Folia Medica 65(4):644-650

fOlia 1 DOI: 10.3897/folmed.65.e85525
medica
8 Original Article

Assessment of the Effectiveness of Two
Different Orthodontic Retention Protocols

Manoela Kalaydzhieval, Silviya Krasteval, Mariya Stoilova-Todorova!, Katya Todorova-Plachyiskal,
Konstantin Georgiev!

I Department of Orthodontics, Faculty of Dental Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Manoela Kalaydzhieva, Department of Orthodontics, Faculty of Dental Medicine, Medical University of Plovdiv, 3 Hristo
Botev Blvd., Plovdiv, Bulgaria; Email: m.kalaydzhieva88@gmail.com; Tel.: +359 887 886 568

Received: 19 Apr 2022 ¢ Accepted: 25 Oct 2022 ¢ Published: 31 Aug 2023

Citation: Kalaydzhieva M, Krasteva S, Stoilova-Todorova M, Todorova-Plachyiska K, Georgiev K. Assessment of the effectiveness of
two different orthodontic retention protocols. Folia Med (Plovdiv) 2023;65(4):644-650. doi: 10.3897/folmed.65.685525.

Abstract

Introduction: The main goal of orthodontic retention is to keep the teeth in their corrected positions. Fixed or removable retainers are
the most common types of retainers used during the retention phase. For the maxilla, various types of retainers have been described,
including the vacuum-formed retainers and Hawley retainers. Fixed retainers are used for the lower jaw.

Aim: The aim of the present study was to assess the retention characteristics of Hawley retainers, vacuum-formed retainers, and fixed
retainers in preserving dental arch dimensions and tooth alignment.

Materials and methods: Seventy subjects were examined and distributed into two retention groups. One of the groups received maxil-
lary Hawley retainers and bonded retainers in the mandible. The other group received maxillary vacuum-formed retainers and bonded
retainers in the mandible. The mean retention period was two years. Maxillary and mandibular casts were analyzed at pretreatment,
debonding, and two years in retention. The assessed measurements were the arch length, intercanine width, interpremolar width, inter-
molar width and Little’s irregularity index.

Results: Vacuum-formed retainers maintained maxillary anterior teeth alignment more effectively than Hawley retainers did. No dif-
ferences in transversal dimensions were found between the two retention protocols. Hawley retainers showed superior retention char-
acteristics in maxillary arch length preservation compared to vacuum-formed retainers. Even with bonded retainers, relapse could still
happen. All measured variables showed a tendency to relapse to the pretreatment values in the two groups.

Conclusions: Vacuum-formed retainer maintained maxillary incisor position more effectively than Hawley retainers did. No differ-
ences were observed in the transversal dimensions between the two groups. A greater decrease in the mandibular intermolar width was
measured between T1 and T2 in both groups where bonded retainers were used.
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INTRODUCTION Long-term follow-up of treated patients often reveals
an increased trend to relapse. A number of studies have

The problem of orthodontic retention and stability is well ~ demonstrated that relapse is observed in almost 70% of

over a century-old. A primary aim of orthodontic therapy  cases after completion of orthodontic therapy.[-?!

is to stabilize the obtained corrections, which makes reten- The exact etiology of relapse is not known, and most

tion an important phase of orthodontic treatment. studies show that crowding relapse appears to be multifac-
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torial.3-! Various factors could be linked to the orthodon-
tic relapse after orthodontic treatment, the most important
of which being changes in the late ages of craniofacial de-
velopment!®), and the post-treatment reorganization of the
periodontal ligament and gingival and elastic”). Therefore,
it is not possible to presume which cases will remain stable
and which cases will experience relapse.!®!

Misaligned mandibular incisors in particular are most
prone to relapse. Crowding of lower incisors in the post re-
tention phase is a sign of orthodontic instability.!®! In order
to prevent the relapse, it is a common practice to imple-
ment retention following the orthodontic therapy. For that
purpose, removable retentive appliances such as Hawley
retainers (HRs) and/or vacuum-formed retainers (VFRs)
are used. Different types of removable or bonded retain-
ers for permanent or semi-permanent retention are used to
prevent mandibular incisors’ relapse.

Prescription of retainer is based on the characteristics
of the pretreatment malocclusion and clinicians’ views and
preferences.1*11] A systematic review concluded that there
was no uniform retention approach that could avoid relapse
and that more research was needed to provide evidence for
optimal retention.['?] Further research on the effectiveness
of the different retentive devices is needed to resolve the
problems in this respect.

AIM

The study aimed to assess the retention characteristics of
Hawley retainers and VFRs in the maxilla and fixed retain-
ers in the mandible.

MATERIALS AND METHODS

Orthodontic plaster models of 70 subjects (aged between
11 and 23 years) were analyzed. The study involved patients
who had undergone non-extraction orthodontic thera-
py with a fixed appliances (straight-wire technique, 0.022
slot). All patients were treated by postgraduate students
enrolled in a three-year post-graduate residency program
at the Orthodontic Department in the Faculty of Dental
Medicine in Plovdiv, Bulgaria.

The inclusion criteria in the study were the following:

1. Non-extraction orthodontic treatment

2. Fixed appliance treatment involving both arches

3. No previous orthodontic treatment

4. Complete permanent dentition

The exclusion criteria were the following:

Hypodontia in the anterior or posterior segments of the
dental arch

1. Supernumerary teeth

2. Severe skeletal deformities requiring combined ortho-
dontic-surgical treatment

3. Single-arch or sectional fixed appliance treatment

The two investigated retention protocols included the
following retention appliances:

Two Orthodontic Retention Protocols

1. In the maxilla - a removable Hawley retainer (HR) and
a fixed canine-to-canine in the lower arch (HR-FR group).

2. In the mandible - a removable vacuum-formed re-
tainer (VFR) and a fixed canine-to-canine in the lower arch
(VER-ER group).

Removable retainers were used full time for the first 6
months and then only at night-time for the next 18 months.
The mean retention duration was 2 years.

Patients were divided into two different groups. One of
the groups, the HR-FR group, consisted of 35 patients. HRs
were fabricated according to the original requirements.!*
This retainer was fabricated with Adams clasps on first mo-
lars, a labial bow with U-loops on the canines and an acryl-
ic base plate (Fig. 1).

The other study group, the VFR-FR group, included 35
patients. VFRs were fabricated according to the require-
ments by 1 mm polyvinyl siloxane sheets, covering all oc-
clusal teeth surfaces!'*! (Fig. 2).

The mandibular retainer was the same in both groups
- a fixed retainer fabricated from 0.0195-in Twistflex wire,
bonded to all six anterior teeth with Transbond LC (3M
Unitek) (Fig. 3).

Figure 1. Hawley retainer.

Figure 2. Vacuum-formed retainer.
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Figure 3. Mandibular fixed retainer.

The removable retainers were delivered to the patients
within 24 to 48 hours after the braces removal. Cast mod-
els’ records were analyzed at three different time periods:
pretreatment (T0), post-treatment (T1), and the follow-up
at 2 years (T2).

All measurements on the cast models were taken with a
digital caliper (TWIN-CAL TESA (IP40 150 SQ, 0.01-mm
precision). The measured variables were dental arch length,
Little’s irregularity index (LII), interpremolar width, inter-
molar width, and intercanine width (Fig. 4).

Little’s irregularity index was used to assess the crowd-
ing in maxillary and mandibular anterior segments.®) The
irregularity index was calculated based on the linear ana-
tomical contact points of displacements of maxillary and
mandibular frontal teeth. The sum of the discrepancies is
the value of the index and the deviations are measured on
a scale from 0 to 10+. The following intervals were used to
interpret the irregularity in anterior segment according
to the Little’s index: >6.5 mm - severe irregularity, >3.5-
6.5 mm - moderate irregularity, 1-3.5 mm - mild irreg-
ularity, and 0 mm - perfect alignment.”) We used LII be-
cause of its great reproducibility and precision.

Intercanine width (CC): the distance between the deep-
est points at the gingival margins of the permanent canine
crowns!'®! (Fig. 4).

Interpremolar width (PP): the distance between the buc-
cal cusp tips of the premolars.

Intermolar width (MM): the distance between mesio-
buccal cusp tips of the first permanent molars.

Arch length (L): the distance between the mesial contact
points of the first permanent molars and the contact points
of the central incisors!'®! (Fig. 5).

Statistical analysis

The studied parameters are continuous values measured in
millimeters, therefore, this was checked for by means of the
Shapiro-Wilk test. For correct choice of statistical methods,
continuous values were checked for normality of the distri-
bution by the Kolmogorov-Smirnov test. In case of presence
of a normal distribution, parametric statistical methods
were applied. In case of violations in the requirements for

Figure 4. Dental casts measurements: LII (A+B+C+D+E), inter-
canine width (CC).

Figure 5. Dental casts measurements: LII (A+B+C+D+E), in-
termolar width (MM), interpremolar width (PP), arch length (L)
(1+2).

normal distribution or in case of data measured on dichot-
omous, nominal, and ordinal scales, we used non-paramet-
ric statistical analyses. The intergroup measurements were
compared with an independent samples ¢-test. The analysis
of the data was performed using IBM SPSS, ver. 26 (2018)
and the specialized program for medical analysis MedCalc,
version 19 (2018).

RESULTS

The mean age of the patients in the first group (HR-FR) was
14+3.15 years (range, 10.75-23 years). The study group in-
cluded 12 (34%) men and 23 (66%) women, with a signifi-
cantly higher proportion of women (p=0.016). The mean
age of male and female patients was similar (13.16+3.37
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years and 14.46+3.01, respectively), with no significant dif-
ference (p=0.253).

The mean age of the patients in the second group (VFR-
FR) was 16.28+6.49 years (range, 12.25-26.75 years). Sex
distribution showed a significantly higher relative share
of women - 69% (n=24) compared to men - 31% (n=11)
(p=0.004). The mean age according to the sex of the pa-
tients was very similar: men - 16+5.32 years, women
16.41+7.06 years, with no significant difference between
them (p=0.863). Table 1 shows the demographic data.

The first group of patients (HR-FR) had a lower mean
age than that of the patients in the second group (VFR-FR),
but the differences failed to reach statistical significance
(Table 1). The retention period in the VFR-FR group was
shorter compared to HR-FR group, but without significant
difference.

Two Orthodontic Retention Protocols

Table 2 shows the changes in the standard deviation
and the mean deviation of arch width in the two groups
at pretreatment period, postretament period, and 2 years
retention period.

At post-treatment time, the irregularity index in max-
illa in the HR-FR group decreased by an average of
-10.52+4.69 mm and by -7.66+5.68 mm in the VFR-FR
group. The intergroup differences reached statistical sig-
nificance (p=0.025). At the end of year 2, the irregularity
index in the upper arch was significantly higher in the HR
group (3.53+2.72 mm) compared to that of the VFR group
(0.95+1.22 mm).

In the mandible, after the active phase of orthodontic
treatment, the irregularity decreased by similar amount in
both groups (p=0.932). At T2, the mean relapse was higher
in the HR group (+2.13£2.30 mm) compared to VER group

Table 1. Mean age and mean retention duration of subjects in the Hawley retainer group and VER group

HR-FR VFR-FR
Parameters _ _ P
X+SD X+SD
AgeatTO 14.02+3.15 16.28+6.49 0.070
AgeatT1 16.50+3.13 18.82+6.96 0.078
Age at T2 18.92+3.62 20.59+6.93 0.214
Duration of retention period 2.25+1.28 1.76+0.93 0.074

Table 2. Changes in the Little’s index of irregularity, interpremolar width, intermolar width, intercanine width, and arch length for the
HR-FR and VFR-FR groups in upper and lower dental arch at T0, T1, and T2

Measurements I;IR_FR YFR_FR p
X+SD X+SD
LII upper jaw change at T1 -10.52+4.69 7.66+5.68 0.025*
LII lower jaw change at T2 3.53+2.72 0.95+1.22 0.000**
LII lower jaw change at T1 —6.73+4.85 —6.83+4.95 0.932
LII lower jaw change at T2 2.13+2.30 1.03+1.71 0.027*
PP upper jaw change at T1 4.03£2.60 2.87+2.72 0.075
PP upper jaw change at T2 —0.28+1.22 -0.34+0.55 0.815
PP lower jaw change at T1 3.00£3.06 1.44+2.66 0.026*
PP lower jaw change at T2 -0.32+1.19 -0.31+1.09 0.971
MM upper jaw change at T1 1.18+2.53 0.90+2.16 0.608
MM upper jaw change at T2 0.44+1.40 -0.36+0.69
MM lower jaw change at T1 1.48+2.75 1.36+2.01 0.836
MM lower jaw change at T2 -0.86%1.62 -0.60£0.99 0.421
CC upper jaw change at T1 1.71£5.02 0.36+2.85 0.172
CC upper jaw change at T2 —-0.32+1.65 -0.32+£0.92 1.000
CC lower jaw change at T1 1.50+1.42 1.00+1.88 0.214
CC lower jaw change at T2 -0.12+0.97 -0.51+0.92 0.089
L upper jaw change at T1 1.87+5.07 —-1.28+5.96 0.020*
L upper jaw change at T2 0.10+0.90 —-0.42+0.99 0.025%
L lower jaw change at T1 2.37+2.95 1.09+4.22 0.147
L lower jaw change at T2 -0.36+1.40 -0.89+2.33 0.253
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(1.03+1.71 mm) (Table 2). In both groups, the observed
irregularity in the lower anterior area was greater than that
in the maxillary anterior area.

There were no differences in the interpremolar width in
both arches between the two study groups over the reten-
tion period. The analysis revealed insignificant difference
in the upper intermolar width between the study groups
but showed reduction in lower intermolar width (-0.86 in
HR group and —0.60 in VER group) (Table 2).

Significant differences were found in the upper and
lower intercanine dimensions in the Hawley retain-
er group and VFR group between post-treatment and 2
years of retention. While maxillary and mandibular in-
tercanine widths remained stable in the first group, the
second group showed reduction of intercanine width over
the retention period (-0.32 mm in maxilla and 0.51 mm
in mandible).

The majority of examined patients in the HR group
demonstrated an increase in arch length in the upper jaw at
the end of the orthodontic therapy. Conversely, in the VFR
group arch length decreased significantly. The same trend
persisted until the end of year 2 of retention. At T2, a slight
but significant reduction in the arch length was found in
both arches in the VFR-FR group.

DISCUSSION

We found that the VFRs maintain the maxillary incisor
alignment more effectively than Hawley retainers do. The
better stability of maxillary incisors in VFR group is associ-
ated with the better retainer grip, whereas Hawley retainers
have a point contact on the vestibular tooth surface that
allows the teeth to move.['¥ Moreover, patients show more
cooperation to wear VFRs than Hawley retainers because
of the esthetics of VFRs.[!!] This result confirms the results
obtained by other authors.[17-1%)

Mandibular arch irregularity tends to increase with time
even with bonded retainer.!?) In the current study, LII in
the lower arch increased in both groups; however, the HR-
FR group showed significantly greater mandibular irregu-
larity than the VFR-FR group because of the higher initial
incisor irregularity in the first group. The high irregularity
values may be explained with active wire elastic deforma-
tion during bonding or mastication.!212!

The increase in the irregularity index during retention
could be attributed to the normal age-related changes.?*!

In this study, both maxillary interpremolar and inter-
molar widths in the two patient groups revealed minimal
changes over the retention period. Between T1 and T2 in
both groups in mandible, where bonded retainers were
used, a greater intermolar width decrease was observed.
However, the change was more distinct in the first group
than in the second group. This can be accounted for by the
different amount of expansion achieved in both arches. As
a result of the treatment, the MM in the VFR-FR group
increased by 0.9 mm in the maxilla and 1.36 mm in the

mandible. The achieved expansion in the HR-FR group
was 1.18 mm for the upper and 1.48 mm for the lower jaw.
Overexpansion and change in the arch perimeter during
treatment, especially in the lower dental arch are risk fac-
tors for relapse.**! Therefore, mandibular molar width in
HR group exhibited a greater tendency to decrease in the
retention period.

The mean intercanine width was reduced during the
study period in both groups. The intercanine reduction was
more prominent in VFR-FR group. It should be noted that
the reduction was less than 0.5 mm. The post-treatment
changes were small and can be considered clinically insig-
nificant. Our data do support results from another study
that VFRs and HRs are effective in maintaining intercanine
arch width.l'”)

Many studies support the concept that arch length has
a tendency to revert to the values before treatment.!!?*]
The arch lengths in the maxilla and mandible increased
during treatment in the HR-FR group and remained sta-
ble throughout the retention period. In contrast, the arch
length in the VFR-FR group remained almost unchanged
during treatment, but after retention, there was a statisti-
cally significant reduction in both arches. A significant
difference was detected in the maxilla on comparing the
arch length between the groups. The arch length was con-
siderably reduced in the VFR group compared with that
of the HR group. These results suggest that HRs maintain
macxillary arch length more effectively than VFRs do. These
results are in contrast to some other findings. ('8!

CONCLUSIONS

Vacuum-formed retainers provide better stability of max-
illary anterior teeth position than Hawley retainers do. No
differences in transversal dimensions were found between
the two retention regimes. HRs are more efficient than
VFRs in preserving the maxillary arch length. Even with
bonded retainers, relapse can still happen. All measured
variables showed a tendency to relapse to the pretreatment
values in the two groups.
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Pe3tome

BBefieHne: OcHOBHOII Lie/IbI0 OPTOZOHTUYECKOI PeTeHIIMM ABIACTCA yAep)KaHye 3y60B B VICIIpaBIeHHOM HojioxeHun. HecbéMHble
WM CbEMHbIe (UKCATOPHI ABJIAITCA Hayuboee pacCIpOCTPAHEHHBIMYM TUIIAMM (PUKCATOPOB, MCHOIb3yeMbIX Ha 3Talle PeTeHIIMMN.
Il BepXHeit YeMIOCTY OIMCAHBI Pa3NMYHble TUIIBI peTelIHepPOB, BKIIOYAs peTelfHephl BaKyyMHOI GpopMoBKM U pereitHepbl Hawley.
HecpémHble peTeifHephbl MCTIONL3YIOTCA [/I HYDKHET YeMOCTI.

Lienb: Lenpro HACTOSIIETO MCCTEROBaHIS OBIIO OLIEHNUTH PeTEHIVIOHHbIE XapaKTePUCTUKN peTeitHepoB Hawley, Bakyym-dopmoBan-
HBIX PeTETHepOB U HECHEMHBIX PeTEIIHEPOB IIPY COXpPaHEHMN pa3MepoB 3yOHOII [YTY U BbIpaBHMBaHMA 3Y0OB.

Matepuanbl n MeToAbl: Boio 06cenoBano 70 4enoBekK, KOTOpble ObUIN Pasfe/ieHbl Ha iBe PeTeHIMOHHbIe Ipymsl. OfHa U3 IPYIII
IOy 4M/Ia BepXHedemocTHble pukcatopbl Hawley i npukieeHHble GUKCATOPBI Ha HIDKHIOIO Ye/IOCTb. [ pyroii IpyIe ObUIN yCTaHOB-
JIeHBI BaKyyMHO-(bOpMOBaHHbIe (UKCATOPbI Ha BEPXHIOIO YeMIOCTh I HaK/IeeHHbIe (PUKCATOPBI Ha HIDKHIOW 4eMocTh. CpeHuMit Cpok
PeTeHIM COCTAaBII ABa Tofa. Moyie/yt BepXHell 1 HYDKHe 4eloCTH OBV MPOaHaIM3UPOBaHBI 0 06pabOTKM, CHATHS OPEKEeTOB 1 IO
UCTeYeHUN ABYX yieT peTeHLuy. OLeHVBaINCh TaKue ITapaMeTphl, KaK JIMHa JYTH, IIMPYHA MEXK/IBIKOBOTO IIPOMEXYTKa, MEXIIpe-
MOJISIpHAsI IIMPUHA, MeKMOIAPHAs IIVPYHA U MHAEKC HepaBHOMepHOCTH Little.

Pe3ynbratbl: BakyymHbIe peTeiiHepbl 6oee 3¢ GeKTUBHO NOAep)KMBaIM BRIPaBHMBAHME EPeTHNX 3yO0B BepXHEN YeMICTH, YeM
perertHepsl Hawley. Pasmranii B IomepedHbIX pasMepax MeX/y FBYMS IIPOTOKOMAMI PeTEeHIMM 0OHApy»XeHO He ObIIo. PeTeifHephI
Hawley nponeMOHCTprpOBay IPeBOCXOAHBIE PEeTEHI[MOHHbIE XapaKTePUCTUKY IIPU COXPAHEHWN [JIVHBI YTV BEPXHEIl YeTI0CTI 0
CPaBHEHMUIO C peTeiiHepaMy BaKyyMHoI1 (opMOBKH. [lake ¢ QUKCHMPOBAaHHBIMU peTellHepaMyl BO3MOXeH pelanB. Bce n3MepeHHbIe

TIEpEMEHHDIE ITOKAa3a/IM TCHACHUNVIO K BO3BPpATy K 3HAYE€HNAM [0 IEYE€HNA B IBYX IpyIIIax.

3aknoueHne: BakyyMHblil peTeiiHep COXPAHsI MOIOXKeHNe Pe3LIOB BepXHell democTy 6oree abdexTnBHO, YeM peteiinepsl Hawley.
Pazytnuuii B OMepevHbIX pasMepax MeX/Y AByMs IPYIIaMu He HaOMIOAAN0Ch. bosbliiee yMeHbIlIeHIIe MEXXMOJLIPHOI IIMPYUHBL HIDK-
Heil democTyt 661710 M3MepeHo Mexxay T1 u T2 B o6enx rpynimax, rie UCIOIb30BAIICh PETeIHEePhL.
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