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Main Points
•	 This study compared the rates of incisor and canine alignment in recent and healed extraction cases in order to determine which protocol would 

favor accelerated tooth movement.
•	 The rates of initial canine and incisor alignment were not significantly different between the recent and healed post-extraction protocols.
•	 The alignment rate was significantly faster in adolescents compared to adults.
•	 The alignment rate was not significantly different between both sexes or dental arches.

ABSTRACT

Objective: The purpose of this study was to determine the effects of recent/healed post-premolar extraction protocol, gender, age, 
and dental arch on incisor and canine alignment during fixed orthodontic appliance therapy.

Methods: The study sample consisted of 50 dental arches of patients undergoing fixed orthodontic appliance therapy. The arches 
were randomized into an equal number of recent and healed extraction groups. The orthodontic setup was instituted within 3-7 days 
and 5-6 weeks following first premolar teeth extractions in the recent and healed extraction groups, respectively.

Orthodontic tooth alignment was carried out using 0.016-inch NiTi wires for 16 weeks. Study casts were made at baseline, 4, 8, 12-, and 
16-week follow-up treatment. Little’s Irregularity Index was used to assess orthodontic tooth alignment. 

Mann–Whitney U test was used to compare the alignment rates between groups, and multiple linear regression was used to predict 
the relationship of groups and sociodemographic factors to alignment rate. The statistical significance level was set at P < .05.

Results: The mean daily incisor and canine alignment rates in the recent and healed extraction cases were 0.13 mm and 0.11 mm, 
respectively (P = .332), 0.12 mm in both males and females (P = .827), and 0.13 mm and 0.12 mm in the maxilla and mandible, respec-
tively (P = .534). There was however a significant difference in the mean daily alignment rate between adolescents (0.15 mm) and 
adults (0.10 mm) (P = .019).

Conclusion: The rate of incisor and canine alignment was not affected significantly by recent/healed post-extraction protocol, gen-
der, and dental arch. However, the rate was significantly faster in adolescents.

Keywords: Dental arch, incisor and canine alignment, Little’s irregularity index, orthodontics, recent/healed extraction

INTRODUCTION

The duration of fixed orthodontic appliance therapy is considered by many patients as relatively long. This dis-
courages many potential patients from undergoing orthodontic treatment.1 Thus, any method or intervention 
that leads to a reduction in the duration of orthodontic treatment is highly desirable.1 Uribe et al.2 reported that 
adolescents and adults, as well as the parents of patients, desire that orthodontic treatment be completed in 
the shortest possible time. A shortened treatment time reduces patients’ burn-out and enables the orthodontist 
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to treat more patients and predict treatment costs more accu-
rately.3 Other benefits of shorter treatment time for patients 
include reduced risk of root resorption, caries, plaque, and cal-
culus accumulation, as well as periodontal diseases, and enamel 
decalcification.4 Excessively short treatment time however poses 
risks of incomplete and unstable corrections as adequate time is 
required for angulation and torque correction, tissue regenera-
tion, and stability of results.5

During orthodontic treatment planning, premolar teeth extrac-
tion is often indicated as an adjunct to fixed orthodontic appli-
ance therapy, to relieve crowding, flatten the curve of Spee, and 
correct overbite. Others include dental and skeletal Class 2 cor-
rections and treatment stability. All these desirable treatment 
modalities have been reported to contribute to increased overall 
treatment time.5

Generally, tooth alignment is carried out in the first stage of fixed 
orthodontic appliance treatment; therefore, a proper alignment 
usually involves bringing malposed teeth into the arch while 
also specifying and controlling the anteroposterior position 
(inclination) of incisors, arch width posteriorly, and the dental 
arch form.6 The final stage of the treatment period is required to 
achieve residual space closure after utilizing a part of the extrac-
tion spaces to unravel crowding or retract the anterior segment.7

To shorten the tooth alignment phase in fixed orthodontic appli-
ance therapy for patients with anterior segment crowding during 
premolar teeth extraction, this study attempted to explore the 
effect of healing time on extraction sockets, among other ana-
tomic and sociodemographic factors that may aid or assist orth-
odontic tooth movement. Extraction sockets have been reported 
to heal in overlapping stages with bone formation composed of 
poorly calcified osteoid at the base and periphery of the socket 
from the seventh day and with bone trabeculae subsequently fill-
ing two-thirds of the socket fundus by 38-day post-extraction.8  
A study by Hasler et al.9 reported faster tooth movement in the 
less calcified bone of recent extraction sites compared to HE sites, 
as the less calcified bone resorbs faster and also due to the pres-
ence of more cells with osteoclastic potential. 

The tooth alignment rate during treatment is dependent on 
several technical factors, including correct bracket positioning, 
inter-bracket span, space availability, method of ligation, and the 
bracket system.10 Currently, there is a paucity of literature relating 
sociodemographic and anatomic factors and the impact of the 
healing time of extraction sockets, thus necessitating this study. 
The main objective of this study is, therefore, to compare the rates 
of incisor and canine alignment in recent and healed first premolar 
teeth extractions, during fixed orthodontic appliance therapy, and 
to relate tooth alignment rate to sociodemographic and anatomic 
factors in a group of Nigerians seeking orthodontic treatment.

METHODS

Study Design
This study was a prospective study carried out at the orthodontic 
clinic of a teaching hospital.

Material
This study was approved by the Research and Ethics Committee 
of the teaching hospital (ERC/2016/10/10). Informed consent 
was obtained from every study participant. The inclusion crite-
ria included patients 12 years and above, patients in the perma-
nent dentition stage, and patients with an indication of bilateral 
maxillary and or mandibular first premolar teeth extractions to 
relieve moderate to severe crowding. Finally, all patients who did 
not require active canine retraction before alignment were also 
included. The exclusion criteria included patients with hypodon-
tia, underlying periodontal diseases, history of previous extrac-
tions, or those requiring asymmetric extractions. Others were 
patients on non-steroidal anti-inflammatory drugs or systemic 
conditions that could delay wound healing.

Methods
Consenting patients who met the inclusion criteria were 
recruited for this study from patients who presented at the orth-
odontic clinic of the teaching hospital. 

The sample size was determined using the formula for calculat-
ing sample size for comparative studies.

N
Zcrit Zpwr
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where N is the sample size for the 2 groups, Ơ is the standard 
deviation, and D is the effect size (2.48-1.7 = 0.78).

Values for standard deviation and effect size were obtained from 
earlier studies by Scott et al.6 At a power of 90%, statistical power 
(Zpwr) is 1.282. With a significance criterion of 95%, Zcrit is 1.960.
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This was then approximated to 50 dental arches (25 arches in 
each group) to address possible attrition.

Participants were randomly assigned to the recent extraction 
(RE) and healed extraction (HE) groups of 25 dental arches 
each, using a computer-generated randomization program on 
Graphpad.com (Figure 1). 

For this study, the extraction protocols were adjudged “recent” 
and “healed” when treatment was commenced within 3-7 days 
and 5-6 weeks post-extraction, respectively. This was modeled 
according to a study by Amler8 that showed commencement of 
bone formation on the seventh day and bone filling of at least 
two-thirds of the socket by the 38th day.

After randomization, baseline (T0) impressions for the study 
cast were made for each participant. First premolar teeth 
extractions were subsequently carried out in 2 stages by an 
experienced oral surgeon using extraction forceps only (Nova 
Instruments, Wokingham, Berkshire, UK). This was done under 
close monitoring by one of the researchers (A.A.O) to ensure 
atraumatic extraction procedures. The extractions on one side 
(right or left) in the maxilla and/or mandible were carried out in 
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one visit, followed by extraction on the contralateral side after 
3 days. 

Fixed orthodontic appliance set-ups were carried out within 3-7 
days after premolar teeth extractions for participants in the RE 
group and 5-6 weeks after the first premolar teeth extractions 
for the HE group.

Both groups received fixed orthodontic appliances with con-
ventional 0.022-inch slot McLaughlin-Bennett-Trevisi (MBT) 
brackets. All brackets were obtained from a single manufac-
turer (Yahong ortho, Zhejiang, China) and were carefully posi-
tioned by one of the researchers (A.A.O.) to ensure consistency. 
Stainless steel (0.010 inch) lace back wire (G & H Orthodontics, 
Franklin, Ind, USA) was also tied lightly from canine to molar 
teeth in all quadrants for control of canine crown position 
according to MBT straight wire prescription.

Similarly, 0.016-inch NiTi archwires from another manufacturer 
(Orthoclassic, McMinnville, Oregon, USA) were ligated with 

elastic modules using the figure of eight ligation method. It 
was anticipated that the 0.016-inch archwires will have mini-
mal effects on arch expansion. Bendbacks were incorporated at 
the end of the archwires using a ligature wire tucker to mini-
mize the forward tipping of the incisors. The 0.016 inch round 
NiTi archwires were maintained throughout the first 16 weeks 
of the initial tooth alignment phase following the technique 
by Wahab et al.11 for the 2 groups, except there was a need for 
replacement with another 0.016-inch NiTi wire. In addition, 
there was no bracket replacement in patients throughout the 
study period.

Alginate impressions for study casts were also made at 4 weeks 
(T1), 8 weeks (T2), 12 weeks (T3), and 16 weeks or less (T4) 
depending on the length of time required to attain the full initial 
tooth alignment. The irregularity index scores were determined 
using Little’s Irregularity Index (LII).12 Little’s Irregularity Index 
scores were calculated from the measurements recorded with a 
carbon fiber composite digital caliper (Fuzhou, Fujian, China) on 
the study casts at the different time intervals. The rate of incisor 

Figure 1.  Consolidated standards of reporting trials (CONSORT) flowchart of the randomization procedure and follow-up visits
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and canine alignment was determined as the difference between 
the irregularity score at baseline and the final tooth alignment 
period (16th week or less), divided by the number of days to 
attain alignment. The alignment rates were compared between 
the RE and HE groups, dental arches, genders, and age groups.

Statistical Analysis
Data analysis was carried out using the Statistical Package for 
Social Sciences (SPSS) software package (IBM SPSS version 20; 
Armonk, NY, USA). Descriptive statistics were carried out for 
sociodemographic variables. Chi-square was used to determine 
the differences in categorical groupings for gender, age group, 
and dental arch between the RE and HE groups. The mean age 
difference in both groups was assessed using independent 
samples t-test. The intra-class correlation coefficient was used to 
determine the reliability of cast measurements for 10 randomly 
selected dental casts within at least 2 weeks interval. The results 
showed a high degree of reliability with a correlation coefficient 
of 0.97 and a 95% confidence interval of 0.90-0.99 for LII scores.

A normality check for data was performed using the Shapiro–
Wilk test, and non-parametric tests were subsequently carried 
out on the skewed data. Repeated measures analysis of variance 
(ANOVA) was used to test for changes in LII score over time, and 
Bonferroni post hoc test was subsequently used for pairwise 
comparisons. Mann–Whitney U test was used to compare the 
alignment rates between groups, and multiple linear regression 
was used to test the relationship of groups and other variables 
to alignment rate. RE or HE group, age group, gender, and dental 
arch were each tested as predictors of the alignment rate while 
controlling for other variables. The statistical significance level 
was set at P < .05.

RESULTS

Table 1 shows the sociodemographics of the study participants. 
There were more female (60%) and adult dental arches (60%) in 
the sample population. Similarly, the sample had more mandib-
ular (52%) than maxillary (48%) arches. The mean ages of the RE 

and HE groups were 18.3 (±6.1) and 20.1 (±5.3) years, respectively, 
while the overall mean age was 19.18 (±5.7) years. There were, 
however, no statistically significant differences in age, gender, or 
dental arch distribution between the RE and HE groups.

Figure 2 shows the line graph comparing the mean LII scores 
between the RE and HE groups, over the 16-week follow-up 
period. There was a steady decline in LII score, that is improve-
ment in incisal and canine alignment over the 16-week study 
period. At baseline (T0), the mean LII score for the RE group was 
7.76 mm and 7.79 mm for the HE group (P = .683). At 4 weeks 
(T1), the mean LII scores were further reduced to 3.58 mm 
and 4.14 mm for the RE and HE groups, respectively (P = .453).  
At 8 weeks (T2), it was 1.41 mm and 1.79 mm for RE and HE 
groups, respectively (P = .576). At 12 weeks (T3), it was 0.74 mm 
and 0.86 mm for RE and HE groups, respectively (P = .948). Finally, 
at 16 weeks (T4), the mean LII scores were 0.25 mm and 0.56 mm 
for RE and HE groups, respectively (P = .630). 

A repeated measure ANOVA test was done to determine changes 
in LII scores at baseline and 4 weekly intervals. The results 
showed that there were significant changes with time, F (4, 24) = 
17.22, P < .001 in RE and F (4, 24) = 21.61, P < .001 in HE groups. 
Table 2 shows the Bonferroni post hoc test highlighting the time 
intervals where significant changes occurred. There were signifi-
cant reductions in the irregularity scores within the RE and HE 
groups between T0 and all other time intervals, T1 and all other 
time intervals, and T2 and T3 in the HE group. Similarly, signifi-
cant differences were observed between RE and HE groups in 
the timelines of T0-T2 (P = .030) and T1-T2 (P = .006).

Figure 3 shows the trend of changes in LII scores across gender. 
The line graph shows that the male participants had a higher LII 
score at baseline T0 (9.4 mm) compared to the females 6.7 mm (P =  
.033). The LII scores at 4 weeks (T1) were 5.53 mm and 2.75 mm 
(P = .007), and at 8 weeks (T2), they were 2.06 mm and 1.29 mm 
(P = .316). The LII scores at 12 weeks (T3) were 1.12 mm and  
0.58 mm (P = .390), and by the 16th week (T4), they were 0.67 mm  
and 0.23 mm (P = .294) in males and females, respectively.

Figure 4 displays the comparison of mean LII scores at the follow-
up visits across age groups. The mean LII scores at baseline (T0) 
were 7.85 mm and 7.73 mm (P = .976), at 4 weeks (T1) they were 
3.26 mm and 4.26 mm (P = .221), at 8 weeks (T2) they were 1.0 mm  
and 2.0 mm (P = 0=.094), at 12 weeks (T3) they were 0.29 mm  
and 1.14 mm (P = .057), and at 16 weeks (T4) they were 0 and 
0.67 mm (P = .022) in adolescents and adults, respectively. A sig-
nificant difference was only observed in LII scores between ado-
lescents and adults at the 16th week.

Figure 5 is a line graph comparing mean LII scores between man-
dibular and maxillary arches over the 16-week follow-up period. 
A steady decline in the LII scores was observed as the study pro-
gressed into the 16th week (T4). The LII scores at baseline (T0) 
were 8.25 mm and 7.35 mm (P = .586), at 4 weeks (T1) were 4.17 
mm and 3.58 mm (P = .654), at 8 weeks (T2) were 1.85 mm and 
1.37 mm (P = .759), at 12 weeks (T3) were 0.85 mm and 0.75 mm 
(P = .726), and at 16 weeks (T4) were 0.45 mm and 0.36 mm (P = 

Table 1.  Distribution of study participants by age, gender, and  
dental arch

Background 
Characteristics

RE (n = 25) HE (n = 25)

χ2 PN % N %

Age group (years)

  12-17 12 48.0 8 32.0 1.333 .248

  18-32 13 52.0 17 68.0

Gender

  Male 13 52.0 7 28.0 3.000 .083

  Female 12 48.0 18 72.0

Dental arch

  Maxillary arch 10 40.0 14 56.0 1.282 .258

  Mandibular arch 15 60.0 11 44.0

RE, recent extraction; HE, healed extraction.
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.809) in the upper and lower arches, respectively. These findings 
showed no significant differences in the LII scores in both dental 
arches at all follow-up intervals.

The RE/HE protocols, gender, age, and dental arch differences in 
alignment rate are shown in Table 3. The mean and median align-
ment rates per day in the RE group were 0.13 mm (3.9 mm per 
month) and 0.11 mm, respectively, while the mean and median 
alignment rates per day in the HE group came to 0.11 mm (3.3 
mm per month) and 0.09 mm, respectively. There was however 
no statistically significant difference (P = .332). 

The mean and median incisor and canine alignment rates in the 
males were 0.12 mm and 0.11 mm, respectively, while the mean 

and median alignment rates in the females were 0.12 mm and 0.10 
mm, respectively. There was no statistically significant difference 
in the initial alignment rate between both genders (P = .827).

However, there was a statistically significant difference in the 
alignment rate among adolescents (12-17 years) compared to 
adults (18-32 years). The mean and median alignment rates in 
the adolescents were 0.15 mm and 0.14 mm, respectively and 
0.10 mm and 0.09 mm, respectively (P = .019) in the adults. 

The mean alignment rate in the maxillary arch was 0.13 mm per 
day (3.9 mm per month), while the median was 0.11 mm per 
day. The mean mandibular alignment rate was 0.12 mm per day 
(3.6 mm per month) and the median was 0.09 mm per day. The 

Figure 2.  Comparison of mean irregularity scores between recent and healed extraction groups over the 16-week follow-up period

Table 2.  Bonferroni post hoc test for pairwise comparisons of changes in irregularity scores at follow-up visits in RE and HE groups

Period

RE group HE group

Intergroup P valueDiff t P 95 % CI Diff t P 95% CI

T0-T1 –4.18 –8.76 <.001* –5.1 –3.2 –3.7 –7.8 <.001* –4.6 –2.7 .148

T0-T2 –6.36 –13.3 <.001* –7.3 –5.4 –6.0 –12.8 <.001* –6.9 –5.1 .031*

T0-T3 –7.02 –14.7 <.001* –8.0 –6.1 –6.9 –14.8 <.001* –7.9 –6.0 .306

T0-T4 –7.51 –15.7 <.001* –8.5 –6.6 –7.2 –15.5 <.001* –8.2 –6.3 .076

T1-T2 –2.2 –4.6 <.001* –3.1 –1.2 –2.3 –5.0 <.001* –3.3 –1.4 .006*

T1-T3 –2.8 –6.0 <.001* –3.8 –1.9 –3.3 –7.0 <.001* –4.2 –2.4 .097

T1-T4 –3.3 –7.0 <.001* –4.3 –2.4 –3.6 –7.7 <.001* –4.5 –2.7 .064

T2-T3 –0.7 –1.4 .165 –1.6 0.3 –0.9 –2.0 .049* –1.9 –0.004 .161

T2-T4 –1.2 –2.4 .017 –2.1 –0.2 –1.2 –2.6 .010 –2.2 –0.3 .452

T3-T4 –0.5 –1.02 .309 –1.4 0.5 –0.3 –0.6 .523 –1.2 0.6 .416

*Statistical significance.
Diff, difference; RE, recent extraction; HE, healed extraction; T0, baseline; T1, 4 weeks; T2, 8 weeks; T3, 12 weeks; T4, 16 weeks.
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not statistically significant (P = .534).

Table 4 shows multiple linear regression of the relationship 
between the rate of alignment and patient group status, con-
trolling for RE/HE protocols, age group, gender, and dental arch. 
There was evidence that the age group was a predictor of the 
alignment rate. The alignment rate per day in adolescents (<18 
years) was higher by 0.004 compared with adults (≥18 years). 
The higher rate observed was statistically significant (P = .005). 
Recent extraction group had higher alignment rate of 0.014 
mm per day compared to the HE group across the study period; 

however, the higher alignment rate was not significantly differ-
ent (P = .411). Male participants had 0.010 mm less alignment 
rate per day compared with females. This difference was also not 
statistically significant (P = .558). The lower arch had 0.007 mm 
less alignment rate per day in comparison to the upper arch, and 
the reduction was also not significantly different (P = .675).

DISCUSSION

This study compared the rates of initial tooth alignment in recent 
and healed first premolar extraction cases during fixed orth-
odontic appliance therapy and aimed at establishing a premolar 

Figure 3.  Comparison of mean irregularity scores between participants’ gender over the 16-week follow-up period

Figure 4.  Comparison of mean irregularity scores between participants’ age groups over the 16-week follow-up period
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extraction protocol among other factors that could provide faster 
incisor and canine alignment during fixed orthodontic appliance 
therapy. It is worthy of note that several adjunctive physical and 
surgical procedures and the use of medications have been uti-
lized in hastening fixed orthodontic treatment time5; however, 
this study hoped to accelerate treatment without the use of any 
adjunctive therapy. Randomization into groups was only based 
on the 2 extraction protocols. To the best of our knowledge, 
this is the first reported study in the literature that related tooth 
alignment to RE and HE protocols.

The gender pattern, which tends to favor more female partici-
pants in this report, is in agreement with other previous studies 

that recorded a higher number of females seeking orthodontic 
treatment.13 This observation may be related to greater concerns 
for dental appearance in the female gender than their male coun-
terparts. Reports on orthodontic treatment needs and other epi-
demiologic studies have shown very limited gender differences 
in the incidence or severity of malocclusions. But, orthodontic 
treatment uptakes have substantially skewed toward the female 
gender.14 Females are not only more likely to receive orthodon-
tic treatment than their male counterparts but also perceived to 
need orthodontic treatment by their parents and referring den-
tists.15 There are, therefore, social and cultural differences in the 
perception and uptake of orthodontic treatment with an obvi-
ous lower threshold for female patients.16

Figure 5.  Comparison of mean irregularity scores between participants’ dental arches over the 16-week follow-up period

Table 3.  Extraction protocol, gender, age, and dental arch differences in alignment rate

Variables N

Alignment Per Day (mm)

Mann–Whitney U Test, PMean (SD) Median Min Max

Extraction protocol

  RE 25 0.13 (0.07) 0.11 0.05 0.29 .332

  HE 25 0.11 (0.05) 0.09 0.04 0.28

Gender

  Male 20 0.12 (0.07) 0.11 0.05 0.29 .827

  Female 30 0.12 (0.06) 0.10 0.04 0.29

Age group (years)

  12-17 20 0.15 (0.08) 0.14 0.05 0.29 .019*

  18-32 30 0.10 (0.03) 0.09 0.04 0.17

Dental arch

  Maxillary arch 24 0.13 (0.07) 0.11 0.05 0.29 .534

  Mandibular arch 26 0.12 (0.06) 0.09 0.04 0.29

*Statistical significance.
SD, standard deviation; RE, recent extraction; HE, healed extraction; Min, minimum; Max, maximum.
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The present study, though not statistically significant, showed 
a relatively faster rate of tooth alignment in the RE group com-
pared to the HE group. In a related study, Hasler et al.9 revealed 
a faster rate of canine retraction into RE sites. This may directly 
support the report that tooth movement is faster in the less cal-
cified bone of a RE site compared to HE sites, as the less calcified 
bone resorbs faster.9 The presence of more cells with osteoclastic 
potential is also a possible explanation for this phenomenon.9 
The tooth alignment rates recorded in our study are consistent 
with another reported study on the efficiency of tooth align-
ment.6 The findings of the present study are however at variance 
with the results of an animal study by Murphey  et  al.17 which 
reported a faster retraction into HE sites using heavy forces for 
canine distalization.

The rate of incisor and canine alignment in the maxillary arch 
was marginally higher than that of the mandible, though 
not significantly different. This also confirms the findings of 
Dudic et al.18 that reported no difference in the rate and amount 
of tooth alignment, irrespective of tooth position and direc-
tion of tooth movement. However, Giannopoulou  et  al.19 in a 
study of orthodontic tooth movement and location in the arch 
reported a faster rate of tooth movement in the maxilla than in 
the mandible. A similar observation from a study on orthodon-
tic tooth movement in dogs concluded that tooth movement 
was significantly faster in the maxilla than in the mandible. This 
is because the maxilla is composed of relatively thin cortices 
and has a higher rate of bone resorption which initiates more 
rapid bone turnover in the mandible.20 Higher bone turnover is 
linked with increased tooth movement, compared to normal or 
low bone turnover.20 Increased bone density in the mandibular 
molar region is believed to offer more resistance to tooth move-
ment in the mandible, compared to the maxillary molar region.21 

The passive nature of canine retraction during tooth alignment 
in the present study may also be responsible for the insignificant 
rate of incisal and canine alignment in the maxilla compared to 
the mandible.

Reports on gender differences in the literature are varied; how-
ever, findings from this study are consistent with the report of 
Dudic  et  al.18 which revealed no gender differences in tooth 
movement. The effects of gender on the rate of tooth move-
ment have been studied in relation to estrogen deficiency 
or estrogen replacement in post-menopausal osteoporotic 
women. Bone formation in response to mechanical force 
is defective in osteoporotic women.21 Estrogen deficiency 
increases bone remodeling, while tooth movement is slower in 
estrogen replacement.22

A review by Omar  et  al.23 revealed that hormonal changes in 
pregnancy could hasten tooth movement in pregnant rats when 
compared to the non-pregnant rats.23 Since the report on the 
rats cannot be directly extrapolated to humans, the absence of 
post-menopausal osteoporotic or pregnant women in our study 
may be responsible for the lack of gender differences in the 
alignment rate.

In the present study, incisor and canine alignment was sig-
nificantly faster in adolescent participants when compared to 
adults. This aligns with the findings of Dudic et al.18 which identi-
fied age as an important factor in tooth movement. The authors 
found faster tooth movement in patients whose ages were less 
than 16 years compared to those that were 16 years and above. 
Ren et al.24 also reported faster mesiodistal tooth movement in 
juvenile rats compared to adult rats. A possible explanation for 
faster tooth movement in adolescent patients may be due to 
higher cellularity of periodontal ligaments exhibited in adoles-
cents than adults.25 The efficiency of osteoclastic activity, which 
is responsible for bone resorption, is an important factor that 
cannot be ignored and has been postulated to influence tooth 
movement. Ren et al.26 found that within 2 weeks, the maximum 
number of osteoclasts was attained at the compression sites of 
the periodontal ligament in young rats. But it took 4 weeks for 
the same level to be attained in adult rats. Thereafter, the rate 
of tooth movement was found to be comparable in both young 
and adult rats. The authors concluded that the osteoclasts in 
younger rats were more efficient than those of older rats. It was, 
therefore, suggested that more osteoclasts are required in older 
rats to bring about the same rate of tooth movement observed 
in younger rats. Chugh et al21 also surmised that the faster tooth 
movement in children compared to adults might be a result of 
less bone density in children. 

Similarly, Ren et al.27 reported that the significantly elevated lev-
els of interleukin-6 and granulocyte–macrophage colony-stim-
ulating factor in the gingival crevicular fluid and the mediator 
levels in juveniles are more responsive than the levels in adults. 
This confirms the finding that the initial tooth movement in 
juveniles is faster than in adults. Kawasaki et al.28 suggested that 
the age-related reduction in the amount of tooth movement 
might be influenced by a decrease in the receptor activator of 

Table 4.  Multiple regression analysis of the relationship between 
alignment rate controlling for recent and healed extraction protocols, 
age group, gender, and dental arch 

Variables Coefficient 95% CI
Standard 

Error P

Extraction protocol

  RE 1

  HE –0.014 –0.049 0.020 0.017 .411

Age group (years)

  Adolescents (<18) 1

  Adults (≥18) –0.052 –0.088 –0.017 0.018 .005*

Gender

  Female 1

  Male –0.010 –0.046 0.025 0.018 .558

Dental arch

  Maxillary arch 1

  Mandibular arch –0.007 –0.041 0.027 0.017 .675

  Constant 0.168 0.127 0.208 0.020 <.001
*Statistical significance.
RE, recent extraction; HE, healed extraction. 
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nuclear factor kappa-B ligand/osteoprotegerin ratio in gingival 
crevicular fluid, during the early stages of orthodontic tooth 
movement.28 Observation from this study is however at variance 
with the conclusion of Mavreas et al.7 who reported that age dif-
ferences did not seem to play an important role in the duration 
of orthodontic treatment during the permanent dentition stage. 
This disparity might have arisen from the research methodology 
adopted by Mavreas et al.7 which was mainly a systematic review 
of several aggregate reports, with methodological deficiencies 
and biased conclusions.

The results of the present report are reliable for the techniques 
described. In fact, the incorporation of certain procedures, surgi-
cal or physical, could have significant influences on the results. 
For example, the use of temporary anchorage devices which 
provide absolute anchorage due to their mechanical properties 
for space closure mechanics could have impacted the alignment 
rates.29,30

One unavoidable limitation of this study is a gap between the 
exact day of full alignment and the 4-weekly follow-up visits, 
which may not necessarily reflect the real-time tooth alignment. 
Also, the paucity of literature on extraction protocols and tooth 
alignment rate may have limited proper study comparison. 
Further studies on this subject are recommended to corroborate 
findings from the present study. Also, studies on space closure 
with temporary anchorage devices following this post-extrac-
tion protocols will be of great interest.

CONCLUSION

Generally, our study showed that the rate of incisor and canine 
alignment was not affected significantly by RE/HE protocol, gen-
der, or dental arch. However, incisor and canine alignment was 
significantly faster in adolescents when compared with adults.
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