
A RETROSPECTIVE STUDY OF PATIENTS ORTHODONTICALLY TREATED 

WITHOUT EXTRACTION FOR ANGLE CLASS I MALOCCLUSION: 

CORRECTION AND RELAPSE OF MANDIBULAR ANTERIOR CROWDING 

by 

. Mozhgan Azizi 

Submitted to The Faculty of the School of Graduate St~dies 

of the_Medical College of Georgia in partial _fulfillment 

of the Requirements of the'Degree of. 

Master of Science in Oral Biology 

June 1997 



A RETROSPECTIVE STUDY OF PATIENTs· ORTHODONTICALLY TREATED 

WITHOUT EXTRACTION FOR ANGLE CLASS I MALOCCLUSION: 

CORRECTION AND RELAPSE OF MANDIBULAR ANTERIOR CROWDING 

This thesis is submitted by Mozhgan Azizi and has been 

examined and approved by an appointed committee of the 

faculty of the School of Graduate Studies of the Medical 

College of Georgia. 

The signatures which appear below verify the fact that 

all required changes have been incorporated and that the 

thesis has received final approval with reference to 

content, form and accuracy of presentation. 

This thesis is therefore in partial fulfillment of the 

requirements for the degree of Master of Science. 

5-2'7- 97 
Date 



Mozhgan Azizi 

A Retrospective Study of Patients Orthodontically Treated 
Without E~traction for Angle Class I Malocclusion: 
Correction and Relapse of Mandibular Anterior Crowding 

Correction and relapse of mandibular anterior crowding were 

evaluated in a cohort of 58 Angle Class I malocclusion 

patients treated by Dr. Andrew J. Haas using tandem 

mechanics without extraction of per.manent teeth. The 

subjects were evaluated, retrospectively, from records taken 

before treatment (BT), post-treatment (PT), to post-

retention (PR) . The PR period averaged 8 years with a 

minimum of 4 years and a maximum of 20 years. Each subject 

received maxillary expansion as part of the therapy: Group 

A (N=32) had rapid palatal expansion using a Haas appliance, 

Group B (N=26) subjects had a headgear with an expanded 

inner bow and an expanded archwire. 

The response variables measured at each of the three time 

intervals were: overbite, overjet, intercanine distance, 

inter.molar distance and irregularity index. Groups A and B 

were not significantly different for either subject age (A 

14.8, B 14.5 years), retention time (A 7.1, B 6.8 years), or 

post.-retention time (A 8.2, B 7.8 years). Moreover, groups 

A and B did not show significant difference for any of the 



response variables at BT. However, there was a 

statistically significant difference in the treatment times 

of Group A (2.2 years), and Group B (2.7 years) (p=0.0133). 

A statistically significant treatment effect was observed 

for most response variables in Groups A and B. Overbite, 

overjet, and irregularity index were significantly reduced, 

intermolar distance was significantly increased,· and 

intercanine distance showed no significant change in Groups 

A and B. In the post-retention p~riod, there was a tendency 

for variables to change slightly toward the.tr BT values but 

no compromise of orthodontic correction was noted. 

Irregularity index in Group A was corrected from 4.8 to 1.1 

mm and remained at 1.1 mm in the PR period. Irregularity 

index in Group B was corrected from 5.1 to 1.2 mm (p=.0001) 

and changed slightly from 1.2 to 1.7 mm (p=.0540) in the PR 

period. Contrary to many published ~eports, the 

irregularity index in this cohort of subjects was quite 

constant at an average of eight years of post-retention 

follow-up. 

Index words: stability, irregularity index, palatal 

expansion, Haas appliance 
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I. INTRODUCTION 

Mandibular anterior crowding is a condition well known 

to orthodontists and other dental professionals. It is 

often noted by untrained persons and can be a component of 

a patient's esthetic concerns at the inception of 

treatment. Mandibular anteriGr crowding can be a result of 

constricted eruption due ·to arch length· deficiency.· 

However, mandibular anterior crowding may also develop as a 

part of aging in patients with previously good mandibular 

anterior alignment. The occurrence of anterior crowding 

appears to occur regardless of prior orthodontic treatment. 

Since patients with prior orthodontic treatment may be more 

sensitive to their dental esthetics, the occurrence of 

crowding after orthodontic treatment · may cause strain on 

the doctor-pa~ient relationship. 

Before · evaluating changes. in dimensions in 

orthodontically treated cases, one needs to consider 

developments and changes taking place during maturation of 

untreated occlusions. 
. . . ' -

Sinclair and Little (1983) studied 

65 untreated occlusions for evaluation of the nature and 



extent of the developmental process of the normal 

dentition. During the time of _this ·study, subjects were 

·initially_ in the mixed dentition stage (9 to 10 years of 

age), then in the early permanent dentition (12 to 13 

years) , and finally in ear 1 y. adulthood ( 19 to 2 0 years) . 

Sinclair and Little· ~1983) observed a decrease in arch 

length and intercanine width. However the measurements for 

intermolar width, overjet and overbite were ·stable while 

there was an increase in the incisor irregularity. 

Sinclair and Little (1983), concluded that the changes 

found in a sample of untreated subjects were similar in 

nature but to a lesser extent than post-retention changes 

found in a sample of orthodontica~ly treated cases. 

Fastlicht (1970), · compared a control group of 28 

untreated subjects to an experimental group of 28 class II 

division 1 subjects that were treated orthodontically. The 

average age of the patients in the treated group was 19.7 

years and the average age of the untreated group was 19.8 

years. Fastlicht (1970) noted more mandibular crowding in 

the dentition of the untreated group ·than in the treated 

groupo Fastlicht (1970) concluded that orthodontic 

tre~tment increases the stability of the dental arches. 
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Muchnic (1970) ·noticed the occurrence of crowding 

relapse in the mandibular anterior region; a region 

undergoing significant bony remodeling during orthodontic 

.treatment. The process invariably occurs regardless of 

orthodontic treatme_nt in the growing child and in adults. 

This change may be referred to as remodeling, maturation or 

secondary growth (Muchnic, 1970) . 

After examinipg 150 ·caucasian children· from Oregon, 

Sanin (1973) noted that mandibular anterior cro~ding 

occurred· 'during development since the mandibulqr arch is 

relatively small compared to the size of the incisors early 

in life. By the· time that inci~ors begin·- to erupt, the 

mandibular arch has usually increased in size enough to 

alleviate anq occasionally relieve some of the crowding. 

As eruption continues, the tongue will- influence the 

incisor alignment as they emerge into the oral cavity. 

Thereafter, the changes in incisor alignment are mostly 

related· to mandibular growth and repositioning of the 

incisors. However, horizontal growth of the mandible 

without a concomitant growth of the maxilla restricts and 

therefore crowds the lower incisors (Sanin, 1973) . 

Angle (1907) reported that a myriad of patients 

characteristics and treatment responses should be taken 
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into consideration in setting retention time. Retention 

recommendations spanned days to two years, sometimes longer 

(Angle, 1907) . For example, the use of retention was 

several times longer for a treated adult patient than it 

was for a comparably treated child. In the presence of 

unresolved poor lip or tongue habits, the length of the 

retention period was indefinite. 

Sadowsky (1982) also noted the importance of long term 

retention in a study on 96 patients treated between 12 and . 

35 years of age with long term follow up. The results 

showed that 9% of the cases showed an increase in the 

extent of mandibular anterior crowding. Since both the 

patient and practitioner may be concerned from an esthetic 

point of view about even mild crowding, Sadowsky (1982) 

indicated that orthodontists should be well aware of long

term changes .in dental relationships many years after 

treatment. 

In the average adolescent., where · more growth and 

remodeling is expected. to occur in the bony environment, 

continued retention is indicated until the -effect of these 

changes slow down. Muchnic (1970) suggests. that this 

period of slow down, corresponds with the third molars 

15 



eruption timing. Whether or not eruption of the third 

molars is a cause of relapse is questionable. 

The role that the third molars play in m~ndibular 

incisor crowding was studied by Kaplan (1974). Seventy-

five orthodontically _treated Caucasian patients with an 

average age of 9. 3 years out of retention were studied. 

The presence of the lower third molars did not appear to 

have any significant influence on post-treatment changes in 

arch length, lower molar position, lower incisor position 

or lower incisor crowding. Similarly, Fastlicht (1970) 

concluded that the third molars were not related to 

crowding of the incisors. 

There are two opposing philosophies concerning 

extraction vs. non-extraction treatment in orthodontics 

(Little, 1990). Angle (1907) believed that the ideal 

dent'ition was composed of a full complement of teeth. This 

view was _opposed by Tweed (1940) and others _who strongly 

believed ·in extraction of _permanent teeth. . _Tweed (1940) 

recalled 100 relapsed cases treated initially without 

extraction. These cases- were re-treated using first-

premolar extractions .. As a result· of the work done by 

Tweed (1940) ,. ·many orthodontists were influenced toward 

extraction of permanent teeth- as_ a part of _treatment of 
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malocclusion. However, Tweed (1940), did not evaluate the 

incidence of incisor relapse _of these cases following the 

extraction therapy (Little, 1981, 1990). 

Premolar extractions to permit alignment of crowded 

teeth has been an accepted procedure for decades and 

continues as a common treatment modality for patients with 

crowded arches. According to Strang (1949), if canines were 

moved distally into the premolar extraction space' they 

could be expanded buccally tG the limits offered by their 

new location. .King ·(1.974) also shares this view and states 

that the relationship of the lower canines to the mandible 

may hold the key to stability of the mandibular dental arch 

· and no other dental relationship has as much relapse 

tendency as the mandibular incisors. When the mandibular 

canines were moved laterally to accommodate crowded 

incisors, relapse was sure to follow unless the canines 

were positioned posteriorly in a wider portion of the 

mandible as is done in extraction cases. Therefore, when a 

tooth is totally blocked out due to space deficiency, non

extraction treatment may place the tooth in an unstable 

position which may predispose it to relapse (King, 1974). 

However, according to Shields and Little (1985), a high 

risk of mandibular anterior crowding relapse has been 
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reported when the treatment plan includes extraction of 

permanent teeth. 

Little (1981) studied 65 sets of first premolar 

extraction patient records pretreatment, post-treatment, 

and a.minimum of 10 years post-retention. The success of 

maintaining satisfactory alignment was less than 30 percent 

with nearly 20 percent demonstrating marked crowding tnany 

years after removal of retainers. Little (1988) followed 

this study on · 31 subjects selected from the sample of 

patients used in the previous study in 1981 e Patients 

included in this study had complete records taken before 

and after treatment and at 10 and 20 years post~retention. 

All patients had four first _premolars extracted-- and 

complete orthodontic treatment. The irregularity index was 

measured and compared for.. all four time intervals. The 

results indicated that the degree of incisor irregularity 

increased between 10 and 20 years post-retention. However, 

the degree of irregularity is less than that occurring up 

to 10 years post-retention. Little (1988) concluded that 

the relapse of incisor irregularity continued to increase 

between 10 and 20 years post-retention, but then the rate 

decreased relative to earlier time intervals. 
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The majority of previous long-term studies of anterior 

crowding relapse have been on extraction cases. However it 

has been suggested that different results might be seen in 

the relapse pattern of non-extraction cases (Glenn, 1987) . 

However, Little (1981) stated that 89% of the post

retention records demonstrated clinically unsatisfactory 

alignments in a study of the . effects of non-extraction 

treatment on 26 patients, 6 years out of retention. 

Therefore, .there was an 89% chance of unacceptable relapse 

in non-extraction cases versus 70% chance of unacceptable 

relapse in cases treated following extraction (Little, 

1981) . 

Another important factor that needs consideration when 

discussing crowding and relapse potential is the width of 

the arches determined by the intercanine and intermolar 

distance. 

In a recent study, Sadowsky (1994) evaluated 22 non

extraction treated subjects who were at least 5 years out 

of retention. These patients were treated with fixed 

edgewise appliances after both arches were expanded 

transversely. The results showed an irregularity index 

value during the long-term . post-retention period to be 

minimal ( 2. 4 mm in lower inciso:r;:s) . . It was suggested that 
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prolo'nged retention time may. be an important factor for the 

stability of both the transverse dimensions· and the 

mandibular incisor alignment (Sadowsky, 1994). 

Shapiro (1974) studied the transverse dimensions in a total 

of 80 subjects; ~8 of which were-treated with extractions 

and 22 were treated without extractions. In this study, it 

was noted that there is a distinct difference between· 

results of the intermolar width stability between 

extraction and non-extraction therapy. In the extraction 

cases there was a· decreas.e in the intermolar width during 

treatment and continued to decrease after retention. 

However, in the non-extraction cases the intermolar width 

was maintained or increased. In this study, the 

intercanine width demonstrated a distinct trend toward 

decrease during the post-retention period. Only 4 of the 

subjects demonstrated an increase in intercanine width 

during the post-retention period with three of the 

increases being less than 0.5 mm (Shapiro, 1974). 

Gardner and Chaconas (1976) found simi.lar results in a 

study consisting of 103 cases, 74 of which were non

extraction and 29 had four first premolars extraction and a 

range of 1 to 13 years of retention. The intercanine width 

that increased during expansion treatment had a strong 
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tendency to return to its original pretreatment width in 

both the non-ex~raction and the extraction cases. However, 

it was stated that in 'non-extraction cases intermolar width 

can definitely be expanded, and after initial changes 

remains reasonably stable. There was a 3 percent relapse 

in the intermolar width, a 2.0 mm net increase in width in 

all cases 1 and a 2. 1 mm increase in width in expanded 

cases. Thus 1 approximately 89. 2' percent of the patients 

experienced a net increase in the- intermolar ~idth (Gardner 

and Chaconas 1 1976) . 

Accbrding· to McCauley (1944), the most freqtiently 

mentioned cause for mandibular incisor instability is over-

expansion of the cuspids during treatment. 

results could. only be gained when the 

Stabilized 

mandibular 

intercanine and intermolar widths were maintained (Strang, 

1949) . 

Gallerano (1976) studied 83 cases which included 54 

subjects treated with extraction and . 29 subjects treated 

without extraction who had been out of'retention at least 

nine years. From this study, it was concluded that the 

maintenance of the pre-treatment intercanine distance 

during treatment did not guarantee stability of the post

treatment alignment of the mandibular incisors. 
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Walter ( 1953) selected a sample of 102 orthodontically 

treated, non-extraction cases with an average of 2.5 years 

post-retention. Eighty nine out of the 102 cases showed no 

demonstrable relapse. All but ten percent of cases in the 

sample were. considered to be successful with expansion. 

Therefore he concluded that dental arches can be expanded 

without much relapse (Walter, 1953). In his study, there 

was 2.0 mm of intercanine width increase in his non

extraction sample which was maintained post-retention. 

Walter (1953) concluded that "The statement that the dental 

arch length cannot be permanently widened or lengthened is 

incorrect". 

There have been different schools of thought as far as 

stability of the rapid maxillary palatal expansion in order 

to increase the arch dimensions. Sandstrom (1988) studied 

the effect of rapid maxillary expansion on 17 cases 

regarding the mandibular intercanine width and 22 cases on 

intermolar width treated· non-extraction, 2 years post-

retention. The results of this study showed a mean 

expansion of the intercanine width of 1 .1 mm and a mean 

expansion of the intermolar width of 2.8 mm post-retention. 

It was concluded that the stability of the expanded 

mandibular arch width may be a result of an altered 
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muscular balance exerted on.the dentition by the buccinator 

muscles,· which had been carried laterally by the maxillary 

expansion, or it may also be attributed to the altered 

. . 
forces of ocblu~ion (SandStrom~ 1988) ~ 

In the case of the Haas rapid palatal expansion {RPE), 

as the screw is.opened in a fixed split palate appliance, 

the earliest gross · reaction is a lateral bending of the 

alveolar processes (Haas, 1961). This is followed by a 

gradual opening of the mid-palatal suture. The mandibular 

teeth tend to follow the maxillary teeth by increased 

buccal inclination. The dental expansion occurs in the 

lower arch due to several factors. The .forces of occlusion 

are altered by the expansion so that the normal lingual 

vector of force on the mandibular buccal teeth is lost and 

the lateral movement of the maxillae widened the area of 

attachment of the buccal musculature. This results in a 

' change of balance between the tongue and buccal musculature 

(Haas, 1961) . 

"The interaction of the forces of the tongue and the 
buccal musculature which have antagonistic effects , 
dictate the size and form of the arches as well as the 
axial inclination of the teeth at rest" (Brodie, 
1954} . 

The equilibrium that kept mandibular teeth in their 

position is changed by the relief of .. pressure from the 
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outside (the buccinator muscle) and increased pressure from 

the inside {tongue), pushing the posterior teeth laterally 

causing an expansion of the arch. Another reason for 

expansion of the mandibular teeth following the RPE may be 

the thickness of the. appliance, .. about ·10 mm (three-fourths 

of an iJ:+Ch) I which causes downward d,ispla?errtent . of the 

tongue during· rest and during occ;I.usion (Haas, 1961) .. 

Haas (1961) studied 45 patients~ with maxillary or n~sal 

insufficiency. ·The y~ungest patient was nine years of age 

and the oldest was 18. :Thirty-two of these patients had no 

maxillary retention for at least 5 years. In frontal 

cephalometric X-rays, made before and after the opening of 

the mid-sagittal suture, there was an average of 6 mm of 

void created between the maxillae at the . intermaxillary 

suture. An evaluation of the stability of the cases one to 

two years after retention; revealed either an increase in 

the apical base and nasal cavity widths or no change in the 

apical bone and nasal cavity widths. The increment in arch 

width added by opening the midpalatal suture was considered 

to be permanent, since the repair of the defect involved 

new bone formation (Haas, 1961) . The permanency of the 

increment added by tooth movement .and alveolar bending, 

however, is questionable (Haas, 1961). 
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In more than 300 cases treated by Haas (1970) over 

expansion of the buccal segments was gained in 2 to 3 

months. Patients were observed every 2 weeks during time 

that the appliance was retained in place (at least 3 

months) . In all the cases treated with this technique, 

Haas (1970) did not observe any significant relapse of 

posterior cross-bite correction. However, many of these 

patients continued wearing palatal retainers to maintain 

the expansion. 

Haa.s (1970) sampled 100 consecutive alphabetically filed 

maxillary expansion cases. Patients over 17 years of age 

were excluded. The increase in nasal cavity width was 

measured on the anterioposterior head films taken .before 

and after maxillary expansion. The mean increase· in width 

for the 100 cases was 4.1 mm with a range of 3 to 5.5 mm . 

. Haas (1970) concluded that rapid palatal expansion using 

the tissue-borne_ fixed_ split, acrylic, maxillary, palata~ 

expansion appliance produced orthopedic movements, and the 

expansion was deemed to be skeletal, and therefore, more 

stable. 

The purpose of this study was to measure the treatment 

effect.· and long-term stability of incisor crowding in a 

cohort of subjects treated by one orthodontist. Tandem 
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mechanics were used in both group A (expanded with head 

gear) and group B (expanded with Haas appliance) . 
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II. METHODS 

Subjects were selected from the archival records of Dr. 

Andrew J. Haas of Cuyahoga Falls, Ohio. Subjects had been 

treated for Angle Class I malocclusion without extraction 

of permanent teeth. Haas (1996) used tandem treatment 

mechanics whereby the maxillary molars are restricted from 

moving anteriorly by a head~ear. The mandibular molars are 

restricted from. moving anteriorly with class III elastics 

placed in tandem with the headgear, while the remaining 

dentof~cial skeleton is growing forward; therefore, 

preserving archlength for use in decreasing the ·amount. of 

··crowding. 

Two different biomechanical methods were used to correct 

the malocclusion. The methods differed in the technique 

used for gaining needed space in the maxillary arch. 

Group A included the subjects treated by tandem mechanics 

only. Group B consisted of the subjects treated by tandem 

mechanics in conjunction with rapid palatal expansion (RPE) 

using the Haas expansion appliance. 
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The essential feature of Haas's tandem mechanics is ·the 

coupling of force· placed on t.he maxillary and mandibular 

arches. The maxillary arch is subjected to a distal force 

through headgear attached to the first molars. A class III 

elastic is attached fr~m the distal segment of the inner 

bow as it exits the molar tube, to a hook in the canine 

region of a continuous lower archwire. On this continuous 

lower arch an open coil spring is placed from th~ canine 

region to the banded first molar. The lower archwire only 

engages the banded · first. molars ·and is t.ied to the 

mandibular ant~rior teeth (a ~ting tie) to avoid gingival 

irritation. Thus, the arches work in tandem providing 

distal forces on the molars with· ·minimal effects on the 

other teeth~ 

Dental casts and a brief treatment record for each 

subject were shipped to the Medical College of Georgia 

Department of Orthodontics from Dr. Haas' office. For each 

subject the following data were recorded: gender, age at 

the time treatment began, treatment time, retention time, 

and time of follow-up after retention. The names of 

patients were not used for identification as these data 

were collected. 
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Dental casts were made before treatment began, 

immediately after treatment ended, and at least four years 

after retention ended. Each ·subject was required to have 

mandibular permanent canines present on the pretreatment 

casts. Subjects had to have a full complement of teeth 

(e.g. no missing permanent. teeth). In addition, each 

subject had to have Angle Class + molar and canine 

relationships, and could not have an anterior ope·n bite. 

The following criteria were used to eliminate subjects 

that did not fall within the selected ranges: 

1. OB at BT 

2.; OJ at BT 

3. IC at BT 

4. IM at BT 

5. IR at BT 

(0-6 mm) 

(0-30 mm), 

(o.:..so mm) 

(0-10 mm) 

The intermolar (IM). _,width _is defined as the distance 

between the mesiobuccal cusp tips of the mandibular first 

permanent molars (or estimated cusp tips in cases of wear 

facets) . The intercanine (IC) distance is defined as the 

distance between the cusp tips of the mandibular-canines 

(or e~timated cusp tips in cases of wear facets) . Overbite 

(OB) is defined as the mean vertical overlap of upper and 

lower central incisors. Overjet (OJ) is defined as the 
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horizontal dist~nce parallel to the occlusal plane .from the 

lingual surface of the most··lapial maxillary incisor· to the 

labial surface of the most lingual mandibular central 

incisor (Little, 1~81) .· 

The irregularity index (IR) is the summed displacement of 

the anatomic contact points of the lower anterior teeth. 

"Irregularity Index is not an arch length assessment, but 

rather a guide to quantifying mandibular anterior crowding" 

{Little, 1975). 

The irregularity index was measured as: 

' IR = IRl + IR2 + IR3 + IR4 + IRS I 

where IR is the total irregularity. IR1 is measured from 

mesial contact point of the left canine to the distal 

contact point of the left lateral; IR2_ is measured from the 

mesial contact point of the . left lateral to the distal 

contact point of the left central incisor; IR3 is measured 

from the mesial contact point of the left central incisor 

to the mesial · contact point of the right central incisor; 

IR4 is measured from · distal contact point of the right 

central to the mesial contact point of the rig~t lateral 

incisor; IRS is measured from distal contact point of right 

lateral incisor to the mesial contact point .of .the right 

canine. 
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The irregularity index scoring method includes five 

measurements that represent a horizontal linear distance 

between the vertical projection of the anatoml.c contact 

points of adjacent teeth. The vertical discrepancies of 

contact points are disregarded since horizontal discrepancy 

is the main determinant of the degree of irregularity. 

Therefore, to ensure recording of only horizontal 

displacement, the caliper was consistently parallel to the 

occlusal plane while obtaining each measurement. The 

mesiodistal spacing was disregarded if teeth were in proper 

arch form. However, if displacement of the teeth in 

conjunction with spacing occurred, then only the 

labiolingual displacement from proper arch form is recorded 

(Little, 1975) . 

The following categories have been assigned to ranges of 

irregularity: 

0 Perfect alignment. 

1-3 Minimal irregularity 

4-6 Moderate irregularity 

7-9 Severe irregularity 

>10 Very severe irregularity 

(Little, 1975) . 
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This study examined records of patients treated by Dr. 

Haas over a 3 0 year period. It is a longitudinal study 

that is retrospective. The subjects were not randomly 

assigned to tre'atment modalities but ·were_ picked on the 

basis of availability and the criteria previously ~isted. 

For an accurate assessment, of measurements applied to 

the mandibular incisors, a _dial caliper calibrated to at 

least tenths of a millimeter · is· suggested .. -(Peck, 1972) . 

The dial caliper used in this study was calibrated to one

hundredth of a millimeter which is easy to read and place. 

The caliper points were sharpened to a fine edge. 

To assess reliability, a second examiner was trained. This 

examiner made all five of measurements,on twenty randomly 

selected cases. Reliability was assessed by intraclass 

correlation, paired t-test, and Bradley-Blackwood test 

(Bradley, 1990) . The result~ of the reliability assessment 

is given in Table 2.1. None of the measures exhibited a 

significant mean or variance difference. The intraclass 

correlation coefficient exceeded 0.94 for three of the 

measures. For overj·et the intraclass correlation was 0. 73; 

for intercanine distance it was 0.81. 

The intraclass correlation coefficients are conservative 

estimates because they were calculated for interexaminer 
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variation. Thus, we have an outside measure of objectivity 

and repeatability in the measurements. 

Table 2.1 Reliability indicators of study measurements 

Variable lntraclass Correlation Mean Difference* Variance Difference-

Overbite 0.94 none none 
Overjet 0.'13 none none 

lntercanine Distance 0.81 none none 
lntennolar Distance 0.97 none none 
Irregularity Index 0.98 none none 

* Paired t-test, all p-values > 0. 05 ** Bradley-Blackwood test of slope, all p-values > 0. 05 

Based on a random sample of 20 models. 
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III. RESULTS 

There were 58 subjects that were selected based on the 

entry criteria previously described. There were 45 female 

and 13 male subjects. All subj .. ects meeting the entry 

criteria were Caucasian. There were 32 subjects in Group 

A; 26 female and 6 male. There were 26 subjects in Group 

B; 19 female and 7 male. The mean age before treatment 

(BT) for Group A was 14.8 years (SD .5.5), and for Group B 

the mean age was l4. 5 years (SD 3 ·. 8) . The distributions of 

ages at BT were not significantly different between Groups 

A and B (P=0.8305). A summary of the distributions of age 

at BT, treatment time, retention time, and post-retention 

time for Groups A and B is given in Table 3~1. 
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Table 3.1 Distribution of ages and time periods of observation (years). 

Variable Groue* Mean so Min. Max. . e-value** 

Age at BT A 14.8 5.5 9.8 31.8 0.830 
B 14.5 3.8 10.3 24.9 

Treatment Time A 2.2 0.5 1.1 3.1 0.013 
B 2.7 0.9 1.3 4.9 

Retention Time A 7.1 1.7 1.4 f0.7 0.432 
B 6.8 1.3 2.6 9.7 

Post-retention Time A 8.2 4.0 4.3 19.3 0.692 
B 7.8 3.6 4.0 18.4 

* Group A, N=32; Group B, N=26 ** 2-samp/e t-test 

The mean treatment time required for Group A subjects 

was 2.2 years (SD 0.5). The mean treatment time required 

for . Group B subjects was 2.7 years (SD 0.9). The 

difference in treatment tim~ of approximately 6 months was 

significant (p=O. 0133) . . The mean retention time for Group 

A was 7.1 years (SD 1.7) and for Group B was 6.8 years (SD 

1. 3) .. · The mean post-retention time for Group A was 8. 2 

years (SD 4.0) and for Group B was 7.8 years (SD 3.6). The 

distributions of retention time and post-retention time did 

not differ between Groups A and B. The p-values, minima, 

and maxima are listed in Table 3.1. 

Since this is a retrospective study, detection of bias 

is important. One way of examining the data for biased 

selection of patients for Groups A and B is to look at the 
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distributions of the study variables at BT. The 

.. 

distributions of the :study variables (overbite, overjet, 

intercanine distance, intermolar distance, irregularity 

index) are given in Table 3.2. As may be seen, ,none of the 

p-values for differences in distributions are significant.· 

The mean overbite at BT for Group A was 3.6 mm versus 3.0 

mm for Group B. The overbite measurements for Group A 

ranged from 1.0 to 6.0 mm whereas the overbite measurements 

for Group B ranged ,from 0 ~ 5 to 5. 4. The p-value for 

difference ih these distributions was 0.0748. 

Table 3.2 Distribution of variables before treatment (BT). 

Variable Groue* Mean SD Min. Max. e-value** 

Overbite A 3.6 1.2 . 1.0 6.0 0.074 
B 3.0 1.4 0.5 5.4 

Overjet A 2.2 1.1 0.4 4.3 0.231 
B 1.9 0.9 0.6 4.3 

lntercanine Distance A 25.8 1.7 23.3 29.7 0.607 
B 26.0 2.1 22.9 31.4 

lntermolar Distance A 43.7 3.3 36.6 52.0 0.299 
B 44.7 4.0 37.7 53.0 

Irregularity Index ·A 4.8 3.1 0.7 13.3 0.741 
B 5.1. 2.7 0.7 12.3 

* Group A, N=32; Group B, N=26 ** 2-samp/e t-test 

Another important -~ompar~son of Groups A and B involves 

the treatment rescilt. That is, did the orthodontist bring 
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both groups to ·essentially the same endpoint. Table 3. 3 

following presents the study variables immediately 

treatment (PT) . The means, minima, and maxima of each of 

the five study variables . are similar for Groups A and B. 

The mean difference in overbite was 0.1 mm (A: 1.9 mm, B: 

1.8 mm, p=0.6842). The mean difference in intercanine 

distance was 0.1 mm (A: 27.5 mm, B: 27.4 mm, p=0.8219). 

The mean difference in· intermolar distance was 1.1 mm (A: 

4 5 . 2 mm, B : 4 6 . 3 mm, p = 0 . 19 9 2 ) . The mean difference in 

irregularity index was 0.1 mm (A: 1.1 mm, B: 1. 2 mm, 

p=0.5800). Though there was only 0. 2 mm difference in 

overjet (A: 0. 8 mm, B: 1. 0 mm) , it was significant at 

p=0.0238. The range of overjet in Group A was 0.0 to 1.4 

mm. The range in Group B was 0.5 to 2.0 mm. 
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Table 3.3 Distribution of variables immediately following treatment (PT). 

Variable Groue* Mean so Min. Max. e-value** 

Overbite A 1.9 0.9 0.0 3.7 0.684 
B 1.8 0.9 0.3 4.0 

Overjet A 0.8 0.3 0.0 1.4 0.023 
B 1.0 0.4 0.5 2.0 

lntercanine Distance A 27.5 1.3 24.3 29.8 0.821 
B 27.4 1.7 24.2 31.4 

lntermolar Distance A 45.2 3.0 40.4 52.9 0.199 
B 46.3 -3.8 41.4 55.1 

Irregularity Index A 1.1 0.8 0.2 3.0 0.580 
B 1.2 0.9 0.0 3.1 

* Group A, N=32; Group B, N=26 ** 2-samp/e t-test 

Now let us examine the study variables at the end of the 

observation period. In Table 3e3 one can see the two 

groups were treated to a common endpoint. The 

distributions of study variables for Groups A and B at the 

end of observation (PR) are given in Table 3.4. None of 

the study variable distributions is statistically 

significantly different between· Groups A and B. For 

overbite, the 0. 5 mm difference (A: 2. 6 mm, B: 2.1 mm) 

approaches significance (p=0.0862). For irregularity 

index, the 0. 6 mm difference (A: 1.1 mm, B: 1. 7 mm) is 

nearly significant at p=0.0535. This effect will be 

revisited later when we look at changes in study variables 

from BT. 
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Table 3.4 Distribution of variables at the end of observation (PR). 

Variable Group* Mean SD Min. Max. p-value** 

Overbite 

Overjet 

lntercanine Distance 

lnterrnolar Distance 

Irregularity Index 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

* Group A, N=32; Group B, N=26 

2.6 0.9 
2.1 1.0 

1.1 0.4 
1.0 0.5 

26.3 1.3 
26.4 1.9 

45.4 2.9 
46.5 3.7 

1.1 0.9 
1.7 1.1 

1.0 4.6 
0.8 4.2 

0.3 2.2 
0.4 1.8 

24.2 29.5 
22.9 30.5 

40.5 51.4 
39.9 55.1 

0.0 4.2 
0.0 5.2 

** 2-samp/e t-test 

0.086 

0.707 

0.712 

0.229 

0.053 

In Tables 3.2-3.4 the study variables were examined for 

cross-sectional differences and the longitudinal character 

of the study. was ignored temporarily. 

Next we address long~tudinal changes. Table 3 . 5 shows 

the distributions of study variable changes· · during 

treatment, (BT to PT) . Table 3.6 shows the di~tributions 

of study variable changes during and after retention ,(PT to 

PR). Table 3.7 shows the distributions of study variable 

changes during the entire period of observation (BT to PR) . 

In each of these tables, the mean, standard deviation, 

minimum, and maximum values are given for the change in 

each variable. The p-value comparing the two groups is 

given in the last column on the right as it was in Tables 

3 .1·-3. 4. In addition, for each study variable and each 
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group, the mean change was tested to see if it is 

significantly greater or less than zero (paired t-test) . 

This test is an indicator that variables are changing 

during the period of observation. Figures 3.1-3.5 are 

graphical complements to Tables 3.5-3.7. In these figures 

it is easy to compare Groups A and B across the three time 

points of observation. 

Table 3.5 Distribution of changes in variables (PT - BT). 

Variable Group* Mean SO Min. Max. p-value** p-value** 

Overbite 

Overjet 

lntercanine Distance 

lntermolar Distance 

Irregularity Index 

A 
B 

A 
8 

A 
B 

A 
B 

A 
B 

* Group A, N=32; Group B, N=26 

-1.7 1.2 
-1.2 1.3 

-1.4 1.1 
-0.9 0.9 

1.8 1.6 
1.4 1.6 
1.4 2.9 
1.6 2.5 

-3.7 3.0 
-3.9 2.7 

-3.7 
-3.6 

-3.6 
-2.8 

-1.8 
-3.4 

-3.4 
-3.6 

-12.0 
-11.3 

** paired t-te~t 

2.1 
1.0 

0.5 
1.1 

4.4 
4.8 

7.8 
6.4 

0.7 
0.5 

0.0001 
0.0002 

0.0001 
0.0001 

.0.0001 
0.0001 

0.0088 
0.0031 r 

0.0001 
0.0001 

0.120 

0.044 

0.406 

0.825 

0.858 

*** 2-samp/e t-test 

For each study variable in both groups there is a 

significant treatment change from BT to PT. All p-values 

were less than 0.01 and are listed in Table 3.5. Overbite 

was reduced by 1.7 mm (SD 1.2) in Group A and was reduced 

by 1.2 mm (SD 1.3) in Group B. The reduction in overbite 

was not different between Groups A and B (p=0.1202) e 

Overjet was reduced by 1 . 4 mm ( SD 1 . 1) in Group A and by 
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0.9 mm (SD 0.9) in Group B. The reduction in overjet was 

significantly greater in Group A compared to Group B 

(P=O. 0443) .· Intercanine distance was increased by 1. 8 mm 

( SD 1 . 6) in Group A . and 1 . 4 mm ( SD 1 . 6) in Group B. 

Intermolar distance was increased by 1. 4 mm ( SD 2 . 9) in 

Group A and 1 . 6 mm ( SD 2 . 5) in Group B . Intercanine and 

intermolar ·distance increases were not significantly 

different between Groups A and B (p=0.4063, 0.8253). 

Irregularity index was reduced by 3.7 mm (SD 3.0) in Group 

A and 3 . 9 mm ( SD 2 . 7) in Group B . The reduction in 

irregularity index was not different between Groups A and 

B. 
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Figure 3.1 Overbite over the three time points. 
(Black bars Tx A, White ·bars._ Tx B) 
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Figure 3.2 Overjet over the three time points& 
(Black bars Tx A, White bars Tx B) 

30.0 

29.0 

28.0 

27.0 

26.0 

E 25.0 
E 

24.0 

23.0 

22.0 

21.0 

20.0 
BT PT PR 

Figure 3.3 Intercanine distance over the three time 
points. (Black bars Tx A, White bars Tx B) 
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Figure 3.4 Intermolar distance over the three time 
points. (Black bars Tx A, White bars Tx B) 
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Figure 3.5 Irregularity Index over the three time 
points. (Black bars Tx A, White bars Tx B) 

In each of the Figures 3.1-3.5, a pattern across time is 

observable. Overbite, overjet, and irregularity index 

demonstrate a relatively large reduction by treatment (BT 

to PT) followed by a relatively small amount or no relapse 

(PT to PR) . Intercanine and intermolar distances increase 

as a result of treatment. Intercanine distance tends to 

relapse to near pretreatment levels. Intermolar distance 

remains fairly constant at post-treatment levels. 

During the retention and post-retention periods, some of 

'the treatment changes observed in study variables relapse. 
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The mean changes in the study variables from PT to PR are 

given iri Table 3.6. In Group A, overbite and overjet each 

relapsed by small amounts. Overbite in Group A relapsed by 

0.7 mm (SD 0.9). Overjet in Group A relapsed by 0.3 mm (SD 

0 • 9) • · Intercanine distance relapsed by ·1 • 2 mm in Group A 

and 1 • 0 mm in Group B • Those differences were 

significantly different from zero. Overall, PT to PR 

changes in overbite, overjet,. intermolar ·distance, and 

irregularity index were less· than 0.7 mm. 

Table 3.6 Distribution of changes in variables (PR-rPT). 

Variable Group* Mean SO Min. Max. p-value** p-value** 

Overbite 

Overjet 

A 
B 

A 
B 

lntercanine Distance A 
B 

lntermolar Distance A 
B 

Irregularity Index A 
B 

0.7 0.9 
0~3 0.9 

0.3 0.5 
0.1 0.5 

-1.2 0.9 
-1.0 1.0 

0.3 1.7 
0.1 1.5 

0.1· 1.2 
0.5 1.2 

-0.8 
-0.9 

-0.4 
-0.9 

2.6 
2.3 

1.5 
1.3 

-3.0 0.4 
-3.0 0.5 

-2.6 5.0 
-2.6 2.8 

-2.7 3.0 
-1.6 4.2 

0.0002 
0.0555 

0.0006 
0.5843 

0.0001 
0.0001 

0.3755 
0.6301 

0.7910 
0.0540 

0.157 

0.045 

0.319 

0.783 

0.197 

* Group A, N=32; Group B, N=26 **paired t-test *** 2-samp/e t-test 

The effects of orthodontic treatment observed after 

treatment, retention, and post-retention periods. (BT to 

PR) is shown in Table 3 . 7. Though a small amount of 

relapse occurs, overbite, overjet, intermolar ~~stance, and 
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irregularity index changes are significantly different from 

zero in the period BT to PR (p-values < 0. 003) . 

Intercanine distance relapses enough to yield an overall 

change of 0.5 and 0.4 mm in Groups A and B, respectively. 

These values are not significantly different from zero. 

Table 3.7 Distribution of changes in variables (PR-BT). 

Variable Group* Mean so Min. Max. e-value** p-value*** 

Overbite A -1.0 0.9 -3.2 2.1 0.0001 0.4996 
B -0.,8 1.2 -3.6 1.2 0.0021 

Overjet A -1.1 1.0 -3.0 0.8 0.0001 0.2994 
B -0.8 1.0 -3.4 0.8 0.0003 

lntercanine Distance A 0.5 .1.5 -2.0 3.4 0.0649 0.8074 
B 0.4 1.5 -3.1 5.0 0.1686 

lntermolar Distance A 1.7 2.2 -1.8 5.7 0.0001 0.9400 
B 1.8 2.1 -2.6 6.0 0.0003 

lrregul~rity Index A -3.7 3.1 -11.1 1.8 0.0001 0.7357 
B -3.4 3.0 -11.8 2.0 0.0001 

*Group A, N=32; Group B, N=26 , **paired t-test *** 2-sample t-test 

The analysis presented so far implicitly assumes that 

each of the study variables is independent of the others. 

In further analyses we turn toward the goal of associating 

relapse of mandibular anterior crowding with other study 

variables. With the change in irregularity from PT to PR 

as the response variable, every other variable was plotted 

against it in scatter diagrams. The only variable related 

to this change in irregularity was time after retentiono 
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This scatter diagram is presented.in Figure 3.6. For up to 

12 years after retention is discontinued, there is no 

association betweeri the two variables. 
I 

The greatest 

relapse is slightly greater than one millimeter. Some 

subjects have changes in irregularity index that indicate 

minor improvements over this time. There were five 

~ubjects ,with time intervals after retention greater than 

12 years. Only two of those subjects had two or more 

millimeters of relapse. Thus, in this study population, 

the amount of mandibular anterior relapse as measured by 

the irregularity index appears to be an insignificant 

problem compared to previously reported studies. 
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Figure 3.6 Post retention relapse of irregularity in group A 
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Figure 3. 7 Post retention relapse of irregularity in Group B 

49 



It was noted in the previous sample that a few subjects 

were past grqwing age. A reduced sample of growing aged 

patients (9 to 14 years old) was obtained from the previous 

~ample. Any subject more that 14 years of age was 

eliminated and the data were re-evaluated having 21 

subjects in group A and .~4. _subj~cts in group B, for a total 

of 35 subjects. 

The mean .. age before treatment -(B~) for Group .A was 11. 9 

years (SD 1. 3) and for Group ·B. was 12.0 years (SD 1. 2) . 

The distributions of ages ·at BT were not significantly 

different between Groups A and B (p=O .. 8319) ... A summary of 

the distributions of age at BT, treatment time, retention 

_time, and post-retention time for Groups A and B are given 

in Table 3.8. 

Table 3.8 Distribution of ages and time periods of observation (years) • 

Variable . Groue* Mean so Min. Max. e-value** 

Age at BT A 11.9 1.3 9.8 14.0 0·.881 
B 12.0 1.2 10.3 13.9 

Treatment Time A 2.2 0.4 1.3 3.1 0.0_49 
B 2.6 0.9 1.3 4.9 

Retention Time A 7.4 1.5 5.4 10.7 0.414 
B 7.0 1.1 5.1 9.7 

Post-retention Time A 8.4 4.4 4.3 19.3 o~793 · 
B 8.0 4.2 4.0 18.4 

* Group A, N=21; Group B, N=1.4 ** 2-samp/e t-test 
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The mean treatment time required for Group A subjects 

was 2 . 2 years. . ( SD 0 . 4 ) . The mean treatment time required 

for Group B subjects was 2.6 years (SD 0.9). The 

difference in trea~ment time of approximately 6 months was 

significant (p=0.0493). The mean retention time for Group 

A was 7.4 years (SD 1.5) and for Group B was .7.0 years (SD 

1.1) . The mean post-retention time for Group A was 8. 4 

years (SD 4.4) and for Group B was 8.0 years (SD 4.2). The 

distributions of retention time and post-retention time· did 

not differ between Groups A and B. 

and maxima are listed in Table 3.8. 

The p-values, minima, 

The distributions of the study variables (overbite, 

overjet, intercanine distance, ·intermolar distance, 

irregularity index) are given in Table 3·. 9 •' · All th~ p

values for· ·.differences in distributions are insignificant 

except for the overbite . Theie is an indication that 

patiehts with slightly greater overbite were more likely to 

be assigned to the treatment mechanics· of Group A. The 

mean overbite at BT for Group A was 3. 8 mm versus 2. 8 mm 

for Group B. The overbi t·e measurements for Group A ranged 

from 2. 2 to 5. 3 mm where the overbite measurements for 

Group B ranged from 0.5 to 5.4. The p-value for difference 

in these distributions was 0.0201. 
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Table 3.9 Distribution of variables before treatment (BT). 

Variable Groue* Mean so Min. Max. e-value** 

Overbite A 3.8 0.9 2.2 5.3 0.020 
8 2.8 1.4 0.5 5.4 

Overjet A 2.0 0.9 0.5 3.9 0.882 
8 2.0 1.0 0.7 4.3 

lntercanine Distance A 25.8 1.7 23.7 29.2 0.839 
8 25.9 1.7 22.9 29.9 

lntermolar Distance A 44.1 3.5 36.6 52.0 0.964 
8 44.0 3.1 37.7 48.7 

IrregularitY Index A 4.9 3.2 0.7 13.3 0.771 
B. 4.6 2.4 0.7 . 8.0 

*Group A, N=21; Group B, N=14 ** 2-samp/e t-test 

Table 3.10 presents the study variables immediately 

following treatment (PT) . The means, minima, and maxima of 

each of the five study variables are very similar for 

Groups A and B. The mean difference in overbite was 0.3 mm 

(A : 1 . 9 mm, B : 1 . 6 mm, p = 0 . 3 4 0 2 ) . The mean difference in 

intercanine distance was 0. 3 mm (A: 27.7 mm, B: 27.4 mm, 

p=0.5832). The mean difference in intermolar distance was 

0 . 1 mm (A: 4 5 ~ 4 mm 1 B : 4 5 . 5 mm 1 p = 0 . 9 59 2 ) . The mean 

difference in irregularity' index was 0. 2 mm (A: 1.1 mm1 B: 

0.9 mm, p=O.S058). The same difference in overjet at PT 

between Groups A and B seen earlier (table 3. 3) was 

observed again. Though there was only 0.3 mm difference in 

overjet (A·: . .' 0. 7 mml B: 1.1 mm) 1 it was significant at. 
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p=0.0058. The range of overjet in Group A was 0.4 to 1.3 

mm. The range in Group B was 0. 6 to 2. 0 mmo 

Table 3.10 Distribution of variables immediately following treatment (PT) 

Variable Groue* Mean so Min. Max. e-value~* 

Overbite A 1.9 0.7 0.6 3.0 0.340 
B 1.6 0.7 .0.3 2.6 

Overjet A 0.7 0.3 0.4 1.3 0.005 
B 1.1 0.5 0.6 2.0 

lntercanine Distance A 27.7 1.1 25.4 29.1 0.583 
B 27.4 1.8 24.2 31.4 

lntermolar Distance A 45.4. 3.3 40.4 '52.9 0.959 
B 45.5 3.7 41.4 55.1' 

Irregularity Index A 1.1 0.8 0.0 3.0 0.505 
B 0.9 0.7 o.o· 2.3 

* Group A, N=21; Group B, N=14 ** 2-samp/e t-test 

The distributions of study variables for Groups A and B 

at the end of observation ( PR) are given in Table 3 . 11 e 

None of the study variable distributions are significantly 

different'between Groups A and B. For overbite, the 0.6 mm 

difference (A: 2.6 mm, B: 2.0 mm) approaches significance 

(p=Oe0786). For irregularity index, the 0.5 mm difference 

(A: 1.1 mm, B: 1. 6 mm) is not statistically significant 

(p=O. 1934) . This eff'ect will be revisited later when we 

look at changes in study variables from BT. 
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Table 3.11 Distribution of variables at the end of observation (.PR) 

Variable Groue* Mean so Min. Max. e-value** 

Overbite A 2.6 1.0 1.0 4.6 0.078 
B 2.0 1.0 0.9 3.9 

Overjet A 1.0 0.4 0.4 1.9 0.936 
B 1.0 0.5 0.4 1.8 

lntercanine Distance A 26.5 1.2 24.5 28.9 0.653 
B 26.2 1.9 22.9 30.5 

lntermolar Distance A 45.9 2.8 40.5 51.4 0.751 
B 45.6 3.2 39.9 52.5 

Irregularity Index A 1.1 1.0 0.0 4.2 0.193 
B 1.6 1.3 0.0 5.2 

*Group A, N=21; Group B, N=14 ** 2-samp/e t-test 

The results are similar . to the original sample where 

differences were not found among study variables at BT or 

PT. Therefore, we conclude based on these variables, 

similar subjects were treated to similar outcomes by the 

methods of Groups A and B. 

Now we turn to the longitudinal changes. Table 3.12 

shows the distributions of study variable changes during 

treatment, that is, from BT to PT. 
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Table 3.12 Distribution of changes in variables (PT - BT). 

Variable Groue* Mean so Min. Max .. e-value** e-value** 

Overbite A -2.0 0.9 -3.5 -0.5 0.0001 0.040 
B -1.1 1.2 -2.9 0.5 0.0048 

Overjet A -1.3 1.0 -3.4 0.3 0.0001 0.224 
B -0.8 "1.0 -2.8 1.1 0.0082 

lntercanine Distance A 1.9 1.4 -1.2 4.1 0.0001 0.359 
B 1.5 1.1 -0.5 2.7 0.0002 

lntermolar Distance A 1.3 3.3 -3.4 7.8 0.0846 0.917 
B 1.4 2.8 -3.6 6.4 0.0787 

Irregularity Index A -3.7 3.2 -12.0 0.7 0.0001 . 0.907 
B -3.6 2.0 -7.1 0.0 0.0001 

*Group A, N=21; Group B, N=14 **paired t-test *** 2-samp/e t-test 

Table 3.13 shows the distributions of study variable 

changes during and after retention, that is, from PT to PR. 

Table 3.13 Distribution of changes in variables (PR-PT). 

Variable Groue* Mean so Min. Max. e-value** e-value** 

Overbite A 0.7 1.0 -0.8 2.6 0.0034 0.249 
B 0.3 0.9 -0.8 2.3 0.1952 

Overjet A 0.3 0.4 -0.4 1.5 0.0116 0.024 
B -0.1 0.4 -0.9 0.7 0.4540 

lntercanine Distance A -1.2 0.9 -3.0 0.2 0.0001 0.892 
B .:1.2 1.1 -3.0 0.5 0.0014 

lnterrnolar Distance A 0.5 1.9 -2.6 5.0 0.2113 0.547 
B 0.1 1.8 -2.6 2.8 0.7769 

Irregularity Index A 0.0 1.3 -2.7 3.0 0.9176 0.130 
B 0.7 1.2 -0.8 4.2 0.0662 

* Group A, N=21; Group B, N=14 ** paired·t-test *** 2-samp/e t-test 

Table 3.14 shows the distributions of study variable 

changes during the entire period of observation, that is, 

from BT to PR. 
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Table 3.14 Distribution of changes .inNaria"les (PR;;.BT).. 

Variable·. Groul!* Mean so· -Min. Max. ··1!-val'ue**· · p-value*** 

Overbite A -1.2 . 0.6< -3.2 -0.2 0.0001 .· 0.2086 
B -0.8 . 1'.2 ·. -3.6 0.7 0.0243 

Overjet A -1.0 0~9 .··-3.0 0.8 0.0001 0.8586 
B -0.9 1 :·1 -3.4 0.8 0.0079 

lntercanine Distance A 0.7 1.6 -2.0.: 3.4. 0.0558 0.3364 
a 0..3 0.7'' ~1.0 1 ~2 .· :0.1187 

lntermolar Distance A 1.8 2.5 -1.8 5.7 0.0026 0.7273 
B 1.6 2.0 -2.6 . 5.4. 0.0108 

Irregularity Index A -3.8 2.9 -10.3 .. 1.0 0.0001 0.4106 
B -3.0 2.6 -7.0 2.0 0.0009 

*Group A, N=2( Group B, N=14 **paired t-test *** 2-samp/e t-test 

In . each . of these tables, the · mean, standard deviatioh, 

minimum, and maximum values are given for the change in 

each variable. The p-value · comparing the two groups is 

given in the last column on the right as it was iQ Tables 

3.8-3.11. In addition, for . each study variable and each 

group, the mean change was tested for significance (paired 

t-test) . This test indicates whether variables are 

changing during the observation period. 

Figures numbered from 3 . 8 through 3 .12 demonstrate a 

pattern across time in the reduced- data set group (N=35) • 

For overbite, overjet, and irregularity index there is a 

relatively large reduction brought about by treatment (BT 

to PT) followed by a relatively small amount or no relapse 

(PT to PR) . Intercanine and intermolar dista~ces increase 



as a result of treatment. Intercanine distance tends to 

relapse to near pretreatment levels. Intermolar distance 

remains fairly constant at post-treatment levels and even 

slightly increases in group A. 

4.0 

3.5 

3.0 

2.5 

i 2.0 

1.5 

1.0 

0.5 

0.0 

BT PT PR 

Figure 3.8 Overbite over the three time points (N=35). 
(Black bars T~ A, White bars Tx B) 
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Figure 3 . 9 Overjet over the three time . point_s .. (N=3 5) . 
(Black bars Tx A, White ba_rs · Tx B) 
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Figure 3 .10 Inter canine distance over the three time · 
points (N=35) . (Black bars Tx A, White bars Tx B) 
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BT PT PR 

Figure 3 . 11 Inter molar distance over the three time 
points ·(N=35). (Black bars Tx A, White bars Tx B) 
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Figure 3.12 Irregularity_Index over the three time points 
(N=35) . (Black bars Tx A, White bars Tx B) 
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Thus, we may note that consistent results are obtained 

for the complete sample and the growing aged sample of 

subjects. 
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IV. DISCUSSION 
. . 

- . 

The analysis of. data~. indicates that overjet and overbite 

in group A and B showed very similar patterns as far as 

treatment effects and relapse. Both overjet and overbite 

decreased during the, treatment. Group A relapsed more than 

group B 1 and the total reduction of the amount of OB and OJ 

was 1.0 to 1.5 mm in group A and 0.4 to 0.7 mm in group B. 

These results support Glenn (1987) and Sadowsky (1982) 1 in 

that intermolar width, 9verjet and overbite displayed 

considerable long-term stability. In the present study 1 

there was very small charige in the intermolar and 

intercanine distance in both groups (3. 0 mm· of increase in 

the total width) o Intermolar distance relapsed 1.0 mm post 

treatment indicating a net increase of IM width ( 2. 0 mm) 

which remained stable ·throughout the follow up time. · The 

intercanine distance· relapsed 80% which agrees. ·with the 

previous relapse potential of IC width after expansion 

studies. However 1 the RPE group relapsed less than the 

group expanded with headgear only. The total change noticed 

in the IC width was a net increase of 1.0 mm from FU-BT. 
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Irregularity index decreased dramatically during 

treatment from 4. 5 mm to 1. 3 mm indicating a correction of 

about 3. 2 mm at the end of treatment. There was a mild 

relapse ( 0 . 0 6 in group A and 0 . 3 4 in group B)· according to · 

Little's irregularity index rating of relapse. This finding 

did not agree with previous studies of Little (1981) which 

suggested that the chance of unacceptable relapse is 89% in 

orthodontically tre~te~ non-extraction cases~ 

The results of .. the present study agree with previou~ work 

which state that with time, potential for continued relapse 

of. post retention crowding increas.es'. The degree of post-

retention anterior crowding was not. pre<:licta:ble · ;from pre-

treatment variables. The same finding was documented by 

Katz (1990) who indicated that one would expect greater 

relapse with more years out o~ retention but there was no 

relationship between the number of years in . retention and 

the variables that he used in his study. 

The present findings, . however; indicated significantly 

less amount of relapse than . would be expected based on 

findings of previous studies. 

Possible explanations for the stable results· found ·in 

this study are as follows: 

............. 
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1. Treatment modality (tandem mechanics). 

2. Long-term retention. 

3. Single clinician (potential reduction in variability 

of patient selection and treatment) . 
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V. SUMMARY 

Dental casts exhibiting Angle class I molar and cuspid 

relationship from a sample of 58 orthodontically treated 

cases were evaluated long-term following non-extraction 

therapy .. The following conclusions were reached: 

1. Mandibular incisors tended to become more 

crowded post-retention. However, contrary to previous 

reports, this relapse is estimated to be only about 1 

mm per decade. 

2. There was very little difference in IC, IM, and 

IR values between RPE group (group A) and HG expansion 

group (group B) at the beginning ·of. treatment. 

Overbite and_overjet were the more pronounced in group 

A than in group B. 

3 . There was no statistically significant 

difference between the variables examined in groups A 

and in group B at the end of treatment or post 

retention. 
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4. There was no statistically significant 

difference in values obtained from PR-PT (amount of 

relapse), between the two groups. 

5. As time post-retention increases, relapse tends 

to increase but not in a predictable way. 

6e Neither before treatment nor post~t~eatment 

variables were predictive of relapse. 
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