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A B S T R A C T

Aims: Composite materials are widely used in dentistry for direct tooth restorations. How-

ever, they are highly sensitive to the working technique employed during the restorative

procedure. Even minor procedural errors can have a significant impact on the quality

including the longevity of the restoration. Hence the aim of this study was to determine

the material preferences and analyse the clinical problems associated with direct compos-

ite restorations in a cohort of dentists.

Methods: A 20-item online questionnaire was created in English and administered 1830 general

dentists and specialists in 13 countries. The first section of the questionnaire included four

questions to elicit demographic data, and the second section comprised 16 questions focused

on material preferences for conservative restorations, durability of composite restorations, and

the most challenging stages the dentists faced during the composite restorative procedures.

Results: Respondents decided most often to use composite materials for the tooth restora-

tions (OR 997.4, 95% CI 233.8-4254.8, P value <.001). Most respondents indicated that the

durability of composite restorations was approximately 7 to 10 years (41.5%). Among the

factors affecting durability, maintenance of a dry cavity was the most often reported
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reason (47.1%) and the foremost challenge faced by dentists (61.0%) during the composite

restorative procedures.

Conclusions: Our study confirmed that resin-based composites are the most popular mate-

rial for direct restoration in many countries. Although working with this material is diffi-

cult and involves multiple steps, maintaining a dry cavity during bonding, and material

application may affect the therapeutic success and durability of these restorations. Clini-

cians need to be attentive to this issue and be prepared to adapt their decision-making and

consider opting for alternative restorative materials, if appropriate.

� 2024 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
Introduction

Significance of composite restorations

Resin-based composites (RBCs) have become the predomi-

nant choice for dental restorations, and are the most com-

monly used materials. Their popularity has increased owing

to their functionality, aesthetics, and relatively low costs

compared to indirect materials.1−3 Nowadays, dentists value

the aesthetic properties and repairability of these materials

but are also aware of polymerisation shrinkage and experi-

ence discolouration.4

However, in the field of restorative dentistry, numerous

materials are used for tooth restoration that also serve as alter-

natives to composite materials such as compomers, glass ion-

omer cement (GIC), and resin-modified GIC (RMGIC).5−7
Alternative materials and factors influencing material choice

GIC is a popular material in restorative dentistry because of its

physical and chemical bonding to the tooth structure, espe-

cially dentin compared to RBCs, acceptable aesthetics, biocom-

patibility, sustained fluoride release, inhibition of bacterial acid

activity, and ease of clinical application.8,9 However, traditional

GICs present challenges such as dehydration, initial moisture

sensitivity, extended setting time, acidification of the oral envi-

ronment, and rough surface, potentially compromising the

mechanical aspects of restoration.10,11

Compomers have been successfully used as direct restor-

ative resins for various applications. This material, which is

characterised as a polyacid-modified resin composite, combines

the features of composites and GIC. Although they possess the

handling properties of traditional RBCs and the fluoride-releas-

ing characteristics of GICs, they encounter challenges such as

brittleness, low durability, extended curing time, and water

sensitivity, which limit their broader applications.1,6,12

Another type of combination featuring the characteristics

of glass ionomers with composite resins, besides compomers,

is RMGIC. While RMGICs have a monomer and undergo par-

tial addition polymerisation, enhancing the acid-base process

with controllable light activation, their physical properties

resemble conventional GICs, albeit with slightly reduced

biocompatibility.13,14 Moreover, similar to RBCs, they exhibit

toxicity associated with the release of methacrylates.14,15

There are numerous possibilities, but the choice of mate-

rial depends on various factors, including the dentists’
preferences and clinical needs.16,17 Nevertheless, composite

materials are popular because of their multifunctionality.2,3,18
Challenges in the composite application process

The composite application procedure comprises several

stages, and the correct execution of these steps is crucial for

the longevity of the restoration and clinical success. These

procedure stages include initial cavity preparation, subse-

quent tooth tissue etching, and application of a compatible

bonding system, followed by polymerisation, occlusal adjust-

ment, and polishing of the previously placed RBC restora-

tion.19−22

During the polymerisation of composite materials (or

other polymerising materials such as RMGIC), the material

undergoes shrinkage (polymerisation shrinkage), which gen-

erates stress within the cavity.1,4,23 The magnitude of this

stress, among other factors, depends on the configuration of

the cavity, which is expressed by the configuration factor (c-

factor), defined as the ratio of bonded surfaces to free surfa-

ces. The stress within the cavity resulting from polymerisa-

tion shrinkage can lead to enamel deformation and fractures,

damage to the adhesive bond between the tooth and the com-

posite, and the formation of a gap, whichmay result in micro-

leakage, postoperative sensitivity, and recurrent caries.24,25

Many adhesive systems are available on the market, cate-

gorised by generation, number of steps required for applica-

tion, and etching method. Currently, eighth-generation

single-step self-adhesive systems are in use; however, previ-

ous generations of adhesive systems are still being utilised.

Depending on the generation and manufacturer, these sys-

tems differ in properties and bonding strength to dental tis-

sues.26−28

Composite restorations are particularly preferred in the

posterior segments because of the good mechanical strength

of the composite material, and the anterior segment because

of their aesthetics. However, to achieve the aforementioned

characteristics, the precise execution of each of the steps

listed above is required, which can be challenging. When

placing a composite material, absolute dryness of the opera-

tive field is necessary, which is not always achievable in cases

of deep subgingival cavities (with bleeding) or when restora-

tions are placed in children (owing to the small operative

field/oral cavity and difficulty in maintaining stillness). Addi-

tionally, adjusting the restoration to the occlusion can be

more challenging, especially with extensive fillings on the

http://creativecommons.org/licenses/by/4.0/
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occlusal surface, as even a slight excess of the composite

material can cause discomfort to the patient. This issue is

less pronounced with GIC restorations because of the lower

hardness and greater wearability of the material, allowing

such restorations to adapt to the occlusion in a relatively

short time in areas that may have escaped the dentist’s atten-

tion during the occlusal adjustment stage.4,29

Moreover, the polishing sequence is crucial, because a

more intricate polishing procedure ensures the smoothness

of the composite, enabling its proper functioning in the oral

environment. Additionally, it contributes to the extended lon-

gevity and aesthetics of composites.30,31 This aesthetics is

particularly significant for anterior tooth restoration; how-

ever, obtaining this requires adherence to the aforemen-

tioned direct restoration procedure, which is technique-

sensitive and demands attention to various factors encoun-

tered during the process, particularly in posterior

restorations.22,30,32 These factors may include maintaining

dry conditions within the cavity,1,8,22 modelling tooth anat-

omy (owing to the frequent complexity and intricacy of

grooves and fissures on the surfaces of posterior teeth), or

even the subsequent correct restoration adjustment to occlu-

sal conditions.17 Improper adaptation and finishing (polish-

ing) of restorations may seriously affect patient well-being

and restoration longevity.17,21

The complexity of the process and the need to consider

many details during the placement of composite restorations

have led to errors in the procedure. These shortcomings may

lead to complications such as recurrent caries and irritating

effects of the dentin-pulp complex or discolouration, signifi-

cantly reducing restoration longevity and necessitating replace-

ment.32−35 Therefore, the application of composite restorations

poses practical challenges for the operators. Each component

in this process may influence the subsequent longevity of the

restoration, thereby requiring high operator precision.

Objectives

Our study offers insights into dentists’ preferences regarding

the materials used for direct restorations as well as the diffi-

culties that dentists consider their most challenging encoun-

ter during the application of direct composite restorations.

Additionally, we focused on factors that influence the longev-

ity of direct composite restorations based on the opinions of

dentists.
Material andmethods

Polish investigators (A. L. and K. N.) designed the question-

naire for dental practitioners. This multinational study was

conducted between May and November 2023. Researchers

from 23 countries across all continents were invited to partic-

ipate via email. However, only 13 researchers from 13 coun-

tries (Germany, Poland, Portugal, Serbia, the Netherlands,

Turkey, Kazakhstan, Pakistan, Saudi Arabia, Uzbekistan,

Egypt, the Republic of South Africa, and Canada) across four

continents (Europe, Asia, Africa, and North America)

responded and agreed to participate. Each collaborating

researcher took responsibility for securing ethical approval in
their country and, if necessary, ensuring strict adherence to

country-specific ethical standards throughout the study (see:

Conflict of interest − Ethics approval).

The final online questionnaire was created in English in

May 2023. This form was also available in the native lan-

guages of Serbia and Turkiye. A 20-item questionnaire was

administered to general dentists and specialists, particularly

to those in conservative dentistry and endodontics. The

unique survey URL link was disseminated across various

social media channels and platforms, including dental associ-

ations specific to each country. Each researcher was sent at

least two reminders to increase the response rate.

The questionnaire comprised two sections. The first sec-

tion included four questions related to demographic charac-

teristics (country, gender, work experience, and

specialisation). The second section comprised 16 questions

focused on material preferences for conservative restora-

tions, estimated period, and the main factors for the durabil-

ity of composite restorations, as well as the most problematic

stages during the composite restoration procedure. Before

the survey was disseminated, it was validated using a test-

retest method. A cohort of 20 participants responded to these

questions twice with a 2-week interval between responses.

Intrarater agreement was evaluated using kappa statistics.

The total kappa score assessed was 0.85. The questionnaire is

attached as a Supplemental Material.

Statistical analyses were performed using the MedCalc

Statistical Software version 22.014 (MedCalc Software Ltd.)

and Statistica Software, version 13.3 (StatSoft). The results

are presented as percentages of the respondents’ answers or

odds ratios calculated separately for each country. Qualitative

variables were compared using Pearson’s chi-square test.

Pooled odds ratios are reported in forest plots. Owing to the

high values of I2, random effects were selected. The signifi-

cance level was set at a = 0.05. For proper analyses, the five-

level questions were binary categorised (‘never’ or ‘rare’ as

‘no’, ‘usually’, ‘often’ or ‘always’ as ‘yes’). Radar (spider) plots

were visualised using Excel from Microsoft 365 (Microsoft

Corporation).
Results

A total of 1830 dentists from 13 countries participated in the

survey. Most respondents were from Kazakhstan (n = 203)

and Poland (n = 200), while the fewest were from the Nether-

lands (n = 56). There was a slight female predominance

(52.8%). Nearly 1/3 of the respondents had more than 15 years

of professional experience. Less than half of the respondents

were nonspecialised dental practitioners, while more than

30% specialised in conservative dentistry. Table 1 provides

detailed demographic data.

Respondents decided most often to use composite materi-

als for the tooth restorations (OR 997.4, 95% CI 233.8-4254.8, P

value <.001) − Figure 1A. Among the surveyed countries,

European countries such as Germany (OR 76,729, 95% CI 1512-

3894,611), Portugal (OR 56,169, 95% CI 1105-2854,427), the

Netherlands (OR 12,769, 95% CI 249-654,798) and Poland (OR

9801, 95% CI 1367-70,271), and the Republic of South Africa

(OR 45,369, 95% CI 892-2307,731), most frequently chose



Table 1 – Detailed demographic data about respondents
(n = 1830).

n %

Country

Germany 138 7.5

Poland 200 10.9

Portugal 118 6.4

Serbia 154 8.4

the Netherlands 56 3.1

Turkiye 173 9.5

Kazakhstan 203 11.1

Pakistan 153 8.4

Saudi Arabia 138 7.5

Uzbekistan 191 10.4

Canada 100 5.5

Egypt 100 5.5

Republic of South Africa 106 5.8

Gender

Female 967 52.8

Male 863 47.2

Work experience

<6 y 667 36.5

6-15 y 567 31.0

16-25 y 306 16.7

>25 y 290 15.8

Specialisation

No specialisation 823 45.0

Conservative dentistry/endodontics 601 32.8

Periodontology/oral surgery/maxillofacial surgery 136 7.4

Paediatric dentistry 112 6.1

Prosthodontics/orthodontics 133 7.3

Radiology or other 25 1.4
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composite restorations. Composites were relatively seldom

chosen in Uzbekistan (OR 7.952, 95% CI 5.039-12.550). The sec-

ond most widely used material was GIC (OR 2.766, 95% CI

1.323-5.786, P value .007), especially the most commonly used

by Pakistanis (OR 31.947, 95% CI 17.066-59.806), Kazakhs (OR

14.694, 95% CI 9.090-23.754), Serbs (OR 9.999, 95% CI 5.928-

16.866) and Poles (OR 6.612, 95% CI 4.273-10.231) − Figure 1B.

However, it was rare among the Germans (OR 0.413, 95% CI

0.255-0.670) and Portuguese (OR 0.354, 95% CI 0.209-0.599).

Similarly, RMGIC was chosen more often in non-European

countries (Figure 1C), especially RSA (OR 11.674, 95% CI 6.135-
Fig. 1 – Forest plots presenting the pooled odds ratios for preferen

(A) composite, (B) glass ionomer cement, (C) resin-modified glass
22.212), Canada (OR 10.028, 95% CI 5.240-19.190) and Kazakh-

stan (OR 5.957, 95% CI 3.881-9.143). It was least popular in Ger-

many (OR 0.065, 95% CI 0.036-0.117). By far, the least preferred

material for restorations was compomer (OR 0.153, 95% CI

0.065-0.357, P value <.001) (Figure 1D). Indeed, this material

was significantly more frequently selected in Uzbekistan (OR

3.587, 95% CI 2.353-5.469). The detailed results for each coun-

try are presented in Table 2.

Among the factors affecting the durability of composite

restorations, maintenance of the dry cavity was most often

reported (47.1%). The next key step was bonding (22.0%), indi-

cated most often by the Uzbeks, Egyptians, and Portuguese,

and proper cavity preparation (16.1%), which was the most

common response among the Kazakhs (Figure 2). The most

frequently reported factors differed significantly between

countries (P value <.001, Pearson’s chi-square test).

Regarding the estimated durability of the composite resto-

rations (Table 3), most respondents indicated 7 to 10 years

(41.5%), especially from the Netherlands (57.1%) and Poland

(55.0%). The next most common period was 3 to 6 years

(32.3%), followed by Serbs (52.6%), Pakistan (47.1%), and

Kazakhs (45.8%). The shortest durability (<3 years) was most

often indicated by Uzbeks (14.1%) and Pakistanis (12.4%), and

the longest durability (>15 years) by Canadians (12.0%), Turks

(11.0%), and Dutch (10.7%). Similarly, significant differences

in answer distribution were observed when considering work

experience (Table 4). Regardless of work experience, the most

common responses were 7 to 10 years and 3 to 6 years. In the

group of dentists with the longest experience, an interval

above 15 years of restoration durability was indicated much

more often compared to the rest of the respondents. In addi-

tion, the shortest durability (up to 3 years) was indicated by

dentists with the shortest experience.

Based on Figure 3, maintenance of the dry cavity was con-

sidered the most problematic initial stage of restoration prep-

aration in all countries (61.0%), except Uzbekistan, where

bonding and composite material application were the most

common problems (39.8% and 35.6%, respectively). In Egypt,

maintaining a dry cavity was as problematic as bonding (each

50.0%), and in Kazakhstan, proper cavity and composite

material preparation were problematic (27.6%). In general,

the least problematic step was etching (18.6%).
ces about choice of dental materials for direct restorations:

ionomer cement, (D) compomer.
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Among the further steps of composite restorations

(Figure 4), contact point modelling and aesthetic reconstruc-

tion of the anterior teeth were most commonly reported as

problematic in most countries (66.1% and 62.0%, respec-

tively). However, Canadians reported the biggest problem

with occlusion adjustment (64.0%). The least problematic

aspect seemed to be the final polishing of the restoration

(28.9%), which was only sometimes ahead of fissure model-

ling, as in Egypt and Portugal. For all the described difficulties,

the differences in responses from different countries were

significant (P value <.001, Pearson’s chi-square test).
Discussion

A questionnaire study is the best way to examine the choices

dentists make in their offices and the difficulties they face in

their daily work. Our study is innovative because most previ-

ous surveys on RBCs focused on the durability, repair, or

replacement of restorations.36−38 Our respondents strongly

indicated that they preferred composite materials for direct

reconstruction, similar to the studies by Kopperud et al.39 and

the newest one by Rafique et al.40

This result corresponded to the global trend observed over

several decades.41,42 This is because the field of dentistry has

shifted away from amalgam restorations. Many developed

countries have banned or are in the process of restricting its

use. Recent studies have shown that the possibility of repair-

ing composite restorations is crucial for dentists. It helps to

avoid enlarging the cavity during replacement.43 However, it

is important to note that the choice of material for recon-

struction depends significantly on the clinical situation, and

the survey was independent of this.

The second most commonly chosen materials were GICs.

This choice seems excellent, considering that this material

can be a panacea for ubiquitous recurrent caries, in which

RBCs have a large share.44,45 Functional properties such as

biocompatibility, fluoride release, natural adhesion to dentin

and enamel, and moisture tolerance during the procedure

can easily compete with those of aesthetic composite materi-

als. The preferredmaterial was a combination of glass ionom-

ers and composite resins − RMGIC. Research indicates that

GICs have better properties than RMGICs. Our survey results

showed that dentists know the characteristics and properties

of materials.46 Our findings correlate with those of Rafique et

al.40 in that dentists strongly prefer GICs to RMGICs.

The last indicated material, the compomer, seems to be a

poorly known and widespread type of restoration among

dentists. Similar results were obtained in a survey conducted

by Drachev et al.47 The respondents indicated their preferen-

ces as follows: composite, GIC, RMGIC, a combination of GIC

and composite (sandwich technique), and compomers.

Our respondents indicated that the durability of direct

composite restorations ranged from 7 to 10 years. These find-

ings are consistent with data obtained by other researchers,

showing that the most frequently indicated durability ranges

from 3 to 10 years.48,49 In our questionnaire, the question

about durability did not include detailed information on the

extent of the defect, which may be a limitation. However, the

most recent studies by Bresser et al. and Josic et al.49,50



Fig. 2 –Main factors for durability of direct composite restorations depending on country (P value <.001 for Pearson’s chi-

square test).
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showed no difference between extensive composite restora-

tion and indirect reconstruction, which may be surprising.

For many years, reports on the sensitivity of composites to

insertion techniques or operator-related factors have become

increasingly common in the literature.29,51 In our survey, den-

tists most often related the durability of the restoration to

maintaining dryness during the material application proce-

dures. Similar results have been reported by Kopperud et al.39

Remnants of blood and saliva proteins can impair the adhe-

sion between the adhesive and composite layers. In addition,

rinsing with contaminants after adhesive application may

disrupt the oxygen-inhibited and unpolymerised layers.52

Challenges related to maintaining dryness during cavity
Table 3 – Estimated longevity of direct composite restorations d
test).

Country All <3 y 3-6 y

Germany 138 0 0.0% 28 2

Poland 200 4 2.0% 58 2

Portugal 118 2 1.7% 26 2

Serbia 154 6 3.9% 81 5

the Netherlands 56 2 3.6% 6 1

Turkiye 173 9 5.2% 56 3

Kazakhstan 203 10 4.9% 93 4

Pakistan 153 19 12.4% 72 4

Saudi Arabia 138 6 4.3% 30 2

Uzbekistan 191 27 14.1% 56 2

Canada 100 0 0.0% 20 2

Egypt 100 4 4.0% 38 3

Republic of South Africa 106 12 11.3% 28 2

Total 1830 101 5.5% 592 3
restoration require a rubber dam, which increases the time of

visit and cost and cannot be used by everyone.53

Dentists need to choose materials that are more resistant

to moisture during pregraduate education and later in post-

graduate courses. For example, in restorations on proximal

surfaces, the open sandwich technique allows the GIC layer

to be exposed to the oral environment (as opposed to the

closed sandwich technique, in which the composite material

fully covers the GIC layer).54,55 Unfortunately, as alreadymen-

tioned, economic factors often come into play in the office,

and neither the doctor nor the patient is willing to make a

second appointment for the same tooth. The pressure to

complete the reconstruction in one visit becomes more
epending on country (P value <.001 for Pearson’s chi-square

7-10 y 11-15 y >15 y

0.3% 60 43.5% 36 26.1% 14 10.1%

9.0% 110 55.0% 24 12.0% 4 2.0%

2.0% 60 50.8% 18 15.3% 12 10.2%

2.6% 48 31.2% 13 8.4% 6 3.9%

0.7% 32 57.1% 10 17.9% 6 10.7%

2.4% 64 37.0% 25 14.5% 19 11.0%

5.8% 73 36.0% 19 9.4% 8 3.9%

7.1% 47 30.7% 7 4.6% 8 5.2%

1.7% 66 47.8% 24 17.4% 12 8.7%

9.3% 64 33.5% 25 13.1% 19 9.9%

0.0% 44 44.0% 24 24.0% 12 12.0%

8.0% 48 48.0% 4 4.0% 6 6.0%

6.4% 44 41.5% 20 18.9% 2 1.9%

2.3% 760 41.5% 249 13.6% 128 7.0%



Table 4 – Estimated longevity of direct composite restorations depending on work experience (P value <.001 for Pearson’s
chi-square test).

Work experience All <3 y 3-6 y 7-10 y 11-15 y >15 y

<6 y 667 56 8.4% 243 36.4% 279 41.8% 62 9.3% 27 4.1%

6-15 y 567 23 4.0% 185 32.6% 230 40.6% 86 15.2% 43 7.6%

16-25 y 306 9 2.9% 75 24.5% 147 48.0% 51 16.7% 24 7.9%

>25 y 290 13 4.5% 89 30.7% 104 35.9% 50 17.2% 34 11.7%

Total 1830 101 5.5% 592 32.3% 760 41.5% 249 13.6% 128 7.0%
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important than the prognosis and the condition of the tooth

and periodontium.

Bonding is another critical step in composite restorations.

Research has shown that the bond is the weakest link in the

composite, and there should be as little of it as possible; when

used in excess, it creates a discoloured borderline.56,57 In studies

by Brunton et al. and Kattan et al.,38,58 dentists most often indi-

cated these noncarious marginal defects as an indication for

repair or even replacement of the entire restoration.

In our study, contact point modelling and aesthetic recon-

struction of anterior teeth were reported to be problematic in

most countries (66.1% and 62.0%, respectively). Establishing

proper contact with composites in Class II restorations is a

major problem. Various restoration techniques and matrix

systems have been introduced to overcome this problem.59,60

Parpaiola et al.37 indicated that as many as 50% of composite

restorations had unsatisfactory restoration anatomy, corre-

sponding to our survey results. This is further proof of the dif-

ficulty and technical demand of the RBC.
Fig. 3 –Main difficulties in procedure of direct composite restorat

Pearson’s chi-square test).
Similarly, postoperative sensitivity was significantly associ-

ated with the use of direct posterior composites. A

50%prevalence rate of postoperative sensitivity has been

reported in the literature. Class II restorations in posterior teeth

are mainly associated with the aforementioned problem.37,59,61

The last mentioned problem seems to be the final polishing of

the restoration (28.9%), and it has been proven that this is a crucial

step influencing therapeutic success in the case of composite

material.30,62 Appropriate polishing can hide imperfections such

as imperfect anatomyor colour restoration.However, this stage of

reconstructionmaybemarginalisedor evenskipped.

Limitations

Among the limitations of our study, we emphasised some

potential biases. We did not indicate to respondents the clini-

cal situation for choosing the restorative material. We also

did not consider sociodemographic factors, including patient

expectations or healthcare system requirements.
ions depending on country − part 1 (P value <.001 for



Fig. 4 –Main difficulties in procedure of direct composite restorations depending on country − part 2 (P value <.001 for

Pearson’s chi-square test).
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The original online questionnaire was available in English

(except in two countries), which generally limited its accessi-

bility to English speakers. Thus, the results may not fully

reflect the dentists’ preferences and experiences in their

respective countries. It may also be feared that dentists inter-

ested in conservative dentistry and younger practitioners

who use social media will participate more frequently. More-

over, owing to the method of dissemination, the response

rate to the survey could not be evaluated, weakening the

study’s validity. The number of dentists who differed

between the participating countries may be a limitation.

However, it should be noted that representatives of the medi-

cal profession do not seem willing to participate in the survey

research, and the international cooperation network that we

are creating is still being developed. We hope to expand the

scope of this cooperation for further research.
Conclusions

Dentists often choose composite materials; however, they

experience numerous clinical difficulties while working with

them. Therefore, they should be aware of these difficulties

and manage them as effectively as possible. The reconstruc-

tion procedure using a composite material is a difficult multi-

stage procedure. Maintaining a dry cavity is considered the

most crucial stage of the composite restoration procedure. As

dentists gain experience, they have noticed that creating

durable composite restorations is the most challenging issue.

However, this knowledge comes from the experience and

observation of the effects of their work on patients.
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