stability of overjet, overbite, and intermolar width was

also noted by Dugoni et al. (1995) who analyzed a group
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of patients whose only treatment had been a passive lower
lingual holding arch. The initial average irregularity of
7.81 mm was corrected by maximizing the use of the leeway
space and 76% showed clinically acceptable alignment nine
years postretention. The stability of non-extraction
treatment combined with palatal expansion wasg
investigated by Moussa et al. (1995) who found 1.5 mm and
1.4 mm of postretention crowding in the maxilla .and
mandible respectively. Similar results were reported by
Azizi and associates (1999) who evaluated long-term
stability of mandibular incisors after palatal expansion.

Several studies have looked at the long-term
stability of different extraction patterns. Riedel et al.
(1998) suggested that extraction of one or two mandibular
incisors might provide enough space to relieve crowding
while maintaining the initial arch width. Using dental
casts and cephalometric radiographs, they evaluated the
long-term stability of mandibular inecisor extraction. In
these cases, the mandibular intercanine width was
maintained or constricted during treatment. However, ten
years postretention, 29% of patients with one incisor
extracted, and 56% of patients with two incisors

extracted had unacceptable incisor alignment. Although
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the incidence of relapse in this study appeared to be
high, Little et al., (1981) observed that 70% of a sample
treated with the extraction of four first premolars
showed unacceptable incisor irregularity ten years
postretention. In a follow-up study, Little et al. (1988)
showed that twenty vyears postretention, only 10% of the
patients had acceptable incisor alignment. Although
additional studies are necessary to compare the stability
of different extraction patterns, it appears that the
extraction of one or two incisors, in carefully selected
cases, may yield to a more stable result.

With the hope of bringing some unbiased evidence to
the extraction non-extraction debate, Paquette et al.
(1992) compared skeletal, dental, and soft tissue changes
in a sample of class II patients who could be treated
with or without extraction equally well. Although several
significant differences were apparent after treatment,
namely the protrusion of the dentition and the convexity
of the profile, the posttreatment changes observed were,
on average, identical in both groups. Both intercanine
and intermolar width changes were small and consistent
with the normal physiology of aging described by Sinclair

and Little (1983) . Seventy-three percent of the
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extraction and 57% of the non-extraction groups showed
less than 3.5 mm of incisor irregularity. According to
the a;thors, posttreatment changes were dentoalveolar
compensations for a differential maxillomandibular growth
pattern. This similarity in postretention change was also
observed by Luppanapornlarp and Johnston {(1993) who
compared the long-term stability of extraction wversus
non-extraction treatment in “clear-cut” patients.
Although the debate is still ongoing, it does not appear
that the stability of extraction treatment is superior to
non-extraction treatment and vice versa. The important
thing is to devise a correct diagnosis so that patients
in need of extraction receive appropriate treatment.
McReynolds and Little (1991) tested the concept that
serial extraction decreases the need for retention by
lessening the development of mandibular incisor crowding.
They studied patients who had undergone serial extraction
of mandibular second premolars followed by orthodontic
treatment and compared them to patients for whom second
premolars were extracted in the permanent dentition. No
statistically significant difference in incisor
irregularity or intercanine width was found between the

two groups at least ten years pPostretention. Little et
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al. {1990) came to the same conclusion comparing
postretention changes in patients who were treated with
serial extraction versus late extraction of first
premolars. They reported that 73% of the patients showed
unsatisfactory postretention alignment. Haruki and Little
(1998) noted a somewhat different result when comparing
extraction of four first bicuspids during the mixed
versus permanent dentition. They reported a significant
difference in the mandibular irregularity index between
the groups at least ten vyears postretention and suggested
that this difference may be due to the anterior alignment
immediately following extraction instead of allowing
physiologic drift to occur after serial extraction.

The Mandibular Transverse Dimension

Non-extraction therapy inevitably results in
widening the arches in order to resolve the crowding.
This revives a heated controversy about the stability of
mandibular canine dimension. Indeed, there are some who
maintain that arch form is determined at an early age and
cannot, thereafter, be altered in a stable fashion.
Others argue

“..that a crowded or otherwise deformed arch

[does] not represent its true size or form and
that both might be altered by treatment and be
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expected to be stable if normal function were
established” (Walter 1953).

In 1953, Walter attempted to resolve this
controversy by studying the casts of thirty-four patients
before treatment, at the end of treatment, and an average
two and one half years postretention. He found that 95%
of maxillary and mandibular arch widths were permanently
increased by a mean of 3.3 mm and 2.45 mm respectively.
Walter, therefore, concluded that the statement that
dental arches cannot be permanently widened is incorrect.
Hig study, however, started with one hundred and two
subjects who did all have complete records at each of the
three time points. It is unclear if his conclusion was or
was not based on the whole sample. Furthermore, he did
not discuss any statistical analysis that might have been
used and reported no standard deviation or range for the
increase in arch widths that he observed. In 1962,
obviously not convinced by his previous results, Walter
narrowed down his focus on the study of intercanine and
intermolar widths in one hundred subjects. All patients
were treated with edgewise appliances and fifty of them
underwent  extraction. Initial, final, as well as

postretention records were available for all patients and
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the average postretention period was two vears and nine
months. He reported that 62% of extraction and non-
extraction patients had an average 2 mm and 1.4 mm
increase in intercanine width respectively. These results
confirmed his previous findings but again, no standard
deviation, range, or use of a statistical analysis was
reported.

Also questioning the stability of expansion and
frustrated that orthodontists followed “the beaten rath
of expansion and mechanical retention,” Strang (1946)
attempted to determine what caused permanent stability.
He began to study cases that could be called successful
for having been stable after years of freedom from
mechanical support. He found that the most significant
factor was that the initial and final intercanine and
intermolar widths showed little, 1if any, wvariation.
Strang attributed this to the position of mandibular
canines and first molars as the key to harmonious
muscular forces. He believed that balanced muscular
forces were preserved by maintaining the position of
these specific teeth. Strang later tested his hypothesis
in clinical practice for ‘“several years; by shaping the

archwires to preserve the initial arch width. No
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retention was provided at the end of Ereatment and
patients were recalled every six weeks Ffor observation.
The stability he observed 1led him to conclude that
muscular balance was inherent and unalterable in every
individual and that treatment should be aimed at
preserving it. Strang’'s view, although based solely on
his observations and clinical experience, is shared by
many. Housley (2003) studied twenty-nine patients treated
non-extraction with expanding mandibular lingual arches
and fixed edgewise appliances. He reported an average
1.52 mm increase in mandibular intercanine width during
treatment followed by a 0.80 mm decrease six vyears
postretention and concluded that the only way to maintain
an increase in the canine transverse dimension is fixed
retention. Some could rightfully dispute his conclusion
by arguing that a positive overall change at least sgix
years postretention does actually support the concept of
a stable increased mandibular canine dimension.

In an effort to sort the confusion resulting from
the variability of these different studies, Burke et al.
(1998) conducted a meta-analysis in an attempt to reach a
general conclusion on the alleged unalterable intercanine

width. Twenty-six studies, comprising a total of 1,233
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patients, met the inclusion criteria. The sample was
divided according to the original malocclusgion but the
results showed that all groups, regardless of treatment
modality or initial malocclusion, expanded during
treatment and constricted after. The net change ranged
from -0.59 mm te 0.46 mm. Because this net change was
found to be close to zero in 1,233 subjects, the authors
concluded that maintenance of the original intercanine
width in orthodontic treatment is necessary.

Influence of Gingival Tissues

As the structures supporting the teeth, alveolar
bone, periodontal as well as gingival fibers seemingly
have an important role in the stability oFE
orthodontically treated teeth. 1In 1984, Sharp et al.
examined for a relationship between root resorption and
loss of crestal alveolar bone with relapse. Their
hypothesis was that the subcrestal periodontium provides
stability for the tooth in opposition to the forces
responsible for relapse, and a reduction in its surface
area would result in an increased tendency for relapse.
The examination of thirty-six patients, divided in two
groups based on whether they showed 2 mm or more crowding

at least ten years postretention, revealed that root



21

resorption as well as crestal alveolar bone 1loss was
significantly higher in the group showing the most
relapse. Although these findings are interesting, the
small sample size and the fact that no end of treatment
records were available to determine the quality of the
finishes calls for further investigation before reaching
definite conclusions. Reitan (1959) approached the
question from a different perspective when he evaluated
the histologic changes associated with the orthodontic
rotation of teeth in dogs. Eleven teeth were rotated
fifty to seventy degrees over an eight to twelve week
period and retained from fifteen to two hundred and
thirty-two days. This experiment showed that the fibers
of the periodontal ligament in the apical two-thirds of
the roots were completely rearranged after one hundred
and forty-seven days. The fibers associated with the
cérqnal one-third of the roots and the gingival fibers,
however, showed only partial rearrangement after two
hundred and thirty-two days of retention. Reitan
concluded that the transection of the marginal region’s
stretched fibers can help in reaching occlusal stability
and recormended it in cases of extreme rotation. In the

early 1970s, Edwards (1988) invented the clrcumferential
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supracrestal fiberotomy (CSF) procedure that he later
tested in a study of three hundred and twenty
consecutively treated patients. They were recalled two to
three yearsr postretention and a difference of 2.03 mm
mean relapse in mandibular incisor crowding was noted
between the CSF and control groups. However, eight to ten
years later, this difference was only 1.36 mm. Edwards
also noted that, although some relapse was observed in
the CSF group, severe relapse defined as an irregularity
index in excess of 6 mm, was seemingly eliminated. The
major drawback of this study 1is the use of Little's
irregularity index which may not be adequate to detect
rotations since a tooth can be rotated without breaking
contact with the adjacent teeth. Ahrens et al. (1981)
also evaluated the efficiency of CSF in a sample of
twelve patients who were evaluated thirty déys after the
procedure was performed. They devised an intelligent way
to report angular measurements that revealed a clinically
significant difference of 5.57° of mean relapse between
the surgerized and control groups. These results are
however weakened by the very small sample size and short
observation period. Using the dental casts of twenty-

three patients, eleven having undergone CSF and twelve
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used as controls, Tanner et al. (2000) also evaluated the
role of CSF in preventing rotational relapse. He found a
mean difference of 2.8 mm in mandibular incisor crowding
between the groups. Again, this result should be relied
on with caution due to the small sample size, short
observation period during which Hawley refainers were
worn full time, and the use of Little’'s irregularity
index to measure rotational relapse. Although most
studies detect a significant improvement in retention
following‘ CSF, their shortcomings «call for further
research,

The Role of Third Molars

The effect of third molars on late mandibular
incisor crowding has been a provocative subject for many
vyears. Dewey (1931) commented that

“in some cases the mandibular third molar will
become impacted due to the lack of space, in
others it creates space for eruption by causing
the anterior teeth to crowd.”

Vego {1961) compared a group of twenty-five
untreated subjects which had bilateral agenesis of the
third molars with a group of forty untreated cases having

all molars present. He noted a statistically significant

difference of 0.8 mm in arch perimeter after five vyears
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of observation and concluded that mandibular third molars
exert a force on approximating teeth which results in
crowding. Although statistically significant, this
difference in arch perimeter is probably not clinically
relevant. Moreover, the samples were not matched, the
initial crowding was more severe in the group with third
molars present, and the third molars were congenitally
missing which suggests that the subjects may differ
genetically in other important aspects. Similarly,
Lindgvist and Thilander (1982) found that the crowding on
the side of the mouth where a third molar was extracted
was slightly less than on the contra-lateral side where
the third molar was retained. The mean difference (0.16
mm) was, however, even smaller than the one reported by
Vego (1961) and the three-year observation preriod may
have been too short to detect a significant difference.
Opposing these findings,rAdes et al. (1990) reported no
connection between third molar DPresence or position and
late mandibular incisor crowding. These findings are
supported by Harradine et al. (1998) who studied seventy-
seven subjects who either had the third molars extracted
Oor not. The 0.3 mm difference found after five years was

neither statistically nor clinically significant.
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Although these studies report conflicting data, they all
report wvery small differences between groups with and
without third molars. This tends to indicate that the
decision to extract should be based on the possible
development of pathosis and the long-term periodontal
status rather than on the fear of late mandibular incisor
crowding.

After more than a century of practicing
orthodontics, the specialty is still faced with the
challenge of 1long-term stability. In an attempt to
maintain treatment results, orthodontists have developed
numerous types of retainers. Although these appliances
have been used for many years, the literature regarding
the different retention protocols is scarce. Only a few
studies, with inconclusive results, have compared
different retainers and the recommendations regérdiﬁg
retention time range from none (Strang 1949) to permanent
(Housley et al. 2003). This 1lack -of evidence forces
clinicians to base their retention protocols on cost,
ease of fabrication, and personal preference, which
sounds just as arbitrary as it was at the end of the

nineteenth century.
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Evaluation of short-term stability without retention: A pilot study
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Abstract

Introduction: The purpose of this descriptive study was to evaluate the short-term
stability of orthodontic treatment without retention. Methods: Thirty consenting
patients participated in this study. At the end of active treatment (Ty), the final
archwires were removed, leaving the fixed appliances on, and a set of algjnate
impressions were taken. Four weeks later (T2), a second set of alginate impressions
were taken. A clinical examination performed at T, determined if the final archwires
were replaced or the fixed appliances removed. Based on the results of this
examination, patients were divided into two groups. Group I (n=13) had the fixed
appliances removed while group II (n=17) required additional treatment. The ABO-
OSG scores as well as the following six variables were measured on plaster casts at
T: and Tz maxillary and mandibular incisor irregularity, overbite, overjet,
mandibular intercanine and intermolar widths. These data were analyzed to detect
potential changes form T, to T, and differences between the groups. Results:
Mandibular incisor irregularity, overjet, and interproximal contacts worsened for the
sample as a whole while marginal ridges, occlusal contacts, and total ABO scores
improved. No statistically significant changes were found within group I from T; to
T2. Mandibular incisor irregularity, overbite, overjet, alignment/rotations, and
interproximal contacts worsened within group II from T, to T, while marginal ridges
and occlusal contacts improved during the same time frame. Significant differences
were noted in alignment/rotations, interproximal contacts, and mandibular intercanine
width between the groups. Conclusion: In this sample, allowing one month of settling
at the end of active treatment improved the occlusion but negatively impacted dental
alignment and interproximal contacts.
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INTRODUCTION

One of the greatest challenges in orthodontics is to predictably achieve long-
term stability. In an attempt to prevent relapse, clinicians have developed varied
philosophies, strategies, and appliances. Most are, however, based on clinical
experience that has led to strong convictions but little empirical evidence. As a
starting point in the investigation of this clinically relevant area, it is essential to
determine if retention is in fact beneficial to all patients. An extensive review of the
literature did not reveal a study that has attempted to answer this fundamental
question.

Although the first reference to orthodontic treatment was made as early as the
beginning of the first millennium by Celsus, relapse and the use of a retention device
were not addressed until the early 1800s'. .M. Alexis Schange was the first to write
about the need for a period of stabilization after treatment and used “a rubber band
attached to some hooks on the appliance surrounding the molars”! as a retention
device. Shange’s appliance is the first officially documented retainer.

Although most pioneers agreed on the need for retention, they had vastly
different opinions regarding the appliance that should be used. The actual protocols
for retention varied just as much. Spalding' said that a single night was sufficient
while Kingsley® recommended three to four months, and others at least a year'.
Hawley’ clearly expressed this nearly one hundred years ago when he wrote that the
mistake had been to apply a “guessed-at” solution to the unsolved and undetermined

problem of the instability of treated malocclusions. In an attempt to understand the
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causes of relapse, four main schools of thought emerged starting in the late 1880s. For
Kings]eyz, “the occlusion of the teeth was the most potent factor in determining the
stability in a new position”, In 1922, Rogers* introduced the idea that establishing
proper muscle balance was critical in maintaining the corrected malocclusion.
Lundstrom’ formed a third school of thought that considered the apical base as the
key to long-term stability and Tweed® introduced the theory advocating that
mandibular incisors must be upright over the basal bone for optimal stability and
esthetics.

Over the last century, many factors such as treatment modalities”™,
preservation of original mandibular intercanine width'™"! continued growth'?,

1314 "and role of third molars'>'® have been extensively

influence of gingival tissues
investigated as predictors for relapse. However, no single predicting factor has been
identified. In an attempt to maintain treatment results, orthodontists have developed
numerous types of retainers with differing regimens. A few studies have attempted to
compare different retainers and protocols ranging from no retention!” to permanent
retention'® but data on the different retention devices and protocols are still
inadequate.

The lack of real evidence has led orthodontists to develop retention protocols
based on ease of fabrication, costs and perhaps, perceived ability to maintain the

results they have strived for during the course of treatment. The purpose of the study

is to investigate the need for retainers by evaluating the short-term relapse without
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retention. Once the need for retention is better understood, future studies may
investigate different protocols and appliances.

PATIENTS AND METHODS

Sample selection

All patients treated with fixed edgewise appliances nearing the end of their
orthodontic treatment at Case Western Reserve University (CWRU) were requested
to participate in the study. The recruitment of participants lasted from August 2005 to
December 2005. Thirty-six out of fifty-six potential participants consented to the
study. Four patients, eager to get their braces off, withdrew from the study and two
were still in active treatment when data collection for this stage of the study ended.
The final sample consisted of thirty patients. The procedures and protocol for the
study have been approved by the Institutional Review Board at Case Western Reserve
University.

When the end of treatment was approved by the faculty member overseeing
the case (T), the final archwires were removed, leaving the fixed appliances on, and
a set of alginate impressions were taken. Four weeks later (T2), a second set of
alginate impressions were taken. The patient was evaluated by the faculty member
and a decision was made whether additional treatment was required or the braces
would come off. For patients who had braces removed, thermoform retainers were
delivered. If negative changes were detected during the clinical exam, additional
treatment was rendered prior to appliance removal. Two groups were thus formed

based on the results of the clinical examination performed at T.
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Measurements

All data were collected by a single operator (N.L.). The following six

measurements were made with a digital caliper to the nearest hundredth of a

millimeter on plaster models at Ty (pre-treatment), T, (post-treatment), and T, (four-

week recall):

L.

Maxillary crowding: the difference between space available (from first molar to
first molar) and space necessary (sum of the mesio-distal dimension of each tooth
anterior to the first molar).
Mandibular crowding: the difference between space available (from first molar to
first molar) and space necessary (sum of the mesio-distal dimension of each tooth
anterior to the first molar).

Overbite: the vertical overiap of maxillary and mandibular incisors.

. Overjet: distance form the facial surface of mandibular central incisors to the

facial of maxillary central incisors.
Mandibular intercanine width: distance between cusp tips.
Mandibular intermolar width: distance between the mesio-buccal cusp tips.

In addition, the American Board of Orthodontics’ Objective Grading System

(ABO-OGS) was used to score the plaster models both at T, and T to detect potential

changes in the posterior occlusion. Since the ABO-OGS is an index which evaluates

orthodontic outcome, the casts at Ty were not scored. In order to blind the operator to

the time frame being evaluated, casts were numbered 1 through 60 in no particular
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order. Using a table of random numbers, they were then randomly selected to be
scored with the gauge provided by the American Board of Orthodontics (ABO).

A change of either 0.5mm or 1 point over four weeks for the continuous and
categorical data respectively was deemed clinically significant.

Data analysis

Data from the 130 plaster casts were entered into the statistical program
Minitab, Release 14. In order to detect potential changes between T; and T, both for
the sample as a whole and for the two groups, paired t-tests and Wilcoxon signed rank
tests were performed for the six continuous variables and the ABO scores
respectively. To test for differences between the groups, unpaired t-tests and
Wilcoxon rank sum tests were used for the continuous and categorical data
respectively.

Intra-examiner reliability was determined by computing t-tests as well as
Wilcoxon signed rank tests with the data of ten randomly selected casts at least two
weeks after the first round of data collection, Significance for all statistical tests was
predetermined at P < 0.05.

RESULTS

The final sample consisted of fourteen males and sixteen females with an
average of 15.2 +/- 2.9 years and 16.4 +/- 1.5 years of age respectively. Twenty of the
participants were Caucasians, five African-Americans, three Hispanics, and two had
other ethnic backgrounds. Six individuals had extractions and five had a rapid palatal

expander prior to fixed treatment.
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Subjective clinical exams performed at the recall appointment revealed that
thirteen patients showed no change or an improvement in their occlusion after four
weeks without archwires. Their appliances were therefore removed At T2 and
thermoplastic retainers were delivered. Seventeen patients required additional
treatment prior to the removal of appliances and retainer fabrication. The average
additional treatment lasted 62 days. Therefore, Group I consisted of the thirteen
individuals who had their braces removed and Group IT had seventeen individuals
who required additional treatment.

Table I consists of the differences in ABO scores between the time final
archwires were removed and the recall appointment four weeks later. Four patients
showed no change in total score while nine exhibited relapse and seventeen improved
overall.

Table II outlines the changes of the six continuous variables between the time
the archwires were removed and the recall visit four weeks later. The difference in
mandibular crowding and overjet were found to be statistically significant.

Table III outlines the change in ABO scores between the time the archwires
were removed and the recall visit four weeks later. Marginal ridges, occlusal and
interproximal contacts as well as the total score showed a statistically significant
difference.

Tabies IV and V illustrate the results for the two groups. There was no change
within group I from Ty to T,. Within group II, mandibular crowding, overbite, overjet,

alignment/rotations, and interproximal contacts all showed a significant worsening
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during the observation period while marginal ridges and occlusal contacts showed a
trend towards improvement. Differences between the changes for the two groups
show significant differences in intercanine width, alignment/rotations, and
interproximal contacts.

There was no statistical difference between the measurements done initially
and the ones made at least two weeks later on the ten randomly selected casts.
DISCUSSION

Comparison of these findings with other studies is difficult because there is no
previous work published that prospectively evaluates short-term stability without
retention. The results of this lexploratory study however show several potentially
important trends occurring immediately after orthodontic treatment.

It is interesting to note that seven out of the eight categorical variables
recorded show a marked overall improvement over time (Table I). Marginal ridges
and bucco-lingual inclination scores exhibit the most stability with twenty-five out of
thirty patients with a score that did not change or improved in these two categories.
Also, if one takes a closer look at the scores for each individual, one notices that
every patient exhibits some change in at least one variable, These findings remind us
that the human dentition is a dynamic entity and suggest that orthodontic stability
may very well be a myth.

The analysis of the continuous variables (Table II) reveals that only
mandibular crowding and overjet show a statistically significant change over four

weeks which concur with the current knowledge provided by the literature'®?°, The
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current increase in mandibular incisor irregularity and overjet, although statistically
significant, were for the most part small, averaging 040 mm and 0.36 mm
respectively. Such differences may not be clinically relevant. It is however important
to remember that the use of mean values masks the important distinction between
crowding recurring and spaces reopening. The range indeed reveals clinically
significant changes from -2.07 mm to 1.4 mm, suggesting that some patients
experienced greater relapse than others over a short period of time.

Surprisingly, the variable exhibiting the least amount of change is the
mandibular intercanine width. This finding contradicts the results of most studies'®!!
that evaluated the stability of the mandibular canine dimension and concluded that a
significant decrease was to be expected regardless of treatment modalities. Although
it is possible that the four week observation interval was too short for this small
sample size to allow significant changes in the intercanine dimension, this finding
may reopen the debate on “the fallacy of denture expansion” considering that no
known attempt was made to maintain the pre-treatment mandibular intercanine width
in any of the thirty subjects.

The analysis of the ABO-OSG’s scores (Table III) reveal statistically
significant changes in marginal ridges and number of occlusal as well as
interproximal contacts. These findings make sense and an experienced orthodontist
will probably concur that the forces of mastication will help achieve a better
interdigitation. Clinical experience also tells us that when spacing is present in the

initial malocclusion, it has a strong tendency to recur, hence the increase in the
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interproximal contacts score. Contradicting the results of the descriptive analysis, the
ABO-OSG revealed no significant changes in either the alignment/rotations or overjet
scores. A possible explanation may be that the changes occurring over a four week
interval were too small to be detected by the categorical scale of the ABO-OSG. This
apparent lack of sensitivity from the ABO-OSG leads one to believe that the actual
variations between T and T, may have been underestimated.

The analysis of the two groups reveals several important facts (Tables IV and
V). No significant change was noted for any variable within group I from Ty to T.
This finding supports the clinical decision to remove braces at the recall appointment
for these thirteen individuals. Further supporting the treatment decision that was made
at T,, seven significant differences were found within group II. Both mandibular
incisor irregularity and the alignment/rotations component of the ABO-OSG
indicated significant relapse. The interproximal contacts score increased showing a
reappearance of spaces. This relapse of incisor alignment is consistent with previous
findingsg'g. The combined worsening in incisor irregularity and interproximal contacts
provide a possible explanation for the fourth and fifth si gnificant differences within
group II, namely the increase in overbite and overjet from Ty to T,. The ABO scores
for marginal ridges and occlusal contacts showed a significant improvement over four
weeks. This is consistent with clinical experience that suggests that masticatory forces
have a positive influence on the interdigitation of the posterior dentition.

Interestingly, the only significant differences between the two groups are the

differences in the change in alignment/rotations, interproximal contacts, and
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intercanine width. Since most orthodontists do not measure intercanine width intra-
orally, this suggests that, although a comprehensive clinical examination was
performed at the recall appointment, the state of the incisors was key in deciding
whether additional treatment was necessary.
CONCLUSION

The results of this study reinforce the idea that the human dentition‘ is a
dynamic entity constantly undergoing changes. The analysis of both continuous and
categorical data reveals that allowing one month of post-treatment settling improves
the several areas clinicians evaluate carcfully prior to removal of braces but
negatively impacts dental alignment and interproximal contacts. Perhaps, clinicians
should develop retention strategies and protocols which prevent negatives changes to

occur while allowing the favorable aspects of this dynamic state to take place.
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Table I

- Raw ABQO Scores for

Participants at T; and T,

Cast Alignment Marginal Buccolingual Overjet | Occlusal Occlusal Interproximal Total
Number Rotations Ridges Inclination Contacts | Relationships Contacts

(T,-T4) (T,-T,) {(T>~T,) (T.-T,) {T,-T,) (T,-T,) (T,-T,) (T;—T,)

1 1 -1 -1 1 0 -1 1 0

* 2 -1 -3 0 -3 -2 2 -1 -8

3 1 1 0 -1 0 -2 1 0

4 1 -2 0 -1 4 -1 0 1

5 5 -2 1 -3 -3 0 0 -2

* 6 -1 1 -2 -1 -5 0 0 -8

* 7 0 -1 0 3 -3 0 1 0

* 8 -1 -1 0 2 g -1 0 8

9 3 -1 -1 -2 4 -2 2 3

10 1 -1 0 -1 -8 1 1 -7

* 11 -1 0 -1 -3 -4 -4 1 -12

12 1 1 0 0 -2 1 0 1

13 -3 -1 0 -3 -6 0 1 -12

14 2 -2 0 -2 -3 0 0 -5

* 15 -5 -1 2 -1 0 0 0 -5

* 16 1 -1 0 2 2 0 0 4

17 5 0 -4 2 -9 3 0 -3

18 2 0 0 1 0 -2 1 2

19 4 -1 -1 0 -3 0 0 -1

* 20 0 -3 0 2 1 0 0 0

* 21 5 0 1 -5 -1 -1 0 -1

* 22 -3 1 -1 -1 -1 0 0 -5

* 23 -3 0 -1 2 -2 1 0 -3

24 2 0 1 3 -2 -1 3 6

* 25 2 -2 0 1 -12 0 -1 -12

26 -1 1 -2 1 1 0 1 1

27 -2 0 0 -2 -8 1 3 -8

28 2 -4 0 -1 -4 -1 1 -7

* 29 0 -1 2 1 0 1 -1 2

30 2 -1 0 -2 -3 0 0 -4

(*) Patients who had their braces removed at the recall appointment

41
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Table II -~ Analysis of Continuous Variables
for Participants at T; and T,

Mean (mm) sD P-value
Mx crowding Ty 0.078] 0.84
Mx crowding To 0.393 1.01
Ty-T1 0.315| 1.12 0.136
Md crowding T 0.004 D.68
Md crowding T, -0.394 0.81
Ty-T4 -0.398 g.92 * (.025
Overbite T, 2.054 0.71
Overbite T, 2.220 0.71
Ta-Tq 0.166| 0.61 0.149
Overjet T 2.691] 0.85
Overjet T, 3.051 0.77
Ty-Tq 0.360| 0.72 * 0.010
Md intercanine width T 26.323 1.90
Md intercanine width T, 26.293 1.76
Ty-T4 -0.029} 0.62 0.794
Md intermolar width Ty 44 . 687 2.13
Md intermolar width T, 44.498 1.90
Ty-T1 -0.189 0.87 0.243

{*) Statistically significant

at P < 0.05
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Table III - Analysis of ABO Scores for
Participants at T; and T,

Median | Range | P-value
Alignment/Rotations T 3 8
Alignment /Rotations Ty 4 11
Ty-T1 1 10 0.175
Marginal Ridges T, 5 10
Marginal Ridges T, 4 7
To-T4 -1 5(* 0.004
Buccolingual Inclination Ty 4 9
Buccolingual Inclination T, 4 9
Ty~-Tq 0 6 0.379
Overjet Ty 3 7
Overjet Tq 2.5 7
Ty-T4 -1 8 0.412
Occlusal Contacts T 5.5 17
Occlusal Contacts T, 5 14
T;-Ty -2 21 * 0.012
Occlusal relation Ty 2 15
Occlusal relation T, 2 14
Ty-T4 0 7 0.435
Interproximal contacts Ty 0 2
Interproximal contacts T, 0 4
Ty-T4 0 41 * 0.023
Total Score T, 27 30
Total Score T, 22 39
T-T4 -1.5 20 * 0.021

{*) Statistically significant at P < 0.05



Table IV - Analysis of Continuous Variables for Group I and Group II

Group I Group II I/1Ix

Variable Mean {(mm) 8D P-value Mean (mm) SD P-value P-value

Mx Crowding T, -0.044 0.96 0.172 6.75 0.509
Mx Crowding T, 0.235 0.68 0.514 1.21 0.430
Ty-T 0.279 0.88 0.275 0.342 1.30 0.296 0.877
Md Crowding T, -0.014 0.53 0.018 0.79 0.896
Md Crowding T, -0.115 0.74 -0.608 0.82 0.096
Ty-T, -0.101 0.67 0.599 ~-0.626 1.04 * 0.024 0.105
Overbite T, 2.282 0.67 1.880 0.72 0.126
Overbite T, 2.285 0.70 2,170 0.73 0.663
T5-T1 0.004 0.70 0.984 0.290 0.53 * 0.039 0.231
Overjet T, 2.958 0.81 2.488 0.84 0.132
Overjet T, 3.062 0.74 3.044 0.81 0.952
T,-T4 0.104 0.70 0.604 0.556 0.68 * 0,004 0.088
Md Intercanine Width T, 26.746 1.94 25.999 1.86 0.297
Md Intercanine Width T, 26.443 2.05 26.179 1.56 0.703
T,-T, -0.303 0.60 0.091 0.179 0.56 0.207 * 0.033
Md Intermolar Width T, 44,635 2.12 44 .72¢6 2.21 0.910
Md Intermolar Width T, 44 538 1.93 44.468 1.94 0.923
T,-Ty -0.0977 0.57 0.549 -0.259 1.05 0.326 0.597

(*) Statistically significant at P < 0.05
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Table V - Analysis of ABO scores for Group I and Group II

Group I Group II I/II

Variable Median Range P-value Median Range P-value P-value

Alignment/Rotations T, 4 8 3 5 0.250
Alignment/Rotations T, 4 6 4 10 0.315
T,-Ty -1 10 0.386 2 8 * 0.019 * 0.015
Marginal Ridges T, 5 9 5 9 0.851
Marginal Ridges T, 4 7 4 7 0.834
Ty-T, -1 4 0.053 -1 5 * 0.036 0.884
Buccolingual Inclination Ty 5 7 4 9 0.802
Buccolingual Iaclination T, 5 9 4 9 0.950
T;-Ty 0 4 1.000 0 5 0.205 0.645
Overjet T, 3 6 4 6 0.616
Overjet T, 2 7 3 7 0.967
Ty-T, 1 8 0.944 -1 6 0.182 0.391
Occlusal Contacts T, 5 11 9 17 0.572
Occlusal Contacts T, 4 13 5 14 0.706
T,-Ty 4 13 0.168 -3 13 * (.038 0.451
Occlusal relation T, 2 15 2 10 0.983
Occlusal relation T, 2 14 2 8 0.754
Ty-Ty 0] 6 1.000 0 5 0.398 0.558
Interproximal contacts T 0 2 0 1 0.586
Interproximal contacts T, 0 1 1 4 0.060
T,—T, 0 2 0.787 1 3 * 0.006 * 0.011
Total Score Ty 26 30 28 24 0.884
Total Score T, 21 39 24 19 0.094
T,~T -3 20 0.099 ~1 18 0.084 0.691

{*) Statistically significant at P < 0.05
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TABLE 1.--General Data for Participants

ID | MXCrO(mm) | MxCrl(mm) | MxCr2(mm) | MACz0 (mm) | MACrl (mm) MACr2 (mm) | OBO (mum) | OBL (mm)} | OB2 (mm)
1 5.25 0.62 1.91 2.19 -0.52 -0.12 3.46 2.24 1.35
2 -2.69 1.3 2.17 -0.04 0.81 0.2 5.07 2.25 2.95
3 0.28 0.31 0.34 3.04 -0.59 -0.59 2.79 2.18 1.85
4 -4.48 -1.35 -1.5 -1.95 -0.86 -0.28 4.06 1.62 2.6
5 -1.67 -0.4 -0.02 -2.2 -0.93 ~1.97 5.74 2.61 3.15
6 -0.86 0.48 0.23 -0.2 0.28 -1.12 4.33 1.93 3.02
7 0.97 -1.07 0.31 2.19 -0.32 -1.13 1.81 1.43 1.58
8 1.51 0.01 0.12 -1.39 -0.54 -1.27 4.57 3.08 2.82
9 9.16 -0.21 2.7 5.13 0.3 -1.21 3.25 1.95 2.28

10 0.18 -1.02 0.87 -2.11 0.16 -1.22 4 1.81 1.52

11 -2.16 -0.1 -0.5 ~1.33 -0.69 -0.24 0 3.13 2.25

12 ~5.92 0.97 -0.71 -4.37 1.24 -0.37 5.33 3.25 3.64

13 1.07 1.47 0.17 -1.1 0.79 ~0.16 3.37 0.75 1.88

14 ~3.25 0.37 -0.25 -4.23 0.13 -0.97 3.61 1.94 2.34

15 -2.14 -1.23 0.07 -1.73 -0.14 -0.1 4.85 3.11 3.67

16 1.07 -0.66 -0.07 0.26 -0.58 0.28 3.19 1.56 1.52

17 0.33 0.23 0.46 -0.39 1.11 -2.07 4.77 0.64 1.61

18 2 1.07 0.69 -1.78 -0.53 ~0.39 1.32 1.09 1.16

19 0.95 -0.66 ~-0.95 -3.11 0.54 -0.78 3.02 1.38 2.11

20 -1.19 -0.14 0.19 06.21 -0.02 ~0.44 2.16 2.79 1.96

21 -5.17 -0.69 0.27 -1.92 0.72 1 3.05 2.87 1.65

22 -2.63 -1.39 -0.37 0.14 -0.05 -0.2 1.84 1.78 2.55

23 0.18 1.29 0.83 -2.62 0.02 0.81 4.97 2.44 2.33

24 3.37 0.61 2.37 2.04 1.51 1.4 4.19 1.77 2.35

25 5.06 1.38 -0.38 -0.45 0.81 0.75 4.51 2 1.82

26 2.02 0.23 D.16 0.79 -0.39 -0.11 2.26 1.66 1.52

27 -1.51 0.27 1.87 -0.99 -0.58 -0.94 2.03 1.94 2.11

28 2.54 -0.24 1.36 6.1 ~0.62 0.27 4.33 1.52 1.84

29 1.7 0.25 0.19 -0.92 -0.48 -0.03 3.14 1.29 1.18

30 -0.33 0.66 -0.73 -1 -0.05 -0.82 4.85 3.21 3.58
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TABLE 1.--General Data for Participants (continued)

ID | OJ0 (mm) OJ1(mm) 0J2 {(mm) | Intcand | Intcanl Intcan2 | Intmol0 | Intmoll | Tntmol2 UlFHO | U1FH1
1 2.46 2.37 2.19 28.24 25.85 26.82 48.14 46.15 45.71 112 109
2 3.76 2.59 3.22 24.83 28.35 28.04 42 .55 44 .14 44 .21 113 122
3 3.39 2.45 3.65 30.86 27.53 26.86 49.5 44 .68 45 .37 105 116
4 2.38 2.2 3.74 25.94 26.29 26.75 41.41 43 .01 42 .78 116 116
5 2.45 2.18 2.64 23.11 23.8 24.3 43.93 43 43.27 96 108
6 4.98 3.385 2.98 25.04 25.41 24.88 45 .2 45.15 44 .89 107 115
7 5.13 2.64 3.26 26.13 27.63 27.42 45 .52 45.08 44.5 108 108
8 6.73 4.36 4.46 28.67 27.44 28.17 44 .91 45 .57 45.71 128 114
9 5.71 2.38 3 30.79 25.99 26.47 48 .42 46.35 47 .62 131 128

10 5.93 2.72 3.31 24.88 27.46 27.03 44 .37 46.46 46.36 122 113

11 2.35 2,67 2.8 29,45 28.71 29.07 45 .67 44.57 45 .25 112 114

12 4.97 4.4 4.62 23.52 22,64 23.04 38.09 44.01 43.02 111 120

13 3.1 1.41 3.21 26.44 28.74 28.4 41.71 42 .8 43.24 118 119

14 5.07 4.06 3.54 27.62 27.96 27.81 48.35 49.59 45_.81 106 115

15 3.58 3.28 4.24 20.44 27.03 26.77 45,34 43,36 44 .07 105 112

16 4.79 1.93 2.15 24.22 23.29 22.99 40.95 41 .05 40.85 109 112

17 3.07 1.22 2.66 23.82 25.36 26.02 44 .26 43.18 43.24 100 114

18 4.58 1.18 1.28 27.18 27.22 26.39 42,96 42 .52 41.98 120 1i2

19 4.13 2.69 3.51 25.59 23.28 24.51 44.1 43 .83 43.81 135 127

20 5.78 3.59 3.73 25.64 25.5 25,85 44 .8 44.71 44,18 103 112

21 3.76 4.32 2.47 34.39 30.84 29_77 54.07 47.49 47 .45 139 113

22 3.71 2.92 2.94 25.33 26.67 25.79 42.98 41.17 41 .03 108 101

23 3.2 1.88 2.65 26.74 26.57 26.59 43 .65 46.13 45,81 109 107

24 2.78 2,25 1.69 24.78 24.58 24.63 47.08 44.5 44_03 104 104

25 3.78 2.77 2.99 24.5 25.33 24 .89 45.98 48.38 47 .01 117 127

26 5.98 3.04 3.68 25,15 24.1 24 .53 45 .68 42 .67 42 .31 115 116

27 8.83 2.67 2.84 28.37 28.86 28.94 50.48 48.12 47.59 128 109

28 3.24 2.53 3.38 28.8 26.12 26.54 47,95 47 .27 47.31 116 117

29 3.03 2.11 1.91 23.31 24.93 23.53 43.49 43 .46 44 .03 112 118

30 2.41 2.54 2.81 26,64 26.21 26 43.34 42 .21 42.5 90 109
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TABLE 1.-- General Data for Participants (continued)
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TABLE 2,--

General Data for Non-participants

ID | MxCr0 (mm) | M2Cxl (mm) MACr0 (mm) | MACrl (mm) | OBO {zm} | OB1 (rm) 0J0 (mm) | OJ1(mm) { Intcand | Intcanl
1 -3.27 -0.65 -3.17 -0.43 5.28 1.49 3.7 2.51 28.48 28.52
2 -1.34 -0.71 -2.27 -0.34 4.77 2.35 5.03 2.77 23.18 27.94
3 -0.78 0.33 -0.23 -0.57 5.31 2.25 3.61 2.1 25.01 25.02
4 -0.36 0.1 0.51 -0.32 3.56 1 3.74 2.82 30.03 30.47
5 -9.85 0.64 -4.06 0.41 3.86 3.42 2.53 3.58 26.56 25.3
6 -4.31 -0.96 -2.26 ~-0.2 2.8 1.73 2.19 2.47 26.87 27.81
7 -0.51 2.72 0.67 0 3.58 1.82 4,86 2.39 26.61 26.49
8 1.08 -0.9 -1.42 -0.63 4.39 1.14 2.46 2.5 25.07 25.26
9 1.45 -0.61 -4.96 0.72 3.89 0.82 4.17 2.23 26.24 27.32

10 -1.92 -0.76 -1.16 0.28 4.4 2.62 5.05 2,82 28.63 27.08

11 0.01 0.02 -2.36 0.04 0.69 0.77 2.32 2.38 24.95 25.7

12 -0.52 2.56 -2.67 0.%4 4.1 1.49 2.77 2.4 26.07 28.58

13 ~-1.43 0.37 -0.08 0.31 2 2.36 3.4 2.5 27.22 27.26

14 -2.31 0.38 -1.98 0.31 3.74 2.1 4.6 3.43 25.93 25.78

15 -1.17 0.38 -1.1 -0.22 3.82 2.16 3.83 2.71 26.81 27.33

16 -0.31 0.24 1.79 -0.06 3.66 2.15 5.37 2.39 24.05 27.16

17 ~8.54 -1.47 0.83 -6.08 2.78 1.44 3.36 2.47 20.66 18.91

18 -2 0.19 -1.02 0.5 3.73 1.97 3.52 2.68 24.26 25.1

19 2.04 -0.26 1.32 -0.22 2.73 1.25 1.84 1.99 28.2 25.63

20 -3.25 0.49 -1.23 -0.05 2.95 1.02 3.21 2.57 28.87 29.13
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TABLE 2.-~-- General Data for Non-participants (continued)

ID | Intcan0 | Intcanl | Intmol0 Intmoll | Ul-FHO | Ul-FH1 | IMPaO | IMPA1 Age | Race | Sex | RPE | Ext | # Ext Last Adj
1 28.48 28.52 47,24 45.23 109 113 S0 102 1 0 1 0 0] 0 0
2 23.18 27.94 40.73 44 .85 105 112 89 102 1 0 0 1 0 0 0
3 25.01 25.02 44 .4 44 .01 9% 109 94 104 1 0 1 ¢ 0 0 0
4 30.03 30.47 51.92 48.32 106 122 88 97 1 0 0 0 0] 0 1
5 26.56 25.3 40.94 42 .22 116 131 88 96 1 0 1 0 0 0 0
6 26.87 27.81 48.03 44 .65 112 112 87 92 1 0 1 0 1 4 0
7 26.61 26.49 41.7 43.3 112 104 93 105 1 0 1 0 0 0 1
8 25.07 25.26 41.79 43.16 106 106 92 99 1 0 1 0 0 0 0
9 26.24 27.32 48.36 47 .09 114 119 95 117 1 0 0 0 0 0 0

10 28.63 27.08 45,33 46.09 111 120 116 109 1 0 0 1 0 0 1

11 24 .95 25.7 44 .08 43.46 124 123 89 97 1 0 1 0 0 ¢ 0

12 26.07 28.58 46.3 47 .15 112 122 95 9g 1 2 0 0 0 0 0

13 27.22 27.26 44 .21 42.13 114 114 97 96 1 0 1 0 0 0 0

14 25.93 25.78 41.79 45.43 124 118 100 102 1 0 0 1 0 0 0

15 26.81 27.33 44 .69 46.82 98 113 104 105 1 0 0] 0 0 0 1

16 24 .05 27.16 41.03 43 .13 121 120 107 113 1 0 1 1 0 0 1

17 20.686 18.91 44 .47 44 .49 120 113 82 86 1 3 1 0 1 2 4

18 24.26 25.1 39.7 40.3 117 111 102 98 1 0 1 0 0 0 0

19 28.2 25.63 45,22 45.5 118 111 68 80 1 0 1 1 0 0 4

20 28.87 29.13 44 .12 43.53 122 126 95 102 1 0 i 0 0 0 0
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TABLE 3.-- ABO Scores for Participants

ID
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TABLE 4.-- ABQ Scores for Non-participants

Total Score
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Tables
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TABLE 5.-~-Analysis of Continuous Variables
for Participants at T; and T,

Mean (mm) SD P-value
Mx crowding T4 0.078 | 0.84
Mx crowding T» 0.393 1.01
Ty-Ty 0.315]| 1.12 d.136
Md crowding Ty 0.004] 0.68
Md crowding T, -0.394| 0.81
T,-T; -0.398 d.92 * (.025
Overbite T4 2.054 0.71
Overbite Ty 2.220 0.71
Ty—T1 0.166| 0.61 0.149
Overjet T, 2,691 0.85
Overjet T, 3.051 0.77
Ta-T1 0.360] 0.72 * 0,010
Md intercanine width T, 26.323 1.90
Md intercanine width T, 26.293 1.76
To—T4 -0.029 | 0.62 0.75%4
Md intermolar width T, 44 . 687 | 2.13
Md intermolar width T, 44.498 | 1.90
Ty-Ty ~-0.189 | 0.87 0.243

(*) Statistically significant at P < 0.05
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TABLE 6.--Analysis of ABQ Scores for Participants
at T3y and T,

Median | Range | P-value
Alignment/Rotations T, 3 8
Alignment/Rotations T, 4 11
Tz—Tl 1 10 0.175
Marginal Ridges T, 5 10
Marginal Ridges T, 4 7
Ty-Tq -1 51 * 0.004
Buccolingual Inclination T, 4 9
Buccolingual Inclination T, 4 9
Ty-T4 0 6 0.379
Overjet Ty 3 7
Overjet Ty 2.5 7
Ty-Tq -1 8 0.412
Occlusal Contacts T, 5.5 17
Occlusal Contacts T, 5 14
Ty-Tq -2 21 * 0.012
Occlusal relation T, 2 15
Occlusal relation T, 2 14
Ty;-Ty 0 7 0.435
Interproximal contacts Ty 0 2
Interproximal contacts T, 0 4
Tr-T4 0 41 * 0.023
Total Score Ty 27 30
Total Score T, 22 39
Ty-T4 -1.5 20| * 0.021

(*) Statistically significant at P < 0.05
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TABLE 7.--Analysis of Continuous Variables for Group I and Group II

Group I Group II 1/1II

Variable Mean (mm) Sb P-value Mean (mm) SD P-value P-value

Mx Crowding T, -0.044 0.96 0.172 0.75 0.509
Mx Crowding T, 0.235 0.68 0.514 1.21 0.430
T,-Ty 0.279 0.88 0.275 0.342 1.30 0.296 0.877
Md Crowding T, -0.014 0.53 0.018 0.79 0.896
Md Crowding T, -0.115 0.74 -0.608 0.82 0.096
T,-T, -0.101 0.67 0.599 -0.626 1.04 * 0.024 0.105
Overbite T, 2.282 0.67 1.880 0.72 0.126
Qverbite T, 2.285 0.70 2.170 0.73 0.663
T,-T 0.004 0.70 0.984 0.290 0.53 * 0.039 0.231
Overjet Ty 2.958 0.81 2.488 0.84 0.132
Overjet T, 3.062 0.74 3.044 0.81 0.952
Ty~T, 0.104 0.70 0.604 0.556 0.68 * 0.004 0.088
Md Intercanine Width T, 26.746 1.94 25.999 1.86 0.297
Md Intercanine Width T, 26.443 2.05 26.179 1.56 0.703
T,-T4 -0.303 0.60 0.091 0.179 0.56 0.207 * 0.033
Md Intermoclar Width T, 44 635 2.12 44.726 2.21 0.510
Md Intermolar Width T, 44.538 1.93 44 .468 1.94 0.923
Ty-T, -0.0977 0.57 0.549 -0.259 1.05 0.326 0.597

(*} Statistically significant at P < 0.05
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TABLE 8.--Analysis of

ABO Scores for Group I and Group II

Group I Group II I/II

Variable Median Range P-value Median Range P-value P-value

Alignment/Rotations T, 4 8 3 5 0.250
Alignment/Rotatiens T, 4 6 4 10 0.315
Ty-T, -1 10 0.386 2 8 * 0.019 * (.015
Marginal Ridges T, S 9 5 9 0.851
Marginal Ridges T, 4 7 4 7 0.834
T,-T, -1 4 0.053 -1 5 * 0.036 0.884
Buccolingual Inclination Ty 5 7 4 9 0.802
Buccolingual Inclination T, 5 9 4 9 0.950
T;-T, 0 4 1.000 0 5 0.205 0.645
Overjet T, 3 & 4 6 0.616
Overjet T, 2 7 3 7 0.967
Ty-T 1 8 0.944 -1 6 0.182 0.391
Occlusal Contacts T, 5 11 9 17 0.572
Occlusal Contacts T, 4 13 5 14 0.706
T,—T, 4 13 0.168 -3 13 * 0.038 * 0.0001
Occlusal relation T 2 15 2 10 0.983
Occlusal relation T, 2 14 2 8 0.754
T,-Ty 0 6 1.000 0 5 0.398 0.558
Interproximal contacts T, 0 2 0 1 0.586
Interproximal contacts T, 0] 1 1 4 0.060
T,-Ty 0 2 0.787 1 3 * 0.006 * 0.011
Total Score Ty 26 30 28 24 0.884
Total Score T, 21 39 24 19 0.094
T,-Ty -3 20 0.099 -1 18 0.084 0.691

(*} Statistically significant at P < .05
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TABLE 9.--Analysis of Continuocus Variables for
Participants and Non-participants

Participants Non-participants |

Mean (mm) SD Mean (mm) SD P-value
Mx crowding T, 0.12 3.19 -1.86 2.97 * 0,030
Mx crowding T, 0.08 0.84 0.11 1.05 0.926
Md crowding T, -0.39 2.40 -1.24 1.759 0.158
Md crowding T, 0.004 0.68 -0.001 0.38 0.975
Overbite T, 3.53 1.34 3.60 1.09 0.833
Overbite Ty 2.05 0.71 1.77 0.68 0.160
Overjet T, 4.17 1.53 3.58 1.04 0.110
Qverjet T, 2.69 0.85 2.59 0.38 0.552
Md intercanine width T, 26.35 2.79 26.19 2.20 0.819
Md intercanine width T, 26.32 1.90 26.59 2.34 0.674
Md intermolar width T, 45.30 3.29 44.30 3.07 0.282
Md intermclar width T, 44.69 2.13 44.54 1.98 0.808

(*) Statistically significant at P < 0.05

TABLE 10.--Analysis of ABO Scores for Participants and

Non-participants

Participants Non-participants

Median Range Median Range P-value
Alignment/Rotations 3 8 3 5 0.070
Marginal Ridges 5 10 4.5 9 0.559
Buccolingual Inclination 4 9 4 8 0.722
Overjet 3 7 2.5 8 0.178
Qcclusal Contacts 5.5 16 5 i8 0.378
Occlusal relation 2 15 3 10 0.188
Interproximal contacts ¢ 2 0 2 0.945
Total Score 27 30 23 31 0.263

(*) Statistically significant at P < 0.05
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TABLE ll.--Intra-examiner

Reliability

Variable Mean/Median of SD/Range P-value
the differences
Mx crowding -0.061 0.323 0.565
Md crowding 0.192 0.379 0.143
Overbite 0.030 0.291 0.752
Overjet -0.050 0.075 0.064
Md intercanine width -0.080 0.169 0.170
Md intermolar width -0.063 0.197 0.338
Alignment/rotations 0 4 0.715
Marginal Ridges 0.500 2 0.281
Buccolingual Inclination 0 2 0.787
Overjet -0.500 3 0.272
Occlusal Contacts 0.500 4 0.401
Occlusal relation 0 4 0.800
Interproximal contacts 0 0 NA
Total Score ~-10.50Q 23 0.006

(*) Statistically significant
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Case Western Reserve University
Institutional Review Board
NOTICE OF APPROVAL

Responsible Investigator: Manish Valiathan

Department: Dental Clinic Ortho

IRB Protocol #: 20050606

Title: A Prospective Clinical Trial on Short-Term Stability Without Retention
Co-Investigator: Nadia Lyotard

Approval Date: July 15, 2005
Continuing Review Deadline: June 30, 2006
Expiration Date: July 14, 2006

The Institutional Review Board (IRB) has APPROVED the above new protocol through the full review
process. '

It has been determined that this study involves minimal risk, and that the following vulnerable
populations will be involved: minors.

As an investigator of human subjects, your responsibilities include the following (see full description
of responsibilities at our website):

1. Report all adverse events and unanticipated problems involving human
subjects to the IRB Office, located in the Office of Research Compliance
(ORC), within three (3) business days of your knowledge of the occurrence.

2. Provide the IRB with a complete Continuing Review form (available at the
CWRU IRB Web Pages, or from the ORC) by the continuing review deadline
noted above, and when the study is terminated.

3. Discontinue all work pertaining to this protocol if a continuing review
approval is not finalized by the expiration date noted above.

4. Submit all proposed changes to the protocol to the IRB, and receive approval
from the IRB, before implementation of the chan ge.

5. Keep all research data and original consent documents in your possession for
at least three (3) years after the study is terminated.

Questions? Please visit our website:
http:/fora.ra.cwru.edu/orc_humansubjects CWRU IRB.asp
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Informed Consent for A Prospective Clinical Trial on
Short~Term Stability Without Retention

Background information

You are being asked to participate in a study evaluating
the need for orthodontic retainers. You were selected as
a possible participant because you are reaching the end
of your active orthodontic treatment.

The current belief is that retainers should be worn
immediately following orthodontic treatment. The
scientific literature on this subject is very limited and
presents contradictory recommendations. Some researchers
believe that retainers are not required at all, others
suggest permanent life-long retention.

Due to this contradictory evidence, orthodontists have
come to provide their patients with some type of
retention after orthodontic treatment. Retainers do
however have disadvantages such as compromised speech,
esthetics, increased difficulty in maintaining good oral
hygiene, interfering with normal movements of teeth that
improve their fit, and costs.

These disadvantages are justified if retainers are indeed
necessary to maintain treatment results. It is the
purpose of this study to determine the need for retainers
after orthodontic treatment.

Procedure

If you consent to being a participant in this research we
would do the following:

* Now that it has been determined that you are ready to
get your braces off, we would remove the wires while
leaving the braces on. We would take a mold of your
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teeth and schedule a follow-up appocintment 4 weeks
later. These procedures will add about 15 minutes to
your appointment.

* At the follow-up appointment, a new mold will be taken
and a clinical exam will be performed to determine if
any changes took place in the last 4 weeks. If no
changes occurred, an appointment will be made to
remove the braces. If any negative changes are noted,
the previously removed wires will be replaced for 4 to
8 weeks and your braces will come off on a scheduled
date. These procedures will take 20-30 minutes and
reguire an additional appointment.

These procedures will allow us to compare the two molds
and determine if any changes occurred.

Risks and Benefits to Being in the Study

There are no foreseeable risks associated with the
material used to make molds. At this date no allergic or
toxic reaction to the material has ever been reported.
At this point in their treatment, all patients have had
molds taken at least twice during the course of routine
orthodontic care. Molds are used for diagnosing,
treatment planning, and in the fabrication of appliances
during the course of treatment. The procedures involved
may however entail risks to the subject that are
currently unforeseeable.

A disadvantage of you pParticipating in this study is the
potential delay in the removal of your braces. If
negative changes are observed after 4 weeks they will
need to be corrected. This could add another 4 to 8 weeks
to your treatment.

There are no direct benefits from participating in this
study. 1If you decide to participate in this study you
will have the satisfaction that your contribution helped
clinicians have a better understanding of the retention
process and will thus provide patients with better
service.
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Compensation

There will be no additional treatment cost for
participating to this study. If you decide to
participate, you will receive, in addition to the
retainers that are part of your normal treatment
protocol, one free set of retainers valued at $100. These
will be identical to the ones included in your normal
treatment protocol. They will be a spare set if your
retainers are lost or broken. These will be given to you
the day your braces are removed.

You will not receive this set of additional free
retainers if you decide to discontinue your participation
before your braces are removed or if your participation
is terminated.

Confidentiality

Access to research records will normally be limited to
researchers. However, the University’s Institutional
Review Board (IRB) and other regulatory agencies may
review the research records to ensure that the rights of
human subjects are being adequately protected. The
information gathered via molds will be kept private. 1In
any sort of report we might publish, we will not include
any information that will make it possible to identify a
participant.

Participation

Your participation is purely voluntary. If you choose
not to participate, it will not affect YyOur current
relations with the University. There is no penalty or
loss of benefits for not participating or for
discontinuing your participation.

Your compliance can greatly affect the results of this
study. Therefore, if you are unable to keep the 4 week
follow-up appointment or reschedule it within the week,
your participation in this study will be terminated.

In the event your participation is terminated, your
relation with Case’s orthodontic clinic will not be
affected in any way. You will receive care and attention
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until your treatment is completed regardless of the
status of your participation to this study

You will be provided with any significant new findings
that may make you decide that you want to stop

participating.

Contacts and Questions

The researchers conducting this study are Dr. Manish
Valiathan and Dr. Nadia Lyotard. You may ask any

. questions you have now. If you have any questions later,

you may contact them at (216) 368-3249 or (216) 368-0673.

If the researchers cannot be reached, or if you would
like to talk to someone other than the researchers about
concerns regarding this study, research participants’
rights, or other human subjects issues, please contact
Case Western Reserve University’s Institutional Review
Board at (216) 368-6925 or write to:

Case Western Reserve University
Institutional Review Board
10900 Euclid Avenue

Cleveland, OH 44106-7230

You will be given a copy of this form for your records

Statement of Consent

I have read the above information. I have received
answers to the questions I have asked. I consent to
participating in this study.

Print Name of Participant:

Signature of the Participant:

Signature of the Person obtaining Consent:

Date:
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Parental Consent for A Prospective Clinical Trial on
Short~Term Stability Without Retention

Background information

You are being asked to allow for your child to
participate in a study evaluating the need for
orthodontic retainers. Your child was selected as a
possible participant because he/she is reaching the end
of their active orthodontic treatment.

The current belief is that retainers should be worn
immediately following orthodontic treatment. The
scientific literature on this subject is very limited and
pPresents contradictory recommendations. Some researchers
believe that retainers are not required at all, others
suggest permanent life-long retention.

Due to this contradictory evidence, orthodontists have
come to provide their patients with some type of
retention after orthodontic treatment. Retainers do
however have disadvantages such as compromised speech,
esthetics, increased difficulty in maintaining good oral
hygiene, interfering with normal movements of teeth that
improve their fit, and costs.

These disadvantages are justified if retainers are indeed
necessary to maintain treatment results. It is the
purpose of this study to determine the need for retainers
after orthodontic treatment.

Procedure

If you consent to your child being a participant in this
research we would do the following:

¢ Now that it has been determined that your child is
ready to get his/her braces off, we would remove the
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wires while leaving the braces on. We would take a
mold of your child’s teeth and schedule a follow-up
appointment 4 weeks later. These procedures will add
about 15 minutes to the appointment.

¢ At the follow-up appointment, a new mold will be taken
and a clinical exam will be performed to determine if
any changes took place in the last 4 weeks. If no
changes occurred, an appointment will be made to
remove the braces. If any negative changes are noted,
the previously removed wires will be replaced for 4 to
8 weeks and your child’s braces will come off on a
scheduled date. These procedures will take 20-30
minutes and will require an additional appointment.

These procedures will allow us to compare the two molds
and determine if any changes occurred.
Risks and Benefits to Being in the Study

There are no foreseeable risks associated with the
material used to make molds. At this date no allergic or
toxic reaction to the material has ever been reported,
At this point in their treatment, all patients have had
molds taken at least twice during the course of routine
orthodontic care. Molds are used for diagnosing,
treatment planning, and in the fabrication of appliances
during the course of treatment. The procedures involved
may however entail risks to the subject that are
currently unforeseeable.

A disadvantage of your child participating in this study
is the potential delay in the removal of the braces. TIf
negative changes are observed after 4 weeks they will
need to be corrected. This could add another 4 to 8 weeks
to the treatment.

There are no direct benefits from participating in this
study. You will have the satisfaction that your child’s
contribution helped clinicians have a better
understanding of the retention process and will thus
provide patients with better service.



70

Compensation

There will be no additional treatment cost for
participating to this study. If you decide to have your
child participate, he/she will receive, in addition to
the retainers that are part of the normal treatment
protocol, one free set of retainers valued at $100. These
will be identical to the ones included in the normal
treatment protocol. They will be a spare set if your
child’s retainers are lost or broken. These will be given
to him/her the day the braces are removed.

Your child will not receive this set of additional free
retainers if he/she decides to discontinue his/her
participation before the braces are removed or if his/her
participation is terminated.

Confidentiality

Access to research records will normally be limited to
researchers. However, the University’s Institutional
Review Board (IRB) and other regulatory agencies may
review the research records to ensure that the rights of
human subjects are being adequately protected. The
information gathered via molds will be kept private. 1In
any sort of report we might publish, we will not include
any information that will make it possible to identify a
participant.

Participation

Your child’s participation is purely voluntary. If
he/she chooses not to participate, it will not affect
his/her current relations with the University. There is
no penalty or loss of benefits for not participating or
for discontinuing your participation.

Your child’s compliance can greatly affect the results of
this study. Therefore, if your child is unable to keep
the 4 week follow-up appointment or reschedule it within
the week, his/ her participation in this study will be
terminated.

In the event your child’s participation is terminated,
his/her relation with Case’s orthodontic clinic will not
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be affected in any way. He/she will receive care and
attention until the treatment is completed regardless of
the status of his/her participation to this study.

You will be provided with any significant new findings
that may make you decide that you want your child to stop

participating.

Contacts and Questions

The researchers conducting thisg study are Dr. Manish
Valiathan and Dr. Nadia Lyotard. You may ask any
questions you have now. If you have any questions later,
you may contact them at (216) 368-3249 or (216) 368-0673,

If the researchers cannot be reached, or if you would
like to talk to someone other than the researchers about
concerns regarding this study, research participants’
rights, or other human subjects issues, please contact
Case Western Reserve University’s Institutional Review
Board at (216) 368-6925 or write to:

Case Western Reserve University
Institutional Review Board
10500 Euclid Avenue

Cleveland, OH 44106-7230

You will be given a copy of this form for your records

Statement of Consent

I have read the above information. T have received
answers to the questions I have asked. T consent to have
my child participate in this study.

Print Name of Participant:

Signature of the Participant:

Signature of the Parent or Guardian:

Signature of the Person obtaining Consent:

Date:
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Child Assent Form

Hi, my name is Nadia Lyotard. I am doing a project at
Case Western Reserve University to see if retainers are
necessary to keep your teeth straight after having
braces.

The only thing I need to do is take a mold of your teeth
the day you get your braces off. This is the same type
of mold we took at the beginning of yvour treatment. On
this same day, I will remove your wires but leave the
braces on for another month. At you next appointment 4
weeks later, I will take a second mold and examine your
teeth. If no changes occurred since your last visit, we
will take your braces off. If we see some changes, we
will place the wires back in your month for 4 to 8 weeks
and then remove your braces.

This project will allow me to compare the two molds
taken and will help us find out if retainers are
necessary to keep your teeth in their new position.

It is perfectly fine if you do not want to take part in
this project. If you want to take part in this study, I
will give you a free set of retainers the day your braces
come off.

If you are willing and want to take part, you can still
change your mind at any time without any problems. Your
parent (s) know that I am asking you to do this. Would
you like to participate in this project?

I have read the above and agree to participate in this
study.

Child Participant’s Printed Name:
Child Participant’s Signature:
I agree to permit my child to participate in this study.
Parent‘s Signature:
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CRITERIA AND RATIONALE

The ABO Objective Grading System for scoring dental casts and panoramic
radiographs contains eight criteria. These are: alignment, marginal ridges,
buccolingual inclination, occlusal relationships, occlusal contacts, overjet,
interproximal contacts, and root angulation. The rationale for using these
criteria is stated in the following section.

Alignment is usually a fundamental objective of any orthodontic treatment
plan. Therefore, it seems reasonable that any assessment of quality of
orthodontic result must contain an assessment of tooth alignment. In the
anterior region, the incisal edges and lingual surfaces of the maxillary
anterior teeth and the incisal edges and labial-incisal surfaces of the
mandibular anterior teeth were chosen as the guide to assess anterior
alignment. These are not only the functioning areas of these teeth, but they
also influence esthetics if they are not arranged in proper relationship. In the
maxillary posterior region, the mesiodistal central groove of the premolars
and molars is used to assess adequacy of alignment. In the mandibular arch,
the buccal cusps of the premolars and molars are used to assess proper
alignment. These areas were chosen since they represent easily identifiable
points on the teeth, and represent the functioning areas of the posterior
teeth. The results of the four field tests show that the most commonly
malaligned teeth were the maxillary and mandibular lateral incisors and
second molars, which accounted for nearly 80% of the mistakes.

Marginal ridges are used to assess proper vertical positioning of the
posterior teeth. In patients with no restorations, minimal attrition, and no
periodontal bone loss, the marginal ridges of adjacent teeth should be at the
same level. If the marginal ridges are at the same relative height, the
cementoenamel junctions will be at the same level. In a periodontally
healthy individual, this will result in flat bone level between adjacent teeth.
In addition, if marginal ridges are at the same height, it will be easier to
establish proper occlusal contacts, since some marginal ridges provide
contact areas for opposing cusps. Based upon the four field tests, the most
common mistakes in marginal ridge alignment occurred between the
maxillary first and second molars. The second most common problem area
was between the mandibular first and second molars.

Buccolingual inclination is used to assess the buccolingual angulation of
the posterior teeth. In order to establish proper occlusion in maximum
intercuspation and avoid balancing interferences, there should not be a
significant difference between the heights of the buccal and lingual cusps of
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the maxillary and mandibular molars and premolars. The Directors use a
special step gauge to assess this relationship. Some latitude is allowed,
however in past field tests significant problems were observed in the
buccolingual inclination of the maxillary and mandibular second molars.

Occlusal relationship is used to assess the relative anteroposterior
position of the maxillary and mandibular posterior teeth. In order to achieve
accuracy and reliability in measuring this relationship, results of previous
field tests have shown that the most verifiable method of scoring this
criterion is to use Angle's relationship. Therefore, the buccal cusps of the
maxillary molars, premolars, and canines must align within 1 mm of the
interproximal  embrasures of the mandibular posterior teeth. The
mesiobuccal cusp of the maxillary first molar must align within 1 mm of the
buccal groove of the mandibular first molar.

Occlusal contacts are measured to assess the adequacy of the posterior
occlusion. Again, a major objective of orthodontic treatment is to establish
maximum intercuspation of opposing teeth. Therefore, the functioning cusps
are used to assess the adequacy of this criterion; i.e., the buccal cusps of
the mandibular molars and premolars, and the lingual cusps of the maxillary
molars and premolars. If cusp form is small or diminutive, that cusp is not
scored. In past field tests, the most common problem area has been
inadequate contact between maxillary and mandibular second molars.

Overjet is used to assess the relative transverse relationship of the
posterior teeth, and the anteroposterior relationship of the anterior teeth. In
the posterior region, the mandibular buccal cusps and maxillary lingual
cusps are used to determine proper position within the fossae of the
opposing arch. In the anterior region, the mandibular incisal edges should be
in contact with the lingual surfaces of the maxillary anterior teeth. In past
field tests, the common mistakes in overjet have occurred between the
maxillary and mandibular incisors and second molars.

Interproximal contacts are used to determine if all spaces within the
dental arch have been closed. Persistent spaces between teeth after
orthodontic therapy are not only unesthetic, but can lead to food impaction.
In past field tests, spacing is generally not a major problem with ABO cases.

Root angulation is used to assess how well the roots of the teeth have
been positioned relative to one another. Although the panoramic radiograph
is not the perfect record for evaluating root angulation, it is probably the
best means possible for making this assessment. If roots are properly
angulated, then sufficient bone will be present between adjacent roots,
which could be important if the patient were susceptible to periodontal bone
loss at some point in time. If roots are dilacerated, then they are not
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graded. In past field tests, the common mistakes in root angulation occurred
in the maxillary lateral incisors, canines, second premolars, and mandibular
first premolars.

GUIDE FOR GRADING CLINICAL CASE REPORTS MODEL

ANALYSIS
ALIGNMENT

In the maxillary and mandibular anterior regions, proper alignment is
characterized by coordination of alignment of the incisal edges and lingual
incisal surfaces of the maxillary incisors and canines (fig. 1), and the incisal

edges and labial incisal surfaces of the mandibular incisors and canines (fig.
2).

figure 1 figure 2

In the mandibular posterior quadrants, the mesiobuccal and distobuccal
cusps of the molars and premolars should be in the same mesiodistal
alignment. In the maxillary arch, the central grooves (mesio-distal) shouid
all be in the same plane or alignment (fig. 3). If all teeth are in alignment, or

within 0.50 mm of proper alignment, no points are subtracted from the
candidate's score.

figure 3
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ALIGNMENT (Cont'd)

If the mesial or distal alignment at any of the contact points is 0.50 mm to 1
mm deviated from proper alignment (fig. 4a,b), 1 point shall be subtracted
for the tooth that is out of alignment. If adjacent teeth are out of alignment,
then 1 point should be subtracted for each tooth.

figure 4a

If the discrepancy in alignment of a tooth at the contact point is greater than
1 mm, then 2 points shall be subtracted for that tooth (fig. 5a,b). No more
than 2 points shall be subtracted for any tooth.

figure 5a figure 5b
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MARGINAL RIDGES
In both maxillary and mandibular arches, marginal ridges of adjacent
posterior teeth shall be at the same level, or within 0.50 mm of the same

level (fig. 6).

figure 6

If adjacent marginal ridges deviate from 0.50 to 1 mm (fig. 7), then 1 point
shall be subtracted for that interproximal contact. If the marginal ridge
discrepancy is greater than 1 mm (fig. 8), then 2 points shall be subtracted
for that interproximal contact. No more than 2 points will be subtracted for
any contact point. The marginal ridge will be considered as the most occlusal
point that is within 1 mm of the contact at the occlusal surface of adjacent

teeth. , \

figure 7



79

BUCCOLINGUAL INCLINATION

The buccolingual inclination of the maxillary and mandibular posterior teeth
shall be assessed by using a flat surface that is extended between the
occlusal surfaces of the right and left posterior teeth. When positioned in this
manner, the straight edge should contact the buccal cusps of contralateral
mandibular molars. The lingual cusps should be within 1 mm of the surface
of the straight edge (fig. 9). In the maxiliary arch, the straight edge should
contact the lingual cusps of the maxillary molars and premolars. The buccal
cusps should be within 1 mm of the surface of the straight edge (fig. 10).

figure 9 figure 10

If the mandibular lingual cusps or maxillary buccal cusps are more than 1
mm, but less than 2 mm from the straight edge surface (fig. 11a,b), 1 point
shall be subtracted for that tooth. :
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figure 11a

BUCCOLINGUAL INCLINATION (Cont'd)

Figure 12B

figure 11b
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If the discrepancy is greater than 2 mm (fig. 12a,b), then 2 points are
subtracted for that tooth. No more than 2 points shall be subtracted for any
tooth.

OCCLUSAL CONTACTS

This section of the evaluation determines the adequacy of occlusal contact of
the premolars and molars. The buccal cusps of the mandibular premolars
and molars (fig. 13) and the lingual cusps of the maxillary premolars and
molars (fig. 14) should be contacting the occlusal surfaces of the opposing
teeth. Each mandibular premolar has one functional cusp. Each mandibular
molar has two functional buccal cusps. The maxillary premolars have one
functional lingual cusp. However, the maxillary molars may have only a
mesiolingual functional cusp.

figure 13 figure 14

OCCLUSAL CONTACTS (Cont'd)

If the distolingual cusp is short or diminutive (fig. 15), it should not be
considered in the evaluation. If this cusp is prominent, but does not contact
with the opposing arch, then points may be deducted. If the cusps are in
contact with the opposing arch, no points are deducted.
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figure 15

If a cusp is out of contact with the opposing arch, and the distance is 1 mm
or less (fig. 16), then 1 point is subtracted for that cusp. If the cusp is out of
contact and the distance is greater than 1 mm (fig. 17), then 2 points are

subtracted for that cusp. No more than 2 points are subtracted for each
cusp.

figure 16 figure 17

OCCLUSAL RELATIONSHIP
This section of the evaluation determines whether the occlusion has been
finished in an Angle Class I relationship. Ideally, the maxiilary canine cusp
tip should align with (or within 1 mm of) the embrasure or contact between
the mandibular canine and adjacent premolar (fig. 18). The buccal cusps of
the maxillary premolars should align with (or be within 1 mm of) the
embrasures or contacts between the mandibular premolars and first molar
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(fig. 18). The mesiobuccal cusps of the maxillary molars should align with
(or be within 1 mm of) the buccal grooves of the mandibular molars (fig.
18).

figure 18

If the maxillary buccal cusps deviate between 1 and 2 mm from the
aforementioned positions (fig. 19), then 1 point shall be subtracted for that
maxillary tooth. If the buccal cusps of the maxillary premolars or molars
deviate by more than 2 mm from ideal position (fig. 20), then 2 points shall
be subtracted for each manxillary tooth that deviates. No more than 2 points
shall be subtracted for each maxillary tooth., In some situations, the
posterior occlusion may be finished in either an Angle Class II or Class III
relationship, depending upon the type of tooth extraction in the maxillary or
mandibular arches.

Figure 19
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Figure 20

OCCLUSAL RELATIONSHIP (Cont'd)

In a Class II situation (fig. 21), the buccal cusp of the maxillary first molar
should align with the embrasure or interproximal contact between the
mandibular second premolar and first molar. The buccal cusp of the
maxillary second molar should align with the embrasure or interproximal
contact between the mandibular first and second molars. If the final
occlusion is finished in a Class III relationship (when mandibular premolars
are extracted), the buccal cusp of the maxillary second premolar should
align with the buccal groove of the mandibular first molar (fig. 22). The
remaining occlusion distal to the maxillary second premolar and mandibular
first molar are adjusted accordingly.

figure 21 figure 22
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OVERJET

The overjet is evaluated by articulating the models and viewing the
labiolingual relationship of the maxillary arch relative to the mandibular
arch. In order to determine the proper relationship of the casts, the
examiner must rely on the trimming of the backs of the bases of the models.
The models are set flat on their backs, in order to determine this assessment
(fig. 23).

figure 23

OVERJET (Cont'd)

If the models are mounted on an articulator, then the articulated mounting
shail determine the proper maxillary and mandibular model relationship. If
the proper overjet has been established, then the buccal cusps of the
mandibular molars and premolars will contact in the center of the occlusal
surfaces, buccolingually, of the maxillary premolars and molars (fig. 24). In
the anterior region, the mandibular canines and incisors will contact the
lingual surfaces of the maxillary canines and incisors (fig. 25). If this
relationship exists, no points are subtracted.



figure 25

If the mandibular buccal cusps deviate 1 mm or less from the center of the
opposing tooth (fig. 26), 1 point is subtracted for that tooth, If the position
of the mandibular buccal cusps deviates more than 1 mm from the center of
the opposing tooth (fig. 27), two points are subtracted for that tooth. No
more than 2 points are subtracted for any tooth.

figure 26 figure 27
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OVERIJET (Cont'd)

In the anterior region, if the mandibular canines or incisors are not
contacting lingual surfaces of the maxillary canines and incisors, and the
distance is 1 mm or less (fig. 28), then 1 point is subtracted for each
maxillary tooth. If the discrepancy is greater than 1 mm (fig. 29), then 2
points are subtracted for each maxillary tooth.

figure 28

figure 29

INTERPROXIMAL CONTACTS

This assessment is made by viewing the maxiltary and mandibular dental
casts from an occlusal perspective. The mesial and distal surfaces of the
teeth should be in contact with one another (fig. 30). If 0.50 mm or less
interproximal space exist, then no points are subtracted.



figure 30

INTERPROXIMAL CONTACTS (Cont'd)

If greater than 0.50 to 1 mm of interproximal space exists between two
adjacent teeth (fig. 31), then 1 point is subtracted for that interproximal
contact. If more than 1 mm of space is present between two teeth (fig. 32),
then 2 points are subtracted for that interproximal contact. No more than 2
points are subtracted for any contact that deviates from ideal.

figure 31 figure 32

RADIOGRAPHIC ANALYSIS

ROOT ANGULATION

The relative angulation of the roots of the maxillary and mandibular teeth is
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assessed on the panoramic radiograph. Although this is not ideal, it gives a
reasonably good assessment of root position. Generally, the roots of the
maxillary and mandibular teeth should be parallel to one another and
oriented perpendicular to the occlusal plane (fig. 33). If this situation exists,
or if a deviation of the apex is 1 mm or less, then no points are subtracted.

figure 33

ROOT ANGULATION (Cont'd)

If a root is angled to the mesial or distal on the panoramic radiograph, and if
the discrepancy is mild, with the apex of the affected tooth greater than 1
mm, but not touching the adjacent tooth root (fig. 34), then 1 point is
subtracted for that tooth. If the root is angled to the mesial or distal and is
contacting the adjacent tooth root (fig. 35), then 2 points are subtracted for
that tooth,

figure 34 figure 35
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PASSING SCORE

During the 1997 and 1998 field tests, both subjective and objective
methods of scoring the dental casts and panoramic radiographs were used
by the Directors. Based -upon a comparison of these two methods, a passing
score was established. In general, a case report that loses more than 30
points will fail. A case report that loses less than 20 points will generally
pass that portion of the phase III examination. However, this figure only
represents a part of the overall score for each case report. The quality of the
records, appropriateness of the treatment plan, and objectives for
positioning of the maxilla, mandible, maxillary dentition, mandibular
dentition, and facial profile are also carefully scrutinized. The Board is
presently field testing objective methods for grading these other aspects of
the phase III examination.

SUMMARY

The Directors of The American Board of Orthodontics have spent countless
hours developing this system for assessing the occlusal and radiographic
results of orthodontic treatment. The usefulness of this system depends not
only on its objectivity, but more importantly on the validity and reliability of
the measurements. After repeated comparison of both objective and
subjective systems, the Directors are confident that the "cut-off" score to
pass this portion of the phase III examination is valid. Reliability will be
insured through the use of a precise measuring instrument, in addition to
training and calibration of the Directors before each examination. In order to
be fair to all candidates, a confidence interval is established to account for
interrater variability.

Although the underlying purpose of establishing this grading system is to
insure reliable, objective evaluation of orthodontic records, the Board sees a
much greater benefit to publishing this grading system. In the future,
candidates may grade their own results before the phase III examination.
Candidates will know if their results will pass the CCROE portion of the phase
IIT examination. Furthermore, Diplomates may use this scoring system at
anytime in their clinical career to determine if they are producing "Board
quality” results. The Board hopes that this method of self-evaluation will help
to elevate the quality of orthodontic care in the future.



91

THE AMERICAN BOARD OF ORTHODONTICS MEASURING
GAUGE

A

tlmuna FTT P

A This portion of the gauge is 1 mm in width and is used to measure
discrepancies in alignment, overjet, occlusal contact, interproximal contact,
and occlusal relationships,

B This portion of the gauge has steps measuring 1 mm in height and is used
to determine discrepancies in mandibular posterior buccolingual inclination.

C This portion of the gauge has steps measuring 1 mm in height and is used
to determine discrepancies in marginal ridges.

D This portion of the gauge has steps measuring 1 mm in height and is used
to determine discrepancies in maxillary posterior buccolingual inclination.
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