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Abstract

Objectives: The aim was to analyze current orthodontic retention protocols in Croatia and their
trend over a 10-year period. Subjects and Methods: In a repeated cross-sectional survey, question-
naires were distributed to 150 orthodontists in Croatia in 2013 and 185 of them in 2023 (represent-
ing 69% and 85% of practicing orthodontists with response rates of 61% and 75%). Results: Signifi-
cant changes in retainer types across different malocclusions and treatment protocols were observed
over a 10-year period. There was an increase in the use of VFR and a decrease in acrylic retention
plates in both jaws (p<0.001). Over the decade, the use of only fixed retention in the mandible de-
clined from 20% to 7% (p=0.007), and the combination of fixed and removable retention in the max-
illa dropped from 29% to 17% (p<0.033). Increased use of removable retainers was noted in cases
involving rotations, open bites, and extractions. Conversely, fixed-removable retainers were more
frequently used in spacing cases (p<0.001). There was a trend toward fewer check-ups (p=0.001) and
toward increased patient self-monitoring (p=0.021). Personal experience as the primary reason for
choosing a retention protocol increased from 39% to 62% (p<0.001). Additionally, the use of written
information on retention rose from 39% to 69% (p<0.001). Conclusion: Retention practices in Croa-
tia have evolved over the past decade, characterized by increased use of VFRs, more frequent imple-
mentation of dual retention in the mandible, and greater provision of written retention information.
Additionally, follow-up protocols have shifted toward fewer scheduled visits, with increased empha-
sis on patient self-monitoring.
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Introduction

Orthodontic treatment plays a pivotal role in correcting
malocclusions and achieving optimal dental aesthetics and
function. However, orthodontic patients often present with
additional dental anomalies that may further complicate
treatment planning and long-term stability (1). Furthermore,
given the dynamic nature of the dentoalveolar complex, the
stability of orthodontic outcomes remains a significant chal-
lenge, especially in the long term. Post-treatment changes
could be perceived as treatment failure, resulting in patient

Uvod

Ortodontska terapija klju¢na je u lije¢enju malokluzija i
u postizanju optimalne dentalne estetike i funkcije. No or-
todontski pacijenti esto imaju dodatne dentalne anomalije
koje mogu otezati planiranje lije¢enja i dugoro¢nu stabilnost
(1). Nadalje, s obzirom na dinami¢nu prirodu dentoalveolar-
noga kompleksa, stabilnost ortodontskih ishoda ostaje velik
izazov, osobito dugoro¢no. Promjene nakon lije¢enja mogu
se percipirati kao neuspjeh terapije i rezultirati nezadovolj-
stvom pacijenata (2). Stabilnost ortodontskih ishoda varira
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dissatisfaction (2). The reported stability of orthodontic out-
comes varies depending on the follow-up period. Long-term
stability in terms of acceptable alignment ranges from 30%
to 50% after 10 years, but drops to only 10% after 20 years
(3). Post-treatment changes include both a natural tendency
of teeth to relapse toward their original positions before ac-
tive treatment, as well as movement caused by normal mat
urational changes (4). The problem arises from the fact that
orthodontic relapse and maturational post-treatment chang-
es are difficult to distinguish (4). Consequently, both phe-
nomena highlight the importance of the retention phase,
which aims to preserve treatment results and ensure long-
term occlusal stability, and emphasize the need to inform pa-
tients about the post-treatment process and possible changes.
Despite the widespread clinical use of various retention ap-
pliances and protocols, there is a considerable debate regard-
ing the ideal type of retainer, the duration of the retention
period, and patient compliance associated with retainers (5).
No consensus exists on the best retention appliance or proto-
col, and their choice seems to be influenced by clinical expe-
rience, practice setting, patient age, and malocclusion-related
and treatment-related factors such as occlusal outcomes and
the type of orthodontic movement performed (6,7).

Advancements in materials, digital technologies, and the
understanding of craniofacial growth and maturation—in-
cluding the development and validation of cephalometric
analyses for assessing facial growth patterns (8)—have fur-
ther underscored the need for research and evidence-based
protocols to optimize retention strategies (5,9,10). Various
authors examined their national retention strategies and pro-
tocols (11-16). Despite geographic differences, the studies
on national retention protocols show similarities. It seems
that there is a universal increase in vacuum-formed retain-
ers (VFRs), now dominant in most countries, and a clear
shift away from Hawley/acrylic plates. Fixed retention with
a bonded canine-to-canine retainer is the most frequent op-
tion in the mandible, often prescribed for indefinite or life-
time duration. Multiple countries emphasize the need for
national guidelines. A significant variability in terms of re-
tention protocols remains in the duration of follow-up, wear
protocols, and monitoring strategies (11-16).

The primary aim of this study were to analyze current
orthodontic retention protocols in Croatia and how they
changed over a 10-year period, with an emphasis on the pro-
vision of written instructions and the type of retainer ap-
pliances. The secondary aim was to compare Croatian and
other national contemporary retention protocols. The hy-
pothesis was that there is a trend toward greater use of writ-
ten information for patients, greater use of VFRs, and longer
follow-up, especially in crowded non-extraction cases, influ-
enced by years of experience.

Materials and Methods

In a repeated cross-sectional, analytical, hypothesis-driv-
en survey, questionnaires were distributed by e-mail or in
person to 150 orthodontists in Croatia in 2013, and 185 of
them in 2023 (representing 69% and 85% of practicing or-
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ovisno o razdoblju praéenja. Dugoro¢na stabilnost, kad je ri-
je¢ o prihvatljivom poravnanju zuba, kreée se od 30 % do 50
% poslije 10 godina, ali pada na samo 10 % poslije 20 go-
dina (3).

Promjene nakon lijec¢enja uklju¢uju prirodnu tendenciju
zuba da se vrate u pocetne polozaje prije aktivnog lijecenja i
pomake prouzro¢ene normalnim sazrijevanjem (4). Problem
nastaje zbog ¢injenice da je uzajamno tesko razlikovati orto-
dontski recidiv i poslijeterapijske promjene povezane sa sa-
zrijevanjem (4). Posljedi¢no, oba fenomena pokazuju vaznost
retencijske faze cija je svrha oc¢uvati rezultat lijecenja i osigu-
ravati dugoro¢nu stabilnost okluzije te isticu potrebu infor-
miranja pacijenata o poslijeterapijskom procesu i mogucim
promjenama.

Unatoc¢ Sirokoj klinickoj primjeni razli¢itih retencijskih
naprava i protokola, vodi se znacajna rasprava o idealnoj vi-
sti retencijske naprave, trajanju retencijskoga razdoblja i su-
radnji pacijenata u vezi s retencijskim napravama (5). Ne po-
stoji konsenzus o najboljoj retencijskoj napravi ili protokolu,
a njihov odabir, ¢ini se, ovisi o klinickom iskustvu, radnom
okruzenju, dobi pacijenta te ¢imbenicima povezanima s ma-
lokluzijom i lije¢enjem, kao $to su okluzijski ishodi i vrsta
provedenoga ortodontskog pomaka (6, 7).

Napredak u materijalima, digitalnim tehnologijama i ra-
zumijevanju kraniofacijalnoga rasta i sazrijevanja, ukljucu-
juéi razvoj i validaciju cefalometrijskih analiza za procjenu
obrazaca rasta lica (8), dodatno su istaknuli potrebu za istra-
zivanjima i protokolima temeljenima na dokazima radi op-
timizacije retencijskih strategija (5, 9, 10). Razli¢iti autori
analizirali su nacionalne retencijske strategije i protokole (11
— 16). Unato¢ geografskim razlikama, sve su te studije sli¢ne.
Cini se da se univerzalno pove¢ava uporaba vakuumom for-
miranih retencijskih udlaga (VFR) koje su sada dominantne
u vecini zemalja, te je jasan odmak od Hawleyevih akrilat-
nih retencijskih ploca. Fiksna Zi¢ana retencija od o¢njaka do
o¢njaka najées¢a je opcija u donjoj celjusti, Cesto propisana
na neodredeno vrijeme ili dozivotno. U vise zemalja istice se
potreba za nacionalnim smjernicama. Znacajna varijabilnost
i dalje postoji u trajanju pracenja, protokolima nosenja i stra-
tegijama monitoringa (11 — 16).

Primarni ishodi ovog istrazivanja bili su analizirati ak-
tualne ortodontske retencijske protokole u Hrvatskoj i nacin
njihove promjene u razdoblju od 10 godina, s naglaskom na
pisane upute i vrstu retencijske naprave. Sekundarni cilj bio
je usporediti hrvatske i druge suvremene nacionalne retencij-
ske protokole. Hipoteza je bila da postoji trend prema vecoj
uporabi pisanih informacija za pacijente, ve¢oj uporabi VFR-
a i duljem pracenju, osobito u slucajevima terapije za zbije-
nost bez ekstrakcija, pod utjecajem duljine radnog iskustva.

Materijal i metode

U ponovljenom presje¢nom istrazivanju, vodenom ana-
litickom hipotezom, 150 ortodonata u Hrvatskoj dobilo je
upitnike e-postom ili su im predani osobno 2013. godine i za-
tim njih 185 u 2023. godini ($to je 69 %, odnosno 85 % ak-

185




186

Zigante et al.

thodontists, respectively). A list of orthodontic specialists
was provided by the Croatian Dental Chamber, but numer-
ous e-mail addresses were not available (many more in 2013).
For non-respondents, a reminder e-mail was sent. The sur-
vey received valid responses from 92 orthodontists in 2013
and 138 orthodontists in 2023, resulting in response rates
of 61% and 75%, respectively. The same questionnaire was
used, consisting of 14 questions, allowing for either single
or multiple answer choices (16). The questionnaire is shown
in Table 1. The questionnaire was pilot-tested on 10 special-
ists and postgraduate students to assess item clarity and com-
prehensibility.

The Fisher and %2 tests were used to compare frequen-
cies between years, while the Mann-Whitney test was used
for scalar variables. The Z-test for proportions was used af-
ter the %2 test with Bonferroni correction. No adjustments
were made for sample size differences, as the statistical tests
account for unequal sample sizes. The relation between two
scalar variables was checked by Spearman correlation. Effect
size was quantified by Cramer V for Fisher or y2 test, and r
for Mann-Whitney test, and Spearman correlation. For the
Mann-Whitney test, the following formula was used: =7
N. Cohen’s criteria were used for interpretation: V or r <0.3
small, 0.3-0.5 medium, >0.5 large. Commercial statistical
software was used (IBM SPSS, IBM Co., Armonk, US).

Results

The ages of practicing orthodontists ranged from 27 to
75 in 2013 and from 33 to 73 in 2023 and differed between
groups (median 39 in 2013 and 46 in 2023). Years of ex-
perience also differed (median 7 in 2013 and 14 in 2023).
The majority of orthodontists obtained their specialist de-
gree in the Croatian capital Zagreb (80/92; 87% in 2013 and
129/138; 94% in 2023). They worked with patients median
5 days in both years.

Main differences in retention protocols are presented in
Tables 1-5.

Information on retention was most often provided ver-
bally, but there was an increase in written information on

Retention in Croatia 2013-2023 .

tivnih ortodonata). Popis specijalista ortodoncije dostavila je
Hrvatska komora dentalne medicine, no mnoge e-adrese ni-
su bile dostupne (znatno vise 2013. godine). Neodazvanim is-
pitanicima poslan je podsjetnik e-postom. Za istrazivanje su
prikupljeni valjani odgovori od 92 ortodonta 2013. godine i
od 138 ortodonata 2023. godine, uz stope odaziva od 61 %,
odnosno 75 %. Koriten je isti upitnik koji se sastojao od 14
pitanja, s moguéno$¢u odabira jednoga ili vi$e odgovora (16).
Upitnik se nalazi u tablici 1. Pilot-ispitivanje upitnika prove-
deno je na uzorku od 10 specijalista i poslijediplomskih stu-
denata kako bi se procijenile jasnoca i razumljivost pitanja.
Za usporedbu ucestalosti izmedu godina koristeni su Fis-
herov test i 2 test, a za kontinuirane varijable Mann-Whit-
neyjev test. Z-test za proporcije primijenjen je nakon ? testa
uz Bonferronijevu korekciju. Nisu provedene prilagodbe za
razlike u veli¢ini uzorka jer koristeni statisticki testovi uzi-
maju u obzir nejednake veli¢ine uzoraka. Odnos izmedu dvi-
ju kontinuiranih varijabli ispitan je Spearmanovom korela-
cijom. Veli¢ina uc¢inka kvantificirana je Cramerovim V za
Fisherov ili ¥ test, te koeﬁcijentom r za Mann-Whitneyjev
test i Spearmanovu korelaciju. Za Mann-Whitneyjev test ko-
riftena je formula: r = Z/VN. Za interpretaciju su primije-
njeni Cohenovi kriteriji: V' ili r < 0,3 mali u¢inak, 0,3 — 0,5
srednji, > 0,5 veliki. Koriten je komercijalni statisticki sof-

tver (IBM SPSS, IBM Co., Armonk, SAD).

Rezultati

Dob aktivnih ortodonata bila je izmedu 27 i 75 godina
2013. godine, te od 33 do 73 godine 2023., uz razlike izme-
du skupina (medijan 39 u 2013. i 46 u 2023.). Radno isku-
stvo takoder se razlikovalo (medijan 7 u 2013. i 14 u 2023.).
Vedina ispitanika zavrsila je specijalizaciju iz ortodoncije u
glavnome gradu Hrvatske, Zagrebu (80/92; 87 % u 2013.
i 129/138; 94 % u 2023.). Specijalisti ortodoncije radili su s
pacijentima 5 dana (medijan) u oba razdoblja.

Glavne razlike u retencijskim protokolima prikazane su u
tablicama od 1. do 5.

Informacije o retenciji naj¢esce su se dobivale usmeno, no
zabiljezen je porast pisanih informacija o retenciji na kraju or-

Table1  Comparison of sex and information on retention procedures between time intervals
Tablica 1. Usporedba spola i informacija o retencijskim postupcima izmedu vremenskih intervala
Variable / year ¢ Varijabla / godina 2013 2023 p
Female sex ¢ Zenski spol 70 (76%) 98 (71%) 0.450
\L/Ierbal ir{formatio? at the beg'i'nning ?f ortho treatment abou.t. retention ® 87 (95%) 121 (88%) 0.109
smene informacije o retenciji na pocetku ortodontske terapije
Written info ¢ Pisane informacije 30 (33%) 44 (32%) 1.000
Retention type info ¢ Informacije o vrsti retencijske naprave 53 (58%) 89 (65%) 0.333
Retention duration info ¢ Informacije o trajanju retencije 54 (59%) 79 (57%) 0.892
\L/Jerbal in‘formatio.r‘l at the ﬂ.i”of orthc.) treatment about re't.ention . 88 (96%) 131 (95%) 1,000
smene informacije o retenciji na kraju ortodontske terapije
Written info ¢ Pisane informacije 36 (39%) 95 (69%) <0.001
Info on caution and problems ¢ Informacije o oprezu i problemima 67 (73%) 104 (75%) 0.758
Info on interdental brush ¢ Informacije o interdentalnim ¢etkicama 45 (49%) 52 (38%) 0.103
Info on tooth pick ® Informacije o zubnim ¢a¢kalicama 14 (15%) 23 (17%) 0.856
Info on floss ® Informacije o zubnom koncu 30 (33%) 41 (30%) 0.664
Info on electric brush ¢ Informacije o elektri¢nim ¢etkicama 15 (16%) 33 (24%) 0.187
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Figure 1 Comparison of information given at the start of retention in 2013 and 2023. Bars present percentages. Horizontal lines connect
appliances that differ in frequency of usage between time intervals.

Slika 1. Usporedba informacija danih na pocetku retencijske faze 2013. i 2023. godine; stupci prikazuju postotke; vodoravne linije povezuju
naprave koje se razlikuju u ucestalosti uporabe izmedu vremenskih intervala

Figure 2 Changes in usage of retention appliances. Bars present percentages.

Slika 2. Promjene u uporabi retencijskih naprava; stupci pokazuju postotke

Table2  Comparison of retention appliances and monitoring between years
Tablica 2. Usporedba retencijskih naprava i pracenja izmedu 2013. i 2023.

Variable / year ® Varijabla / godina 2013 2023 p
Maxilla acrylic plate retention * Maksila — retencija akrilatnom plo¢om 13 (14%) 3 (2%) 0.001
Maxilla VER » Maksila VER 48 (52%) 109 (79%) <0.001
Maxilla only fixed ® Maksila samo fiksna retencija 4 (4%) 2 (1%) 0.221
Maxilla combination fixed+removable * Maksila kombinacija fiksna + mobilna retencija 27 (29%) 23 (17%) 0.033
Mandible acrylic plate retention * Mandibula — retencija akrilatnom plo¢om 13 (14%) 2 (1%) <0.001
Mandible VFR ¢ Mandibula VFR 29 (32%) 91 (66%) <0.001
Mandible only fixed ® Mandibula samo fiksna retencija 18 (20%) 10 (7%) 0.007
Mandible combination fixed+removable * Mandibula kombinacija fiksna + mobilna retencija 31 (34%) 45 (33%) 0.878
Retention >3 years — orthodontist monitor ® Retencija >3 godine — praenje ortodonta 74 (80%) 104 (75%) 0.423
Rete.nt.ion >3 years — dentist monitor ¢ Retencija >3 godine — praéenje doktora dentalne 2.(1%) 10 (7%) 0.130
medicine
Retention >3 years — patient monitor * Retencija >3 godine — samopracenje pacijenta 16 (17%) 43 (31%) 0.021
Check-ups in rt:'tcnti(')ln fixed applianc.e during first year (23) * Kontrolni pregledi u retenciji s 74 (80%) 80 (58%) <0.001
fiksnom retencijom tijekom prve godine (23)
Check-ups in retention removable appliance during first year (23) ¢
Kontrolni pregledi u retenciji s mobilnom retencijom tijekom prve godine (23) 82 (89%) 91 (66%) <0.001
((;};ck-ups retention after first year (>2) ® Kontrolni pregledi u retenciji nakon prve godine 50 (549%) 43 (31%) 0.001
Class.H div I check-up retention maxilla >3y ¢ Klasa II/1 kontrolni pregledi u retenciji 69 (75%) 94 (68%) 0.301 S
maksila >3y 3
Class .II div 1 check-up retention mandible 23y ¢ Klasa I1/1 kontrolni pregledi u retenciji 71 (77%) 92 (67%) 0.103 §
mandibula >3y 2
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Table3  Comparison of reasons for choosing retention protocol and changes in protocols between years

Retention in Croatia 2013-2023 .

Tablica 3. Usporedba razloga za odabir retencijskog protokola i promjena u protokolima izmedu 2013. i 2023.

Variable / year ¢ Varijabla / godina 2013 2023 p
Retention choice - malocclusion * Odabir retencije - malokluzija 70 (76%) 100 (73%) 0.646
Retention choice — treatment outcome ® Odabir retencije — ishod terapije 54 (59%) 84 (61%) 0.784
Retention choice — oral hygiene ¢ Odabir retencije — oralna higijena 31 (34%) 70 (51%) 0.014
Retention choice — periodontal health ® Odabir retencije — zdravlje parodonta 25 (27%) 67 (49%) 0.002
Retﬁntion choice — patient’s wish and motivation * Odabir retencije — Zelje i motivacija 40 (44%) 49 (36%) 0.269
pacijenta
Retention choice — age/completion of growth ® Odabir retencije — dob/zavrsetak rasta 37 (40%) 62 (45%) 0.500
Retention choice — myofunctional status ¢ Odabir retencije — miofunkcionalni status 28 (30%) 41 (30%) 1.000
Retention choice - tooth morphology * Odabir retencije — morfologija zuba 4 (4%) 13 (9%) 0.200
Retention choice — wisdom teeth ¢ Odabir retencije — tre¢i kutnjaci 14 (15%) 13 (9%) 0.212
Retention choice — info from residency ® Odabir retencije — informacije sa specijalizacije 24 (26%) 36 (26%) 1.000
Retention choice — experience ® Odabir retencije — iskustvo 36 (39%) 85 (62%) <0.001
Retention choice — literature ® Odabir retencije — literatura 5 (5%) 24 (17%) 0.008
Retention choice — courses * Odabir retencije — tecajevi 19 (21%) 21 (15%) 0.293
Retention choice - colleagues ® Odabir retencije — kolege 6 (7%) 18 (13%) 0.128
Changes made in any kind of retention protocol ¢ Promjene u retencijskom protokolu 50 (54%) 14 (65%) 0.101
Change in appliance type ® Promjene vrste retencijske naprave 25 (27%) 24 (17%) 0.100
Change in retention period ¢ Promjene retencijskog razdoblja 24 (26%) 34 (32%) 0.877
Table 4  Comparison of practices of manufacturing retainers between years
Tablica 4. Usporedba praksi u izradi retencijskih naprava izmedu 2013. i 2023.

Variable / year ¢ Varijabla / godina 2013 2023 p
Removable retainers manufactures orthodontist ® Mobilne retencijske naprave — izraduje 10 (11%) 23 (17%) 0.253
ortodont
i?::r:;able retainers manufactures assistant ® Mobilne retencijske naprave — izraduje 6 (7%) 25 (18%) 0.017
(l}emovalble re.t'jliners manufactures lab technician ® Mobilne retencijske naprave — izraduje 76 (839%) 102 (74%) 0.148

entalni tehnicar

Fixed retainers manufactures orthodontist ¢ Fiksna retencija — izraduje ortodont 47 (96%) 121 (88%) 0.166
Fixed retainers manufactures assistant * Fiksna retencija — izraduje asistent 1 (3%) 2 (1%) 0.467
Fixed retainers manufactures lab technician ¢ Fiksna retencija — izraduje dentalni tehnicar 1 (3%) 6 (4%) 1.000
General guidelines on retention required ¢ Potreba za op¢im smjernicama o retenciji 79 (86%) 122 (84%) 0.686

retention at the end of orthodontic treatment from 2013
to 2023, with a small effect size (39% vs. 69%; p<0.001;
V=0.294; Table 1; Figure 1). Information on treatment du-
ration, appliance type, caution, and problems were most fre-
quently included, similar in both years.

VER was the most commonly used retention appliance.
There was an increase in usage of VFR and a decrease in
acrylic retention plates in both jaws with a small to medium
effect size (p<0.001; V=0.230-0.338; Figure 2). Over a ten-
year period, the sole use of fixed retention in the mandible
decreased from 20% to 7% (\(p=0.007\); \(v=0.185)), while
a combination of fixed and removable retention in the max-
illa fell from 29% to 17% (\(p\le0.033\); \(v=0.151\).

The differences between more- and less- experienced or-
thodontists were present in 2013 but not in 2023. Acrylic
plates were used more frequently by practitioners with 215
years of experience compared with those with less experi-
ence, both in the maxilla (8/24; 33% vs. 5/68; 7%; p=0.004;
V=0.328) and in the mandible (9/24; 38% vs. 4/68; 6%;
p=0.036; V=0.224). Conversely, VFR was used less frequently
by more experienced orthodontists in both the maxilla (8/24;

todontskog lijecenja od 2013. do 2023., uz malu snagu ucin-
ka (39 % prema 69 %; p < 0,001; V = 0,294; tablica 1., slika
1.). Najées¢e su bile informacije o trajanju lije¢enja, vrsti na-
prave, oprezu i mogu¢im problemima, sli¢no u oba razdoblja.

VER je bio naj¢esée koristena retencijska naprava. Zabi-
liezen je porast njegove uporabe i smanjenje koristenja akri-
latnih retencijskih plo¢a u obje ¢eljusti, uz malu do srednju
snagu ucinka (p < 0,001; V = 0,230 — 0,338; slika 2.). Tije-
kom 10 godina uporaba samo fiksne retencije u donjoj ¢elju-
sti smanjila se s 20 % na 7 % (p = 0,007; V = 0,185), a kom-
binacije fiksne i mobilne retencije u gornjoj celjustis 29 % na
17 % (p < 0,033; V = 0,151).

Razlike izmedu iskusnijih i manje iskusnih ortodonata
bile su uocene 2013. godine , ali ne i 2023. Akrilatnim plo-
¢ama Cesce su se koristili specijalisti ortodoncije s > 15 godi-
na iskustva u usporedbi s onima s manje iskustva, i u gornjoj
Celjusti (8/24; 33 % prema 5/68; 7 %; p = 0,004; V = 0,328)
i u donjoj ¢eljusti (9/24; 38 % prema 4/68; 6 %; p = 0,036;
V =0,224). Suprotno tomu, VFR su rjede odabirali iskusniji
ortodonti i za gornju Celjust (8/24; 33 % prema 40/68; 59 %;
p =0,036; V = 0,224) i za donju Celjust (3/24; 13 % prema
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Table 5 Comparison of retainer type used in specific malocclusions and treatment protocols between time intervals
Tablica 5. Usporedba vrste retencijskih naprava koristenih za specificne malokluzije i terapijske protokole izmedu vremenskih intervala

maxilla ® maksila mandible ® mandibula

Jawl/year/situation/retainer/significance ®

Celjust/godina/situacija/naprava/znadajnost 2013 2023 p 2013 2023 p
Extraction * Ekstrakcija
Fixed retainer » Fiksna retencija 8 (9%) 11 (8%) 1.000 17 (19%) 16 (12%) 0.179
Removable ¢ Mobilna retencija 33 (36%) 69 (50%) 0.042 30 (33%) 58 (42%) 0.168
Combination ® Kombinacija 51 (55%) 58 (42%) 0.059 45 (49%) 60 (44%) 0.422
)
Spacing ¢ Rastresitost
Fixed * Fiksna retencija 23 (25%) 18 (13%) 0.023 32 (35%) 19 (14%) <0.001
Removable ¢ Mobilna retencija 25 (27%) 29 (21%) 0.341 20 (22%) 26 (19%) 0.616
Combination * Kombinacija 44 (48%) 97 (70%) 0.001 40 (44%) 92 (67%) <0.001
Frontal expansion ¢ Prednje Sirenje
Fixed * Fiksna retencija 5 (5%) 10 (7%) 0.786 16 (17%) 13 (9%) 0.104
Removable ¢ Mobilna retencija 54 (59%) 75 (54%) 0.588 40 (44%) 64 (46%) 0.687
Combined *Kombinacija 33 (36%) 55 (40%) 0.581 36 (39%) 58 (42%) 0.683
Lateral expansion ® Lateralno $irenje
Fixed » Fiksna retencija 1 (1%) 7 (5%) 0.149 8 (9%) 13 (9%) 1.000
Removable *Mobilna retencija 60 (65%) 91 (66%) 1.000 55 (60%) 77 (56%) 0.588
Combined ® Kombinacija 31 (34%) 41 (30%) 0.563 29 (32%) 45 (33%) 0.886
Impacted canine ® Impaktirani oénjak
Fixed * Fiksna retencija 15 (16%) 13 (9%) 0.150 24 (26%) 15 (11%) 0.004
Removable © Mobilna retencija 44 (48%) 73 (53%) 0.502 41 (45%) 67 (49%) 0.591
Combined ® Kombinacija 33 (36%) 53 (38%) 0.781 27 (29%) 54 (39%) 0.159
Rotated teeth ¢ Rotirani zubi
Fixed * Fiksna retencija 20 (22%) 14 (10%) 0.022 31 (34%) 14 (10%) <0.001
Removable * Mobilna retencija 19 (21%) 54 (39%) 0.004 15 (16%) 44 (32%) 0.009
)
Combined *Kombinacija 53 (58%) 71 (51%) 0.418 46 (50%) 73 (53%) 0.668
Open bite ® Otvoreni zagriz
Fixed » Fiksna retencija 18 (20%) 22 (16%) 0.483 27 (29%) 24 (17%) 0.036
Removable * Mobilna retencija 31 (34%) 56 (41%) 0.332 23 (25%) 55 (40%) 0.023
Combined ¢ Kombinacija 43 (47%) 66 (48%) 0.893 42 (46%) 61 (44%) 0.893

33% vs. 40/68; 59%; p=0.036; V=0.224) and the mandible
(3/24; 13% vs. 26/68; 38%; p=0.022; V=0.243). Additional-
ly, more experienced practitioners used a combination of fixed
and removable retainers less often than their less experienced
counterparts (4/24; 17% vs. 27/68; 40%; p=0.047; V=0.214).
When comparing 2023 to 2013, check-ups were less fre-
quent with a small effect size (p<0.001; V=0.231-0.263; Ta-
ble 2). In 2023, orthodontists scheduled fewer check-ups in
the first retention year with both removable (median 3 times
vs. 4; p<0.001; r=0.380) and fixed retainer (3 vs. 4; p<0.001;
r=0.339), and after the first year (2 vs. 3; p<0.001; r=0.243).
Follow-up of Class II division 1 was similar (median 4 years).
After three years of retention, the orthodontist is primarily re-
sponsible for monitoring patients; however, a trend toward in-
creased patient self-monitoring is present, with a small effect
size (from 17% to 31%; p=0.021; V=0.154).

The orthodontist’s years of experience or weekly work
with patients were not associated with the duration of re-
tention or the number of check-ups during the first and sub-
sequent years. The findings were identical in both research
periods. In 2023, orthodontic specialists with 215 years of
experience were less likely to follow patients for more than 3
years (1/68; 2% vs. 9/70; 13%; p=0.017; V=0.220) than less
experienced orthodontists. In 2013, the difference was not
statistically significant. [Table 2, Table 3, Table 4.]

26/68; 38 %; p = 0,022; V = 0,243). Dodatno, iskusniji or-
todonti rjede su se koristili kombinacijom fiksnih i mobilnih
retencijskih naprava u odnosu prema manje iskusnima (4/24;
17 % prema 27/68; 40 %; p = 0,047; V = 0,214).

Usporedbom 2023. i 2013. godine, kontrolni pregledi u
retenciji bili su rjedi 2023., uz malu snagu u¢inka (p < 0,001;
V = 0,231 - 0,263; tablica 2.). U 2023. ortodonti su plani-
rali manji broj kontrolnih pregleda tijekom prve godine re-
tencije i za mobilne retencijske naprave (medijan 3 puta pre-
ma 4; p < 0,001; r = 0,380) i za fiksne (3 prema 4; p < 0,001;
r = 0,339), te poslije prve godine (2 prema 3; p < 0,001; r =
0,243). Pracenje klase II/1 bilo je sli¢no (medijan 4 godine).
Poslije tri godine retencije ortodont je i dalje primarno odgo-
voran za praéenje pacijenata; ali uoceno je pove¢anje samo-
kontrole pacijenata, uz malu snagu ucinka (s 17 % na 31 %;
p =0,021; V = 0,154).

Godine iskustva ortodonata ili broj dana rada s pacijenti-
ma na tjedan nisu bili povezani s trajanjem retencije, ni s bro-
jem kontrolnih pregleda tijekom prve i sljedecih godina. Re-
zultati su bili jednaki u oba istrazivacka razdoblja. U 2023.
godini specijalisti ortodoncije s 2 15 godina iskustva rjede su
pratili pacijente dulje od 3 godine u usporedbi s onima ma-
nje iskusnima (1/68; 2 % prema 9/70; 13 %; p = 0,017; V =
0,220). U 2013. godini ta razlika nije bila statisticki znacaj-
na [tablice 2., 3.1 4.).
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Malocclusion type was the most frequently reported rea-
son for the decision on retention protocol in both years. An
increase in oral hygiene and periodontal health, as factors in
choosing retention protocol, was observed with a small ef-
fect size (p<0.014; V=0.168-0.214; Table 3). Personal experi-
ence increased as a primary reason from 39 to 62% (p<0.001;
V=0.220), and literature as a source of information from 5 to
17% (p=0.008; V=0.176).

Orthodontic experience influenced the decision to con-
sider wisdom teeth when choosing a retention protocol and
when changing appliance type in 2013, but not in 2023. In
2013, orthodontic specialists with >15 years of experience
more often changed the type of appliance than less experi-
enced orthodontists (13/24; 54% vs 12/68; 18%; p=0.001;
V=0.360), and protocol was more often influenced by wis-
dom teeth (7/24; 29% vs. 7/68; 10%; p=0.044; V=0.231).
Orthodontic experience influenced two reasons to select the
retention protocol in 2023, but not in 2013. Knowledge ac-
quired at residency was less influential in more experienced
orthodontists compared to less experienced (7/68; 10% vs.
29/70; 41%; p<0.001; V=0.354), while personal experience
was more often in orthodontic specialists with 215 years of
experience compared to less experienced (49/68; 72% vs.
36/70; 51%; p=0.015; V=0.212).

Removable retainers were most often manufactured by
lab technicians and fixed directly by orthodontists in both
periods (Table 4). There was an increase in the frequency of
removable retainers made by dental assistants in 2023 com-
pared to 2013 (18% vs. 7%; p=0.017; V=0.166).

Orthodontic experience influenced practices of manufac-
turing retainers in 2023, but not in 2013. In 2023, orthodon-
tic specialists with 215 years of experience more often used
retainers made by dental assistants than less experienced spe-
cialists (20/68; 80% vs 5/70; 70%; p=0.001; V=0.289), and
less often by lab technicians (43/68; 63% vs. 59/70; 84%;
p=0.006; V=0.240). In addition, 6/68 (9%) of more expe-
rienced orthodontists and none of the less experienced used
fixed retainers made by a lab technician (p=0.013; V=0.210).

When looking at a specific type of malocclusion and its
treatment, the preferred retention protocols remained the
same in both jaws — removable retainers for expansion and
canine impaction, while a combination of fixed and remov-
able retainers for spacing, teeth rotations, open bite, and ex-
traction cases (Table 5). A trend of a decrease in usage of
fixed retainers (especially in spacing, rotations, canine im-
paction, and open bite) was seen with a small effect size
(p<0.036; V=0.141-0.291). An increase in the usage of re-
movable retainers in rotations, open bite, and extraction cas-
es was seen (p<0.023; V=0.154-0.194). In spacing cases, an
increase in the use of fixed-removable retainers was observed
(p<0.001; V=0.230).

The majority of orthodontists reported a need for general
guidelines on retention in both periods (Table 4).

Retention in Croatia 2013-2023 .

Tip malokluzije bio je uglavnom najces¢i razlog za odabir
retencijskog protokola u oba razdoblja. Zabiljezen je porast
vaznosti oralne higijene i parodontnoga zdravlja kao ¢imbe-
nika pri odabiru retencijskog protokola, uz malu snagu u¢in-
ka (p < 0,014; V = 0,168 — 0,214; tablica 3.). Osobno isku-
stvo, kao primarni razlog za odabir retencijskog protokola,
porastao je s 39 % na 62 % (p < 0,001; V = 0,220), a upora-
ba literature kao izvora informacija povecala se s 5 % na 17
% (p = 0,008; V = 0,176).

Ortodontsko iskustvo utjecalo je 2013. godine na odlu-
ku o uzimanju u obzir umnjaka pri odabiru retencijskoga
protokola te na promjenu vrste retencijske naprave, ali ne i
2023. U 2013. specijalisti s > 15 godina iskustva ¢es¢e su mi-
jenjali vrstu naprave nego manje iskusni (13/24; 54 % prema
12/68; 18 %; p = 0,001; V = 0,360), a protokol je ¢es¢e bio
pod utjecajem umnjaka (7/24; 29 % prema 7/68; 10 %; p =
0,044; V = 0,231). Ortodontsko iskustvo utjecalo je na dva
razloga odabira retencijskoga protokola u 2023. godini ali ne
iu2013. Znanje ste¢eno tijekom specijalizacije manje je utje-
calo na rad iskusnijih lije¢nika u usporedbi s manje iskusni-
ma (7/68; 10 % prema 29/70; 41 %; p < 0,001; V = 0,354),
a osobno iskustvo ¢esce je bilo kod specijalista ortodoncije s
> 15 godina iskustva nego kod manje iskusnih (49/68; 72 %
prema 36/70; 51 %; p = 0,015; V = 0,212).

Mobilne retencijske naprave najces¢e su izradivali den-
talni tehnicari, a fiksne su izravno postavljali ortodonti u
oba razdoblja (tablica 4.). U 2023. godini zabiljezen je po-
rast ucestalosti dentalnih asistenata u izradi mobilnih reten-
cijskih naprava (VFR) u odnosu na 2013. godinu (18 % pre-
ma 7 %; p = 0,017; V = 0,166).

Ortodontsko iskustvo utjecalo je na praksu pri izradi re-
tencijskih naprava u 2023, ali ne i u 2013. godini. U 2023.
specijalisti ortodoncije s > 15 godina iskustva ¢es¢e su se kori-
stili retencijskim napravama koje su izradili dentalni asisten-
ti nego manje iskusni specijalisti (20/68; 80 % prema 5/70;
70 %; p = 0,001; V = 0,289), a rjede retencijskim napravama
koje su izradili dentalni tehnicari (43/68; 63 % prema 59/70;
84 %; p = 0,006; V = 0,240). Takoder se 6/68 (9 %) isku-
snijih ortodonata, a ni jedan manje iskusan, koristilo fiksnim
retencijskim napravama koje je izradio dentalni tehnicar (p
=0,013; V = 0,210).

Promatrajudi specifi¢ne vrste malokluzija i njihovo lijece-
nje, preferirani retencijski protokoli ostali su isti za obje e-
ljusti — mobilne retencijske naprave za ekspanziju i impakti-
rane o¢njake, a kombinacija fiksnih i mobilnih retencijskih
naprava koristila se u slucaju rastresitosti, rotacije zuba, otvo-
renog zagriza i ekstrakcijskih slucajeva (tablica 5.). Uocen je
trend smanjenja uporabe fiksnih retencijskih naprava (oso-
bito u slucaju rastresitosti, rotacija, impaktiranih o¢njaka i
otvorenog zagriza) uz malu snagu ucinka (p < 0,036; V =
0,141 — 0,291). Zabiljezen je porast uporabe mobilnih reten-
cijskih naprava kad je rije¢ o rotacijama, otvorenom zagrizu i
ekstrakcijskim slucajevima (p < 0,023; V = 0,154 — 0,194). U
slucaju rastresitosti uocen je porast u kombiniranju fiksnih i
mobilnih retencijskih naprava (p < 0,001; V = 0,230).

Vecina ortodonata u oba razdoblja istaknula je da su po-
trebne opée smjernice za retenciju.
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Discussion

Our repeated cross-sectional study identified several
changes in orthodontic retention practices in Croatia over
the last decade. These changes were mainly related to the se-
lection of retention appliances and a decrease in the num-
ber of retention check-ups. In particular, an increase in the
use of vacuum-formed retainers (VFRs) and a decrease in
the use of acrylic retention plates were observed, with VFRs
becoming the most commonly used retention appliance,
which is similar to other national surveys on retention proto-
cols (12,17,18). Additionally, the number of retention check-
ups decreased between 2013 and 2023, although orthodon-
tists remained primarily responsible for monitoring retention
after treatment.

Although verbal information about retention remained
the most common manner of communication, the pro-
portion of orthodontists providing written instructions in-
creased over the 10-year period. During long-term retention,
written information is highly beneficial because monitoring
decreases while patient autonomy increases.

Also, the use of only fixed retention in the mandible de-
creased, as did the use of a combination of fixed and remov-
able retention in the maxilla. Dual retention in Croatia is
more common in the mandible than in the maxilla. This
contrasts with results from Scandinavian countries, where
clinicians preferred a fixed retainer in the mandible and dual
retention (fixed + VRF) in the maxilla (17).

A shift from removable plate retainers toward VFRs and
fixed retention for both dental arches is also present among
US orthodontists (19).

The change in Croatian protocols and differences from
the Scandinavian protocol could be attributed to differenc-
es in national public health policies. In Croatia, orthodon-
tic treatment is largely financed by the Croatian Health In-
surance Fund, which has an exclusive monopoly on public
health insurance. Over the past decade, the cost of materi-
als, laboratory services, and overall treatment expenses has
increased, while reimbursement per treatment did not follow
to the same extent. As a result, orthodontists may prefer ap-
pliances that are faster and easier to produce (20, 21).

Furthermore, Croatia has a limited number of dental
technicians specializing in orthodontic appliances, and for
the amount that is reimbursed by the health insurance the
production of acrylic retention plates may therefore be less
cost-effective (20). This may also explain the observed in-
crease in the fabrication of removable retainers by dental as-
sistants within orthodontic offices. In-office production en-
ables immediate delivery of retainers after appliance removal
and reduces dependence on external laboratories.

In-office removable retainers have gained popularity in re-
cent years and they seem to be more reliable for orthodon-
tic offices, especially due to digital technology evolution, im-
provement of photopolymerizable resin, and possibilities of
direct 3D printing of retainers (10, 22). The transition to fully
digital workflows is being progressively implemented in orth-
odontic practice, and more affordable equipment and sim-
plified production may further increase the use of digitally
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Rasprava

Nase ponovljeno presjecno istrazivanje identificiralo je ne-
koliko promjena u ortodontskoj retencijskoj praksi u Hrvat-
skoj tijekom posljednjeg desetlje¢a. Te su promjene uglavnom
bile povezane s odabirom retencijskih naprava i smanjenjem
broja kontrolnih pregleda tijekom retencijske faze. Posebno
je uocen porast uporabe VFR-a i sve rjedi odabir akrilatnih
retencijskih ploca, pri ¢emu je VFR postao najcesée koriste-
na retencijska naprava, §to je u skladu s drugim nacionalnim
istrazivanjima o retencijskim protokolima (12, 17, 18). Tako-
der se smanjio broj kontrolnih pregleda tijekom retencije iz-
medu 2013. i 2023. godine, iako su ortodonti ostali primar-
no odgovorni za praenje retencije nakon zavrsetka lije¢enja.

Jako su usmene informacije o retenciji ostale najées¢i na-
¢in komunikacije, udio ortodonata koji daju pisane upute
povecao se tijekom desetogodisnjeg razdoblja. Pisane infor-
macije mogu biti osobito korisne kad je rije¢ o dugotrajnoj
retenciji kada kontrolni pregledi postaju rjedi, a povecava se
odgovornost pacijenata.

Takoder se smanjila uporaba isklju¢ivo fiksne retencije
u donjoj ¢eljusti te kombinacije fiksne i mobilne retencije u
gornjoj Celjusti. Dvostruka retencija u Hrvatskoj ¢es¢a je u
donjoj ¢eljusti nego u gornjoj. To je suprotno rezultatima u
skandinavskim zemljama gdje se preferira fiksna retencija u
donjoj ¢eljusti i dvostruka retencija (fiksna retencijska zica +
VEFR) u gornjoj ¢eljusti (17). Pomak od mobilnih plo¢astih
retencijskih naprava prema VFR-u i fiksnoj retenciji u obje
Celjusti uocen je i medu ortodontima u Sjedinjenim Ameri¢-
kim Drzavama (19).

Promjena hrvatskih protokola i razlike u odnosu prema
skandinavskim protokolima mogu se pripisati razlikama u
nacionalnim javnozdravstvenim politikama. U Hrvatskoj
ortodontsko lije¢enje u velikoj mjeri financira Hrvatski za-
vod za zdravstveno osiguranje koji ima iskljucivi monopol na
javno zdravstveno osiguranje. Tijekom proteklog desetlje¢a
porasli su troskovi materijala, laboratorijskih usluga i uku-
pni troskovi lije¢enja, no naknada po terapiji nije u jednakoj
mjeri pratila to pove¢anje. Kao rezultat toga, ortodonti mogu
preferirati naprave koje su brze i jednostavnije za izradu (20,
21). Nadalje, Hrvatska ima ogranicen broj dentalnih tehni-
¢ara specijaliziranih za ortodontske naprave, a s obzirom na
iznos koji odobrava zdravstveno osiguranje, izrada akrilatnih
retencijskih plo¢a moze biti manje isplativa (20). To tako-
der moze objasniti uoceni porast broja mobilnih retencijskih
naprava koje izraduju dentalni asistenti unutar ortodontskih
ordinacija. Izrada u ordinaciji omogucuje neposrednu preda-
ju retencijskih naprava nakon uklanjanja naprave i smanjuje
ovisnost o vanjskim dentalnim laboratorijima.

Mobilne retencijske naprave izradene unutar ordinacije
stekle su popularnost posljednjih godina i ¢ini se da su pouz-
danije, osobito zbog razvoja digitalnih tehnologija, poboljsa-
nja fotopolimerizirajuéih smola i moguénosti izravnoga 3D
printanja (10, 22). Prijelaz na potpuno digitalne radne proto-
kole postupno se uvodi u ortodontsku praksu, a pristupacnija
oprema i pojednostavljena proizvodnja mogu dodatno pove-
¢ati uporabu digitalno izradenih retencijskih naprava. Ipak,
prema trenuta¢nim dokazima i dalje se istice da su potreb-
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manufactured retainers. Nevertheless, current evidence still
highlights the need for further research regarding the safety
and long-term durability of directly printed retainers in intra-
oral conditions (23) In addition, available evidence suggests
that patients may prefer VFR over acrylic retainers (24).

The number of retention check-ups has also decreased
when comparing 2023 to 2013. Notably, this phenomenon
was unrelated to the orthodontists” experience. The reason
may be that retention monitoring is not standardized and
is not additionally financed by the Croatian Health Insur-
ance Fund. Public orthodontic offices often operate under
high patient loads, with many patients in active orthodontic
treatment and others in observation phases or at first visits.
Also, because of the long waiting lists for orthodontic treat-
ment covered by the Croatian Health Insurance Fund, there
is ongoing pressure on orthodontic offices to reduce waiting
lists for first orthodontic visits. Additionally, during the re-
search period, the COVID-19 pandemic and restrictions im-
posed a sustained impact on dental and orthodontic offices.
Lockdowns, self-isolation of both doctors and patients, and
strict guidelines regarding dental or orthodontic office orga-
nization inevitably led to disruptions in regular and urgent
retention check-ups (25) (e.g., loss or breakage of retainers),
and part of the retention follow-ups probably dropped out in
those years.

Although orthodontists remain primarily responsi-
ble for monitoring retention even after three years of reten-
tion, our results indicate a gradual trend of increase in pa-
tients self-monitoring. Written instructions may therefore
become increasingly important in supporting patient adher-
ence to retention protocols (26). In parallel, emerging smart-
phone-based technologies for remote patient monitoring,
such as Dental Monitoring” (DM, Dental Monitoring, Par-
is, France), may facilitate retention follow-up and reduce the
need for in-office visits while maintaining treatment super-
vision (27,28).

In choosing a retention protocol, malocclusion type and
personal clinical experience were the most frequently report-
ed influencing factors. However, oral hygiene, periodon-
tal health, and scientific literature as an information source
became more frequently reported considerations over the
10-year period. Despite increasing awareness of evidence-
based clinical practice, the use of scientific literature as a pri-
mary source of information remains limited among Croatian
orthodontists (less than one-fifth), compared to the ortho-
dontists in the United States (less than one-third) (29). Ex-
perience seems to be the main argument in the choice of the
retention protocol in Scandinavia as well (16).

When analyzing a specific type of malocclusion, the re-
tention protocols of choice remained the same in both jaws
— VFRs for expansion and canine impaction, while a com-
bination of fixed retainer + VER for spacing, teeth rotations,
open bite and extraction cases probably due to their higher
tendency to relapse. However, a trend toward an overall de-
crease in the use of fixed retainers for spacing, rotations, ca-
nine impaction, and open bite, with an increase in the use of
VER:s for rotations, open bite, and extraction cases, was not-
ed. In spacing cases, an increase in the use of combined fixed
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na daljnja istrazivanja o sigurnosti i dugotrajnoj izdrzljivosti
izravno printanih retencijskih naprava u intraoralnim uvje-
tima (23). Dodatno, dostupni dokazi upu¢uju na to da pa-
cijenti mogu preferirati VFR u odnosu na akrilatne retencij-
ske naprave (24).

Broj kontrolnih pregleda tijekom retencijske faze tako-
der se smanjio u usporedbi 2023. i 2013. godine. Znacaj-
no je da taj fenomen nije bio povezan s iskustvom ortodona-
ta. Razlog za to moze biti ¢injenica da pracenje retencije nije
standardizirano, niti ga dodatno financira Hrvatski zavod za
zdravstveno osiguranje. Javne ortodontske ordinacije ¢esto su
preopterecene i imaju velik broj pacijenata u aktivnoj orto-
dontskoj terapiji, ali i onih u fazi pracenja ili na prvim pre-
gledima. Takoder, zbog dugih lista ¢ekanja za ortodontsko
lijecenje koje financira Hrvatski zavod za zdravstveno osi-
guranje, postoji stalni pritisak na ortodontske ordinacije da
smanje liste ¢ekanja za prvi pregled.

Dodatno, tijekom razdoblja istrazivanja, pandemija bole-
sti COVID-19 i uvedena ogranic¢enja dugotrajno su utjecala
na dentalne i ortodontske ordinacije. Epidemioloska ograni-
¢enja, samoizolacija lije¢nika i pacijenata te stroge smjerni-
ce vezane uz organizaciju rada dentalnih i ortodontskih or-
dinacija neizbjezno su rezultirali poremecajima u redovitim
i hitnim kontrolnim pregledima tijekom retencije (25) (npr.,
gubitak ili puknuce retencijskih naprava), pri ¢emu je tada
vjerojatno izostao dio kontrolnih pregleda.

lako ortodonti i poslije tri godine ostaju primarno odgo-
vorni za pracenje retencije, nasi rezultati upozoravaju na po-
stupni trend povec¢anja samokontrole pacijenata. Zato pisane
upute mogu postati sve vaznije u potpori suradljivosti paci-
jenata pri provodenju retencijskih protokola (26). Paralelno
s time, nove tehnologije temeljene na pametnim telefonima
za daljinsko pracenje pacijenata, poput Dental Monitoringa®
(DM, Dental Monitoring, Pariz, Francuska), mogu olaksati
praéenje retencije i smanjiti potrebu za dolascima u ordina-
ciju, uz istodobno ocuvanje kontrole nad terapijom (27, 28).

Pri odabiru retencijskog protokola, tip malokluzije i
osobno klini¢ko iskustvo bili su naj¢es¢i ¢cimbenici koji su
utjecali na odluku. No oralna higijena, parodontno zdrav-
lie i znanstvena literatura kao izvor informacija postali su
¢ed¢e razmatrani ¢imbenici tijekom desetogodisnjeg razdo-
blja. Unato¢ sve vecoj svijesti o klini¢koj praksi utemeljenoj
na dokazima, uporaba znanstvene literature kao primarnoga
izvora informacija i dalje je ograni¢ena medu hrvatskim or-
todontima (manje od jedne petine), u usporedbi s ortodon-
tima u Sjedinjenim Americkim Drzavama (manje od jedne
trecine) (29). Cini se da je iskustvo glavni argument pri oda-
biru retencijskog protokola i u skandinavskim zemljama (16).

U analizi specifi¢nih vrsta malokluzija, odabrani retencij-
ski protokoli ostali su isti za obje ¢eljusti — VFR za ekspan-
ziju i impaktirane o¢njake, a kombinacija fiksne retencije +
VFR-a koristila se u slu¢aju rastresitosti, rotacije zuba, otvo-
renog zagriza i ekstrakcijskih slu¢ajeva, vjerojatno zbog nji-
hove vece sklonosti recidivu. No uocen je trend opéeg sma-
njenja uporabe fiksne retencije u slucaju rastresitosti, rotacija,
impaktiranih oc¢njaka i otvorenog zagriza, uz istodobno po-
vecanje koriStenja VFR-a kod rotacija, otvorenog zagriza i
ekstrakcijskih slucajeva. U slucaju rastresitosti zabiljezen je
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+ VER was present. However, other national practices are
more in favor of the use of fixed (bonded) retainers, especial-
ly in the mandible (7,13-16,30,31), despite their high failure
rate, which increases over time in long-term follow-up (32).

Even though our findings showed some evident trends
and tendencies, such as a shift towards the use of VERs in-
stead of acrylic plates, other findings, despite this tendency,
were not as standardized. The reason behind this is probably
personal experience as a primary reason in the selection of
retention protocol, and lack of clinical standardized guide-
lines, which was shown in our results.

Effective communication skills are essential for patient
cooperation during both active treatment and retention and,
ultimately, for patient satisfaction with treatment outcome.
Providing patients with information is a key component of
treatment management, since a thorough understanding of
retention significance, procedures, and potential outcomes is
important for both patients and clinicians. However, little is
known about communication and information on retention
in orthodontics. It is recommended that verbal information
given to patients should always be supported by written or
visual information (33). It seems that the method of infor-
mation provision affects information retention, whereas the
use of visuals in information provision can affect patients’
understanding of the need for retention and possible side ef-
fects in the event of poor patient cooperation (34). Our study
showed that verbal information for retention remains pre-
dominant, even though there has been an increase in writ-
ten information. However, it seems that written information
should be equipped with more visual information (34).

There are no official guidelines on retention. However,
differences in other national surveys imply a need for them,
and studies like this can help establish such guidelines. Most
orthodontists agree on the need for standardization and gen-
eral guidelines for retention, and this was the case in both pe-
riods and is similar across most studies (30,31,35).

Clinical implications of the observed changes in orth-
odontic retention practices in Croatia suggest a growing pref-
erence for retention appliances that allow full-arch coverage
and easier production in response to relapse risk. This shift
may reflect clinicians’ attempts to balance cost-effective-
ness, patient comfort, and ease of retainer production and
maintenance. The decline in the use of fixed retainers indi-
cates heightened awareness of potential drawbacks associated
with fixed retention, such as plaque accumulation, periodon-
tal complications, and bond failures. The increased use of
combined fixed—removable retention, particularly in spacing
cases, highlights a more individualized, risk-based approach
aimed at enhancing long-term stability. Changes in follow-
up frequency and the substantial increase in the provision
of written retention instructions have direct implications for
patient compliance and long-term treatment success. Written
information can improve patient understanding, reinforce
verbal instructions, and promote adherence to retention pro-
tocols, thereby potentially reducing relapse rates. Collective-
ly, these findings underscore the need for clinicians to reg-
ularly reassess their retention strategies, considering both
evolving evidence and patient-related factors.

Retencija u Hrvatskoj od 2013. do 2023.

porast uporabe kombinacije fiksna retencija + VER. Ipak,
druge nacionalne prakse vie favoriziraju uporabu fiksnih (Zi-
¢ano-kompozitnih) retencijskih naprava, osobito u donjoj ¢e-
ljusti (7, 13 — 16, 30, 31) unato¢ njihovoj visokoj stopi neu-
spjeha koja se povecava u dugoro¢nom pracenju (32).

lako su na$i nalazi pokazali odredene jasne trendove i
tendencije, poput pomaka prema uporabi VFR-a umjesto
akrilatnih retencijskih ploca, drugi rezultati, unato¢ toj ten-
denciji, nisu bili jednako standardizirani. Razlog za to vjero-
jatno je u ¢injenici da je osobno iskustvo primarni ¢imbenik
u odabiru retencijskog protokola, kao i u nedostatku standar-
diziranih klini¢kih smjernica, $to su potvrdili nasi rezultati.

Utinkovite komunikacijske vjestine kljuéne su za surad-
nju pacijenata tijekom aktivnog lijecenja i retencijske faze te,
u konacnici, za njihovo zadovoljstvo ishodom terapije. Infor-
miranje pacijenata kljuéna je komponenta u provodenju te-
rapije, zato $to je temeljito razumijevanje vaznosti retencije,
postupaka i mogucih ishoda vazno i za pacijente i za klini¢a-
re. No o komunikaciji i informiranju o retenciji u ortodonciji
zna se razmjerno malo. Preporucuje se da se usmene informa-
cije dane pacijentima uvijek potkrijepe pisanim ili vizualnim
materijalima (33). Cini se da nacin pruzanja informacija utje-
¢e na njihovo paméenje, a uporaba vizualnih prikaza moze
utjecati na razumijevanje potrebe za retencijom i mogucih
nuspojava u slucaju lose suradnje pacijenata (34). Nase istra-
zivanje pokazalo je da i dalje prevladava usmena komunika-
cija o retenciji, iako je zabiljezen porast pisanih informacija.
Ipak, ¢ini se da bi pisane informacije trebalo dodatno oboga-
titi vizualnim sadrzajem (34).

Nema sluzbenih smjernica za retenciju, no rezultati dru-
gih nacionalnih istrazivanja i njihove razlike takoder upucu-
ju na to da su potrebne, a ovakve studije mogu posluziti kao
temelj za njihovo oblikovanje. Vecina ortodonata slaze se da
je potrebna standardizacija i opée smjernice za retenciju, $to
je potvrdeno u oba istrazivacka razdoblja i u skladu je s vedi-
nom drugih studija (30, 31, 35).

Klinicke implikacije uo¢enih promjena u ortodontskoj
retencijskoj praksi u Hrvatskoj pokazuju sve ve¢u sklonost
prema retencijskim napravama koje omogucuju prekrivanje
cijeloga zubnog luka i jednostavniju izradu kao odgovor na
rizik od relapsa. Taj pomak moze odrazavati nastojanja klini-
¢ara da usklade isplativost, udobnost pacijenata te jednostav-
nost izrade i odrzavanja retencijskih naprava. Rjeda uporaba
fiksne retencije pokazuje da raste svijest o njezinim mogu-
¢im nedostatcima, kao $to su nakupljanje plaka, parodontne
komplikacije i neuspjesi u retenciji (odljepljivanje). Cesée ko-
riftenje kombinirane fiksno-mobilne retencije, osobito u slu-
¢aju rastresitosti, isti¢e individualiziraniji pristup na temelju
procjene rizika sa svthom da se postigne dugoro¢na stabil-
nost. Promjene u udestalosti kontrolnih pregleda i znacajan
porast pisanih uputa o retenciji izravno utje¢u na suradnju
pacijenata i dugoro¢ni uspjeh lije¢enja. Pisane informacije
mogu poboljsati razumijevanje pacijenata, pojacati usmene
upute i potaknuti da se postuju retencijski protokoli, ¢ime se
potencijalno smanjuje stopa recidiva. Sveukupno, ti rezultati
pokazuju da klinicari trebaju redovito preispitivati svoje re-
tencijske strategije i uzimati u obzir i nove dokaze i ¢imbeni-
ke povezane s pacijentima.
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Investigating trends in orthodontic retention practices is
essential because retention remains one of the least standard-
ized phases of orthodontic treatment, with limited high-level
evidence guiding retention appliance selection and duration.
Clinical decisions are often based on personal experience,
tradition, or local practice rather than universally accepted
guidelines. Monitoring trends helps identify how clinicians
adapt to emerging evidence, new materials, technological ad-
vances, and changing patient expectations. The strengths of
our study are the good response rate among orthodontists
and the repeated survey that shows a 10-year trend in orth-
odontic retention practices in Croatia.

The relatively unchanged number of orthodontists in
Croatia between 2013 and 2023 can be explained by struc-
tural characteristics of the healthcare system. The demand
for orthodontic specialists has remained relatively stable,
partly due to demographic decline—particularly among
younger cohorts—which has limited growth in orthodon-
tic treatment needs and contributed to workforce stability.
Furthermore, orthodontic care is predominantly delivered
through small private practices operating within the frame-
work of the Croatian Health Insurance Fund. This struc-
ture results in low turnover and limited entry opportunities,
thereby reinforcing the stability in the number of practicing
orthodontists.

Since this was a repeated cross — sectional study, not a co-
hort one, we did not include the same sample of orthodon-
tic specialists. Part of the sample from the previous research
dropped out, while new orthodontic specialists were added
to the current research. The limitations of this study are that
survey data reflects personal preferences rather than clini-
cal outcomes and effectiveness and that the first survey in-
cluded more of the younger orthodontists with less experi-
ence, while the repeated survey included more of the older
orthodontists with more experience. Possible shortcomings
include response bias related to the age structure of respon-
dents across the two research periods and social desirability
bias. In 2013, there was less response from older participants,
probably because they used e-mail less than younger partici-
pants. Social desirability bias is related to self-reported data,
in which participants may be more inclined to give socially
acceptable answers. The generalizability of our study is lim-
ited to the surveyed population of Croatian orthodontists.
However, it cannot be generalized to other countries, be-
cause of the differences in programs, education and health-
care system.

Further research should focus on investigating how new
retention practices affect posttreatment changes and stabil-
ity, as well as protocols for retention wear (24h, 12h, daily,
gradual decrease of wear time).

Conclusions

Retention practices in Croatia have changed over the past
decade, with increased use of VFRs, more frequent provision
of written retention instructions, and follow-up protocols

Retention in Croatia 2013-2023 .

Istrazivanje trendova u ortodontskoj retencijskoj praksi
iznimno je vazno jer retencija ostaje jedna od najmanje stan-
dardiziranih faza ortodontskog lije¢enja, uz ogranicene do-
kaze visoke razine koji usmjeravaju odabir retencijskih na-
prava i trajanje retencije. Klinicke odluke cesto se temelje na
osobnom iskustvu, tradiciji ili lokalnoj praksi, a ne na uni-
verzalno prihvacenim smjernicama. Praéenje trendova po-
maze u prepoznavanju nacina na koji se klinicari prilago-
davaju novim dokazima, novim materijalima, tehnoloskom
napretku i promjenjivim ocekivanjima pacijenata. Zato je
snaga naseg istrazivanja u dobroj stopi odaziva ortodonata i
ponovljenom istrazivanju koje prikazuje desetogodisnji trend
u ortodontskoj retencijskoj praksi u Hrvatskoj.

Razmjerno nepromijenjen broj specijalista ortodoncije
u Hrvatskoj izmedu 2013. i 2023. godine moze se objasni-
ti strukturnim obiljezjima zdravstvenog sustava. Potraznja za
specijalistima ortodoncije ostala je razmjerno stabilna, dje-
lomi¢no zbog demografskog pada, osobito medu mladim
dobnim skupinama, $to je ograni¢ilo porast potrebe za or-
todontskim lije¢enjem i pridonijelo stabilnosti radne snage.
Nadalje, ortodontska skrb u najvecoj se mjeri pruza u ma-
lim privatnim ordinacijama koje djeluju na temelju ugovora s
Hrvatskim zavodom za zdravstveno osiguranje. Takva struk-
tura rezultira malom fluktuacijom i ograni¢enim mogu¢no-
stima ulaska novih specijalista, ¢ime se dodatno odrzava sta-
bilnost broja aktivnih ortodonata.

Bududi da je rijec¢ o ponovljenom presje¢nom istrazivanju,
a ne o kohortnom, u istrazivanje nije bio ukljucen isti uzorak
ortodontskih specijalista. Dio ispitanika iz prethodnog istra-
zivanja vise nije sudjelovao, pa su u kasnije istrazivanje uklju-
¢eni novi specijalisti. Ogranicenja ove studije uklju¢uju ¢inje-
nicu da podatci iz upitnika pokazuju osobne preferencije, a ne
klini¢ke ishode i u¢inkovitost, kao i to da je prvo istrazivanje
obuhvacalo veéi udio mladih ortodonata s manje iskustva, a
ponovljeno istrazivanje vie starijih ortodonata s ve¢im isku-
stvom. Moguéi nedostatci ukljucuju pristranost odgovora po-
vezanih s dobnom strukturom ispitanika u dvama razdoblji-
ma istrazivanja te pristranost drustveno pozeljnih odgovora.
U 2013. godini odaziv starijih ispitanika bio je manji, vjero-
jatno zato $to su se rjede koristili elektronickom postom u us-
poredbi s mladima. Pristranost drustvene pozeljnosti odnosi
se na samoprijavljene podatke, pri ¢emu su ispitanici skloniji
davati odgovore koje smatraju drustveno prihvatljivima. Op-
¢a primjenjivost rezultata dobivenih u ovoj studiji ogranicena
je na ispitanu populaciju hrvatskih ortodonata te se ne moze
izravno preslikati na druge zemlje zbog razlika u programima
specijalizacije, obrazovanja i zdravstvenog sustava.

Daljnja istrazivanja trebala bi se usmjeriti na ispitivanje
utjecaja novih retencijskih praksi, na poslijeterapijske pro-
mjene i stabilnost te na protokole o nosenju retencijskih na-
prava (24 sata, 12 sati, svaki dan, postupno smanjenje vre-
mena no$enja).

Zakljuc¢ak

Retencijska praksa u Hrvatskoj promijenila se tijekom
posljednjeg desetlje¢a — povecana je uporaba VFR-a, cesc¢e
su pisane upute o retenciji te je u¢injen pomak u protokolima
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shifting toward fewer scheduled visits. The reported trends
reflect clinical retention practices rather than outcome supe-
riority. The increased use of VFRs suggests that clinicians fa-
vor easily fabricated, cost-effective, and esthetic retention op-
tions. However, this trend implies monitoring of long-term
stability and patient education on wear compliance, since

VER success is highly compliance-dependent.
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pracenja retencije prema manjem broju planiranih kontrol-
nih pregleda. Uoceni trendovi odrazavaju klinicku praksu
retencije, a ne nuzno superiornost pojedinih metoda. Pove-
¢ana uporaba VFR-a upucuje na to da klinicari preferiraju
retencijske opcije koje su jednostavne za izradu, isplative i
estetski prihvatljive. Medutim, ovaj trend podrazumijeva i
potrebu za pracenjem dugorocne stabilnosti i edukaciju paci-
jenata o pravilnom nosenju, zato $to uspjesnost VFR-a uveli-
ke ovisi o suradnji pacijenata.
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Cilj: Analizirati aktualne ortodontske retencijske protokole u Hrvatskoj i njihov trend tijekom 10 godi-
na. Ispitanici i metode: U ponovljenom presjecnom istrazivanju upitnike je 2013. godine dobilo 150
specijalista ortodoncije u Hrvatskoj i 185 u 2023. godini (5to je 69 % i 85 % aktivnih specijalista orto-
doncije, uz stope odaziva od 61 % i 75 %). Rezultati: Tijekom 10 godina uocene su znacajne promje-
ne u vrstama retencijskih naprava izmedu razlic¢itih malokluzija i terapijskih protokola. Zabiljezen je
porast uporabe vakuumski formiranih retencijskih naprava (VFR-a) i smanjenje koristenja akrilatnih
retencijskih plo¢a u obje ¢eljusti (p < 0,001). Tijekom desetljec¢a uporaba samo fiksne retencije u do-
njoj Celjusti smanjila se s 20 % na 7 % (p = 0,007), a kombinacija fiksne i mobilne retencije u gornjoj
Celjusti smanjila se s 29 % na 17 % (p < 0,033). Povecana je uporaba mobilnih retencijskih naprava u
slucaju rotacija, otvorenog zagriza i ekstrakcija. Suprotno tomu, kombinacija fiksno-mobilne reten-
cije cesce je koristena u slucaju rastresitosti (p < 0,001). Uocen je trend smanjenja broja kontrolnih
pregleda u retenciji (p = 0,001) te povecanje samokontrole pacijenata (p = 0,021). Osobno iskustvo,
kao glavni razlog pri odabiru retencijskog protokola, povecalo se s 39 % na 62 % (p < 0,001). Upora-
ba pisanih informacija o retenciji takoder je povecana s 39 % na 69 % (p < 0,001). Zaklju¢ak: Retencij-
ska praksa u Hrvatskoj razvijala se tijekom proteklog desetljeca i obiljeZzena je povec¢anom uporabom
VFR-a, cescom primjenom dvostruke retencije u donjoj celjusti i vecom dostupnoséu pisanih informa-
cija o retenciji. Takoder, protokoli pracenja pomaknuli su se prema manjem broju dogovorenih kon-
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