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A REEVALUATION OF MANDIBULAR INTERCANINE DIMENSION
AND INCISAL POSITION

KELLY R. PAGE
GRADUATE SCHOOL, UNIVERSITY OF ALABAMA AT BIRMINGHAM
ABSTRACT

The purpose of the present study was to compare a sample of patients with
borderline mandibular crowding of 4 to 8 mm (measured on electronic models) that
could benefit from extraction therapy or nonextraction therapy. Sixty patients treated
by orthodontic residents at The University of Alabama School of Dentistry Department
of Orthodontics were evaluated. Thirty patients were treated with nonextraction, and 30
patients were treated with extraction of premolars (17 second premolars and 13 first
premolars). Geodigm emodel software was used to compare mandibular width
dimensional changes from pretreatment to after orthodontic treatment among the
nonextraction, extraction of mandibular first premolar, and extraction of mandibular
second premolar treatment groups. In addition, pretreatment and posttreatment
cephalograms of the treatment groups were traced with Dolphin Imaging software and
compared by evaluating the angle of the mandibular incisor in relation to the
mandibular plane. Results of the study showed more intercanine expansion in the
extraction sample than in the nonextraction sample. However, the nonextraction
sample had a large increase in incisor mandibular plane angle, whereas the extraction
samples showed a decrease. The measurements that were statistically significantly
different in the extraction and nonextraction groups were as follows:

l. Intercanine width measured at the gingival margin: the extraction

sample showed more expansion than the nonextraction group did.
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Second premolar width in nonextraction patients and first premolar
extraction group: nonextraction sample showed expansion in the second
premolar width, whereas the first premolar extraction sample showed
constriction.

Intermolar width change in nonextraction and extraction groups: the
nonextraction group showed slight expansion in the intermolar width,
whereas the extraction groups showed constriction.

Incisor mandibular plane angle changes in nonextraction and extraction
samples: the nonextraction group had a large increase in incisor
mandibular plane angle, whereas the extraction samples showed a

decrease.
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INTRODUCTION

The debate over extraction versus nonextraction therapy has been ongoing for
decades. In the 1890s, the extraction of teeth was a popular orthodontic treatment option.
Edward Angle agreed with other conservative dentists during this time that teeth should
not be extracted for orthodontic purposes. It became his mission to preserve tooth
structure in all instances. Angle believed that every person had the potential for an ideal
relationship of all 32 natural teeth and that therefore, extraction of any teeth for
orthodontic purposes was never needed.'

Angle based his nonextraction therapy beliefs upon two main concepts: First, that
bone remodeled under stress, and different patterns of pressure could modify growth to
overcome skeletal discrepancies. He believed that rubber bands from the maxilla to the
mandible could correct skeletal jaw discrepancies because of the adaptability of the
skeletal structures and the ability of functional forces to induce basal bone growth. The
teeth, once positioned, would be surrounded by newly formed basal bone, thereby
precluding extractions.' The second concept concerned retention. Angle argued that the
key to maintaining a final stabilized orthodontic result was proper occlusion. He
contended that proper occlusal forces would stabilize teeth in their new position. He
searched for a technique to move teeth bodily instead of tipping teeth to their new
position and described his edgewise appliance as a “bone growing appliance.”” Angle

attributed relapse to the orthodontist’s not achieving proper occlusion.



Regarding esthetics, Angle believed that ideal facial esthetics would be achieved
only when the dentition was in proper occlusion. Instead of resorting to extractions,
Angle advocated expansion of both dental arches to accommodate teeth in cases of
overcrowding.

Case challenged Angle’s concepts in the early 1900s by stating that esthetics and
stability were compromised with Angle’s unwavering nonextraction philosophy. Case
argued that “new bone cannot be induced to grow beyond its inherent size which provides
a sufficient reason to extract teeth in certain types of malocclusion.” Case focused on the
spatial position of the maxillary and mandibular dentition and on the effects of the
dentition on esthetics. Despite of Case’s strong argument and reasoning, Angle’s
treatment philosophy dominated during the period between World Wars I and 1L

After Angle’s death in 1930, one of his students, Tweed, performed a ground-
breaking experiment on his own relapsed nonextraction cases. Tweed practiced Angle’s
philosophy of the full complement of teeth for 6.5 years. At the end of this period, he
recalled 70% of his treated patients and classified the results as being either successful or
unsuccessful. To his surprise, his successes were less than 20% and the failures exceeded
80%. His criteria for success included the best balance and harmony of facial lines,
stability of dentures after treatment, healthy tissues, and an efficient chewing
mechanism.’ Tweed re-treated, with the extraction of teeth, a number of patients who had
been treated nonextraction and had relapsed. By extracting and realigning the teeth, he
observed greater stability in the occlusion; he then made his results public. Tweed’s
recording of the results was one of the few documented instances of similar

malocclusions being treated in a different manner. According to Tweed, the dentofacial



appearance after extraction was far more pleasing than those of similar patients being
treated nonextraction. Fewer relapses were also observed.*” The extraction philosophy
was a pendulum swing for American orthodontics and reintroduced extraction therapy in
the late 1940s. Another of Angle’s students, an Australian, Raymond Begg, came to the
same conclusion concerning the unstable results observed in nonextraction cases. He
produced his own appliance, the Begg appliance, adapting it to extraction therapy.

By the early 1960s, orthodontic concepts concerning extraction therapy had been
introduced. More than half of the American patients undergoing orthodontic treatment
were referred for extraction of some teeth, usually first premolars, before treatment.’

Since the advocacy of extraction therapy in orthodontics by Tweed and Begg,
there has been a steady decline in extraction treatment by orthodontic clinicians. Initially,
extraction of teeth for orthodontic purposes was introduced as a means of enhancing
stability. However, subsequent studies have shown that extractions per se do not
necessarily ensure stability. Another consideration was the esthetic demands of an
appearance-driven society. A recent study’ showed that society prefers a fuller, broader
smile, which, according to some, is easier to attain with nonextraction treatment. In the
1980s, reports of temporomandibular dysfunction associated with extraction also
contributed to orthodontists resisting extraction therapy.® Currently, there is a lack of
agreement on the subject of extraction versus nonextraction treatment, particularly in
borderline cases. Conflicting studies concerning esthetics and stability abound, resulting
in numerous reports depicting harmful effects of extractions on occlusion,

temporomandibular joints, profile, occlusal function, and stability.



The objective of the present study was to compare a sample of patients with
mandibular crowding of 4 to 8 mm, measured on electronic models, that could benefit
from either extraction or nonextraction therapy. The term “borderline” was used to
classify these patients as to the amount of crowding present. The measurements studied
were the mandibular transverse dimension, specifically intercanine dimensional changes
and the incisor mandibular plane angle which was measured cephalometrically. The null
hypothesis was that, in satisfactorily treated borderline extraction and nonextraction
patients, changes in the intercuspid, interpremolar, and intermolar widths and in the
incisor mandibular plane angle are not statistically significantly different. The results
focus on the treatment outcome issue as it relates to expansion of intercanine dimension
and proclination of mandibular incisors. If initial crowding is comparable in both the
extraction and nonextraction groups, then statistically insignificant changes in the
transverse mandibular dimensions and incisor mandibular plane angle between the two
treatment modalities would strengthen the argument for nonextraction treatment in

borderline crowded cases.



LITERATURE REVIEW

There are several factors that should be of concern to the orthodontic clinician
when planning the treatment of the borderline crowded patient. The effects of extraction
versus nonextraction therapy on esthetics, health of the temporomandibular joint and
surrounding soft tissues, mandibular intercanine dimension, mandibular incisor axial
inclination, and long-term stability must be carefully considered before the final
treatment decision is made.

The obvious goals of orthodontic treatment include attaining good facial esthetics,
maintaining healthy surrounding soft tissues, achieving proper and functional occlusion,
and finalizing a treatment result that is stable in the longterm. Whether teeth need to be
extracted to achieve these goals has been debated over several decades. Obvious cases of
severe crowding or minimal crowding leave most clinicians with little doubt about the
correct treatment decision. However, the borderline crowded cases challenge the
clinician to consider all of the treatment options and to base the decision to extract or not

extract teeth on how treatment would affect these goals.

Facial Esthetics
One of the goals of orthodontic treatment has always been to improve the esthetic
problems that accompany many malocclusions. In fact, the historical “great debate”

between Angle and Case concerning extraction therapy had an esthetic background.'



Facial esthetics is a personal and subjective concept that plays a role in an
individual’s psychological health. Self-esteem and social acceptance are affected by
beauty and facial balance. Cultural trends similarly affect esthetics; the concept of beauty
is constantly evolving.

Facial traits deemed important in facial beauty include mouth procumbency, lip
fullness, mandibular contour, a chin that is wellproportioned, and proper alignment of the
dentition.

The extraction versus nonextraction debate has been continually centered on the
esthetic effects of both treatment modalities. Severe crowding and excessive dental
protrusion may be obvious indicators for extraction; however, when the support for
extraction is not as clear-cut, the decision becomes challenging. After Tweed showed the
need for a well uprighted positioning of lower incisors onto supporting bone, tooth
extraction became a routine procedure for many orthodontists. The extraction pendulum
is currently swinging to the conservative side because of many factors such as the risk of
possible litigation and the perceived detrimental effects of extractions on esthetics. The
development of “new and improved” expansion techniques and early treatment options
are contributing to the rise in popularity of nonextraction treatment therapy.

The esthetic effects of orthodontic therapy must be considered when deciding
upon a treatment plan. Several investigators have compared extraction and nonextraction
treatment effects on esthetics.

Ilken Kocadereli’ evaluated the effects of orthodontic treatment on the facial
profile, with or without the extraction of teeth. Included in the study were 40 patients

who did not undergo extraction of teeth and 40 patients who underwent extraction of



maxillary and mandibular first premolars. Lateral cephalometric radiographs taken
before and after orthodontic treatment were digitized and compared with each other.

10,11
’s"™"" subnasale-soft

Measurement of the lips relative to Ricketts’s” E-line and Burstone
tissue pogonion (Sn-Pog’) line focused attention on the relationship of the nose, lips, and
chin. In both groups in Kocadereli’s study, the upper and lower lips were less protrusive
after treatment. In the extraction group, the lips moved back in relation to the E-line and
Sn-Pog’ line. In the nonextraction group, there was less backward change of the lips than
was found in the extraction group. The findings in the study by Kocadereli indicated that
extraction of premolars may be appropriate when a decrease of lip procumbency is
desired but that individual response must be considered. It would be advisable to inform
the patient that there is an expected average change in lip procumbency but that a change
is not certain and varies among individuals. In conclusion, the major soft tissue
differences between the groups at the end of treatment were more retruded upper and
lower lips in the extraction patients; however, the mean finished profile assessment for
the extraction patients fell within the pleasing normal range, as measured by the
Holdaway'*"* H-line.

Bowman'* found a conclusion to that of Kocadereli’ concerning lip procumbency.
Bowman examined the changes in facial esthetics resulting from extraction and
nonextraction treatment and analyzed them as a function of pretreatment facial
morphology. A sample of 120 Caucasian patients (70 extraction and 50 nonextraction)
was randomly selected from Bowman’s files. The effect of treatment on the facial profile
was determined by a panel of observers that viewed profile tracings and recorded results

on a visual analogue scale. The esthetic effect of treatment on the facial profile proved to



be a function of the type of treatment, the initial protrusion of the profile, and the
observer’s background. Extraction treatment had an esthetic effect that was proportional
to the patient’s pretreatment lip procumbency (lower lip to E-plane). In contrast,
nonextraction treatment had little effect on facial esthetics, regardless of initial profile
protrusion. The profiles of those whose lips were more than 2 to 3 mm behind the E-
plane before treatment tended to be seen as having worsened as a result of premolar
extraction. The conclusion of the study findings was that extraction treatment produces
positive esthetic results for patients when the objective was to reduce lip procumbency.
Several investigations compared extraction and nonextraction effects on esthetics
and found that extraction treatment did not have a negative effect on esthetics. Young and
Smith" used cephalometric radiographs to examine soft tissue profiles of 198 orthodontic
patients treated with full fixed appliances without extraction of any permanent teeth. The
criteria for selection of cases and the methods of data collection were designed to allow
comparison with data from Drobocky and Smith’s'® study on patients treated with
extraction of four first premolars. Soft tissue changes were found to be smaller in the
nonextraction patients, but variability was similar to that found in the four premolar
extraction cases. Also, the undesirable facial changes were generally as common in the
extraction and nonextraction cases. Drobocky and Smith presented evidence that does
not support the general belief that extraction of premolars has a detrimental effect on
esthetics. Their study included soft tissue profiles of 160 orthodontic patients who
underwent first premolar extractions. The mean changes for the total sample included an

increase of 5.2 degrees in the nasolabial angle and retraction of the upper and lower lips



of 3.4 and 3.6 mm to the E-line, respectively. A comparison with normal facial esthetics
revealed that first premolar extractions did not typically result in a “dished-in” profile.

Ismail et al'’ compared the 3-dimensional effects on the face of extraction and
nonextraction orthodontic treatment in patients with skeletal Class I patterns. Twelve
patients were treated with extractions, and 12 were treated nonextraction. Study casts,
lateral cephalometric radiographs, and optical surface scans were compared between the
two groups. The 3-dimensional optical surface scans showed that faces in the
nonextraction group became relatively more protrusive with treatment. In the extraction
group, the concavity of the labiomental fold increased and the nonextraction group
showed no change in this area. Also, the angle created by soft tissue nasion-subnasale-
pogonion (angle of facial convexity minus the nose) increased in the extraction group and
decreased in the nonextraction group.

Johnson and Smith'® used standardized frontal photographs taken of the face
during smiling to compare smile esthetics after orthodontic treatment with and without
extraction of four first premolars. Thirty patients treated with extraction of four first
premolars and 30 treated with full edgewise appliances without extractions were judged
by a panel of 10 laypersons. There were no significant differences between the mean
esthetic score of extraction patients and that of nonextraction patients. In the patients
treated without extraction therapy, the results found for the variables that related to
“buccal corridors” during smiling showed no correlation to the results found for those
variables in the patients treated by extraction therapy. The results indicated that there
was no predictable relationship between the extraction of premolars and the esthetics of

the smile.
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Luppanapornlarp and Johnson'® assessed the skeletal, dental, and softtissue
changes that had occurred, both during treatment and in the 10-20 years thereafter of 238
edgewise patients. The sample was divided into extraction and nonextraction Class II
patients. The premolar extraction therapy had a greater impact (by 2 to 3 mm) on the
profile, and nonextraction treatment produced less of a change in profile convexity. It
was stated that, contrary from what was expected, the nonextraction patients tended to
have more concave faces, whereas the extraction patients more often had what
nonextraction advocates call “nice, full, pleasing profiles.” This finding counters the
popular rationale that extraction therapy causes “dished-in profiles.”

Paquette et al.”” evaluated long-term effects of extraction and nonextraction
edgewise treatments of 63 patients with Class II, division 1 malocclusions. Lateral
cephalograms, study models, and a self-evaluation were used to determine the esthetic
impact of treatment from 33 extraction and 30 nonextraction subjects. The long-term
posttreatment interval average was 14.5 years. Premolar extraction therapy resulted in a
greater reduction in hard and soft tissue protrusion. The posttreatment results showed
essentially the same hard and soft tissue changes. Esthetically, profile convexity
decreased in both groups. The 30 nonextraction patients did not rate their posttreatment
appearance higher than the extraction subjects did, a finding contrary to what would be
expected. The latter finding fails to support the general consensus among orthodontists
that premolar extraction therapy causes “dished-in” profiles.

Bishara et al.>' compared patients with Class II, division 1 malocclusion after
extraction and nonextraction treatment to determine treatment and posttreatment changes

in the facial and dental parameters. Their findings suggested that extraction and
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nonextraction treatment plans based on proper diagnostic parameters do not have a
generalized negative effect on the facial profile. This conclusion was supported by the
results of a study by Nalchajian® that revealed that there were no subjective esthetic
differences between the nonextraction and extraction patients before or after treatment.
The orthodontic clinicians evaluating the posttreatment photographs in Nalchajian’s
study were correct 55% of the time when trying to determine whether a patient had had
extraction treatment or nonextraction treatment, which is only slightly better than chance.

Dark buccal corridors have been linked to orthodontic treatment and are often
regarded as an unattractive result of extracting premolars. The purpose of the study by
Gianelly2 3 was to compare anterior and posterior widths of dental arches after both
extraction and nonextraction therapy to determine whether extraction treatment resulted
in narrower dental arches and, by inference, larger dark shadows in the buccal corridor.
Posttreatment study models of 25 patients who had four first premolar extractions and 25
patients treated without extractions were randomly selected and measured. All patients
were treated with the edgewise technique, and the mandibular intercanine and intermolar
widths of both groups did not differ statistically at the start of treatment. The results
indicated that the average mandibular intercanine dimension was 0.94 mm larger in the
extraction sample than in the nonextraction subjects. The maxillary arch width in both
groups was essentially equal, which would cause the effect on smile esthetics to be
similar. These results are similar to those of the study by Johnson and Smith'® who
evaluated smile esthetics after extraction and nonextraction treatment. Johnson and
Smith found the intercanine width relative to visible dentition to be wider in the

extraction patients. In borderline patients from another study,” the long-term increase of
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the mandibular intercanine width in those treated by extraction therapy was 1.0 mm,
whereas the increase in nonextraction sample was only 0.5 mm. These previous studies
show that, contrary to popular belief, extraction treatment does not cause the dental

arches to constrict and therefore does not result in dark, unesthetic buccal corridors.

Temporomandibular Joint

When the orthodontist is deciding whether to extract teeth in borderline crowded
patients, a review of expected treatment effects would not be complete without
consideration of the health of the temporomandibular joint.

The prevalence of the signs and symptoms of temporomandibular disorders
(TMD) has increased considerably in the past several decades. Emotional stress and
more accurate diagnostic tools may be reasons for the trend, but a specific etiologic factor
has not yet been detected. **

Occlusal factors as a contributing factor in TMD were first described by Costen®
in 1934. There have been several theories since then that indicate that malocclusion is a
risk factor for TMD. These theories lead the clinician to believe that an ideal occlusion
will alleviate the signs and symptoms associated with this disease.

The possibility of orthodontics’ being an etiologic factor in TMD has been at the
forefront of dental discussions for the past 20 years. A lawsuit in the summer of 1987
sparked media attention and erroneous conclusions concerning orthodontics and TMD. 1t
was concluded that orthodontics, specifically involving the extraction of teeth, led to the
plaintiff’s temporomandibular joint problems.”® The jury found for the plaintiff and

awarded her $850,000. (With added costs, the total was 1.3 million dollars.)
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In 1992 an article was published by Sadowsky”’ in which the literature on the risk
of orthodontic treatment for producing TMD was thoroughly reviewed. Several studies
were examined that addressed the question of a possible functional risk or benefit of
orthodontic treatment on the temporomandibular joint and surrounding musculature. In
the 14 studies reviewed, 1,300 orthodontic patients from different countries were
evaluated who were treated with various techniques, including nonextraction and
extraction therapies. The evidence was overwhelmingly in support of the fact that
orthodontic treatment performed in children and adolescents generally is not a risk for
future development of TMD.

There have been several investigations that confirm the conclusions published by
Sadowsky.”’ Beattie et al.” identified retrospectively a sample of 63 patients who were
considered borderline because they could have been treated either with or without
extractions. They were recalled for long-term evaluation an average of 14 years after
treatment to evaluate head and neck musculature and the temporomandibular joints.
There were no significant differences between the extraction and nonextraction samples.
The data failed to support the notion that premolar extraction causes temporomandibular
disorder. Janson and Hasund® evaluated 60 orthodontic patients treated with different
extraction protocols in 1981. It was concluded in this study that patients with severe
malocclusion could be treated with no additional risk for developing temporomandibular
joint dysfunction than the general population would face. Dibbets and Van Der Weele™
evaluated the relationship between orthodontic treatment performed with extractions and
TMD symptoms. The results of this 20-year longitudinal study revealed no relationship

between the presence of TMD and orthodontic techniques and extractions in 172 patients
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examined. Conti et al.*' evaluated the symptoms of TMD in patients before and after
orthodontic treatment. The sample consisted of 200 people divided according to type of
malocclusion and type of treatment therapy. A questionnaire was used to classify TMD
presence and severity, and a clinical examination of each patient was completed. The
presence and severity of TMD did not show any relationship with either the type of
orthodontic mechanics or the extraction protocol. It was concluded that orthodontic
treatment was not associated with the presence of TMD.

Clinicians opposed to premolar extraction have claimed that extraction causes a
decrease in the vertical dimension of occlusion and that this decrease causes the
surrounding musculature to shorten, resulting in TMD.?** Staggers®® disproved this
claim in a study that compared vertical dimension changes between extraction and
nonextraction patients. It was found that, on average, orthodontic treatment produced a
net increase in vertical dimension, with no significant difference between extraction
therapy and nonextraction therapy.

Research has shown that condyle position varies in patients with or without TMD
symptoms and does not accurately predict the position of the articular disk. However, it
has been shown that symptomatic patients are more likely to have a posterior condyle
position.”> The purpose of a study by Major et al.*® was to determine the effect of
premolar extraction versus nonextraction orthodontic treatment on condyle position by
utilizing pretreatment and posttreatment temporomandibular joint tomograms for each
patient. The results showed an increased anterior joint space in the nonextraction group,

with no other significant changes in condyle position in either group. In conclusion,
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premolar extraction and fixed orthodontic treatment did not result in a statistically
significant change in condyle position in Class I malocclusion.
It is apparent from the conclusions of the previously mentioned studies that

orthodontic treatment does not result in an increased risk of developing TMD.

Mandibular Intercanine Dimension

The expected effect of orthodontic treatment on the arch form is an important
factor for the clinician to consider when deciding whether or not to extract teeth on
borderline crowded patients.

To properly determine what changes are occurring in the dental arch form as a
result of orthodontic therapys, it is important to understand what changes normally occur
without treatment. Bishara®’ evaluated changes in intercanine and intermolar widths over
a 45-year span on a longitudinal basis. Twenty-eight male and 33 female infants were
evaluated at approximately 6 weeks, 1 year, and 2 years of age. Fifteen male and 15
female subjects from the lowa Facial Growth Study were also evaluated at ages 3, 5, 8,
13, 26, and 45 years. Maxillary and mandibular dental casts were measured for arch
width. It was found that, between 6 weeks and 2 years of age, there were significant
increases in the maxillary and mandibular anterior and posterior arch widths. Between 3
and 13 years of age in both maxillary and mandibular arches, intercanine and the
intermolar widths increased significantly. After complete eruption of the permanent
dentition, there was a slight decrease in the dental arch widths and that this decrease was
greater in the intercanine area than in the intermolar area. Mandibular intercanine width,

on average, was complete by 8 years of age or after the eruption of the four incisors. The
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results indicated that, after the permanent dentition erupts, clinicians should expect either
no changes or a slight decrease in arch width. Bishara®’ concluded that dental arch widths
undergo changes from birth until the permanent dentition erupts completely. This
conclusion would indicate that, on the basis of the existing data, the expansion of the
dental arches beyond that attained after the eruption of the permanent dentition is most
likely contraindicated.

In another study, normal arch changes were documented by Sillman.*® This
longitudinal study sample varied in age from birth to 25 years. An increase in intercanine
width of 5.0 mm in the maxilla and 3.5 mm in the mandible in subjects from birth to 2
years of age was observed. After 2 years of age, the intercanine width increased in the
maxilla until 13 years of age and increased in the mandible until 12 years of age. Canine
widths remained stable after this time.

It has also been shown that mandibular intercanine dimension continues to change
into adulthood. In a longitudinal study of arch size and form in untreated adults, Harris™’
found that mandibular intercanine width was not dependant on age. Arch widths
increased over time, and arch length decreased. The changes altered arch shape toward
shorter, broader arches. The conclusion reached was that changes during adulthood occur
mostly during the second and third decades of life but do not necessarily cease after this
time point.

Orthodontic treatment effects obviously have a tremendous impact on the arch
form, specifically on the mandibular intercanine dimension. Several studies have shown
that changes in this dimension tend to return to the original arch form and width. Uhde et

al.* evaluated patients treated with or without extraction of four premolars. These
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subjects were observed between 12 and 35 years of age after orthodontic therapy was
complete. It was shown that the mean intercanine widths increased in both arches during
treatment in all types of malocclusion and decreased after treatment toward their original
widths. Mandibular intercanine width was found to decrease to close to or less than the
original dimension.

There are numerous treatment techniques that produce intercanine expansion to
resolve arch length deficiencies. These changes in anterior segment form may dictate
long-term stability of the dentition and may require permanent retention. It has been
shown repeatedly that the intercanine width decreases naturally over time in both treated

147 This dimension affects other aspects of the dental arch,

and untreated individuals.
such as the arch perimeter and the position of the incisors. Changes in these components
in turn affect the intercanine width. The specifics of the interrelationship between
intercanine width changes and other aspects such as incisal position and arch perimeter
are not precisely known. Ricketts et al.*® presented data showing that, for each millimeter
of incisor advancement, the anterior arch perimeter is increased by 2 mm and that an
increase of 1 mm in intercanine width creates a 1-mm increase in anterior arch perimeter.
Numerous studies have focused on the relapse potential when the intercanine
dimension is expanded. Felton et al.*’ evaluated arch forms by using a fourth-degree
polynomial function and found that mandibular arch form changes after nonextraction
treatment were unstable. In that study, approximately 70% showed significant relapse
posttreatment. De La Cruz et al.”’ used conic sections to depict arch forms in four

premolar extraction cases 10 years postretention. Their study showed a correlation

between the amount of treatment change and the tendency for relapse. Arch forms had a
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tendency to go back to the original form. However, this relapse was difficult to predict
and showed great variability.

In a study by BeGole et al.,” expansion of the dental arch was completed while
trying to maintain the original arch form. Study models were used from before treatment,
posttreatment, and postretention. Of the 76 individual arches, 53 were nonextraction and
23 had extractions. The mandibular canines showed significant relapse for both the
extraction and nonextraction cases. As a result, the net change in arch dimension at the
mandibular canines from pretreatment records to postretention records was not
statistically significant in either group.

There have also been several studies that have yielded results that indicated
instability with an extraction protocol when expansion was involved. Lee™> completed a
literature review of arch width and form in which he stated that expansion carried out in
association with dental extractions is not generally likely to be a stable change. A
prospective study by Huntley> showed that expansion of the lower arch is likely to be
stable only in the absence of extraction.

Results of a study by Shearn and Woods™* indicated that intercanine dimension
changes were not much different between extraction and nonextraction groups of
orthodontically treated patients. They investigated differences in lower arch-dimensional
changes after orthodontic treatment that involved extraction of either lower first or lower
second premolars. The sample included pretreatment and posttreatment records of 73
extraction cases, and it was found that the mean intercanine width in each group

underwent little change.
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Mandibular Incisor Axial Inclination

Previous studies have indicated the importance of maintaining an acceptable
range of mandibular incisor axial inclination throughout orthodontic treatment. The
decision on whether extractions are necessary should be based, in part, on how treatment
will affect the mandibular incisor axial inclination.

In 1941, Tweed concluded that the lower anterior teeth must be centered on the
“ridge,” or body of the bone.”” He claimed that, for orthodontic success to be achieved,
the lower incisors must stand at right angles to the mandibular plane. If this condition
was not possible with a full complement of teeth, extraction of premolars was
permissible.

Brodie® disagreed with Tweed and concluded that axial inclination of the lower
incisor varies greatly and is probably dependant on factors such as ethnic origin and
genetics. Speidel and Stoner’’ used cephalometrics to study the axial inclination of the
mandibular incisor to the mandibular plane and, like Brodie did, found a large range of
variation.

Litowitz>® cephalometrically evaluated 20 treated cases of malocclusion. He
found that disturbance of the root apex or crown was followed by a return to the original
position in almost every case, particularly if such movement had been in a labial
direction. The measurements taken with plaster casts before and after treatment and after
retention show that increases in lower arch length gained during treatment tended to
decrease after retention and that expansion gained by treatment similarly showed a loss

postretention.
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Kocadereli’ evaluated the differences between posttreatment axial inclinations of
40 nonextraction and 40 first premolar extraction patients. For the extraction group,
mandibular incisors were more retroclined after treatment, but the mean posttreatment
value for incisor inclination was close to normal. In the nonextraction group, the incisors
were tipped forward. When compared with the normative value according to Steiner,”
the posttreatment mean in the nonextraction group was excessive for incisor inclination.

In a study by Mills,*® a few cases with skeletal deep bites and retroclined incisors
in combination with a digit or lip entrapment habit showed stability after proclination.
His results supported the theory that proclination may be successful if the incisors are
initially retroclined because of an obvious factor and if that factor is eliminated with
treatment.

Studies on mandibular incisor axial inclination are few, unfortunately. The
previous studies are not in agreement concerning the acceptable range of mandibular
incisor axial inclination changes with orthodontic treatment. However, it is apparent that
there is a definite limit, and clinicians must consider long-term stability and periodontal

health when evaluating that limit among orthodontic patients.

Retention and Stability
The final and possibly most important factor for the clinician to consider when
deciding upon whether to extract teeth in borderline crowded patients is long-term
stability. It is generally agreed that retention of the orthodontic treatment result is

perhaps the most difficult aspect but is also one of great significance. Normal
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maturational changes and posttreatment tooth movement make retention challenging, to
say the least.

Moyers defined retention as “The holding of teeth following orthodontic
treatment in the treated position for the period of time necessary for the maintenance of

9561

the result.””" In 1934 Oppenheim was quoted as stating, “Retention is the most difficult

%2 The problem of retention lies in the

problem in orthodontia; in fact it is the problem.
instability of the teeth in the new position.

Basic concepts of retention have been established in orthodontics. In 1881 and
1891, respectively, Jackson® and Davenport® believed that occlusion determined
retention. In 1899, Edward Angle® wrote about the priority of the lower arch in
determining long-term stability of the entire dentition. Tweed®® developed the concept
that teeth should be positioned over basal bone to be stable. Rogers®” introduced a
balance of the teeth within the intra- and extraoral musculature in 1922. This concept
was agreed upon by many others, including Brodie® and Strang.”’

Arch width, especially the lower intercanine dimension, has been an area of
controversy regarding retention. McCauley,70 Strang,71 and Riedel”” felt that the
mandibular intercanine and intermolar widths should remain as they originally presented.
Strang,71 Strang and Thompson,72 and Howes”” believed that, if canines are moved distal
into extraction spaces, slight buccal expansion is permissible from a stability standpoint.

There have been multiple investigations that have compared extraction treatment
and nonextraction treatment in terms of the stability and retention of the orthodontic

result. Gardner and Chaconas’* identified arch changes during treatment of 74

nonextraction cases and 29 extraction of first premolar cases. Intercanine, inter-first and
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-second premolar, and inter-first molar widths were measured on pretreatment,
posttreatment, and postretention mandibular casts. The results showed that the
intercanine width was expanded during treatment but had a strong tendency to return to
its original pretreatment values in both nonextraction and extraction cases. The
intermolar width of nonextraction cases showed a significant increase in width with
treatment. The extraction cases showed a significant decrease. However, there were no
changes in either group postretention.

Little et al.*®

studied stability in a sample of mixed-dentition patients treated with
nonextraction. Expansion techniques were used instead of extraction of premolars to
align the dentitions. Postretention records of 26 patients were obtained a minimum of 6
years after retention. All patients showed a loss of treatment arch length increase, with
only six showing any gain over pretreatment measurements. Width constriction and
crowding of anterior teeth were consistent findings in the postretention records.

In the investigation by Luppanapornlarp and Johnston, " the results favored
extraction treatment over nonextraction. The extraction sample was able to accommodate
the natural posttreatment arch-length reduction better than the nonextraction patients
could accommodate this reduction. A long-term posttreatment arch-length reduction of 2-
3 mm that was independent of treatment technique or malocclusion classification was
documented in the study. The results showed that the extraction patients improved and
that the nonextraction patients worsened. The fact that premolar extraction therapy
seemed to show no apparent functional or esthetic deterioration in this study led to the

conclusion that it is not necessary to seek nonextraction alternatives as has been the

recent trend. It was also concluded that growth and treatment (either extraction or
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nonextraction) have the same average effect on a wide range of patients. Therefore,
clinically useful end of treatment predictions could be based on the initial shape of the
face and on predictions of the mean increments of change resulting from growth and
treatment.

Several authors documented relapse with any arch form change that varied greatly
from the original arch form. De la Cruz’’ evaluated long-term changes in maxillary and
mandibular arch form and found a general trend for arch form to return to pretreatment
shape after retention. The greater the treatment change, the greater the tendency for
postretention relapse was found to be. It was apparent from the results that the patient’s
pretreatment arch form was the best guide to future stability.

Miyazaki et al.”” evaluated posttreatment stability of occlusion in adults and
adolescents treated with four-premolar extractions at an average of 4 years posttreatment.
The initial irregularity index comparison was not significant, and the initial intercanine
width comparison was significant at the 5% level. The adolescent sample showed a
significantly greater posttreatment increase in anterior crowding than the adult sample
did; this may have been caused by continued developmental increases in crowding as a
result of mandibular growth. Mandibular intercanine widths showed an increase with
treatment but decreased after treatment in both groups. The posttreatment decrease
observed in the adults was found to be correlated with the amount of expansion during
treatment.

Vaden et al.”® examined relapse in extraction treatment patients to determine the
amount and rates of change in tooth positions and arch form and to assess which

cephalometric changes after treatment could predict instability. All patients in this study



24

were treated with extraction of premolars and varied in malocclusion classification. The
rate of change decreased with time; this finding supports the theory that most relapse
occurs soon after treatment. Most of the posttreatment mandibular incisor irregularity
was at the lateral incisor-canine contact area, with the canine slipping anteriorly to the
lateral incisor. This drift of the canine may result from the canine’s return to the
pretreatment intercanine width.

Davis and BeGole’’ described the differences in expansion that occur between
premolar extraction samples and nonextraction samples. During treatment, the
nonextraction cases tended to expand from the canine posteriorly to the first molars. The
extraction cases expanded also, but the second premolar and first molar transverse
measurements narrowed in the mandibular arch. The canines in these instances were
retracted into the extraction space, which is a wider part of the arch. The second
premolars and first molars may have come forward; this possibility would explain the
decrease in the transverse measurements. The intercanine widths on the nonextraction
sample constricted more at posttreatment than they expanded during treatment. The
arches in the extraction group also constricted during posttreatment, whether or not they
had expanded.

Yavari et al.” searched dental casts for clinical predictors that may determine
stability in mandibular anterior alignment. All 55 cases in this study were treated without
extraction of permanent teeth. The patients were followed for at least 2 years
postretention. Intercanine distance relapsed by approximately 80%, which was
associated with an increase in irregularity index. The final mean value of intercanine

distance was actually less than the pretreatment value was found to be. In contrast to



25

intercanine distance, intermolar expansion remained stable throughout the postretention
period. This finding is supported in several investigations, which conclude that
intermolar expansion has greater long-term stability than intercanine expansion does.””*

Boley et al.*! found satisfactory long-term results in a study that evaluated Class 1,
four-premolar extraction therapy results that had been out of retention a minimum of 5
years. Cephalometric and model analyses used to evaluate treatment and posttreatment
tooth movements showed a significant decrease in irregularity index, with a slight
posttreatment increase. Eighty percent of the patients had satisfactory mandibular incisor
alignment over 10 years postretention, with none within the severe irregularity range.
Arch lengths decreased during treatment because of molar protraction and incisor
retraction, and mandibular arch length continued to decrease posttreatment as a result of
mesial molar migration.

Blake and Bibby®** completed a thorough review of the literature on long-term
stability and retention; with over a hundred studies cited, the review highlighted factors
that play a role in posttreatment crowding and orthodontic relapse. Although there are
several conflicting theories, there are definitely many repeating consistencies among
researchers. It is generally agreed that permanent retention is the only way to guarantee

44,4683 R .
% However, it is important to realize that there are

long-term posttreatment stability.
many factors that contribute to relapse and that clinicians should attempt to minimize
those factors as much as possible. The basic principles generally considered to minimize

relapse are maintenance of the patient’s pretreatment lower arch form, maintenance of the

original intercanine dimension, and position of the lower incisor. A decrease in lower
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intercanine width is generally acknowledged as being the most predictable of all
orthodontic relapses.®”-¢%8¢%

Housley et al.® investigated 29 nonextraction orthodontic cases at pretreatment,
posttreatment, and an average of 6 years and 3 months postretention. This retrospective,
longitudinal cephalometric and cast study evaluated changes produced by treatment and
retention with the expanding mandibular lingual arch appliance in combination with fixed
appliance therapy. Successful mandibular expansion was achieved with the lingual arch
in less than 6 months in each case. Transverse expansion was shown to be more stable in
the posterior of the arch than in the anterior segment. In this sample, only 8% of the arch
width increase at the canines was still present after retention, but about 60-70% of the
premolar and molar expansion remained. The conclusion was that mandibular intercanine
width increase could only be permanently maintained by fixed retention. It seems that a
person’s inherent intercanine width is in balance with surrounding musculature and is
unstable if altered with orthodontic treatment.

A study designed to quantify relapse® evaluated possible relationships between
long-term postretention relapse of mandibular anterior crowding and between clinical
factors such as increase in intercanine width, type of malocclusion, and final position of
mandibular incisors. All 40 patients were treated without extractions in the mandibular
arch with edgewise mechanics. The mean retention time was 2 years and 1 month, and
the mean postretention observation period was 5 years. Lateral cephalograms and dental
casts were used for measurements at pretreatment, posttreatment, and postretention.
Little’s irregularity index was determined, and any increase in this index from

posttreatment to postretention was considered a relapse. Overall, intercanine width
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showed a small increase during treatment but relapsed to the initial position. It must also
be noted that some patients underwent interproximal stripping to correct crowding, and
this procedure would influence postretention crowding and improve alignment stability.*
The conclusion reached was that nonextraction treatment with mild to moderate crowding
in the mandibular arch was associated with a mean relapse of 26.54% of Little’s
irregularity index in the long term.

It is obvious from decades of research that the association between relapse of the
mandibular anterior segment and extraction protocol is a controversial subject. There are
several factors involved, including crowding, malocclusion classification, final
mandibular incisor inclination, treatment and retention time, and effects of surrounding
musculature. There are extreme investigations*® that provide data that imply that no
clinical, dental cast, or cephalometric variable can predict relapse. However, others find

4087 It seems that the

definite correlations between clinical factors and relapse.
responsibility of orthodontic specialists is to continue to seek answers to the retention and
stability dilemma.

Tweed® summed it up best in his article summarizing his reasoning for extraction
of teeth in certain instances. He claimed that normal occlusion in combination with a
normal facial pattern is the ultimate in balance and harmony of the face. There are
limitations to achieving this ideal combination over which an orthodontist has no control.
However, clinicians should strive for occlusion, facial esthetics, health of surrounding

tissues, and long-term stability that are as close to normal as possible and should continue

to factor future stability issues into their initial treatment planning decisions.
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ABSTRACT

The purpose of the present study was to compare a sample of patients with
borderline mandibular crowding (4 to 8 mm as measured on electronic models) who
could benefit from either extraction or nonextraction therapy. Sixty patients treated in
the orthodontics department of a university school of dentistry were evaluated. Thirty
patients were treated with nonextraction therapy and 30 patients were treated with the
extraction of premolar teeth (17 second premolars and 13 first premolars). Geodigm
emodel software (Geodigm Corp., Chanhassen, Minn.) was used to compare
mandibular arch width dimensional changes from pretreatment to after orthodontic
treatment. Comparisons were made among the nonextraction group, the mandibular
first premolar extraction group, and the mandibular second premolar extraction
treatment group. In addition, pretreatment and posttreatment cephalograms were traced
by using Dolphin Imaging software (Dolphin Imaging Systems, Chatsworth, Calif.).
Comparisons were made among the treatment groups to evaluate the angle of the
mandibular incisor in relation to the mandibular plane. The measurements made on the
digital models showed more intercanine expansion in the extraction sample. However,
the nonextraction sample had an increase in the incisor mandibular plane angle,
whereas the extraction samples showed a decrease in the incisor mandibular plane

angle.

INTRODUCTION
The debate over extraction versus nonextraction therapy has been ongoing for

decades. Angle’s unwavering nonextraction philosophy was challenged by Case in the
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early 1900s. Although though Case had a strong argument and valid reasoning, Angle’s
treatment philosophy dominated during the period between World Wars I and II.!

After Angle’s death in 1930, one of his students, Tweed, re-treated many of his
own previously treated nonextraction patients with the extraction of teeth because a
number of patients who had been treated with nonextraction therapy had experienced
relapse.” Tweed observed greater stability in the occlusion of his retreated patients and
made these results public. Another of Angle’s students, an Australian, Raymond Begg,
came to the same conclusion concerning unstable results in nonextraction cases.” For
this reason, Begg developed his own appliance, which involved the extraction of teeth.

Since the initial advocacy of extraction therapy in orthodontics by Tweed and
Begg, there has subsequently been a steady decline in extraction treatment by
orthodontic clinicians. Initially, the extraction of teeth for orthodontic purposes was
introduced as a means of enhancing stability. It was later suggested that nonextraction
therapy was more likely to enhance esthetics. Studies have shown a preference for a
fuller, broader smile, which, according to some, seems to be easier to attain with
nonextraction treatment.”> Currently, opinions vary on the need for dental extractions in
clinical orthodontics. There are many studies in the literature that reach differing
conclusions on the extraction of teeth and on the subsequent effects of this treatment on
esthetics, occlusion, temporomandibular joints, profile, occlusal function, and

stability.””’

Mandibular Intercanine Dimension
Bishara® evaluated changes in intercanine and intermolar widths over a 45-year

span on a longitudinal basis and concluded that dental arch widths undergo changes



31

from birth until the permanent dentition erupts completely. It was shown by Sillman’
that, at 2 years of age, the intercanine width increased in the maxilla until 13 years of
age and in the mandible until 12 years of age and remained stable after this time.
Harris' found that mandibular intercanine width was not dependant on age and
concluded that changes during adulthood occur most during the second and third
decades of life but do not necessarily cease after this time point. Several studies have
shown that changes in mandibular intercanine dimension tend to return to the original
arch form and width. Uhde et al.'' evaluated patients treated with or without extraction
of four premolars, and it was shown that the mean intercanine widths increased in both
arches during treatment in all types of malocclusion and decreased after treatment
toward their original widths.

There are numerous treatment techniques that produce intercanine expansion to
resolve arch length deficiencies. These changes in anterior segment form may dictate
long-term stability of the dentition and may require permanent retention. It has been
shown repeatedly that the intercanine width decreases naturally over time in both

1218 The results of several studies have revealed

treated and untreated individuals.
instability with an extraction protocol when expansion was involved. Lee'® completed a
literature review of arch width and form in which he stated that expansion carried out in
association with dental extractions is not generally likely to be a stable change. A
prospective study by Huntley® showed that expansion of the lower arch is likely to be
stable only in the absence of extraction. In their study, Shearn and Woods®' included

pretreatment and posttreatment records of 73 extraction cases and found that the mean

intercanine width in each group underwent little change.
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Mandibular Incisor Axial Inclination

In 1941, Tweed concluded that the lower anterior teeth must be centered on the
“ridge,” or body of the bone at right angles to the mandibular plane. Brodie™
disagreed with Tweed and concluded that axial inclination of the lower incisor varies
greatly and is dependant on factors such as ethnic origin and genetics. Speidel and
Stoner” used cephalometrics to study the axial inclination of the mandibular incisor to
the mandibular plane and, like Brodie did, found a large range of variation. According
to Litowitz,> measurements taken on 20 plaster casts before and after treatment and
after retention showed that increases in lower arch length gained during treatment
tended to decrease after retention and that expansion gained by treatment similarly
showed a loss postretention. Kocadereli* evaluated the differences between axial
inclinations posttreatment of 40 nonextraction and 40 first premolar extraction patients.
When compared with the normative value according to Steiner,”’ the posttreatment
mean in the nonextraction group was excessive for incisor inclination. In a study by
Mills,”® a few cases with skeletal deep bites and retroclined incisors in combination
with a digit or lip entrapment habit showed stability after proclination; these results
support the theory that proclination may be successful if the incisors are initially
retroclined because of an obvious factor and if that factor is eliminated with treatment.
Earlier studies are not in agreement concerning the acceptable range of mandibular
incisor axial inclination changes after orthodontic treatment. However, it is apparent
that achieving long-term stability and periodontal health in orthodontic patients

mandates that there be a definite limit to such changes.
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The objective of the present study was to compare a sample of patients with
mandibular crowding of 4 to 8§ mm (measured on electronic models) who could benefit
from either extraction or nonextraction orthodontic therapy. The term “borderline” was
used to indicate that these patients could be treated with or without the extraction of
teeth. The specific areas studied were the mandibular intercanine, the interpremolar,
and the intermolar widths. In addition, the incisor mandibular plane angle as measured
cephalometrically was evaluated. The null hypothesis was that, in satisfactorily treated
borderline extraction and nonextraction patients, changes in the intercuspid, the
interpremolar, the intermolar widths, and the incisor mandibular plane angle were not

statistically significantly different.

MATERIALS AND METHODS

Approval for this study was granted by the Institutional Review Board for Human
Use of the university at which the study occurred (Appendix). The sample consisted of
the diagnostic records of 60 orthodontically treated patients from the orthodontic
graduate program patient files at the university’s school of dentistry. All patients had
been treated with an edgewise orthodontic appliance system. The study evaluated only
mandibular arch parameters; therefore, all numbers recorded are for the mandibular
arch only. Patients were selected by the following criteria: (1) must have completed
orthodontic treatment, (2) displayed a full complement of teeth at postretention time
(T2) (unless premolars teeth were extracted for orthodontic treatment), (3) had
pretreatment (T1) and posttreatment (T2) emodels, (4) had pretreatment (T1) and

posttreatment (T2) digital cephalograms digitized on Dolphin Imaging, (5) had 4 to 8



mm of mandibular crowding pretreatment (T1) as determined by measurement on

emodels, and (6) had lower permanent cuspid teeth erupted at pretreatment (T1).
Patients were assigned to one of three groups: 0, no extractions; 4, extraction of

mandibular first premolar teeth; or 5, extraction of mandibular second premolar teeth.

Table 1 shows the demographic data of the sample. The sample consisted of 42
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patients with Angle Class I malocclusion, 15 patients with Angle Class II malocclusion,

and 3 patients with Angle Class III malocclusions. Thirty patients (15 female and 15

male) were treated without the extraction of teeth, 13 patients (8 female and 5 male)

were treated with the extraction of first premolar teeth; and 17 patients (13 females and

4 males) were treated with the extraction of second premolar teeth.

TABLE 1. Descriptive Statistics: Sample Demographics
Nonextraction Extraction Total

Angle Classification

Class I 25 17 42

Class 11 4 11 15

Class I1I 1 2 3

Total 30 30 60
Gender

Males 15 9 24

Females 15 21 36

Total 30 30 60

Table 2 shows the age range of the patient sample at the start of treatment (T1)
and after completion of treatment (T2). The sample had a starting age range at T1 of
12-51 years for the patients treated with nonextraction and 10-22 years for patients
treated with extraction of premolars. The age range at posttreatment (T2) was 13-52
years for the nonextraction patients and 12-25 years for patients treated with the

extraction of teeth.
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TABLE 2. Age range of the nonextraction and extraction sample groups

Nonextraction Extraction
Time Points Age Range (Years) Age Range (Years)
T1 = pretreatment 12-51 10-22
T2 = posttreatment 13-52 12-25

Data collection

This was a retrospective study of dental emodels and digitized lateral
cephalograms of patients treated by graduate students. All digitized dental models (T1
and T2) had been prepared by the same company (Geodigm Corp., Chanhassen, Minn.).
All digitized lateral cephalograms were taken directly in Dolphin Imaging software
(Dolphin Imaging Systems, Chatsworth, Calif.) or were scanned into the software
system. Magnification was corrected for differences between standard cephalogram
film images that were scanned and digital images acquired by the imaging machine
(Instrumentarium Orthoceph OC100D).

All pretreatment (T1) and posttreatment (T2) emodels were measured by using
the emodel software program (Geodigm). The same operator made all of the dental
cast measurements.

The following mandibular dental arch dimensions were measured:

1. Mandibular cusp tip intercanine width (ICC3): the distance

between the cusp tips of the mandibular canines.

2. Mandibular gingival intercanine width (ICG3): the distance

between the most labial aspect of the buccal surfaces of the

mandibular canines.
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3. Mandibular first interpremolar buccal cusp tip width (ICC4): the
distance between the buccal cusp tips of the mandibular first
premolar teeth.

4.  Mandibular second interpremolar cusp tip width (ICC5): the
distance between the buccal cusp tips of the mandibular second
premolar teeth.

5. Mandibular first intermolar mesiobuccal cusp tip width (ICC6):
the distance between the mesiobuccal cusp tips of the mandibular
first permanent molar teeth.

In addition, the incisor mandibular plane angle (IMPA) was evaluated:

Measured on a lateral cephalometric, this was the angle between a line connecting
menton to gonion and a line connecting lower incisor cusp tip to lower
incisor root tip as defined in the Tweed analysis presented in the Dolphin Imaging

software program (Dolphin Imaging Systems, Chatsworth, Calif.).

Data Analysis
The reproducibility of the measurements was evaluated by analyzing the

differences between intercanine (ICC3) and IMPA measurements of the nonextraction
sample (N=30) taken by one operator at three separate time intervals. The intraoperator
reproducibility was measured by using the Pearson correlation coefficient (r=.99). The
results showed the measurements to be highly correlated, with no statistical difference
between the measurements.

ANOVA was used to compare the means of the final mandibular arch dimensions

among the nonextraction group, the first premolar extraction group, and the second
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premolar extraction group. Table 3 lists the treatment outcome in each mandibular arch
dimension measured. Dental arch expansion was assigned a positive number, and
dental arch constriction was assigned a negative number. Incisor mandibular plane
angle increase was assigned a positive number, whereas incisor mandibular plane angle
decrease was assigned a negative number. The treatment outcome values were also
assigned letters. Means with like letters indicate a statistical difference in means at
P<.05. Means with unlike letters indicate that there is no statistical difference between

the two values at P<.05.

RESULTS

At the start of treatment, the entire sample of 60 patients had mandibular
crowding of between 4 to 8 mm. Mandibular incisor axial inclinations measured before
treatment were not statistically significantly different among the nonextraction group,
the first premolar extraction group, and the second premolar extraction group.

The scattergram (Figure 1) plots the initial mandibular crowding in comparison
with the IMPA changes after orthodontic treatment. The nonextraction sample
demonstrates incisor proclination, whereas both extraction samples demonstrate either

slight proclination or incisor retroclination.
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FIGURE 1. Scattergram comparing change in IMPA with initial mandibular crowding

among the three treatment groups.
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IMPA = incisor mandibular plane angle; Extract 0 = nonextraction; Extract 4 =
extraction of first premolars; Extract 5 = extraction of second premolars.
1. At T1, there was no statistically significant difference in the mean
mandibular cusp tip intercanine width, mean mandibular gingival

intercanine width, or incisor mandibular plane angle among the three

treatment groups.

2. At T2, there was a statistically significant difference between the mean

IMPAs for the nonextraction group and the first premolar extraction

group.
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At T2, there was a statistically significant difference between the mean
IMPAs for the nonextraction group and the second premolar extraction
group.

At T2, there was no statistically significant difference between the mean
IMPAs of the first premolar extraction group and the second premolar
extraction group.

From T1 to T2, intercanine width measured at mandibular intercanine
cusp tips had expansion in all three treatment groups, but the expansion
difference among them was not statistically significant.

From T1 to T2, intercanine width measured at the gingival margin was
not statistically significantly different between the first premolar and the
second premolar extraction groups.

From T1 to T2, intercanine width measured at the gingival margin had
statistically significantly less expansion in the nonextraction group as
compared with both the first premolar and the second premolar
extraction groups.

From T1 to T2, the interpremolar expansion was not statistically
significantly different between the nonextraction group and the second
premolar extraction group.

From T1 to T2, the interpremolar expansion was statistically
significantly different between the nonextraction group and the first
premolar extraction group, with the second premolars constricting in the

first premolar extraction group as they moved forward in the dental arch.
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From T1 to T2, the intermolar measurements had slight expansion in the
nonextraction group and was statistically significantly different from those
measurements in both of the premolar extraction groups. The premolar
extraction groups had statistically significantly similar constriction.

From T1 to T2, the IMPA of the nonextraction group had a large positive
increase as compared with both extraction groups. In both extraction
groups, the IMPA decreased by statistically significantly similar amounts.
Table 4 shows the mean IMPA among the three groups at T1 and T2. The
only group with a statistically significant change in IMPA was the
nonextraction group. The mean IMPA was 89.45 degrees at T2 and 97.94
degrees at T2. The change in IMPA for T1 and T2 in the first premolar

and second premolar extraction groups was not statistically significant.

Table 3: Change in Mandibular Arch Dimensions (From T1 to T2)

Average (mean) Change in Measurement

Extracti ICC3 ICG3 ICC | ICC5s ICC6 IMPA

on 4

None 0.97 0.77 191 2.89(c 0.73 (d,e) 8.49
(a,b) ) (f.2)

4 1.18 222(a | Na -1.05 (¢ -1.32(d) | -2.65(f
) ) )

5 1.16 213(b | 297 | Na -2.54 (e) -0.96 (g
) )

ICC3 = mandibular cusp tip intercanine width; ICG3 = mandibular gingival intercanine
width; ICC4 = mandibular first interpremolar buccal cusp tip width; ICC5 = mandibular
second interpremolar buccal cusp tip width; [CC6 = mandibular first intermolar
mesiobuccal cusp tip width; IMPA = incisor mandibular plane angle. Positive values
indicate expansion. Negative values indicate constriction. Na = teeth extracted.
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Table 4: Mean IMPA among groups at T1 and T2

Group Mean IMPA (Degrees) | Significance
Extraction = 0
Time = 1 89.45 P<.0001
Time =2 97.94

Extraction = 4
Time =1 92.09 No statistical difference
Time =2 89.44

Extraction = 5
Time =1 93.44 No statistical differece
Time =2 92.48

0 = nonextraction; 4 = first premolar extraction; 5 = second premolar extraction; T1 =

pretreatment; T2 = posttreatment; IMPA = incisor mandibular plane angle.

Summary of Results

In 30 borderline crowded patients treated with nonextraction therapy, all
mandibular dental arch widths increased after orthodontic treatment. In comparison
with the 30 patients treated with the extraction of premolars (17 second premolar
extractions and 13 first premolar extractions), the nonextraction group had statistically
significantly less expansion of the intercanine width at the gingival margin. In
comparison with the second premolar extraction group, the nonextraction group had a
large expansion in the first premolar width measurement, whereas the first premolars
constricted in the second premolar extraction group. The intermolar width showed a
slight expansion in the nonextraction group and significantly large constriction in both
extraction groups. The IMPA showed a large increase in the nonextraction group and a
decrease in both extraction groups. The nonextraction group was the only group with a

statistically significant change in IMPA between T1 and T2.
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DISCUSSION

The goals of orthodontic treatment are generally agreed upon by the majority of
clinicians. Each orthodontist strives to achieve in each patient good facial esthetics,
maintenance of a healthy periodontium, optimal and functional occlusion, and stable
long-term treatment results. Whether teeth need to be extracted to achieve these goals in
each patient is debatable. In the past, clear-cut cases of severe crowding or minimal
crowding have left little doubt about the correct treatment plan decision. Currently, there
is a tendency toward preservation of tooth structure to achieve a more “full” smile. To
achieve such a smile, even patients with significant crowding are being treated by the
accommodation of all of their teeth.

Predictors of retention success have changed over time and have ranged from the
final occlusal result® to the final position of lower teeth over basal bone.>® Mandibular
intercanine dimension has been regarded by most as being sacred.’'™* Studies show that
arch width, especially in the mandibular intercanine dimension, has a tendency to return

163435 1t seems that the greater the

to its original arch width after orthodontic treatment.
treatment change in arch form, the greater the tendency for postretention relapse is found
to be.”® The results in the present investigation show an increase in intercanine dimension
in all three groups (nonextraction, first premolar extraction, second premolar extraction)
with treatment. The difference in posttreatment change measured at the cusp tips of
mandibular canines was not statistically significant among the groups; however, the
treatment change measured at the gingival margin was statistically significant. The

difference between results of measurements taken at cusp tips versus labial gingival

margins may result from variations in pretreatment angulations of the canines. Labial
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gingival margin measurements are a more accurate depiction of the widest possible width
of the arch in this location.

The nonextraction group showed significantly less intercanine expansion than
either the first premolar extraction group or the second premolar extraction group
revealed. The greater expansion in the extraction groups may be explained by the
possible lateral movement component of the canines as they are moved distally into the
premolar extraction sites.

In a study that observed relapse in premolar extraction patients,’’ an interesting
finding was that the rate of relapse decreased with time; this finding supports the theory
that most change occurs soon after treatment. Many authors have reported on the
phenomenon of late mandibular growth and resultant effect of this growth on orthodontic
relapse.38'41
Uhde et al.** reported that, in a sample of nonextraction and extraction patients,
the mean intercanine width increased in both groups and decreased after treatment toward
its original width. Mandibular intercanine width was found to decrease to close to or past
the original dimension. Studies have indicated that, regardless of treatment method
(extraction or nonextraction), intercanine dimension tends to return to the original width.
In the present sample of patients, the intercanine dimensional changes showed twice as
much expansion at the buccal gingival margin in the extraction groups than were found at
this margin in the nonextraction sample, and this finding would support the argument for
treating borderline crowded patients with nonextraction therapy.

However, the data on IMPA introduce another dimension for orthodontists to

consider when deciding whether to extract teeth in borderline crowded cases. In the
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present study, the IMPA in the nonextraction group, the first premolar extraction group,
and the second premolar extraction group were not statistically significantly different. At
the end of orthodontic treatment, the nonextraction patients in the study had average
IMPA increases nearly four times greater than those of the extraction patients. It seems
that the crowding alleviation was the result of incisor proclination instead of mandibular
intercanine expansion in the nonextraction group. Therefore, it is important for clinicians
to consider the long-term stability of lower incisor proclination when deciding upon the
type of treatment therapy in borderline crowded patients.

The history of lower incisor position dates from Charles Tweed and his evaluation
of unsuccessful orthodontic treatment cases.”” He noticed the degree of imbalance in his
failures was in direct proportion to the extent to which the teeth were proclined mesially.
Several authors followed with studies that related the mandibular incisor changes with

4 Margolis* related the mandibular incisor to the

treatment and postretention.
mandibular plane and showed that the angle changed after treatment and again
postretention.

The pretreatment position of the mandibular incisors has been proven to be the
best guide for predicting stability in a labiolingual position. Nance’ ascertained that
flaring the mandibular incisors is never a stable treatment technique. Brodie*® and Cole*’
showed in nonextraction patients and extraction patients, respectively, that changes in
axial inclination that result from orthodontics are unstable and that teeth tend to return to
pretreatment positions. Weinberg and Sadowsky*® showed that flaring of mandibular
incisors relapsed posttreatment. It has also been shown repeatedly that the most frequent

. . . erel e . . . . . 49-51
cause of mandibular incisor instability is intercanine width expansion with treatment.
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Studies overwhelmingly document the importance of maintaining the mandibular

. . . . 5153
intercanine dimension.

CONCLUSIONS
Changes in the mandibular transverse dimension, specifically intercanine
dimensional changes, were measured on digital casts and compared among treatment
groups. Changes in IMPA during treatment were also evaluated and compared among
the treatment groups. The following conclusions were drawn:

. From T1 to T2, expansion in the intercanine width at the gingival
margin was significantly less in the nonextraction group than in both
the first and the second premolar extraction groups, which were not
statistically different from each other. As mentioned previously, the
expansion of the canines in the extraction groups was likely caused by
the distal movement of the canines into the extraction sites.

J From T1 to T2, the interpremolar expansion was not statistically
different between the nonextraction group, and the second premolar
extraction group but was statistically significant between the
nonextraction group and the first premolar extraction group. As would
be expected, the second premolars constricted significantly in the first
premolar extraction group as a result of mesial movement into the first
premolar extraction site.

. From T1 to T2, the intermolar measurements showed slight expansion
in the nonextraction group; this expansion was significantly greater

than that found in the premolar extraction groups, which showed
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statistically similar constriction caused by the mesial movement of the
molars into the premolar extraction sites.

o From T1 to T2, the IMPA of the nonextraction group showed more
than four times the change that was found in the premolar extraction
groups. The nonextraction group proclined an average of 8.5 degrees,
whereas the extraction groups showed retroclination of the lower
incisors. The first premolar extraction group had an average
retroclination of 2.7 degrees, and the average retroclination of the
second premolar extraction group was 0.97 degrees.

. The nonextraction group was the only group with a statistically
significant change between T1 and T2 in IMPA.

In borderline crowded extraction situations, in which patients could benefit from
either nonextraction or extraction therapy, it is important to consider all of the factors that
affect long-term stability. The evaluation of the result of the different treatment
modalities in this sample of patients, which initially had a statistically comparable
amount of crowding, intercanine dimension and IMPA revealed that both methods
produced treatment changes that have been well documented as being unstable. The
nonextraction group did not have much intercanine expansion (less than 1 mm) but had a
large amount of incisor proclination (8.5 degrees). The extraction groups had slight
retroclination of mandibular incisors but a large increase in intercanine dimension, most
likely resulting from the distal movement of the canine into a wider part of the arch.

Whether this kind of intercuspid expansion, likely caused in large measure by cuspid
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distalization, is as unstable as cuspid expansion caused by predominantly lateral cuspid
movement is as yet undetermined.

An absolute conclusion about the best treatment modality for patients with
borderline mandibular crowding may be difficult to formulate from the results of this
study. The results can be tailored to support preconceived ideas toward extraction or
nonextraction therapy. Expansion in the intercanine dimension of the mandibular arch
because of distalization of the canines may or may not be stable in the longterm, but
advancement of the mandibular incisors is definitely not stable. The clinician must factor
long-term stability concerns into the treatment planning process. It is also important for
the clinician to determine whether a decision to extract or not extract teeth in a patient
with borderline crowding has been based on scientific data or is merely a practice
management decision.

This study shows that, regardless of the decision on whether to extract premolars,
treatment changes may introduce instability in one form or another. Orthodontists have a
responsibility to educate and inform patients about the expected long-term treatment
changes that may occur. If treatment outcome is to be permanently maintained, long-

term to lifelong retention may need to be considered.
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CONCLUSIONS

In this study, expansion in the intercanine width measured at the gingival margin
was significantly less in the nonextraction group than in both first and second premolar
extraction groups, which were not statistically different from each other.

The interpremolar expansion that occurred with treatment was not statistically
different between the nonextraction group and the second premolar extraction group but
was statistically significant between the nonextraction group and the first premolar
extraction group. The second premolars constricted significantly in the first premolar
extraction group.

The intermolar measurements showed slight expansion in the nonextraction
group. This expansion was statistically significantly greater than intermolar
measurements in the premolar extraction groups, which showed statistically significantly
similar constriction in comparison with each other.

From T1 (pretreatment) to T2 (posttreatment), the incisal mandibular plane angle
of the nonextraction group showed more than twice the absolute change in this angle than
was found in the premolar extraction groups. The nonextraction group proclined an
average of 8.5 degrees, and the extraction groups showed retroclination of lower incisors.
The first premolar group retroclined 2.7 degrees, and the second premolar group

retroclined 0.97 degrees.
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The nonextraction group was the only group with a statistically significant change
in incisal mandibular plane angle between T1 and T2.

In borderline crowded cases in which patients could benefit from either
nonextraction therapy or extraction therapy, it is important to consider all of the factors
that affect long-term stability. The evaluation of the result of the different treatment
modalities in this sample of patients, who initially had a statistically comparable amount
of crowding, intercanine dimension, and incisal mandibular plane angle, revealed that
either method produced a treatment change that has been well documented in the
literature as being unstable. The nonextraction group did not have much intercanine
expansion (less than 1 mm) but had a large amount of incisor proclination (8.5 degrees).
The extraction groups had slight retroclination of mandibular incisors but twice the
increase in intercanine dimension (2.2 mm in the first premolar extraction group and 2.1
mm in the second premolar extraction group) that was found in the nonextraction group.

An absolute conclusion about the best treatment modality for patients with
borderline mandibular crowding may be difficult to formulate from the results of this
study. The results can be tailored to support preconceived ideas toward extraction or
nonextraction therapy. Expansion in the intercanine dimension of the mandibular arch as
a result of distalization of the canines may or may not be stable in the longterm, but
advancement of the mandibular incisors is definitely not stable. Long-term stability issues
must be included by the clinician in the treatment planning process. It is also important
for the clinician to determine whether a decision to extraction or not extract teeth in a
patient with borderline crowding has been based soundly on scientific data or is merely a

practice management decision.



54

This study shows that, regardless of the decision about whether to extract
premolars, treatment changes may introduce instability in one form or another.
Orthodontists have a responsibility to educate and inform patients of the expected long-
term treatment changes that may occur. If treatment outcome is to be permanently

maintained, long-term to lifelong retention may need to be considered.
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