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JAVID YAVARI 

Relapse of Mandibular Anterior Crowding in Angle Class II 
' \ 

Division 1 Malocclusion Treated by Tandem Mechanics without 
Extraction of Permanent Teeth: A Retrospective Analysis 

The mandibular incisor segment has been described by several 

authors as the segment that is most likely to exhibit 

relapse following active treatment and retention. 

Therefore, relapse of the mandibular anterior teeth after 

treatment and retention phases is a challenge that 

clinicians need to address. The amounts of mandibular 

anterior crowding .were measured before treatment, after 

treatment, and after post-ret~ntion in a longitudinal study 

. . 

of 31 subjects with Angle Class II Division 1 malocclusion. 

These measurements were made, retrospectively, using dental 

models and lateral cephal9metric radiographs. All patients 

were treated by the same orthodontist who used tandem 

mechanics without the _prior extraction of permanent teeth. 

The post-retention period ayeraged 5.2 years with a range of 

2 to 19 years. AdditioD;ally, this gr<:;>up of 31 subjects was 

divided into two subgroups according to their change in 

irregularity-index. Group D (N=17) showed a decrease. or no 

change ·in irregularity index while Group I (N=14) showed an 

increase in irregularity index. The variables studied were: 

intercanine distance, intermolar distance, overjet, 



overbite, irregularity index, lower incisor to mandibular. 

plane angle (IMPA). 

Irregul~rity decreased significantly du.ring treatment. The 

mean value ·for the complete sample (N=31) for irregularity 

index was reduced from 4.5mm before treatment to 1.0mm after 

treatment. The irregularity index was stable at 1.0mm 

through the end of the post-retention follow-up·.period. 

The mean post-retention fqllow-up time for Group D was 3.8 

years, and for Group I the mean was 7 . 0 years. The mean 

difference of 3.2 years between· Group D and I was 

statistically significant (p=0.0159). Group D showed better 

stability of ·treatment induced expansion of intercanine 

distance than Group I (0.9mm. expansion vs. 0.6mm of 

expansion loss) . This difference was significant 

(p=0.0288). Group I had_a statistically significant overjet 

correction compared to Group D (8.3mm vs. 5.9mm, p=0.0031). 

In contrast to previous studies, irregularity correctio~ in 

this study was stable over a mean of 5. 2 years of pos·t-

retention follow-up. The groups of subjects ·experiencing 

relapse of mandibular anterior crowding had more overjet and 

had less stable.treatment induced intercanine expansion. 

· Index words: Mandibular c·rowding, longitudinal study, 

tandem mechanics, irregularity index, relapse. 
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I Introduction 

A major goal of orthodontic treatment is to achieve 

long-term ~tability of the occlusion. The mandibular 

incisor segment has been described by several authors as the 

segment that is most likely to exhibit relapse following 

active treatment and retention (Tweed,1944; Riedel,1960; 

Little,197S). Clinical experience .has shown orthodontic 

patients perceive the crowding of the anterior teeth as one 

the most obvious problems for which they seek treatment. 

Therefore, relapse of the mandibular anterior teeth after 

treatment and retention phases is a challenge that. 

clinicians need to address. 

In order to better understand the post-retention changes 

in the dentition, it is helpful to review the changes in the 

dentition of individuals who have not had orthodontic 

treatment. Nance (1947) evaluated mandibular· arch length 

during the transition from the primary to permanent 

dentition. The "inside arch length" was considered to be 

the sum of the right and left distances from mesial anatomic 

contact points of the first molars to the contact points of 

1 
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the central incisors, or to the midpoint between the central 

incisors if there was a space (Nance,1947). He also 

evaluated the "outside" measurements by adapting a brass 

ligature wire to the faci~l surfaces of the mandibular teeth 

in their middle third so that one end of wire was placed in 

the interproximal· space between the mandibular second 

deciduous .molar and the first permanent molar. The results 

of these measurements indicated th~t there is a decrease in 

mandibular arch length during transition from primary to 

permanent dentition. The reduction in arch length was 

though to be result of the difference in the combined 

mesiodistal widths.of deciduous canine, first molar, and 

second molar and combined the mesiodistal widths of· the 

three succedaneous teeth that replace them (Nance,1947). 

Moorees (1959) studied longitudinal change~ in the 

dental development of children between the ages of 3 and 18 

years. The mandibular interfuolar distance increased between 

the ages of 9 and 14 in-both sexes but remained constant 

after 14 .years of age (Moorees,1959). Additionally, arch 

length decreased in both females and males, between ages 9 

and 14, corresponding to loss of the primary teeth and 

_replacement by the permanent teeth. Further investigation 
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revealed that decrease in arch length starts at age 3, after 

eruption of the primary teeth; with the decrease being 

greater in the mandible (Moorees,1965). It was suggested 

that decrease in intercanine width from age 13 to 18 years 

is associated with decrease in arch length rather than a 

narrowing in arch width (Moorees,1965). Dekock (197i) 

reported similar observations that arch length decreased 

from age 12 to age 26 with an average loss of 3.2 mm in 

males and 2.3 mm in females. 

Barrow and White (1952) evaluated 52 untreated 

individuals and observed that intercanine width decreased 

following the mid-teen years. None of these subjects 

observed had maxillary incisor crowding at age 6, but by age 

14, 24% had maxillary incisor crowding. For the mandibular 

anterior teeth, 14% experienced crowding by age 6, and 51% 

by age 14 (Barrow and white, 1952). Cryer (1966) reported 

62% incisor crowding by age 14 in a study of 1000 children. 

Sixty percent of the children who had crowding at age 14 

showed an increase in lower incisor alignment since age 11. 

Foster et al. (1970) studied dental arch crowding in four 

age groups and observed a different pattern in this cross

sectional investigation. They reported the presence of 



interproximal spaces between the mandibular teeth at age 3, 

but by age 7 there was a 70% incidence of mandibular 
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crowding. This mandibular crowding increased to 90% by ~ge , 

14, and then decreased slightly by age 25. Also, fem~les 

tended to have more crowding than males in all age groups 

despite the greater average siz~ of the male dentition 

(Foster et al.,1970). 

Little (1975) proposed a quantitative method of 

assessing mandibular anterior segment irregularity. He 

reported that the irregularity index is not an arch length 

assessment, but is a guide to quantifying mandibular 

anterior crowding. As:described by Little (1975), the 

irregu~arity index scoring method includes five measurements 

that represent ·a horizontal linear distance between the 

vertical projecti~n of the anatomic contact points of 

adjacent teeth. The vertical discrepa~ciei of contact 

points were disregarded since horizontal discrepancy is the 

main determinant of the degree of irregularity 

(Little,1975). In order to ensure recording of only 

horizontal displacement, it is important to hold the caliper 

consistently parallel to the occlusal P+ane while obtaining 

each measurement. The mesiodistal spacing was disregarded 



'if teeth were in a proper arch form. However, if there was 

displacement of the teeth with spacing, only the 

labiolingual displacement from the proper arch form was· 

recorded. 

Additionally Little (1975) assigned the following 

categories to ranges in the irregularity index: 

0mm 

1-3mm 

4-6mm 

7-9mm 

>10mm 

Perfect alignment 

Minimal irregularity 

Moderate irregularity 

Severe irregularity 

Very severe irregularity 

5 

Sinclair and Little (1983) studied 65 untreated 

individuals with normal occlusion and found that arch length 

and intercanine width significantly decreased into early 

adulthood, while incisor-iiregularity significantly 

increased. In this study incisor crowding was found to be 

greater in females, especially in the older age group. When 

compared to pbst·-retention studies of lower incisor crowding 

in t~eated cases~ the po~t-retention irregularity indices 

were noted to be considerably higher in the treated cases 

than in the untreated normal group. In addition, the rate 

of increase in incisor crowding for the treated post-
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retention group was approximately twice as fast as in the 

untreated normal group. Little and Riedel (1989) evaluated 

30 cases of 10 years post-retention with generalized spacing 

of anterior teeth before treatment and observed arch width 

and arch length decrease with time. Of 30 cases, 16 (53%) 

demonstrated irregularity indices to be minimal, 33% had 

moderate post-retention irregularity indices, and 13% had 

severe post-retention irregularity indices. 

Long-term evaluation.of patients with bilateral 

maxillary and mandibular first premolar extractions have 

disclosed changes in dental arch similar to those observed 

in untreated individuals. Shapiro (1974) found that both 

arch length and intercanine width decreased significantly 

during the 10 year post-retention period. Little and Riedel 

(1981) studied crowding longitudinally and concluded that 

long-term alignment was variable and unpredictable. No 

descriptive characteristics such as length of retention, 

Angle classification, age, gender or measured variables such 

as overbite, overjet, arch width, or arch length were 

predictive. Success at maintaining satisfactory mandibular 

anterior alignment is less than 30% with nearly 20% of the 

cases likely to show marked crowding many years after 



removal of retainers· (Little and Riedel, 1981) ._ 

Little et al. (1988) reported that lower anterior 

crowding continued to increase during 10 to 20 years after , 

retention-with only 10% of· the cases having clinically 

acceptable mandibular alignment. McReynolds and Little 

(1990) evaluated 46 patients for changes over a minimum of· 

10 years post-retention. The sample in this study was 

divided into two groups: early (mixed dentition) extraction 

of mandibular second premolars and late (permanent 

7 

dentition) extraction of mandibular second premolars. In 

the early extraction group,_ the second premolars were either 

congenitally missing or extracted prior to ~ruption: The 

remaining permanent teeth were allowed to drift for a 

minimum of one year before comprehensive orthodontic 

treatment. In the late extraction group, the active 

treatment was started shortly after extractions. There was 

no difference in long term stability between the two groups. 

Arch length and arch width decreased with time and incisor 

ir~egularity increased throughout the post-retention period 

(McReynolds a?d Little,1990). 

Studies evaluating treatment without extraction have 

further added to our knowledge of retention and relapse. 
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Shapiro (1974) studied a nonextraction sample of 22 

individuals 10 years post-retention. Mandibular arch length 

and intercanine width decreased during the post-retention 

period regardless of whether or not arch length had 

increased or decreased during treatment. The nonextraction 

group experienced significantly less of a decrease in 

·intermolar width during post-retention than the premolar 

extraction grdup (Shapiro,1974). 

Glenn et al. (1987) evaluated the long term stability of 

28 nonextraction p~tients. In 96% of the patients arch 

length decreased significantly during an average of 8 years 

post-retention. similarly, 95% of the patients whose 

intercanine width increased during treatment showed 

reduction in incisor irregularity during the post-retention 

period. The intermolar width was decreased, whereas overjet 

and overbite showed no significant post-retention changes 

and incisor irregularity showed only a slight increase post-

·retention (Glenn et al,1987). Little et al. (1990) 

investigated 26 patients during mixed dentition phase with a 

minimum of 6 years post-retention. When arch length 

increased during the mixed dentition, a statistically 

significant and often dramatic reduction in arch width and 



length occurred post-retention. Of the 26 patients, 23 

(89%) showed clinically unsatisfactory.incisor alignment. 

· Sadowsky et al. (1994) assessed 22 patients with a 

minimum of 5 years post-retention. Fifteen of the 22 cases 

were treated initially with tandem me~?anics, and light 

interproximal stripping was done at t'he time of removal of 

the mandibular fixed lingual retainer in all the cases. 

Average retention time with a mandibular fixed lingual 

retainer was 8.4 years. They showed that _during the post

retention stage, all variables showed relapse except for 

maxillary canine and premolar arch width region·. The 

mandibular irregula~ity index lost 33% of its improvement 

which demonstrated relatively good alignment for mandibular 

anterior seg~ent (Sadowsky,1994). 

Cephalometric studies of post-retention changes have 

evaluated an additional aspects of relapse in_ 

9 

·orthodontically treated cases. Brodie et al. (1938) studied 

nonextraction orthodontic cases, and he concluded that the 

axial inclination of teeth disturbed by orthodontic 

treatment tends to return to pre-treatment conditions. Cole 

(1948) reported a similar observation in orthodontic cases 

treated with extractions_. He noted mandibular inci~ors 



tended to return to their original inclination relative to 

the mandibular plane. 

10 

Tweed (1944) stated that placing the teeth upright over 

·basal bone would ensure stability. He additionally 

suggested specific cephalometric angles to achieve 

stability. Schulaf et al. (1977) showed a different pattern 

in their study. They reported that the lower incisors 

anteroposterior positions, relative to various cephalometric 

values, had no relationship to post-retention crowding of 

lower incisors. Shields (1985) assessed long-term post

retention changes of 54 orthodontically treated cases that 

involved extraction of the maxillary and mandibular first 

premolars. He concluded that the long term response to 

mandibular anterior alignment was unpredictable. 

Additionally, none of the cephalometric parameters, such as 

maxillary and mandibular incisor proclination, horizontal 

and vertical growth pattern, and mandibular plane angle were 

useful in predicting the relapse potential. However, there 

was only a slight tendency for incisor inclination to return 

toward the pre-treatment value during the post-retention 

period (Shields,1985). 

The purpose of this study is to evaluate the amount of 
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relapse occurring in Angle Class II Division 1 patients 

treated orthodontica~iy using tandem mechanics. Azizi 

(1997) described Dr. Haas's tandem mechanics, whereby the 

maxillary molars are restricted from m~ving anter•iorly by 

action of headgear. The· mandibular molars are restricted 

from moving anteriorly with Class III elastics placed in 

tandem with the headgear. As the dentofacial skeleton is 

growing forward, the headgear helps to provide the 

correction for the Class II malocclusion. The class III 

elastics in tandem with the headgear preserves the arch 

length for decreasing the amount of crowding in the 

mandibular anterior region. 

Another essential feature of Haas's tandem mechanics is 

the coupling of force placed on the maxillary and mandibular 

arches. The maxillary arch is subjected to distal force via 

a headgear attached_ to the first molars. An elastic is 

attached from the distal segment of the headgear as it exits 

the molar tube to .a hook in the canine region of a 

continuous lower arch. On this continuous lower arch, an 

open coil spring is used from the canine region to the 

banded first molar. The lower archwire only engage:s the 

banded first molars and.is merely tied to the anterior teeth 
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(a sling tie) to avoid gingival irritation. Thus, the 

headgear and the elastics work in tandem providing distal 

forces on the molars with minimum deleterious effects on 

other teeth. 

Additionally, all the cases were treated without 

extraction of permanent teeth, and the patients were 

followed for at least two years or more after the ·end of the 

retention phase of orthodontic treatment. The particular 

predictors investigated in this study included: intercanine 

width, intermolar width, overjet, overbite, irregularity 

index, and lower incisor to mandibular plane angle. All 

these parameters will be examined during pre-treatment, 

post-treatment, and at post-retention periods. 

The intent of this study is to search for clinically 

~ignificant predictors and associations of values measured 

from the dental casts and cephalometric radiographs with 

particular emphasis on mandibular anterior alignment. 



II. MATERIALS, M~THODS, -and MEASU~EMENT PRECISION 

Patie.nt records for 55 patients were obtained from 

Dr. Andrew J. Haas of Cuyahoga Falls, Ohio. An assistant in 

Dr. Haas office selected the cases.based on their bein~ 

classified originally as·· Angle Class II malocclusion and 

having follow-up records at least two years following 

cessation of retainer wear. Neither t~eatment outcome nor 

patient satisfaction were explicit criteria for selection .. 

Case records were sent ~o the Medical_Gollege of 

·Georgia Department of Orthodontics. These case records 

consisted of dental models and lateral dephalometric 

radiographs each made: before treatment, after treatment, 

and at least two years after cessation of retainer wear. 

Additionally, progress notes were included that contained 

date of birth, sex, and dat~s of other treatment and follow-

up events. 

In evaluating thos~ 55 c~ses, the following criteria 

were used to select a study sample of 31: 

1. Angle .class II Division 1 malocclusion 
2. No missing permanent t~eth at pre-treatment 
3. Treatment withciut the extraction of permanent teeth 

13 



4. Good quality dental models and lateral ceph~lometric 
radiographs at each time point 

5. Minimal 2 years of follow-up after cessation of 
retention 

6. Treatment involved the use of tandem mechanics. 

14 

In addition, to insure consistency with the requirement 

of Angle Class II division 1 malocclusion, overjet of at 

least 3.0 mm was required. Overbite was required to be 

positive in order to eliminate open bite cases. 

For each subject, the following data were recorded: 

sex, 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 

the data were collected. This study was approved by the 

Human Assurance Committee of the Medical College of Georgia. 

The following variables were studied: 

Intercanine distance -- the distance(mm) between the cusp 

tips of the mandibular canines or estimated c~sp tips in 

cases of wear facets (Shapiro, 1974). 

Inte:rmolar distance--.the distance(mm) between the 

mesiobuccal cusp tips of the mandibular first permanent 

molars or estimated cusp tips in cases of wear f~cets 

(Shapiro, 1974). 
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Overjet --the horizontal distance(mm) parallel to the 

occlusal plane from the ·lingual surface of the most labial 

maxillary incisor to the labial surface of the most lingual 

mandibular incisor (Lundstrom, 1948) .· 

Overbite -- the mean.vertical overlap(mm) of upper and lower 

central incisors (Lundstrom, 1948). 

IMPA (lower Incisor to Mandibular Rlane Angle) angle 

formed by the intersection of the long axis of the lower 

central incisors with the mandibular plane ~s measured on 

the lateral cephalometric radiograph (Tweed, 1944). 

Total irregularity index -- the summed displacement of the 

anatomic contact points of the lowe~ anterior teeth (Little, 

1975). Total irregularity inde~ (IR) may be expressed as: 

IR= IRl + IR2 + IR3 + IR4 + IRS, 

Where IRl is measured from the mesial contact poin~ 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 conta~t point of the left central 

incisor; IR3 is meaeured from the mesial conta~t point of 

~the left central incisor to the mesial contact point of the 

right central incisor; IR4 is .measured from the distal 

contact point of the right central incisor to the mesial 
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contact point of the right lateral incisor; IRS is measured 

from the distal contact point of the right lateral incisor 

to the mesial contact point of the right canine. 

A digital caliper with one-hundredth millimeter 

accuracy was used for all the linear measurements. The 

instrument had fine, sharp points allowing precise 

placement. Previous studies had recommended a caliper with 

at least one-tenth millimeter precision (Peck, 1972). 

To assess accuracy and reliability, repeated 

measurements were made on 30 dental models that were 

selected randomly. Two evaluators assessed each dental 

model. Inter-evaluator reliability indicators were 

determined for each variable in the study. Inter-evaluator 

reliability indicators might be expected to be lower than 

the equivalent intra-evaluator indicators. Inter-evaluator 

reliability was assessed to lend some external v~lidity to 

the measurements, as well as, a conservative level of 

reliability indicators. The reliability indicators used 

were: 

1. ICC - intraclass correlation coefficient 
2. paired t-test 
3. BBT - Bradley-Blackwood test (Bradley,et al. 1990) 

variance test from BBT. 

These indicators are listed in Table 2.1. 



Table 2.1 Summary of inter-evaluator reliability indicators. 

p-values 

Evaluator 1 Evaluator 2 Paired Variance 

Variables Mean SD - Mean SD ICC t-test test (BBT) 2-df BBT 

Intercanine distance 26.6 2.0 27.0 1. 8 0.94 0.003 0.049 0.002 

Intermolar distance 45.5 3.6 45.6 -3.6 0.99 0.078 0.669 0.198 

Overjet 3.3 3.4 3.3 3-. 4 0.99 0.916 0.709 0.926 
Overbite 3.1 1. 5 3.2 1. 5 0.98 0.524 ·o. 841 0.803 
_Irregularity index 1. 7 1.8 1. 9 1. 7 0.92 0.220 0.359 0. 311 

IMPA 94.5 7.8 94.1 7.3 0.95 0.357 0.253 0.339 

_... 
---.I 
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The reliability indicators were applied and interpreted 

as recommended by physical anthropology studies (Russell, et 

al. 1994). As may be seen, the ICCs for the variables in 

this study were between 0.92 and 0.99. Excellent 

reliability is considered·at the level of ICC greater or 

equal to 0.85. For intercanine distance there were minor 

differences between evaluators. This difference was 0.4mm 

in the mean and 0.2mm in the SD. Though statistically 

significant in the paired t-test and BBT components, the ICC 

was 0.94. This indicated that the differences were small 

compared to the scale and range of measurements and no 

corrective action was indicated. 

Statistical analysis of changes in study variables over 

time were analyzed using the paired t-test. Differences in 

groups with increased and decre~sed irregularity were 

analyzed using the 2-sample t-test. Significant results of 

statistical tests were reported when the p-value was less 

than or equal to 0.0500. 



III. RESULTS 

The records of 31 of the 55 subjects met all of the 

selection criteria. There were a total of 22 females and 9 

males in the sample.' The mean age at the beginning of 

treatment was 11.0 years. The mean treatment time was 3.5 

years. The mean retention time was 6.4 years. The mean 

post-retention follow-up time was 5.2 years. A summary of 

these distributions is given in Table 3.1. 

Summary statistics for each variable measured in this 

investigation will be described separately (intercanine 

distance, intermolar di~tance, overjet, overbite, 

irregularity index, and IMPA). 

Intercanine Distance 

Summary statistics for intercanine distance are given 

in Table 3.2 and Figure 3.1. Intercanine distance was 

increased from a mean of 26.2 mm to a mean of 27.3 mm during· 

treatment. This change of 1.1 mm was significantly greater 

than zero (p=0.0039). During the retention and-post

retention follow-up periods, the mean intercanine dis~ance 

19 



Table 3.1 Summary statistics of age and durations of observation periods.* 

Age at the Beginning of Treatment 

Ee~iods of Observation 
Treatment 
Retention 
Post-retention Follow-up 

Mean 

11. 0 

3.5 
6.4 
5.2 

SD 

2.0 

1. 4 
2.0 
3.8 

* Measured in years for entire sample of 31 subjects. 

Minimum. Maximum 

9.0 17.5 

1.5 7.9 

2.7 10.2 
2.0 19.3 

I\) 
0 



Table 3.2 Summary statistics for- intercanine distance (complete sample). 

Values Observed (mm) 

Before Treatment 

After Treatment 

After Retention and Follow-up 

Changes Observed (mm) 

During Treatment 
During Retention and Follow-up 
During Treatment, Retention, and Follow-up 

30.0 

25.0 

20.0 

15.0 

~ 
10.0 

5.0 --~ • lfj ,, ;Ji,;; 'it ®1a 

TO Tl T2 
-5. 0, 

Mean SD Min. Max. 

TO 26.2 2.1 20.3 30.7 

Tl 27.3 1. 5 24.7 30.4 

T2 26.4 1. 6 22.8 29.6 

Mean SD Min. Max. P-value* 

Tl-TO 1.1 2.1 -3.6 4.7 0.0039 

T2-Tl -:-0. 9 1. 0 -2.8 1. 6 0.0001 

T2-TO 0.2 2.0 -3.9 4.2 0.5972 

,. p-value from pairedHest; bold italics indicate significance 

~~· ·-:~~::,0,:1':-

Tl-TO T2-T1 T2-TO 

Figure 3.1 Means and 
mean differences of 
intercanine distance. 

I\) 
--'-



relapsed from 27.3 mm to 26.4 mm. This relapse of 0.9 mm 

was significantly greater than zero (p=0.0001). Thus, the 

residual change measured across the treatment, retention, 

and post-retention periods was 0.2 mm. This was a not 

statistically significant overall change (p=0.5972). 

Intermolar Distance 

22 

Summary statistics for intermolar distance are given in 

Table 3.3 and Figure 3.2. Intermolar distance was increased 

from a mean of 43.1 mm to a mean of 46.4 mm during 

treatment. This change of 3.3 mm was significantly greater 

than zero (p=0.0001). During the retention and post

retentiori follow-up periods, the mean intermolar distance 

remained expanded: 46.4 mm to 46.5 mm. This small 

difference of 0.1 mm was not significantly greater than zer9 

(p=0.8140). Thus, the change measured across the treatment, 

retention, and post-retention periods was 3.4 mm. This was 

a significant overall intermolar expansion of 3.4 mm 

(p=O. 0001) . 

Overjet 

Summary statistics for overjet are given in Table 3.4 

artd Figure 3.3. Overjet was_decreased from a mean of 7.8 mm 

to a mean of 0.9 mm during treatment. This reduction of 



Table 3.3 Summary statistics for -intermolar distance (complete sa:m.ple}. 

Values Observed (mm) 

Before Treatment 

After Treatment 

After Retention and Follow-up 

Changes Observed (mm) 

During Treatment 
During Retention and Follow-up 

During Treatment, Retention, and Follow-up 

50.0 

45.0 

40.0 

35.0 

30.0 

~ 25.0 
20.0 

15.0 

10.0 

5.0 

0.0 

TO , Tl T2 

Mean SD Min. Max. 

TO 43.1 2.5 38.6 47.8 

Tl 46.4 3.1 37.7 52.4 

T2 46.5 3.1 41. 0 52.0 

Mean SD Min. Max. P-value* 
T·l-TO 3.3 2.6 -1. 9 10.2 0.0001 

T2-Tl 0.1 1.3 -2.6 3.2 0.8140 
T2-:-TO 3.4 3.0 -1.5 11. 5 0.0001 

" p-value from paired r-test; bold italics indicate significance 

Tl-TO T2-Tl 

1~fr~i 

T2-TO 

Figure 3.2 Means and 
mean differences of 
intermolar distance. 

f\) 
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Table 3.4 Summary statistics for·overjet (complete sample). 

Values Observed (mm) Mean SD Min. Max. 

Before Treatment TO 7.8 2.0 3.6 11. 8 

After Treatment Tl 0.9 0.8 0.0 2.6 

After Retention and Follow-up T2 1.0 0.7 0.0 2.5 

Changes Observed (mm) Mean SD Min. Max. P-value* 

During Treatment Tl-TO -6.9 2.4 -11. 5 -1.5 0.0001 

During Retention and Follow-up T2-Tl• 0.2 0.7 -1.5 1. 6 0.2057 
During Treatment; Retention, )and Follow-up T2-TO -6.8 2.2 -11.1 -1.6 0.0001 

.,, p-value from paired t-test; bold italics indicate significance 

10.0 

8.0 

6.0 

4.0 

2.0 
~ 0.0 

-2.0 

-4.0 

-6.0 

-'8. 0 

Figure 3.3 Means and 
mean differences of 
overjet. 
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6~9 mm was significantly greater than zero (p=0.0001). 

During the retention and post-ret~ntion follow-up periods, 

the mean o':'erj et was maintained:· O. 9 mm to 1. O mm. This 

small difference of 0.2 mm (due to rounding) was not 
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significantly greater than zero (p=0.2057). Thus, the 

red~ction in overjet measured across the treatment, 

retention, and post-retention periods was 6.8 mm. This was 

a significant overall change (p=0.0001) . ., 

Overbite 

Summary statistics for overbite are giveh in Table 3.5 

and Figure 3.4. Overbite was reduced from a mean of 4.7 mm 

to a mean of 1.9 mm during treatment. This reduction of 

2.9 mm was significantly greater than zero (p=0.0001). 

During the retention and post-retention follow-up periods_, 

the mean overbite increased from 1.9 mm to 2.6 mm. This 

small relapse of 0.8 mm was significantly greater than zero 

(p=0.0001). The reduction in overbite measured ac~oss the 

treatment, retention, .and post-retention periods was 2.0 mm. 

This was a sigpificant overall change (p=0.0001). 

IMPA (Lower incisor to mandibular plane angle) 

Summary statisti_cs for IMPA index are given in Table 

3.6 and Figure 3.5. IMPA was reduced from a mean of 97.6 



Table 3.5 Summary statistics for overbite 

Values Observed (mm) 

Before Treatment 

After Treatment 
After Retention and Follow-up 

Changes Observed (mm) 

During Treatment 
During Retention and Follow-up 
During Treatment, Retention, and Follow-up 

6.0 

5.0 

4.0 

3.0 

2.0 

~ 1.0 

0.0 

-1. 0 

-2.0 

-3.0 

-4. 0, 

(complete sample). 

Mean SD Min. Max. 

TO 4.7 1. 9 1. 3 9.3 
Tl 1. 9 0 ·. 8 0.0 3.5 
T2 2.6 1.0 1.0 4.8 

Mean· SD Min. Max. P-value* 
Tl-TO -2.9 1. 8 -7.2 0.3 0.0001 
T2-Tl 0.8 0.8 -1.1 2.7 0.0001 
T2-T0 -2.0 1. 8 -5.8 1.1 0.0001 

.. p-value from paired f;.test; bold italics indicate significance 

Figure 3.4 Means and 
mean differences of 
overbite. 

N 
0) 
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Table 3.6 Summary statistics for IMPA (complete sample). 

Values Observed (degrees) 

Before Treatment 
After Treatment 
After Retention and Follow-up 

Changes Observed (degrees) 

During Treatment 
During Retention and Follo~-up 
During Treatment, Retention, and Follow-up 

120.0 

100.0 

80.0 

(/) 
(lJ 60.0 
(lJ 
)..j 
Ol 40.0 (lJ 

'Cl 

20.0 

0.0 
j TO Tl T2 

-20. ·o 

Mean SD Min. Max. 

TO 97.6 7.0 82.0 110.0 

Tl 95.7 7.0 81. 0 109.0 

T2 96.1 6.2 84.0 111.0 

Mean SD Min. Max. P-value* 

Tl-TO ;.__2. 3 7.3 -19.0 10.0 0.0995 

T2-Tl 0.5 5.6 0.0 12.0 0.6160 

T2-TO -2.2 6.0 -13.0 10.0 0.0599 

,. p-value from paired t-test; bold italics indicate significance 

Tl-TO T2-Tl T2-TO 

Figure 3.5 Means and 
mean differences of 
IMPA. 

I\) 
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degrees to a mean of 95.7 degrees during treatment. This 

reduction of 2.3 degrees was not significantly different 

from zero (p=0.0995)_. During the retention and post

retention follow-up periods, the mean IMPA changed by only 

O.~ degrees. This change was not significant (p=0.6160). 

Thus, the reduction in IMPA measured across the treatment, 

retention, and post-retention periods was 2.2 degrees. This 

reduction did not achieve the customary 0.05 alpha level and 

is therefore considered a non-significant change (p=0.0599). 

Irregularity Index 

Summary statistics for irregularity index are given in 

Table 3.7 and Figure 3.6. Irregularity index was reduced 

from a mean of 4.5 mm to a mean of 1.0 mm during treatment. 

This reduction of 3.5 mm was significantly greater than zero 

(p=0.0001). During the retention and post-retention follow

up periods, ~he mean irregularity index remained.constant at 

1.0 mm. Thus, the reduction in irregularity index measured 

across the treatment,. retention, and post-retention periods 

was 3~5. mm. This was a significant overall change 

(p=O. 0001) . 

Associations with Irregularity Index (stratified sample) 

Among the 31 subjects in the complete study sample, 17 



Table 3.7 Summary statistics for irregularity index (complete sample). 

Values Observed (mm) 

Before Treatment 

After Tre·a tmen t 

After Retention and Follow-up 

Changes Observed (mm) 

During Treatment 

During Retention and Follow-up 

During Treatment, Retention, and Follow-up 

5.0 

4.0 

3.0 

2.0 

1.0 
~ 0.0 

-1. o I 'TO Tl T2 

-2.0 

-3.0 

-4.0· 

Mean ·SD Min. Max. 

TO 4.5 1. 7 1. 2 7.6 
Tl LO 0.9 0.0 4.6 
T2 1.0 1.0 0.0 4.1 

Mean SD Min. Max. P-value* 

Tl-TO -3.5 2.0 -6.8 1.2 0.0001 

T2-Tl 0.0 1.1 -4.1 2.5 0.8499 
T2-T0 -3.5 2.1 -6.7 0.2 0.0001 

,. p-value from paired t-test; bold italics indicate significance 

1Jl.~JDO~~T2-T1 

Figure 3.6 Means and 
mean di£ferences of 
irregularity index. 

I\) 
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subjects showed a decrease or no change in irregularity 

index during the retention and post-retention follow-up 

periods. The remaining 14 subjects showed a mild increase 

in irregularity index during this same period of 

30 

obse-rvation. In order to determine associations between the 

relapse of mandibular an~~~ior crowding with other study 

variables, the sample was divided into these two groups. 

They are designated in the_ text as Group D (decreased 

irregularity N=17) and Group I (increased irregularity 

N=14) . 

The mean age at the beginning of treatment for Group I 

was 14. 5 years and the mean for Group D was 11. 5 years. ·The 

. 
difference in age was not significant (p=0.1233). The mean 

treatment time was 3.9 years in Group I and 3.3 years in 

Group D. This difference in treatment time was not 

significant (p=0.1522). The mean retention time was 5.7 

years in Group I and 7.1 years in Group D. The difference 

of 1.4 years was not significant (p=0.0517). The mean post

retention follow-up time was 7.0 years in Group I and 3.8 

years in Group D. This difference in post-retention follow

up time was significant (p=0.0159). A summary of these 

distributions is given in Table 3.8. 



Table 3.8 Summary statistics of age and durations of observation periods.* 

Irregularity Strata 

Increased 
Mean SD 

Age at the Beginning of Treatment 14.5 3.8 

Periods of Observation 
Treatment 3.9 1. 7 

Retention 5.7 1. 9 

Post-retention Follow-up 7.0 5.0 

* Measured in years for groups stratified by irregularity index. 

** p-value for a significant difference between the increased irregularity 

group and the decreased irregularity group using a 2-sample t-test. 

Decreased 
Mean 

11. 5 

3.3 

7.1 

3.8 

SD 

2.4 

0.9 

1. 5 

1. 3 

p-value** 

0.1233 

0.1522 

0.b-517 

0.0159 

(,.) 
--L 
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Intercanine Distance (stratified sample) 

Summary statistics for intercanine distance are given 

in Table 3.9 and Figure 3.7. The mean intercanine distance 

before treatment was the same in Groups I and D, 26.2 mm. 

Group I experienced slightly less expans~on during treatment 

(0.6 mm) than Group D (1.5 mm) but this difference was not 

significant (p=0.2290). During retention and post-retention 

follow-up, Group I experienced 1.3 mm of loss of expansion; 

Group D experienced 0.6 mm of loss of expansion. This 

difteience was not quite'significant (P=0.0575). However, 

considering the overall change throughout the treatment, 

retention, and post-retention follow-up periods, Group I 

experienced a net decrease in intercanine distance (0.6 mm) 

in contrast to a net increase in intercanine distance 

( 0. 9 mm) in Group D. . This differen.~e of 1. 5 mm was 

significant (p=0.0288) . 

. Intermolar Distance (stratified sample) 

Summary statistics for intermolar distance are given in 

Table 3.10 and Figure 3.8. The mean intermolar distance 

before treatment was 42.6 for Group I, and The mean 

intermolar distance was 43.5 for Group D. Intermolar 

distance was expanded during treatment and maintained after 



Table 3.9 Summary statistics for intercanine distance (stratified sample). 

Irregularity Strata 

Increased Decreased p-value* --
Values Observed (mm) Mean SD Mean SD 

Before Treatment TO 26.2 1. 7 26.2 2.4 0.9930 

After Treatment Tl 26.8 1. 4 27.8 1. 4 0.1033 

After Retention and Follow-up T2 25.5 1.1 27.1 1.5 0.0037 

Changes Observed (mm) 

During Treatment Tl-TO 0.6 1.9 1.5 1.6 0.2290 

During Retention and Follow-up T2-Tl -1. 3 1.0 -0.6 0.9 0.05.75 

During Treatment, Retention, and Follow-up T2-TO -0.6 2.0 0.9 1.7 0.0288 

• p-value for 2-sample t-test comparing the increased to decreased irregularity groups; bold italics indicates significance. 

30.0 

25.0 

20.0 

15.0 
§ 

10.0 

' 
5.0 

0.0 

I -s.o· 

Cincreased Irregularity Index □ Decreased Irregularity Index 

TO Tl T2 Tl-TO T2-Tl T2-TO 

Figure 3.7 Means and 
mean differences of 
intercanine distance 
(stratified). 
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Table 3.10 Summary statistics for intermolar distance (stratified sample). 

Irregularity Strata 

Increased Decreased p-value* 

Values Observed (mm) Mean SD Mean SD 

Before Treatment TO 42.6 2.1 43.5 2.8 0.3435 

After Treatment Tl 46.0 2.3 46.8 3.7 0.4827 

After Retention and Follow-up T2 45.6 2.9 47.1 3.2 0.1898 

Changes Observed (mm) 

During Treatment Tl-TO 3.4 3.2 3.3 2.1 0.9432 
During Retention and Follow-up T2-Tl -0.3 1. 3 0.4 1. 3 0.1436 

During Treatment, Retention, and Follow-up T2-TO 3.1 3.8 3.7 2.2 0.5803 

• p-value for 2-sample t-test comparing the increased to decreased irregularity groups; bold italics indicates significance. 

Cincreased Irregularity Index □ Decreased Irregularity Index 

50.0 
I I I 

Figure 3.8 Means and 
4 o . o .J-Uift] ~tt~l!I ~RI I mean differences of 

intermolar distance 

H~I H'f~ I I I (stratified). 30.0 ~J\W fl-:>< t.~ . fil: 

~If />:·1 p;,.;_; ~ M ,, 

~ ~ti II . .i ~. ~--~--•u 

~ 20.0 

10.0 

0.0 

I TO Tl T2 Tl-TO T2-Tl T2-TO 
-10.0 

(.&) 
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treatment in each group. Treatment expansion was 3.4 mm in 

Group I and 3.3 mm in Group D. Overall net expansion was 

3.1 mm in Group I and 3.7 mm in Group D. There were no 

significant differences between Groups I and Din intermolar 

distance across any of the periods of observation as may be 

seen in·Table 3.10. 

Oyerjet (stratified sample) 

Summary statistics for overjet are given in Table 3.11 

and Figure 3.9. The mean value for overjet before treatment 

was 8.9 mm in Group I and 7.0 mm in Group D. This 

difference was significant (p=0.0067~. The mean value for 

overjet after treatment was 0.6 mm in Group I and 1.1 mm in 

Group D. This difference was significant (p=0.0409). Thus, 

Group I started with more overjet before treatment and ended 

with less overjet after treatment than Group D. Thus, the 

treatment reduction in overjet for Group I was a mean of 

8.3 mm and for Group D, a mean of 5.9 mm. This treatment 

reduction difference was significant (p=0.0031). The change 

in overjet during the retention and post-retention follow-up 

periods was insignificant in both groups. Thus, the overall 

reduction in overjet in Group I was 7.9 mm and in Group D 

was 5.8 mm. This difference was significant (p=0.0059). 



Table 3 .11 Sunnnary statistics for overjet (stratified s·ample). 

Irregularity Strata 
Increased Decreased p-value* 

Values Observed (mm) Mean SD Mean SD 

Before Treatment TO 8.9 1.8 7.0 1.8 0.0067 

After Treatment Tl 0.6 0.7 1.1 0.8 0.0409 

After Retention and Follow-up T2 0.9 0.6 1.1 0.8 0.4001 

Changes observed (mm) 

During Treatment Tl-TO -8.3 2.2 -5.9 2.1 0.0031 

Du~ing Retention and Follow-up T2-Tl 0.4 0.9 0.0 0.7 0.1375 

During Treatment, Retention, and Follow-up T2-T0 -7.9 1. 9 -5.8 2.1 0.0059 

• p-value for 2-sample t-test comparing the increased to decre~sed_irr~gularity gro~ps; bo~d italics indicates significa~ce. 

10.0 

8.0 

6.0 

4·. 0 

2.0 
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-2.0 

-4.0 
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Cincreased Irregularity Index □ Decreased Irregularity Index 

Figure 3.9 Means and 
mean differences of 
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Overbite (stratified sample) 

Summary statistics for overbite are given in Table 3.12 

·and Figure 3.10. The mean value for overbite before 

treatment was 5.0 in Group I and 4.5 in Group D. Overbite 

was reduced during treatment and approximately maintained 

after treatment in each group. Treatment reduction was 

2.9 mm in Group I and 2.7 mm in Group D. Overall net 

reduction was 2.1 mm in Group I and 1.9 mm in Group D. 

There were no significant differences between Groups I and D 

in overbite across any of the periods of observation as may 

be seen in Table 3.12. 

IMPA (stratified sample) 

Summary statistics for IMPA are given in Table 3.13 and 

Figure 3.11. The mean value for IMPA before treatment was 

96.1 degrees in Group I and 98.9 degrees in Group D. IMPA 

was reduced during treatment and approximately maintained 

after treatment in each group. Treatment reduction mean 

value was 2.4 degrees in Group I and 2.2 degrees in Group D. 

Overall net mean reduction was 1.4 degrees in Group I and 

2.8 degrees in Group D. There were no significant 

differences between Groups I and Din IMPA across any of the 

periods of observation as may be seen in Table 3.13. 



Table 3.12 Summary statistics for overbite (stratified sample) . 

Irregularity Strata 

Increased Decreased p-value* 

Values Observed (mm) Mean SD Mean SD 

Before Treatment TO 5.0 2.1 4.5 1.7 0.5389 
After Treatment Tl 2.0 0.8 1. 9 0.8 0.5222 
After Retention and Follow-up T2 2.8 1. 3 2.6 0.7 0.5161 

Changes Observed (mm) 

During 
During 
During 

• p-value 

Treatment Tl-TO -2.9 2.1 -2.7 1.·6 0.7259 
Retention and Follow-up T2-T1 0.9 1.0 0.7 0.6 0.8479 
Treatment, Retention, and Follow-up T2-TO -2.1 1. 9 -1. 9 1. 7 0.7816 

for 2-sample t-test comparing the increased to decreased irregularity groups; bold italics indicates significance. 
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5.0 

4.0 
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Table 3.13 Summary statistics for IMPA (stratified sample) .. 

Irregularity Strata 

Increased Decreased p-value* 

Values Observed (mm) Mean SD Mean SD 

Before Treatment TO 96.1 8.0 98.9 6.2 0.2885 

After Treatment Tl 94.3 5.4 96.7 8.0 0.3622 

After Retention and Follow-up T2 95.9 6.6· 96.3 6.2 0.8920 

Changes Observed (mm) 

During Treatment Tl-TO -2.4 6.3 -2.2 8.2 0.9399 

During Retention and Follow-up T2-Tl 1. 5 4.0 -0.2 6.6 0.4394 
During Treatment, Retention, and Follow-up T2-T0 -1. 4 4.9 -2.8 6.7 0.5501 

• p-value for 2-sample t-test comparing the increased to decreased irregularity groups; bold italics indicates significance. 
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IV. DIS.CUSS ION 

The mean post-retention follow-up time in Group D was 

3.8 years and in Group I was 7.0 years .. This difference of 

3.2 years was significant (p-v.alue 0.0159). These results 

. . 

support previous work by Katz (1990) who reported that 

potential ~or relapse increased with more years out of 

retention. However, there was no relationship between the 

number of years in retention and the other variables that he 

studied. 

Intercanine distance increased as a result of 

treatment; however, it relapsed to near pre-treatment level 

in the main sample. Intercanine distance relapsed 

approximately, 80% ,- only maintaining O. 2 m~ of expansion in 

the lower anterior segment. This observation was also· 

reported by Arnold (1963), Riedel (1960), and Little (1981). 

The data from the present study for the two strata, 

suggested that there was post-retention relapse of 

intercanine distance that was associated with an increase in 

the irregularity index. In fact, the mean value of 

intercanine distance for Group I at post-retention was 0.7mm 

40 



less the than pre-treatment value. ·This finding is in 

contrast with the findings of Little (1981) who reported 

41 

.that the maintenance of initial canine distance during 

treatment had little apparent influence on the post

retention crowding. Our results were in agreement with 

Artun (1996) who found an association between post-retention 

reduction of intercanine distance and relapse of incisor 

. alignment in Angle Class II Division 1 patients. 

Intermolar distance was also increased as a result of 

treatment. In contrast to intercanine distance, expansion 

of intermolar distance remained stable throughout the post

retention period. These findings support previous studies 

which reported long-term stability of intermolar distance 

(Glenn,1987; Sadowsky,1994). 

_This study focused on Angle Class II Division 1 

malocclusion which is characterized by large overjet. The 

overall overjet changes from pre-treatment to the end of the 

observation period were remarkably stable, maintaining 89% 

~f- correction throughout the entire observation period. 

These findings are in agreement with the results of previous 

studies (Glenn,1987; Riedel.1992; Sadowsky,1994) that 

suggested that overjet displayed long-term stability. 
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Analyzing the results for the two strata in present study 

revealed that a large overjet at pre-treatment was 

associated with increased irregularity index. Additionally, 

samples with large overjet corrections were also associated 

with increased irregularity indices during post-retention. 

Therefore, we concluded that the magnitude of overjet 

correction may be associated with the relapse of lower 

incisor alignment in Angle Class.II Division 1 

malocclusions. 

The amount of overbite was decreased by the orthodontic 

treatment, and it ~hawed a slight relapse by the end of the 

post retention period. However, this difference was not a 

statistical significant. These findings are in agreement 

with previous studies (Glenn,1987; Sadowsky~1982; 

Riedel,1992). 

The irregularity index decreased significantly during 

treatment. The mean value for irregularity index was 

reduced from 4.5mm at-pre-treatment was to a mean value of 

1.0mm at the end of treatment. This reduction in 

irregularity index remained remarkably stable to the end of 

the observation period. These results were in contrast to 

those of Little (1990) who reported 89% of orthodontically 



treated cases without extractions exhibited unacceptable 

lower anterior alignment. 
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Lower incisor to mandibular plane angle (IMPA) was 

reduced by orthodontic treatment in this study. The results 

indicated that there were no significant correlation between 

the changes in IMPA and irregularity index. Our results are 

in agreement with the results of previous studies 

(Schulaf,1977; Shields,1985; Little,1981) that indicated no 

significant correlation between the long-term stability of 

the mandibular anterior teeth and any of the cephalometric 

measurements. 

This study examined patients with one type of 

malocclusion: Angle Class II Division 1, thus, maintaining 

this variable constant. The majority of published studies 

include a variety of different types of malocclusions. 

Furthermore, the present study included only subjects 

treated using tandem mechanics without previous extractions 

of permanent teeth. Treatment mechanics may have an impact 

on the stability of the orthodontic results and is not 

addressed in· many studies. For example, a unique feature of 

tandem mechanics is thought to be the class III elastics in 

tandem with the headgear which preserves the arch length 
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needed to decrease the amount of crowding in the mandibular 

anterior.region. This factor may be a reason for stability 

of lower incisor alignment in present study. 

Additionally, all subjects in this study were treated 

by single a clinician, Thus eliminating ·the effects of 

multiple clinicians. However, this may decrease the 

generalization of the results to what would happen with the 

cases if they had been treated by different clinicians. 

Furthermore, this study was retrospective. Elimination of 

case selection bias in this kind of study is critical. In 

order to prevent bias in this study· ,all cases were selected 

based on the availability of complete records and not on 

treatment outcome. Future s.tudies need- to be done in a 

prospective, randomized trial design. 



V. Swnmary 

This.study examined a sample of 31 subjects with Angle 

Class II Division 1 malocclusion treated orthodontically 

with tandem mechanics without the prior extraction of 

permanent teeth. The variables: intercanine distance, 

intermolar distance, overjet, overbite, IMPA, and 

irregularity index were measured. Groups with increased and 

decreased irregularity index were compared for mean values 

of each of the other five variables. The following 

conclusions for the complete and stratified samples were 

drawn: 

1. The correction of lower incisor crowding as measured by 
the irregularity index was stable over 5.2 years of 
post-retention follow-up. 

2. The amount of overjet correction and loss of expansion 
of intercanine distance after treatment was associated 
with increased irregularity index in the follow-up 
period. 

·3_ Longer post-retention follow-up time was associated 
with increased relapse of incisor irregularity. 

4. Intermolar width increased during treatment and 
remained stable in the follow-up period. 

s. Overjet, overbite, and IMPA correction were stable in 
the follow-up period. 
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