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ABSTRACT

Objective: The aim of this study was to compare the treatment times in cases treated with extractions
with mild and severe crowding.

Design and Setting: Anterior crowding of 150 Class I malocclusion cases, treated with four first-premolar
extractions, was measured with Little's Irregularity Index (LII). After excluding the cases with moderate
maxillary LII (middle quartiles), the remaining 74 cases were divided into mild crowding (mean age
13.94 years, 14 male, 23 female) and severe crowding (mean age 14.69 years, 17 male, 20 female) groups,
with 37 individuals each (LII smaller than 7.83 m and greater than 12.18 mm, respectively).

Methods: Anterior crowding was digitally measured in digitized dental casts. The groups were matched
regarding sex, initial age, and Objective Grading System index.

Results: Treatment time was statistically similar between both groups. However, there was significantly
shorter treatment time in patients with extreme maxillary incisor irregularity (18.34 mm) as compared
with patients with insignificant maxillary incisor irregularity (5.50 mm).

Conclusion: Treatment times of Class I malocclusions with mild and severe crowding, treated with four

first-premolar extractions are similar.

© 2019 World Federation of Orthodontists.

1. Introduction

Orthodontic treatment time plays a direct role in patients’
willingness to engage in treatment. Mechanical factors potentially
influencing orthodontic treatment duration have been reported in
the orthodontic literature, such as number of extractions, maloc-
clusion severity, patient compliance, use of adjunctive micro-
vibration devices, and laser application, among others [1].

The relationship that extraction establishes with treatment time
remains controversial. Although it is generally related to a longer
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treatment [2], it is not unanimous [3]. The reason for disagreement
may be that most of the studies usually do not specify the extraction
protocol, as well as do not address a specific malocclusion. Two
maxillary premolar extraction protocols provided more efficient
treatment than nonextraction protocols for complete Class II mal-
occlusions [4]. Samples involving Class I, II, and Il malocclusions
mask the influence of the anteroposterior molar relationship
correction in treatment time [5].

Severity of the initial malocclusion is one of the aspects referred to
as influencing treatment time [6]. Some studies show positive asso-
ciation between treatment time and initial malocclusion severity in-
dicators, such as the occlusal index and cephalometric variables [6,7].

Crowding has been investigated as a possible factor in increasing
treatment time [6,7]. Parrish et al. [6] concluded that crowding was
associated with an average increase of 30 days in treatment dura-
tion. Fisher et al. [7] verified that maxillary crowding, starting from
6 mm, was associated with long treatment duration of approxi-
mately 30 months or more. However, these studies did not address
how crowding was treated, which could strongly impact the time
needed for its correction [8].
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In Class I malocclusion cases, when there is dental protrusion or
crowding, four premolar extractions may be indicated [9]. In
bimaxillary protrusion Class I patients, although there is no sig-
nificant crowding, dental protrusion may cause excessively convex
profiles, often with lip incompetence. Removal of four first pre-
molars allows subsequent incisor and lip retractions [10]. To match
patients’ expectations, substantial retraction is needed, consuming
most of the space provided by premolar removal. This concern
encourages professionals to strongly reinforce anchorage. Conse-
quent to the orthodontic mechanics, space closure is usually slow
and time-consuming [11].

In crowded arches, initial canine distalization provides spaces for
incisor leveling and alignment. When crowding is severe, most of the
space provided is used for incisor leveling and alignment, and the
amount of anterior teeth retraction is reduced to minimum residual
spaces [12]. It is speculated that this could provide shorter treatment
time in the four-premolar extraction protocol in patients with
crowding, as compared with bimaxillary protrusion patients, with
minimum or no crowding. In this context, this study aimed to
compare the treatment time in cases of Class I malocclusions, with
mild and severe crowding, treated with four first-premolar
extractions.

2. Materials and methods

This study was approved by the Ethics in Research Committee of
Bauru Dental School, University of Sdo Paulo (protocol number
32063914.2.0000.5417), and all patients guardians signed an
informed consent. An experienced orthodontist and current PhD
student (C.H.Z.J.M.) performed all the procedures of this investigation.

2.1. Sample size

Sample size was calculated for each group based on an alpha
error of 0.05 and a test power of 80%, to detect a mean difference of
4.6 months between the groups, with an estimated standard de-
viation of 5.86 months [5]. The results showed that 26 individuals
were needed in each group.

2.2. Sample selection

Using the records from a 510 Class I orthodontically treated
patients from the Orthodontic Department at Bauru Dental School,
University of Sdo Paulo, an initial sample retrospectively composed
of 150 patients who met the following criteria were obtained: 1)
availability of orthodontic records in good condition (initial and
final dental casts, final panoramic radiographs, and legible charts);
2) presence of all permanent teeth fully erupted, up to the first
molars; 3) no tooth agenesis, supernumerary teeth, or retained
deciduous teeth; 4) bilateral Class I malocclusion; 5) no posterior
crowding greater than 2 mm per side in each arch; 6) orthodonti-
cally treated with Edgewise appliances (0.022 x 0.028-inch) with
four first-premolar extractions; and 7) all permanent teeth up to
the second molars present, except first premolars, on the post-
treatment dental casts. These patients were treated in the period
between January 1974 and October 2003.

From the clinical charts, the following data were extracted:
identification, sex, birth date, initial and final treatment dates,
treatment protocol, and mechanics used.

Using these data, patients’ initial ages and total treatment times
were calculated. The starting date was considered when first molar
bands were placed or first direct bonding occurred, whereas the
final date was considered when the appliances were removed.

In the whole sample, the leveling and alignment phase consisted
of a usual wire sequence, characterized by an initial 0.015-inch

twist-flex or a 0.016-inch nickel-titanium, followed by 0.016,
0.018, 0.020, and 0.019 x 0.025-inch stainless steel archwires (3M
Unitek, Monrovia, CA). Deep bite was corrected with accentuated
and reversed curve of Spee. Cases with severe initial anterior tooth
crowding required initial canine retraction, whereas cases with
absence of or mild crowding went directly to leveling and align-
ment. The extraction spaces were closed with sliding “en masse”
retraction of the anterior teeth on a stainless steel rectangular
archwire. Extraoral appliances were used in the maxillary arch and
lip bumpers in the mandibular arch, as anchorage reinforcement,
when necessary. Skeletal anchorage was not used in any patient.

2.3. Crowding evaluation

The amount of crowding was evaluated using Little's Irregularity
Index (LII), which corresponds to the sum, in millimeters, of the five
distances between the anatomic contacts from the mesial aspect of
the left canine through the mesial aspect of the right canine [13]. All
initial dental casts were digitized with the 3Shape R700 scanner
(3Shape A/S, Copenhagen, Denmark), and LIl was measured on the
mandibular and maxillary initial arches using OrthoAnalyzer 3D
software (3Shape A/S).

One anterior and two posterior orientation points were used to
trace each mandibular and maxillary occlusal plane. The anterior point
was the midpoint of the incisal edge of the right central incisor. The
posterior points were the first molar mesiopalatal cusp tips in the
maxillary and first molar mesiobuccal cusp tips in the mandibular
casts. In this way, all dental arches had the LIl measured exclusively on
its own occlusal plane [14], as originally recommended [13]. The
operator was able to use the zoom tool, to closely visualize the land-
marks, and more precisely identify them [14] (Fig. 1A and B).

The maxillary LIl was used to create two groups, with mild and
severe crowding. As this variable did not show normal distribution
(Shapiro Wilk test, P = 0.000) the lower and upper quartiles (7.83
and 12.18, respectively) were used to compose two groups (Fig. 2A).
All cases with LII in the middle quartiles were excluded. The
remaining individuals (n = 74) were grouped in Mild (MC, Fig. 3A
and B) and Severe Crowding (SC) groups, as follows:

e MC Group (n = 37): individuals with LIl smaller than 7.83 mm.
e SC Group (n = 37): individuals with LII greater than 12.18 mm.

The influence of the whole-sample maxillary and mandibular LII
values (n = 150) on treatment time also was investigated.

2.4. Orthodontic outcome analysis

Quality of the orthodontic outcomes was evaluated with the
Objective Grading System (OGS), of the American Board of Ortho-
dontics [15]. It consists of the evaluation of eight items (alignment,
marginal ridge levels, buccolingual inclination, overjet, ante-
roposterior occlusal relationships, occlusal contacts, interproximal
contacts, and root parallelism). To evaluate the casts, a metal gauge
with 0.5-mm thickness and 1.0-mm height was used (ABO
Measuring Gauge, St. Louis, MO). This thickness and height allowed
it to be used as a parameter to measure deviations from normal.

For each failure, one or two points were subtracted from the case,
depending on the severity of the problem (Table 1). The final indi-
vidual OGS index corresponded to the sum of lost points in each factor.

2.5. Method error

For the intraexaminer error analyses, 30% of the initial sample
(n = 45) was randomly selected and the LIl and OGS indexes were
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Fig. 1. (A) Maxillary crowding evaluation with the LII, using OrthoAnalyzer 3D software. (B) Mandibular crowding evaluation with the LII, using OrthoAnalyzer 3D software.

A Composing the groups (based on maxillary crowding)

minimum makxillary maximum maxillary
crowding values crowding values
<& | | | >
- 1 1 | g
7.83 mm 12.18 mm

B Composing the subgroups (based on extreme maxillary crowding)

minimum maxillary maximum maxillary
crowding values 1 I Icrowding values
= | 1 1 =
5.50 mm 18.34 mm

Fig. 2. (A) Middle quartiles were excluded. MC group: maxillary crowding up to 7.83 mm. SC group: maxillary crowding of 12.18 mm or more. (B) Extreme subgroups formed. MC
subgroup: maxillary crowding up to 5.50 mm. SC subgroup: maxillary crowding of 18.34 mm or more.
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Fig. 3. (A) Mild crowding arch example, where LII values were low. After they are added, the whole value became greater than 3 mm. (B) Closer zoom view.

measured again, 30 days after the first evaluation, by the same
calibrated examiner (C.J.).

To estimate the random errors, Dahlberg's formula was used
[16]. For systematic errors, paired t tests were applied [17]. These
tests were performed with Microsoft (Redmond, WA) Excel 2010
worksheet, preformatted for this purpose.

2.6. Statistical analyses

Means and standard deviations were calculated and
Kolmogorov-Smirnov and Lilliefors tests were applied to each var-
iable to evaluate normal distribution. Age, treatment time, and
maxillary and mandibular LII did not show normal distribution,
therefore intergroup comparisons for these variables were per-
formed with nonparametric tests.

Intergroup comparability was performed with sz Mann-
Whitney, and t tests regarding sex distribution, initial ages, and
the OGS index, respectively. Maxillary and mandibular LII values
were compared by Mann-Whitney tests. Treatment times of the
two groups were compared by Mann-Whitney test.

Pearson correlation coefficients were calculated between treat-
ment time and maxillary and mandibular LII, and between maxil-
lary and mandibular LII. All statistical tests were performed with
Statistica software (version 7.0; StatSoft Inc., Tulsa, OK). Results
were considered significant at P < 0.05.

Table 1

Objective Grading System summarized description

Item Marginal error Subtracted points
Alignment 0.5 to 1 mm 1 per each deviated tooth

1 mm or more 2 per each deviated tooth
Marginal ridges 0.5 to 1 mm 1 per each posterior interproximal

leveling

Buccolingual
inclination

Occlusal

contacts

Anteroposterior
relationship

Overjet

Interproximal
contacts
Root angulation

1 mm or more

1.1 to 2 mm
2 mm or more

Until 1 mm
1 mm or more

1to2 mm
2 mm or more

Until 1 mm

More than 1 mm
0.6a1mm
More than 1 mm
Not parallel roots
Root contacts the
adjacent

contact
2 per each posterior interproximal
contact

1 per each posterior tooth
2 per each posterior tooth

1 per each posterior tooth with no
contact

2 per each posterior tooth with no
contact

1 per each superior tooth from canine to
2nd molar

2 per each superior tooth from canine to
2nd molar

1 per each superior tooth with no contact
2 per each superior tooth with no contact

1 per each interproximal contact
2 per each interproximal contact
1 per each occurrence
2 per each occurrence
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Table 2
Intraexaminer random and systematic errors (Dahlberg's formula and dependent t
tests) for LIl and OGS Index

Table 4
Results of the Pearson correlation test between treatment time and maxillary and
mandibular LII, and between maxillary and mandibular LII

1st 2nd Dahlberg P
measurement measurement
Mean SD Mean SD
LIl (n = 45)
Maxilla 9.97 2.63 9.91 2.67 0.73 0.697
Mandible 8.87 3.14 8.91 3.14 0.78 0.817
OGS (n = 23) 23.00 8.15 23.57 8.78 2.30 0.416

LII, Little Irregularity Index; OGS, Objective Grading System; SD, standard deviation.
3. Results

The random errors were within acceptable levels [18,19]
(Table 2). There were no significant systematic errors.

The groups were comparable regarding sex distribution, initial
age, and OGS (Table 3). The maxillary and mandibular LII were
significantly smaller in the MC than in the SC group. Treatment
times were statistically similar in both groups.

There were no significant correlations between treatment time
and maxillary or mandibular LII (Table 4). Maxillary and mandibular
LII were significantly correlated with each other.

Although there was no significant intergroup treatment time
difference, treatment time in the SC group was numerically shorter
than in the mild crowding group (Table 3). Therefore, comparable
subgroups of 15 patients at the extreme ends of maxillary and
mandibular LII distribution were also compared (Fig. 2B). The
subgroups were referred to as Extremely Mild Crowding (EMC) and
Extremely Severe Crowding (ESC) and were tested regarding
normal distribution with Kolmogorov-Smirnov and Lilliefors tests,
so that parametrical and nonparametric tests were adequately
applied to each variable (Table 5). In this condition, the extremely
crowded cases had significantly shorter treatment time than cases
with negligible maxillary and mandibular crowding (Table 5).

4. Discussion

The aim of this study was to evaluate whether extensive anterior
retraction would require greater treatment time than correcting
severe crowding with four premolar extractions. To achieve this,
these two conditions had to be isolated from other variables that
could influence the results. Because correction of anteroposterior
discrepancies is able to increase treatment time [5], a Class I
malocclusion sample was chosen.

Dividing the groups according to the amount of crowding,
formed authentic groups of severe crowding (SC group) and

Table 3
Results of intergroup comparability regarding sex, initial age, OGS, and descriptive
analysis and comparison of treatment times

N = 150 R P

Treatment time x Maxillary LII —0.0914 0.266
Treatment time x Mandibular LI —0.0765 0.352
Maxillary LII x Mandibular LII 0.2138 0.009

LII, Little Irregularity Index.
+ Statistically significant at P < 0.05.

protruded patients (MC group). Crowding of the maxillary arch was
chosen to divide the groups, based on the greater amount of time
that maxillary anterior retraction usually takes, compared with the
mandibular, due to greater difficulty in torque and anchorage con-
trol in the maxillary arch [20—23]. With larger crowns, longer and
wider roots, movement occurs slowly, and may cause greater root
resorption [24]. Furthermore, the maxillary and mandibular LIl were
correlated (Table 4). Therefore, if the groups had been separated
based on the mandibular LII, the results probably would be similar.

Although the sample size calculation indicated that 26 patients
would be necessary in each group, 37 patients fit the inclusion
criteria and were included to increase the test power.

The group with greater crowding had a numerically shorter
treatment time, although it was not significantly different from the
mild crowding group (Table 3). This supports the statement that the
necessary anchorage to correct equivalent dentoalveolar protrusion
and anterior crowding is similar [25,26]. If the required anchorage is
similar, treatment time also will be similar. This is especially true in
the groups that used extraoral headgear and lip bumpers, which are
patient compliance—dependent devices. With this, it cannot be
ascertained that even the patients who needed maximum
anchorage to have complete retraction of the anterior teeth, to
reduce their dentoalveolar and lip protrusion, or correct the amount
of anterior crowding, did in fact provide maximum anchorage.
Therefore, similar anchorage loss may have occurred, in both groups.

However, when the extreme subgroups of mild and severe
crowding were compared, the severe crowding subgroup had a
significantly shorter treatment time than the mild crowding sub-
group, contradicting the statement by Andrews [25,26] that the
necessary anchorage to correct equivalent dentoalveolar protrusion
and crowding is similar. However, this may have occurred because
the amount of protrusion corrected was not evaluated, to ascertain
whether it was equivalent to the amount of crowding of the severe
crowded group. Most likely, the amount of protrusion corrected
was greater than the amount of crowding and consequently

Table 5
Comparability between the most extreme subgroups regarding sex, initial age, OGS,
descriptive analysis, and comparison of treatment times

Variables EMC subgroup (n = ESC subgroup (n = P

Variables MC group (n = 37) SC group (n = 37) P 15) 15)

Male Female Male Female Male Female Male Female

Mean SD Mean SD Mean SD Mean SD
Sex (n/%) 14/45.16  23/53.49 17/54.84 20/46.51 0.480 Sex, n/% 4/26.67 11/73.33 9/60.00 6/40.00 0.065
Age,y 13.94 2.32 14.69 3.86 0.563' Age,y 14.67 2.69 14.38 2.38 0.756'
OGS, lost points 21.68 7.50 2411 8.75 0.203" OGS, lost points 24.00 7.79 23.73 9.58 0.934
Maxillary LII, mm 6.47 1.02 15.36 3.40 0.000"* Macxillary LII 5.50 0.85 18.34 3.61 0.000""
Mandibular LII, mm 7.70 2.63 9.61 3.61 0.011"¢ Mandibular LII 6.40 2.04 9.42 431 0.021%%
T time, mo 30.75 9.84 27.73 10.13 0.149' T time, mo 35.00 9.13 27.54 10.35 0.046

MC, mild crowding; OGS, Objective Grading System; SC, severe crowding; SD,
standard deviation.

« %2 test.

¥ Mann-Whitney test.

¥t test.

§ Statistically significant at P < 0.05.

EMC, extremely mild crowding; ESC, extremely severe crowding; LII, Little Irregu-
larity Index; OGS, Objective Grading System; SD, standard deviation.

« %2 test.

f Mann-Whitney test.

¢ test.

§ Statistically significant at P < 0.05.
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required more time to be corrected. Therefore, this constitutes a
limitation of this study and requires that a subsequent investigation
has to be undertaken to clarify this issue. For this, the amount of
mandibular anterior crowding must be measured in millimeters
and must be equivalent to the amount of mandibular incisor pro-
trusion, cephalometrically evaluated. The amount of incisor pro-
trusion correction also must be evaluated.

Theoretically, only a posterior crowding amount (at the pre-
molar area), similar to the amount of protrusion to be corrected,
will require less treatment time to close the extraction spaces than
to retract the anterior teeth, when similar anchorage reinforcement
is used [25,26]. This happens because, in extraction cases,
anchorage reinforcement is not necessary to correct a lingually
displaced second premolar that only needs to be moved buccally,
for example [25,26]. However, in extraction cases, anchorage rein-
forcement is needed when distal movement of the first premolar
and/or canine is necessary, to provide space for anterior teeth
leveling and alignment [25—29].

Summarizing, treatment time is similar in Class I malocclusions
with mild and severe crowding, treated with four first-premolar
extractions. Future studies with equivalent crowding and protru-
sion amounts are necessary to complement the current investigation.

5. Conclusions

e There was no significant difference in treatment time of Class I
malocclusions with mild and severe crowding, treated with
four first-premolar extractions.
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