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ABSTRACT

Changes in masticatory performance during
the retention period following extraction and

non-extraction orthodontic treatment

Song-Hyun Lee, D.D.S., M.S,,

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Prof. Kee-Joon Lee, D.D.S., M.S., Ph.p

Orthodontic treatment is the process of acquirim@gtimal occlusion by modifying the
initial malocclusion through space closure aftdraotion or space gain without extraction
using various techniques. The functional benefitsodifying the occlusion while treating
malocclusion remain controversial due to the latdomg-term studies evaluating the
outcomes after orthodontic treatment.

This study aimed was (1) to evaluate change iniossty performance (MP) during
retention period after extraction and non-extracothodontic treatment in adult patients
and compare it with the MP in the participants witbrmal occlusion by measuring the
mixing ability (MA) using a two-color chewing gunm@ (2) to evaluate whether extraction
affects the MP after orthodontic treatment.

Adult patients who had completed orthodontic fixagpliance treatment comprised the



non-extraction group (mean age 25t5326) and extraction group (mean age 22.1.40),

and those with normal occlusion(mean age 28.87) comprised the control group.

Mixing ability (MA), maximum bite force (MBF), andcclusal contact area (OCA)were
recorded one week after debonding the fixed appdiathe day when the wrap-around
retainer was delivered (T0), 1-month post-treatifiel)t 6 months post-treatment(T2),
1-year post-treatment(T3). MA were measured with-belor chewing gum MA test using
ViewGum software, and MBF and OCA were measuredguBiental Prescale Il system.

The results are follows
1. The MA immediately after orthodontieatment was lower than that observed
in normal occlusion group but showed a time-depentgieadual increase during
1-year retention period (P<0.01).
2.The MA at 1-month post-treatment was not sigaiiity different from that in
the normal occlusion group (P>0.05), but the MBH @CA at 1-year post-
treatment were significantly lower than those ia tftormal occlusion group
(P<0.01).
3. The MA showed a significant correlation with ti8F and OCA (P<0.05).
4. No significant difference was observed in MAveen the non-extraction
group and extraction group (P>0.05).

In conclusion, the MP immediately after orthodorntieatment in the experimental
groups was lower than that in the normal occlugi@mup but increased gradually over time
during the retention period and improved to lewsétsilar to those in the normal occlusion
group at 1-month post-treatment. Further, extradtid not affect the MP after orthodontic

treatment.

Vi



Key word: Orthodontic treatment, masticatory parfance, two-color chewing gum mixing
ability, extraction and non-extraction, retentiogripd, maximum bite force and occlusal

contact area
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Changes in masticatory performance during
the retention period following extraction and

non-extraction orthodontic treatment

Song-Hyun Lee, D.D.S., M.S,,

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Prof. Kee-Joon Lee, D.D.S., M.S., Ph.p

|. INTRODUCTION

Orthodontic treatment is the process of acquiripigneal occlusion by modifying the initial
malocclusion through space closure after extraatiogpace gain without extraction using
various techniques. Decreased masticatory perfaenaiMP) or impaired chewing
efficiency has been reported in patients with demalocclusion(Bae et al., 2017;
Magalhaes et al., 2010; Ngom et al., 2007). Ngom et al.(2007) stated that improving the
patient’s chewing function by improving occlusalateonships could be an indication for

orthodontic treatment in individuals with occlusalomalies.

However, the concept that modifying the occlusiortréat malocclusion through

extraction and non-extraction has functional bese&mains controversial (English et al.,



2002; Gameiro et al., 2017; Henrikson et al., 2009). Few studies have investigated the effect
of orthodontic treatment on MP, and their outcongemerated two views. First, the
orthodontic treatment improves MP to the level fdim normal occlusion. Gameiro et al.
(2017) reported that patients with malocclusion mapaired masticatory and swallowing
functions, and that their MP following orthodontimatment was reestablished to that
observed in the normal occlusion group. Second, dtteodontic treatment does not
significantly improve masticatory efficiency. Hekson et al.(2009) compared the
masticatory efficiency in adolescent girls with sdall malocclusion who underwent
orthodontic treatment with those having untreatéabsc II malocclusion and normal
occlusion and found no significant difference im tiwo class Il groups. Moreover, the
masticatory efficiency associated with normal osidn was better than that in the two class
Il groups, and the masticatory efficiency at 2 geans greater than that at baseline in all
the groups. They attributed the increase in mastigafficiency in the orthodontic group
to the general development and growth of the meatstig system rather than the orthodontic
treatment itself. Furthermore, it was reported thagical correction did not significantly
improve MP, which remained poor in comparison whth MP of the normal occlusion group
(van den Braber et al., 2006; van den Braber et al., 2005; van den Braber et al., 2004;
Zarrinkelk et al., 1995). In particular, van deraBer et al. (2006) concluded that surgical
treatment had a positive influence on the MP oiegpés with mandibular retrognathism 5
years after surgery, which could not be detectgdat after the surgery. The improvement
in MP after orthodontic treatment remains contreiadue to the lack of long-term studies

evaluating the outcomes after orthodontic treatment

The bite force and occlusal contact area (OCAN&diately after orthodontic

treatment are less than those befe¢sthent; however, they gradually increase during the

2



retention period. Two years after treatment, thalues are close to those associated with
initial or normal occlusion, and there is no sigraht difference in the bite force and OCA
of non-extraction and extraction patie(hoi et al., 2010; Choi et al., 2014; Sultana et al.,
2002; Yoon et al., 2017). Besides, remodeling of soft and hard tissuesimoes for a long
time after the removal of active appliances; therefore, long-term observation of MP

following orthodontic treatment is necessary

To our knowledge, the existing literature doesatatify how MP changes during
the retention period. This study aimed (1) to eatduhe changes in MP over time following
extraction and non-extraction orthodontic treatnieidult patients and compare it with the
MP in the participants with normal occlusion by mi#@ng the mixing ability (MA) using a
two-color chewing gum and (2) to evaluate whetheiragtion affects the MP after

orthodontic treatment.

The null hypothesis was that (1) the MP after etiom and non-extraction
orthodontic treatment does not change during aat-setention period and that (2) there is
no difference between the extraction/non-extracgmup and the normal occlusion group

as well as between the non-extraction and extractioups.



Il. Materials and Methods

1. Participants
Men and women aged 18-48 years were included irstindy. The experimental groups
comprised patients who had completed orthodontiedfi appliance treatment at the
Department of Orthodontics, Yonsei University Démfaspital, between February 2019
and April 2021.

The inclusion criteria were as follows: Class lioanand molar relationships and
good occlusion; for the extraction group, extractas four premolars, one premolar from
each quadrant; absence of temporomandibular jgsfudction (TMD); and no history of
orthognathic surgery. Patients were classified mbo-extraction and extraction groups
without considering the type of skeletal malocausieach group included the same number
of men and women. All participants of the experitaégroups wore fixed retainers on the
lingual surface of the six maxillary and mandibudaterior teeth, and a removable wrap-
around retainer in the maxilla was used to alloelusal settling as dual retention. The fixed
retainer was fabricated using a 0.0195-inch defidase (Respond, Ormco Corp., Orange,
CA, USA). The fixed retainer was bonded directlientiebonding of the fixed orthodontic
appliance. The wrap-around retainer was of the eotienal type and delivered 1 week after
debonding of the fixed appliance. The same metlandistypes of retainers were used for
participants of both experimental groups. The pgrdints were instructed to wear the
removable retainer full-time for the first monthxcept when eating and brushing teeth.
Thereafter, they were instructed to wear it onlpight. Their compliance with wearing the
removable retainer was assessed at every followhgnormal occlusion group comprised

the same number of men and women who underwentrsoge and were found to have



normal occlusion from among those who visited tlental clinic of Hanam for a regular
checkup. The inclusion criteria for this group weasefollows: bilateral canine and molar
Class | relationship; a normal transverse relatignawithout history of orthodontic
treatment; overjet and overbite between 1 and 3 anowding or spacing <2 mm in each
jaw; and midline discrepancies <1 mm.

All individuals who satisfied the inclusion critariwere told about the study
verbally and in writing. They provided written imfoed consent prior to participation. This
study was approved by the Institutional Review Ha#rYonsei University dental hospital

(IRB 2-2018-0042).

2. Measurements
2-1) Mixing ability
Commercial chewing gums (Hubba-Bubba Tape Gums: Blue Raspberry [azure color]
and Seriously Strawberry [pink color], William Whiy Jr. Company, Chicago) were used
to measure MA. The azure and pink color gums weténcdimensions of 30 mm x 18 mm
x 3 mm and manually stacked together. The partitfpavere instructed to sit upright and
chew the gums on the preferred chewing side faO5and 20 cycles. Then, the participants
were asked to spit the gums in a transparent plaat. To reduce the effect of masticatory
muscle fatigue, the participants were given amiatieof at least 1 min before chewing each
specimen. Each gum was flattened to achieve artbgskof 1 mm by pressing with a stamp
having a custom-made milled depression of dimemssiomm x 50 mm x 50 mm. The MA
was measured by scanning both sides of the flattgnen using an Epson scanner (GT-
X830), and the data were assessed using the Viewsadiware (2017, dHAL Software;

versionl.4; Figures 1 and 2). The ViewGum softwaeasures the standard deviation of the



hue (SDHue) in a given image. A lower value of 8@Hue implies higher MA. These
experimental methods are based on those descnjbiddlbzonetis et al.(Halazonetis et al.,

2013).

Figure 1. Chewing gum specimenga) Hubba-bubba gums; (b) the two-colored chewing
gums stuck together; (c-e) chewing gum bloused &ft&0, and 20 chewing cycles, respectively;
(f-h), chewing gum specimens flattened to a 1-mioktlvafer after 5, 10, and 20 chewing cycles,

respectively, and scanned
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Figure 2. The user interface after importing the sanned images of the flattened gum

chewed for 20 cycles in ViewGum software

2-2) Maximum bite force and Occlusal contact area
An appropriately sized pressure-sensitive film (@éRrescale Il System, Fujifilm Corp.,
Tokyo, Japan) sheet was selected to fit the deartzh of each participant. Then, the
participants were instructed to bite on the sheeapproximately 3 s while sitting upright
and to exert maximum sustained power, not instaatas power, when clenching. The MBF
and OCA were calculated using an occlusal forcdyaimy system (GC, Tokyo, Japan;

Figure 3).
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Figure 3. The Dental Prescale Il systerm, Pressure-sensitive sheet, B, Scan result

These evaluations were performed by a single irgasr one week after
debonding the fixed appliance, the day when thewaraund retainer was delivered, (TO)
and after 1 month (T1), 6 months (T2), and 1 y&8) post-treatment. Post-treatment lateral
cephalograms were obtained using Cranex 3+ (Soyédieginki, Finland) in the natural
head position and with the bite in centric relatiGephalometric tracing was digitized using
the V-ceph program (Osstem Inc, Seoul, Korea)laAdiral cephalometric assessments and
measurements were performed by the same investiJato weeks after the first tracing,
20 samples were randomly selected and retraced $ipgle examiner. The intra-class

correlation coefficient was greater than 0.94.

3. Statistical analysis
All statistical analyses were performed using SPR88ware version 26 (IBM SPSS,

Armonk, NY). Using the G*power 3.1 program (DussefdGermany), we determined that



with an experimental group sample size of 32, thedyasis would be sufficiently powered,
with a significance level of (P value) <0.05, 95%wgr, and 0.4 effect size. The Shapiro—
Wilk test was used to test the variations in MA, MBnd OCA between the groups. For the
analysis of changes in MA, MBF, and OCA betweertitne-intervals and groups, repeated
measures ANOVA was used and the Bonferroni posttesicwas applied to correct for
excessive errors related to multiple comparisortse Thdependent t-test was used to
compare between experimental groups and normalisiocl group. The paired t-test was
used to compare the MA between chewing cycles.hEurtore, Pearson’s correlation
coefficients were calculated to verify the assaorabetween the MA, MBF, and OCA.

Statistical significance was defined as a probgbitalue of <0.05.



[1l. Results

1. Participant characteristics

Among all 168 patients aged 18-48 years, 105 wectuded before measurement due to
not meeting the inclusion criteria of TMD (n=35)jssing teeth (n=12), upper premolar
extraction only (n=21), third molar (n=18), orthaghic surgery (n=8), and not agreeing to
participate (n=11). Among these, 31 patients weiduded due to incomplete follow-up
data, as most did not visit the hospital at theedryfollow-up (Figure 4). Finally, the non-
extraction group comprised nine men and nine wo(nmean age, 25.33 + 5.26 years, 28
teeth totally), and the extraction group compriseden men and seven women (mean age,
29.14 + 7.00 years, 24 teeth totally). All fixedaieers were appropriately positioned until
1 year, and all patients reported good complianaedgaring the retainers as instructed. The
normal occlusion group comprised 10 men and 10 wofmean age, 28.3 + 6.57 years).
Skeletal analysis of the experimental groups aft¢ive treatment are presented in Table 1.
No difference was observed in the skeletal varmidetween the non-extraction and

extraction groups.

10
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Fig 4. Flow diagram illustrating the process of paticipant selection and group
allocation
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Table 1. Participant characteristics

Non-extraction group Extraction group Normal occlusion
(n=18) (n=14) group(n=20)

Variable Mean + SD Mean * SD MeantSD P-Value
Age (years) 25.33t5.26 29.14+7.00 28.3t6.57 0.190
Treatment duration (months) 23.3318.91 30.2149.56 - - 0.041*
SNA (deg 8067+3.5E 80.3443.0¢ 0.66:<
SNB (deg 78.18+4.71 77.25£3.39 0.54:
ANB (deg) 2.68£2.92 3.10+£3.04 0.696
Gonial angle (det 120.62+8.3¢ 121.11+6.82 0.861
Bjork sum (deg) 395.56+5.19 398.14t7.61 0.263
Mandibular plane angle (deg) 35.53+5.18 38.14+7.62 0.257

*P<0.05, P-value was obtained with independent t-test
Variable of age was compared with -way ANOVA

2. Changes in the MA during the retention period
One-hundred-and-forty-eight samples for 5, 10, 2h@dhewing cycles were obtained from
the participants enrolled in the present study. $B&lue at 5, 10, and 20 chewing cycles
was analyzed to assess the differences based ourfiger of chewing cycles. The SDHue
showed a significant decrease (P<0.001) as the euailthewing cycles increased (Table

2).

Table 2. Comparison of standard deviation of hue liereen chewing cycles

5 cycles 10 cycles 20 cycles
SD Hue
(Mean + SD) 0.85+0.06 0.78+0.08 0.60+0.14
10 cycles 0.0001 *
20 cycles 0.0001 * 0.0001 *

* P<0.001, Paired t-test, Sample size: 148 (the sum of thmber of samples obtained from 32
experimental subjects at four time points and thealmer of samples obtained from 20 subjects
with normal occlusior

12



Intragroup comparison of the SDHue at 5, 10 cyaeesaled insignificant changes
in both non-extraction and extraction groups (P5p.8lowever, the SDHue at 20 cycles
showed significant decreases (P<0.05) in the ntraetion group at the TO-T3 time interval
and in the extraction group at the TO-T1, TO-T2;TRtime intervals (Table 3).

Intergroup comparison of the SDHue at five cyaleswed insignificant changes
atTO, T1, T2 and T3. (P>0.05). SDHue at 10 cyshesved insignificant changes at T1, T2,
and T3 (P>0.05), but a significant difference wasnid between the extraction and normal
occlusion groups at TO (P<0.05). SDHue at 20 cyslmswed insignificant differences
between the non-extraction and extraction groupstynificant differences (P<0.05) were

found between the experimental and normal occlugionps at TO (Table 4, Figure 5).

3. Changes in the MBF and OCA during the retention peiod
Intragroup comparison of the MBF revealed signifidacreases in the non-extraction group
at TO-T1, TO-T2, TO-T3, T1-T2, T1-T3 and T2-T3 timéervals and in the extraction group
at the TO-T1, TO-T2, TO-T3, and T1-T3 time intes/@P<0.05). Intragroup comparison of
the OCA revealed significant increases (P<0.0%hénon-extraction group at TO-T1, TO-
T2, TO-T3, T1-T2, T1-T3, and T2-T3 time intervalsdain the extraction group at TO-T3
and T1-T3 time intervals (Table 3).
Intergroup comparison of the MBF and OCA revealwignificant differences in

the non-extraction and extraction groups at theTnQ,T2, and T3 time periods (P>0.05),
but significant differences (P<0.01) were foundwmstn the experimental and normal

occlusion groups at TO, T1, T2, and T3 (Table duFe 6, 7).

13



Table 3. Time-dependent changes in the mixing aklii}, maximum bite force and occlusal contact areauring a 1-year retention period
Non-extraction group Extraction group Subgroup
(n=18) (n=14) * Time
P
Mean+SD MeantSD
P Post-hoc P Post-hoc
TO T1 T2 T3 TO T1 T2 T3
5cycles 0.85+0.07 0.86+0.06 0.86+0.07 0.85+0.06 778 0.89+0.04 0.83+0.07 0.83+0.06 0.85+0.05 .052 - .055
SDHue 10cycles 8(7)21 0.78+0.08 0.78+0.09 0.73+0.06 101 0.85+0.09 0.80+0.09 0.75+0.07 0.76+0.07 .056 - .251
20cycles 0.70+0.15 0.60+0.14  0.58+0.09  0.55+0.10  .003* ToO-T3 0.76+0.13  0.62+0.13 0.57+0.10  0.57+0.09 .0001* {313 """ 461
619.9+ 751.07+ 931.14+ 1030.54 . JoTLTOoT2 577.96+ 722.38+  795.00+ 968.47+ «  TOTLTOT2
MBF (N) 206.45  134.28 16178 0949 00T RRLE 21395 26254  207.97 27044 0001 tommim 449
T0-T1,T0-T2 22.41+ 27.96x
OCA (mir?) 19.3+5.28 22.33%4.03 28.29+6.31 31.62+6.08 .0001*  TO-T3,TLT2 19.89+8.57 24.58+9.35 .0001*  TO-T3,T1-T3 458
T1-T3, T2-T3 9.78 9.09

SDHue, Standard deviation ofidy MBF, maximum bite force; OCA, occlusal contact area; T0, baseline; T1, 1 month postireatment; T2, 6 months post -treatment; T3; 1 year post-treatment.

P, Comparison among the timing of different measuremasing the repeated measuk@8VA; *P<0.01

Pos-hoc, time intervals indicate the Bonferroni post hesults, representirstatistically significant difference(p<0.(

14



Table 4. Comparison of the mixing ability, maximumbite force and occlusal contact area between the garimental groups and normal occlusion group

at every time point
Normal
Non-extraction group Extraction group occlusion
(n=18) (n=14) group
(n=20)
TO T1 T2 T3 TO T1 T2 T3 MeantSD
MeanxzSD MeanxzSD MeanxzSD MeanxzSD MeanxzSD MeanxzSD MeanzSD MeanzSD ean=
5cycles  0.85%0.07 0.86+0.06 0.86+0.07 0.85+0.06 0.89+0.04 0.83+0.07 0.83+0.06 0.85+0.05 0.85+0.07
SDHue 10cycles 0.79+0.08 0.78+0.08 0.78+0.09 0.73+0.06 0.85+0.09* 0.80+0.09 0.75+0.07 0.76+0.07 0.75+0.09
20cycles 0.70+0.15* 0.60+0.14 0.58+0.09 0.55+0.10 0.76+0.13* 0.62+0.13 0.57+0.10 0.57+0.09 0.53+0.13
MBF (N) 619.9+ 751.0A& 931.14+ 1030.54¢ 577.96 722.38 795.0G 968.4 A 1377.34
206.45* 134.28* 161.78* 209.19* 213.95* 262.54* 297.97* 270.44* 457.08
OCA (mn?) 19.3+5.28* 22.334.03* 28.2%*6.31* 31.626.08* 19.89+8.57* 22.419.78* 24.58:9.35* 27.96:9.09* 46.73+16.89

SDHue, Standard deviation afd) MBF, maximum bite force; OCA, occlusal contact area; TO, baseline; T1, 1 month post-treatment; T2, 6 months post -treatment; T3; 1 year post-treatment
*p<0.01, significant difference with normal occlusion mgdependent t-test

15
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4. Correlation between the MA, MBF, and OCA
The correlation coefficient between the SDHue ahé 10 chewing cycles and between 10
and 20 chewing cycles were 0.309 and 0.483, raspbc({P<0.01). The SDHue at 5 and 10
cycles was not associated with the MBF and OCA (@5)0 The correlation coefficients
between the SDHue at 20 cycles and MBF and betiveeBDHue at 20 cycles and OCA

were -0.382 and -0.350, respectively (Table 5).

Table 5. Pearson’s correlation coefficients betweestandard deviation of hue, maximum bite
force and occlusal contact area

SDHue 5cycles SDHue 10cycles SDHue 20cycles Maxirnitenforce

SDHue 10cycles 0.309

SDHue 20cycles 0.203* 0.483*
Maximum bite force 0.085 -0.159 -0.382**
Occlusal contact area0.121 -0.117 -0.350** 0.899**

SDHue, standard deviation of hue; *Indicate statistical significance with Pearson’'sretation test (*P<0.05,

**P<0.01);
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V. Discussion

This study aimed to evaluate the changes in MPduitgatients who had completed
orthodontic fixed appliance treatment with extragtior non-extraction during a 1l-year
retention period. Furthermore, it aimed to comgheeMP after orthodontic treatment with
that associated with normal occlusion.

Mastication is the first step to digest food andoimes breaking down and
comminuting, mixing, kneading, and transporting foeed bolus into the oropharynx
(Bourdiol et al., 2020; van der Bilt et al., 20@6)ariety of methods have been used to
clinically evaluate the MP. The most convention&tiod is based on a comminution test,
that is, grinding of a test material, which helgalaate the distribution of particle sizes after
a given number of chewing cycles; other methodsepkmphasis on the bolus formation
preparatory to swallowing and evaluate bolus miXtaglazonetis et al., 2013; Liedberg and
Owall, 1995; Prinz, 1999; Schimmel et al., 2007n\@er Bilt, 2011). However, the
comminution test using the sieving method is megye-consuming, and inconvenient in
clinical practice; therefore, a variety of other N&#sts have been used recently (Aquilanti et
al., 2020; Halazonetis et al., 2013; Hama et @8l142 Kaya et al., 2017; Schimmel et al.,
2007; Weijenberg et al., 2013). In this study, tiwe-color chewing gum MA test using
ViewGum software, which can be easily applied inical practice, was used to evaluate
the MP. It evaluates the degree of mixing of thtuddoy measuring the SDHue of the
specimen using ViewGum software that quantifies HtBor space (hue, saturation,
intensity). Previous studies have reported thatrtiéthod has good sensitivity and reliability,
although its validity should be established (Hatets et al., 2013; Kaya et al., 2017;

Schimmel et al., 2007; Schimmel et al., 2015; Wdigrg et al., 2013).
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To minimize the influence of sex, the same numbienale and female participants
comprised the experimental and normal occlusiomgsoThree specimens were obtained
from each participant by asking the participantshew the gum for 5, 10, and 20 cycles.
The SDHue at 5, 10, and 20 chewing cycles was aedli a total of 148 samples to assess
whether this digital image analysis method showiéfdrénces on the basis of the number
of chewing cycles. In this study, the SDHue val@sfiound to be larger than that reported
in other studies (Halazonetis et al., 2013; Schiineheal., 2015). According to previous
studies, the pink color Hubba-Bubba Tape gum wssoditinued (Schimmel et al., 2015),
but we were able to purchase it through Coupang.dpmvas speculated that the SDHue
values obtained in the present study were grelaaerthose obtained in the previous studies
because the pink color of the Seriously Strawbetupba-Bubba gum used in the current
study was darker. The SDHue showed a significantedse as the number of chewing
cycles increased; thus, this digital image analysthod showed differences in the SDHue
based on the number of chewing cycles. Howevethéntwo experimental groups, the
SDHue value showed no significant change over &ine and 10 chewing cycles and was
not significantly different from that of the normaéclusion group. On the other hand, the
SDHue showed significant changes over time in the éxperimental groups, with the
greatest difference at 20 chewing cycles. This imaéne with the findings of previous
studies, according to which 20 chewing cycles wsuéficient for extracting valid
conclusions for chewing efficiency(Halazonetis let2013; Schimmel et al., 2015). Based
on the above results, the MA was evaluated usiegpecimen obtained after 20 cycles. If
the SDHue was large, the MA was considered low,iattte SDHue was small, the MA
was considered high.

The MA in the two experimental groups was lowenttzat in the normal occlusion
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group immediately after orthodontic treatmeshien the wrap-around retainer was delivered.
In the extraction and non-extraction groups, MAw&0 a significant increase over time,
and at 1-month post-treatment, it had improved keval not significantly different from
that in the normal occlusion group. Furthermore, mhean value of MA at 1-year post-
treatment was similar to that in the normal ocdagjroup. Thus, the first null hypothesis
was rejected.

Mastication undergoes a slow reprogramming to attapiolving conditions such
as orthodontic movements (Bourdiol et al., 2020)e Tow MA values immediately after
orthodontic treatment may be attributed to the theeded to learn a new masticatory praxis
enabling the patient to adapt to the new occlusBameiro et al.(2017) reported that non-
extraction orthodontic treatment helped improve ke to the normal occlusion level.
Makino et al.(2014) reported that the occlusalécmod OCA were lower than those before
the orthodontic treatment, but the subjective roagtry ability improved in all patient’s
post-treatment. In this study, MA at 1-month pes&tment showed no significant
difference between the two experimental and nowoalusion groups, which was in line
with the above studies (Gameiro et al., 2017; Malahal., 2014).

On the other hand, we observed no significant diffee in the MA between the
non-extraction and extraction groups. The postr@afuinctional tooth units (FTUS) in the
non-extraction and extraction groups were 12 andelpectively. Hatch et al.(2001) stated
that the number of FTUs and bite force influencee &hd that the number of FTUs was the
most crucial factor. Many studies have suggestaetith0 teeth and >8 FTUs are sufficient
to maintain the masticatory function. The resuftewr study matched with those of Hatch
et al. (Hatch et al., 2001); it was shown thatRié&) of a premolar was 0.5 and that premolar

extraction did not affect the MP after orthodomteatment. Thus, the second null hypothesis
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in this study was accepted.

The MBF and OCA showed low values in the non-eximacand extraction groups
immediately after orthodontic treatment and a digaint increase 1-year post-treatment
(P<0.001); however, even at l-year post-treatmémty remained lower than the
corresponding values in the normal occlusion grdB@sed on previous studies, it is
expected that two more years would be necessatkiédviBF and OCA values to reach the
normal occlusion group levels (Yoon et al., 20THe results of this study showed that at
1-month post-treatment, unlike the MBF and OCA, MP improved to a level not
significantly different from that in the normal dasion group.

In this study, the correlation between MP, MBF, &d@A was examined by
evaluating the changes in MP immediately and abdtm 6 months, and 1 year after active
orthodontic treatment. The Pearson'’s correlaticffanent for the association between the
MA and MBF and between the MA and OCA was 0.382@&B80, respectively (P<0.01).

Previous studies reported that various factordy) siscocclusal force, OCAs, jaw
movement, and characteristics of muscle activitgoag others, affect MP (Hatch et al.,
2001; Julien et al., 1996; Lepley et al., 2011; @svet al., 2002; Shiga et al., 2012; Wilding
and Lewin, 1994; Wilding and Shaikh, 199&}though there is a controversy regarding the
correlation between MP and occlusal force, OCA, jaavement, and muscle activity,
several studies have reported that the MBF and @@Ahe most important factors and that
the jaw movement and salivary flow rate play impottroles (Julien et al., 1996; Lambrecht,
1965; Lepley et al., 2011). Okiyama et al.( 200&)reined the relationship between MP and
MBF in dentate individuals using test foods of wagyhardness, and found a positive
correlation between the two variables, with a lop@sitive correlation coefficient with soft

gummy jelly than with harder ones. In this studpjat used gums of a hardness lower than
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that of jelly, the correlation between the MA arnitliorce was less than that found in other
studies. This result suggests that the functioniging and kneading foods might not require
a high bite force. According to Yoshida et al. (2ZQOMA assessed using the two-color
chewing gum method is expected to correlate morin wWie mandibular movement
parameters than with the bite force. Further reteahould be conducted to identify the
factor that significantly influences the MA.

This study has some limitations. First, althougtip@ants of the treatment groups
reported good compliance with the removable retathe wearing time of the retainers was
not measured objectively (for example, using athaiklectronic chip) and may therefore
have not been controlled among participants. Howelkeparticipants were provided fixed
retainers on maxillary and mandibular anteriortteand other factors, such as sex, age,
skeletal type, and type of retainer were controllduls, not measuring the wearing time of
removable retainers may not have significantly @éd the results. Second, MA was
evaluated in the normal occlusion group only attome point. In future, prospective studies
should ensure that the MA does not change overitinmalividuals with normal occlusion.
Previous studies have reported that age is ndeceta masticatory performance and that
there is no change in the occlusion of individualth normal occlusion over a short
period(Hatch et al., 2001; Kim et al., 2021). There, this limitation does not reduce the
merit of the present results. Third, the MP befoeatment and the number of chewing
cycles that reached saturation were not evaludtediever, many studies have reported
significant differences in MP depending on the siévef the malocclusion and the amount
of crowding (Bae et al., 2017; Magalhaes et all(2MNgom et al., 2007). The treatment
period varies depending on the severity of malmiolu and difficulty of treatment,

especially in occlusal conditions that will be diént at the initial occlusion before treatment,
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the variables at the baseline before treatmentdvoat be reliable parameter to compare
two groups. Besides, the volume of the gum dectehged0% at more than 20 chewing

cycles (Halazonetis et al., 2013); thus, it mustbaluated whether discernment between
the participants at more than 20 cycles is posdithlgher research in this regard is therefore

necessary.
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V. CONCLUSIONS

This study was performed to evaluate the changeasticatoy performance over time in
patients completed orthodontic treatment usingdfiee¢hodontic appliances with extraction
or non-extraction during 1-year retention period.

The results are as follows:
1. The MA immediately after orthodontic treatmerasidower than that observed
in normal occlusion group but showed a time-depenhdedual increase during
1-year retention period (P<0.01).
2. The MA at 1-month post-treatment was not sigaiftly different from that in
the normal occlusion group (P>0.05), but the MBE &CA at 1-year post-
treatment were significantly lower than those ie tormal occlusion group
(P<0.01).
3. The MA showed a significant correlation with i8F and OCA (P<0.01).
4. No significant difference was observed in MAvbetn the non-extraction
group and extraction group (P>0.05).
This study was concluded the MP immediately aftéramlontic treatment in the treatment
groups was lower than that in the normal occlugiaup but increased gradually over time
during the retention period and improved to lewaisilar to that in the normal occlusion
group at 1-month post-treatment. Further, extraatiid not affect the MP after orthodontic

treatment.
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