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Abstract

Background/Objectives: The integrity of proximal contact and marginal adaptation in
Class II composite restorations is essential for mechanical stability, interfacial integrity,
and long-term clinical performance. These outcomes are strongly influenced by the matrix
system used during restoration. This systematic review aimed to evaluate the performance
of different matrix systems in restoring posterior proximal cavities, with a specific focus
on their interaction with composite materials. Materials and Methods: A systematic
literature search was performed in PubMed, Cochrane Library, ScienceDirect, and Scopus
for studies published between 2014 and 2024. Clinical and in vitro studies comparing
different matrix systems used in Class II posterior composite restorations were included.
Sixteen studies met the eligibility criteria. Risk of bias was assessed using the RoB 2 tool
for randomized clinical trials and the ROBINS-I tool for non-randomized studies. Results:
Sectional matrix systems consistently demonstrated superior performance in achieving
anatomically accurate and tight proximal contacts compared with circumferential and
transparent matrix systems. Metal matrices generally showed better contact tightness
and marginal adaptation than transparent matrices, likely due to their higher rigidity
and improved resistance to deformation during composite placement and polymerization.
The adjunctive use of separation rings and contact-forming instruments further enhanced
proximal contact quality and marginal integrity. Regarding composite types, high-viscosity
bulk-fill composites provided better marginal adaptation and proximal contact tightness
than flowable bulk-fill and conventional composites. Conclusions: Within the limitations
of the included studies, proximal contact quality and marginal adaptation in Class II
composite restorations are influenced by the matrix system, composite material behavior,
and clinical application protocol. Sectional metal matrix systems combined with separation
rings appear to be associated with improved outcomes in the included studies, while
auxiliary contact-forming instruments may further improve restorative outcomes.

Keywords: Class II restorations; composite resin; matrix band systems; proximal contact

1. Introduction

Achieving appropriate proximal contact and contour is a fundamental objective in
direct posterior restorative procedures. An adequate proximal contact is essential to
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maintain the stability of the dental arch, protect the adjacent teeth and periodontal tissues,
and ensure the proper functioning of the stomatognathic system [1]. Properly established
contact areas protect the interdental papilla by limiting the accumulation of food debris
and preserve the integrity of the dental arch by transmitting masticatory forces along the
longitudinal axis of the teeth, thereby contributing to periodontal health and long-term
restoration success [1,2].

Inadequate proximal contact can cause food impaction, which may lead to periodontal
inflammation and subsequent alveolar bone loss. It can also increase the risk of sec-
ondary caries and contribute to tooth migration. These complications may compromise the
longevity of both the restoration and the tooth, ultimately resulting in restoration failure [2].

Resin-based composite restorations have demonstrated excellent clinical outcomes
due to their favorable aesthetic qualities and mechanical properties, while allowing for
minimally invasive restorative approaches. However, establishing effective and predictable
direct composite restorations in posterior teeth remains a clinical challenge for dental
practitioners. The difficulty in achieving a tight proximal contact with composite resin
is attributed to several factors, including polymerization shrinkage and the lack of con-
densability of these materials which may result in open or weak proximal contacts. These
shortcomings can compromise restoration longevity and increase the risk of secondary
caries, periodontal inflammation, and patient discomfort [3-5].

Over the past decades, considerable advances have been made in dental composite
resins. Instruments and restorative techniques have evolved to facilitate their use in
posterior Class II restorations. The constant search for the “ideal” matrix system continues,
with matrices being continually developed to achieve good proximal contact. Dental matrix
systems can be categorized based on the design of the matrix band and the technique of
application. They can be circumferential or sectional, metal or transparent, pre-contoured
or straight [6]. Circumferential matrix systems were originally developed for amalgam
restorations, and are still widely used in clinical practice. However, with composite
materials, they tend to produce a flat interproximal contour, a decrease in the contact
tightness and the migration of the contact toward marginal ridge. This is mainly due to
the tension created in the matrix band and the limited resistance of composite materials
to deformation during placement. To address these limitations, pre-contoured sectional
matrix systems were introduced [7].

Although numerous in vitro and clinical studies have investigated different matrix
band systems for Class II composite restorations, the available evidence remains highly
heterogeneous. Previous studies differ considerably in matrix system design (sectional
versus circumferential), wedging techniques, restorative materials, outcome measures, and
assessment methods, leading to inconsistent and sometimes conflicting findings regarding
proximal contact tightness, contour accuracy, and marginal integrity. Furthermore, many
studies focus on isolated variables without considering the combined influence of matrix
system design and composite material properties, limiting the clinical applicability of
their conclusions. As a result, no clear consensus has been established regarding the most
effective matrix system for achieving predictable and optimal proximal contacts in direct
posterior composite restorations. Therefore, a comprehensive and updated systematic
evaluation of the literature is warranted to synthesize existing evidence and address
these limitations.

Accordingly, this systematic review aimed to evaluate the influence of the type of
matrix system used on the quality of the proximal contact obtained during direct proximal
composite restorations.
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2. Materials and Methods
2.1. Study Design

This systematic review was prepared in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) (Table S1) [8]. The protocol
was registered in the International Prospective Register of Systematic Reviews (PROSPERO)
under the identifier CRD420251249598.

The research question was formulated using the Population, Intervention, Comparison,
Outcomes, and Study design (PICOS) framework:

- Population (P): Adults requiring Class II restorations, extracted posterior teeth, or
plastic posterior teeth.

- Intervention (I): Posterior proximal composite restorations using a specific matrix system.

- Comparison (C): Alternative matrix system or composite type.

- Outcome (O): Proximal contact tightness, proximal contour, proximal overhangs, and
marginal gap formation.

2.2. Search Strategy

Although Web of Science was not directly searched, an online search was conducted in
the following electronic databases: MEDLINE (PubMed), Cochrane Library, ScienceDirect,
and Scopus. The search was limited to articles published in English between 2014 and 2024.
The final search was conducted in September 2024.

The following keywords were used in each database:

1. ((class II composite) OR (direct class II composite) OR (class II restorations)) AND
(posterior restorations) AND ((proximal contacts) OR (proximal contact tightness))
AND (matrix band system)

2. ((composite resin restoration) OR (posterior restorations)) AND ((proximal contacts)
OR (proximal contacts and contours)) AND (matrix band system)

3. ((resin composite) OR (posterior restorations)) AND (proximal contact tightness)
AND ((saddle matrix) OR (sectional matrix) OR (circumferential matrix) OR (pre-
contoured matrix))

4. ((resin composite) OR (posterior restorations)) AND ((proximal emergence profile)
OR (proximal contacts)) AND ((dental matrices) OR (matrix band system))

The search strategy was adapted for each database. Boolean operators (“AND”, “OR”)
were used to combine keywords. Filters were applied to include studies published in
English between January 2014 and September 2024. Reference lists of included articles
were also manually screened to identify additional relevant studies.

2.3. Inclusion Criteria

Studies on posterior Class Il composite restorations;
Articles comparing two or more protocols within the same study;

[ ]
[ ]
e  Articles reporting clinical studies conducted on human subjects and in vitro studies;
[ ]

Studies conducted on mature permanent teeth.

2.4. Exclusion Criteria

e  Case reports, commentary editorials, reviews and books;
e  Studies involving indirect restorations or restorative materials other than composite resins;
e  Studies conducted on primary teeth.

These criteria were defined to ensure clinical relevance and methodological consistency
with the objectives of the review.
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2.5. Screening Process

Study selection was performed independently by two reviewers (S.D. and S.B.) in
two phases. In the first phase, titles and abstracts were screened according to predefined

” o

inclusion criteria, and articles were categorized as “include,” “exclude”, or “uncertain.”
Articles deemed eligible or classified as uncertain at this stage were then assessed in

full text, again independently, by the same reviewers. Discrepancies were resolved through

discussion, and if consensus could not be reached, a third reviewer (H.E.M.) was consulted

to make the final decision.

2.6. Data Extraction

Two reviewers (S.D. and S.B.) independently screened studies and extracted the fol-
lowing data using a standardized form: authors and year of publication, study design
(randomized clinical trials, randomized controlled clinical trials, non- randomized clinical
trials, or in vitro studies), participant characteristics (patients or plastic molars), type of
composite material used (conventional composite or bulk-fill composite), study groups
(matrix system used in each group), evaluated parameters (proximal contact tightness, prox-
imal contour, marginal adaptation, intra-restoration surface void and other parameters),
measurement instruments (dental floss, radiographic examination, probe, metal matrix
band, metal gauges, dynamometer, tooth pressure meter, microscope, scanner or other in-
struments) and reported outcomes. Matrix band systems were classified according to their
design: circumferential or sectional, pre-contoured or straight, metallic or transparent. Data
consistency was ensured by cross-checking the extracted information between reviewers
and any disagreements were resolved through discussion and consensus. When data were
not explicitly reported in the text or tables and could not be reliably extracted from figures,
the corresponding results were interpreted qualitatively. Study authors were not contacted
to obtain missing or additional data. Due to methodological heterogeneity, effect measures
were reported descriptively, and no quantitative synthesis was performed. Extracted data
were summarized in structured tables presenting each study’s characteristics, interventions,
comparators and reported outcomes.

2.7. Risk of Bias Assessment

Risk-of-bias assessments were conducted independently by two reviewers following
calibration exercises. Disagreements were resolved by consensus of a third reviewer.

The risk of bias assessment in randomized clinical trials was performed using the RoB
2 (Risk of Bias 2.0) tool, proposed by the Cochrane Collaboration.

This tool evaluates five domains: bias related to the randomization process, bias due
to deviations from intended interventions, bias arising from missing outcome data, bias in
measurement of the outcome, and bias in the selection of the reported result. Each domain
was rated as low, unclear, or high risk of bias, and the overall risk for each study was
determined based on the combined assessment of these domains.

The risk of bias in non-randomized clinical trials was assessed using the ROBINS-I
tool (Risk Of Bias In Non-randomized Studies—of Interventions), recommended by the
Cochrane Collaboration for this type of study. This tool evaluates bias across seven domains:
bias due to confounding, bias in the selection of participants, bias in the classification of
interventions, bias due to deviations from intended interventions, bias due to missing data,
bias in the measurement of outcomes, and bias in the selection of the reported results. Each
domain was rated qualitatively as low risk, moderate risk, serious risk, or critical risk of
bias. The overall judgment was based on a synthesis of all domains.

After assessing the quality of the studies, the robvis tool [9] was used to generate a
traffic light plot.
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The risk of bias assessment for in vitro studies was performed using the QUIN tool [10].
This tool evaluates studies according to 12 criteria: clear statement of the objective, sample
size calculation, sampling technique, details of the comparison group, description of
the methodology, information about the operator, randomization, details of the outcome
assessor, method of outcome measurement, blinding, details of the statistical analysis, and
presentation of results. Each criterion was rated as “adequately described” (score = 2),
“inadequately described” (score = 1), or “not specified” (score = 0). The total score was
converted to a percentage using the following formula: total score x 100/(number of
applicable criteria x 2). The risk of bias was classified as: high (<50%), moderate (between
50 and 70%), or low (>70%).

Risk-of-bias judgments were considered when interpreting the results of the in-
cluded studies.

3. Results
3.1. Study Selection

Initially, 1937 articles were identified through searches in the four databases. After
removing duplicates, a selection based on reading the titles, abstracts, and full texts resulted
in 16 articles being retained according to the defined inclusion and exclusion criteria. The
selected articles are presented in the form of a flowchart following “The PRISMA Statement”
as shown in Figure 1.

Records identified through database
serching (n = 1937)

* PubMed (n = 44)

* Cochrane Library (n =47)

* Science Direct (n = 1790)

* Scopus (n = 56)

Records after duplicates removed :
(1405 duplictes removal ; n=532)

|

— Records excluded (n = 482)

Recodsssrsensd (a=50) Articles not found in full text

n=0)
Full-text articles assessed for eligiility Full-text articles exluded, with
(n=50) — reasons (n=34)
l * Case reports
* Primary teeth
* Restorative materials
other than composite
Articles included in synthesis (n = 16) « Survey-based studies

Figure 1. Flowchart of study selection framework with PRISMA 2020 guidelines.

The selected studies are summarized in Table 1. The following data were extracted
from the included articles: author and year of publication, study type, participants, com-
posite used, groups, parameters studied, measurement instruments, and results.
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Table 1. Characteristics of included articles.

Author and Year Type of Stud Participants Composite Used Groups Parameters Studied Measuring Instruments Results
YP! y p p p g
1. Sectional metallic band, a Proxim_al §ontac§ tig_h't Tess:
separating ring, and an anatomical Dental floss (Oral-B glitf)fszagStlcally significant
el wedge (TOR VM Ne 1.310 Proximal contact Essential Floss, Proiirenefleéontour‘
. Randomized controlled 60 patients with class . ® Moscow, Russia) tightness Cincinnati, OH, USA) - .
Khokhar etal. 2024 [11] clinical trial supragingival cavities. i-XCITE® LCN USA 2. Transparent self-adhesive ) Probe ) lt\r/[:rtlzl iiéﬁ??ﬁgﬁi}g?egig? >
circumferential matrix band with Proximal contour Radiographic mat riP;( band
anatomical wedge (TOR VM Ne examination No statistically significant
1.490-1 Moscow, Russia) difference ysig
. Proximal contact tightness:
Group 1: Slectlonefll system (TOR In comparison to the other groups,
VM dental manufacturing the Tofflemire system produced
company, Russia) . . Floss (Oral-B, Procterand ~ more inadequate contacts, either
Group 2: Composi-Tight 3D Fusion ~ Proximal contact Gamble, New Cairo tight or open, but
Abdelazizetal. 2024 [12] ~ Randomized clinical trial 39 patients X-tra fil, Voco, Allemagne sectional matrix system (Garrison tightness Egypt) no statistically significant
Dental Solutions, United States). . Radiographic difference
Group 3: Tofflemire circumferential Proximal overhangs examination Percentagé of restorations free of
matrix system (Produits Dentaires overhangs:
Switzerlan d). TOR VM and ComposiTight 3D
Fusion > Tofflemire.
Sy . Compared to the sound surfaces:
rlggt;?ett});r?deu(uAkgg c;rgumﬁe&r:ngal Dental floss (Sensodyne Celluloid matrices produced less
M . 300 plastic up- 3M Filtek One Bulk Fill > s ptoupert-ap Proximal contact Expanding Floss) tight distal contacts and stronger
arcov etal. 2024 [13] In vitro study . ) Matrix no. 2171). : . : .
per right molars Restorative 150 teeth: Sectional metallic matrix tightness Measuring system with a mes1al_contacts.
bandHORVAT Mcscns K. dyramometer (o) Metallemavieogmernted
Normal contacts:
Bioclear > Garrison > Tofflemire
1. (n = 20): Circumferential matrix Normal contours:
system (Tofflemire) Bioclear = Garrison > Tofflemire
. . . 2. (n=20): Sectional matrix system  Proximal contacts Dental floss
Microhybrid composite, . . . . . The diffe isticall
) . .. . . Garrison Dental Solutions, Sprin: Proximal contour 25 um metal matrix band e difference was not statistically
Sankhyan et al. 2024 [14] Randomized clinical trial 60 patients Icvggal(‘) giet-eEI?i)tnom Plus iake, MI, USA) pring Marginal gaps and Racpltiograp hic significant.
P 3. (n=20): Sectional band (Bioclear ~ overhangs examination

Matrix Systems, Tacoma, WA,
USA)

Restorations with no marginal
gaps and overhangs:

Bioclear = Garrison > Tofflemire
No statistically significant
difference.
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Table 1. Cont.

Author and Year Type of Study Participants Composite Used Groups Parameters Studied Measuring Instruments Results

Proximal contact tightness: The
sectional matrix system

1. Sectional band with a separation Stylus profilometer demonstrated greater contact

ring (Palodent V3, Dentsply Sirona, (Taly-surf version i60; tightness compared to the

. i USA). Proximal contact Metek, UK with Ultra circumferential matrix system.
® ,
Tolba et al. 2023 [15] In vitro study 20plasticright Tetric N-Ceram 2. Circumferential band with tightness. software [M1.1)) Proximal contour:
mandibular first molars. nano-hybrid. integrated tightener Proximal contour. Universal testing Both groups exhibited concave

(Palodent 360, Dentsply Sirona, machine (Instron model surfaces, but the depth of the

USA). 3345) concavity with the circumferential
matrix system exceeds that of the
sectional matrix system.

T . M-D diameter:
. . . Mes]l)o-dlstal diameter In the occlusal and middle thirds:

1. Metallic sectional matrix system (M-D) Digital calipers Palodent Plus > Palodent and

(TORVM, Russia). Proximal contact b g ) p Unifl TORVM

2. Palodent metallic sectional t.r%)&ma contac 30en a Ostsl(l' nt (;s's)

. . . Tetric-N Ceram matrix band (Dentsply, lghtness Hm metallic matrix Proximal contact tightness:
Kumari et al. 2023 [16] In vitro study 30 plastic molars (Ivoclar, Vivadent) Caulk, USA band Palodent Pl Palodent and
4 3 algl lodent }’.l tal sectional Qualitative assessment of ~ Scanner (Medit scanner T%I%Velz\r/} us > Falodent an
- raodent tus metal sectiona the proximal contour superimposing method)
matrix band (Dentsply, and ExoCAD )
Sirona USA). Quantitative assessment Proximal contour:

Flatter contours were observed

of the proximal contour with the TORVM system.
1. Circumferential system,
. . ’ . . The Palodent Plus system
. Non-randomized . . 3M ESPE, Seefeld, Tofflemire. Proximal contact tight- Dental floss (Oral-B® ; :
Asifetal. 2023 [17] clinical trial 30 patients, or 60 cavities. Germany 2. Sectional system, Palodent Plus ness. Essential Floss) {)godl:kclec}r tlfgﬂhter. proxutnal contacts
(Dentsply, Konstanz, Germany). an the fottiemire system.
. . Using contact-forming instruments
Group 1 (n = 18): Secfuonal matrix alongg with the Palodegnt Plus
system, separation ring, and sectional matrix system resulted in
Palodent Plus interdental wedge improved PCT.
(DENTSPLY Sirona, USA) il P '
: ; : . . A digita dyr}amometer Trimax produced better proximal
72 patients with mesial Filtek P60 Posterior Proximal contact (Mark-10 series 2, Mark tact d to the oth
Abbassy et al. 2023 [18] Randomized clinical trial ~ caries in the first Restorative, 3M ESPE, St~ Group 2 (1 = 18): Trimax (AdDent, ti %tness (CI())C%C Corporation, USA) contacts compared to the other
permanent molar. Paul, USA USA) and Palodent Plus. & A0.05mm metal matrix ~ &"0UP%
Group 3 (n =18): Perform (TorVM, Moscow, Russia) No statistically significant
(Garrison Dental Solutions, USA) difference wag’ ob‘ierved in the
and Palodent Plgs. proximal contact tightness among
Group 4 (n = 18): Contact pro-2 Contact pro-2, Perform, and
(CEJ, USA) and Palodent Plus. Palodent Plus sectional matrix.
Group 1: Palodent V3 sectional
matrix band (Dentsply Sirona, - .
46 partici- Kerr XRV Nano-Hybrid USA) with OptraContact (Ivoclar Proximal contact Id\I.?fstanstlcallyf31gng1cant th
Sayed et al. 2023 [19] Randomized clinical trial ~ pants with Class II cari- composite, Kerrdental, Vivadent, USA). tig%)glne‘:s contac Dental Floss folugfffl;; ;/)Vearsioglsl:nba:(ce{ions:, 3 N

ous lesions.

Italy

Group 2: Palodent V3 sectional
matrix band (Dentsply Sirona,
USA).

months, and 6 months.
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Table 1. Cont.

Author and Year Type of Study Participants Composite Used Groups Parameters Studied Measuring Instruments Results

1. Palodent Plus V3 sectional

metallic matrix band, along with a

separation ring and a plastic wedge

. (Dentsply, Sirona, USA), used with . .
Conventional layered conventional composite. The ringless technique produced a
composite technique: . higher number of "correct"
Ceram.xSpectra™ STHV 2. Sectional metallic matrix band Proximal contact restorations.
A2 classic paste (TOR VM dental manufacturing tightness | ; The bulkfill techni duced
composite company, Russia), without a . . Metal gauges o e bulk-fill technique produce:
‘ ) sep aPr)ati(})ln ring, a) wooden wedge Marginal adaptation increasing thicknesses better results than the incremental
Bailey et al. 2023 [20] In vitro study 112 plastic molars. Ell;(lel;f:)lrll moulded (TOR VM), and bulk-fill composite.  Intra-restoration surface 5_)25, ];50/ and 100 pm) technique.
: robe

composite technique: 3. Sectional metal matrix band void Questionnaire The ringless sectional matrix
SDR Plus Universal without a separation ring, with a technique and the )
composite resin wooden wedge and a conventional ~ Student preferences injection-moulding bulk-fill
(Dentsply) and Filtek composite. method were preferred by the
One A2 (3M) majority of students.

4. Sectional metal matrix band, a

separation ring, and a plastic

interdental wedge with bulk-fill

composite.

1. Conventional nano-hybrid

composite with a metallic

circumferential matrix band (399 C, Marginal quality:

Kerr, Bioggio, Switzerland). Metallic matrices > transparent

2. Conventional nano-hybrid %Etrcil?gs.  sienificant

it wi e difference was not significan
TeicBvoCeram - ferential mart band (DL between nano-hybrid composite
?an(i—h}\l})_rlddcomposﬁe, Dental Exports London, ’ Microscope (DSM 940, and bulk-fill composite (p = 0.56).
Hahn et al. 2022 [21] In vitro study 40 human molars. voclar Vivadent. Feltham, UK). Marginal gap formation Zeiss, Oberkochen, The type of matrix did not affect
3. Bulk-fill composite used with a Germany) the formation of marginal gaps in

Tetric EvoCeram Bulk
Fill, Ivoclar Vivadent.

metallic circumferential

matrix band.

4. Bulk-fill composite used with a
transparent circumferential
matrix band.

The matrices were secured in a
Tofflemire retainer.

bulk-fill restorations (p = 0.27).
The type of matrix influenced the
marginal gap formation in
restorations with conventional
nano-hybrid composite (p = 0.001).
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Table 1. Cont.

Author and Year

Composite Used

Groups

Parameters Studied

Measuring Instruments

Results

Shaalan et al. 2021 [22]

Randomized controlled 60 patients with class I

Filtek Z350XT, 3M ESPE,
USA

Group 1: Sectional matrix system
(TOR VM®) and

undergraduate students.

Group 2: Sectional matrix system
(TOR VM®) and qualified dentists.
Group 3: Circumferential matrix
system (Tofflemire) and
undergraduate students.

Group 4: Circumferential matrix
system (Tofflemire) and

qualified dentists.

Proximal contact

Dental floss (Oral-B,
Procter and Gamble,
USA)

The risk of poor proximal contact
(tight or open) was lower with the
sectional matrix system.

The operator’s level of experience
(student or qualified dentist) did
not have a significant effect on the
reproduction of a tight contact.

EL-SHAMY etal. 2019
[23]

150 plastic left lower first

Group 1: Bulk-fill
flowable composite
(Smart Dentin
Replacement, Dentsply,
Milford, MA, USA).
Group 2: Bulk-fill
composite, SonicFill
(Kerr, Orange, CA, USA).
Group 3: Tetric
EvoCeram Bulk Fill
(Ivoclar Vivadent,
Ambherst, NY, USA)
Group 4: Incremental
placed flowable
composite G-eenial
Universal Flo (GC
Europe, Leuven,
Belgium)

Group 5: Incrementally
placed universal
nano-hybrid composite,
Tetric EvoCeram (Ivoclar
Vivadent)

Each group was subdivided into
three subgroups (1 = 10):
Subgroup 1: Circumferential
matrix band (Dixieland band)
(Waterpik, Welshpool, Wales, UK)
in a Tofflemire retainer with an
anatomical plastic wedge.
Subgroup 2: FenderMate stainless
steel sectional matrix band
attached -as a one unit- with a
pre-curved plastic wedge (Directa,
Upplans Visby, Sweden).
Subgroup 3: Sectional contoured
metallic matrix band (Palodent
plus, Dentsply) with a separation
ring and a plastic wedge
(Dentsply).

Proximal contact

Tooth Pressure Meter

SonicFill and Tetric EvoCeram
Bulk-Fill composites showed
comparable PCT.

The sectional metallic matrix band
with separation ring is the
recommended method for
mesio-occlusal composite
restorations.

Durr-E-Sadaf et al. 2018
P4

1200 class II dental
cavities in teeth.

Randomized controlled

Not mentioned

Group 1: Circumferential bands
(Hawe Contoured Tofflemire
Bands) in a retainer (Tofflemire
Retainer Universal).

Group 2: Sectional metal bands
(Palodent, Dentsply) with a
wooden wedge and a separation
ring. (BiTine Ring, dentsply).

Proximal contact

Marginal adaptation.

Dental floss (Oral-B®

Essential Floss tarpaulin)

Radiographic
examination

All optimum contacts

389 (100%) were produced using
the sectional matrix system.

The sectional matrix bands
produced fewer over- or
under-contours.
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Table 1. Cont.

Author and Year

Type of Study

Participants

Composite Used

Groups Parameters Studied

Measuring Instruments

Results

Nguyen et al. 2018 [25]

In vitro study

An extracted human
third molar.

-SonicFill 2 ™
- Herculite Ultra ™

Group 1: SonicFill 2 composite, a
perforated sectional metal matrix
band (ClearMetal matrix), a
transparent wedge (V4 Wedge,
Triodent), and a separation ring (V4
Ring, Triodent). Occlusal,
vestibular, and lingual
polymerization (tri-sited

light curing).

Group 2: SonicFill 2, a sectional
metal matrix band (V3 Tab-Matrix),
and the same wedge and ring as in
group 1. The ring and matrix were
removed before occlusal,
vestibular, and lingual
polymerization.

Group 3: SonicFill 2 with a
transparent sectional matrix band
(Composi-Tight 3D Clear matrix)
and the same ring and wedge

as before.

Occlusal, vestibular, and lingual
polymerization.

Group 4: Herculite Ultra composite
with a perforated matrix band,
wedge, and ring, similar to Group
1, using the same

polymerization method.

Group 5: Herculite Ultra with a
metal matrix band, a wedge and a
ring similar to group 2 and the
same polymerization method.
Group 6: Herculite Ultra with a
transparent matrix band, a wedge
and a ring similar to group 3 and
the same polymerization method.
Groups 7 and 8: polymerization for
20 s from the occlusal only for each
of the two composites using the
metal matrix band (V3 Tab-Matrix),
the transparent wedge, and the
ring (V4 Ring, Triodent).

Depth of cure

A Knoop hardness tester.
(Leco, LM300AT, St
Joseph, MI).

The difference was not statistically
significant between the perforated
metal matrix band (ClearMetal)
and other types of matrices after
tri-sited light curing.

SonicFill > Herculite Ultra after
tri-sited light curing.

Tri-sited light curing > occlusal
light curing only.
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Table 1. Cont.

Author and Year Type of Study Composite Used Groups Parameters Studied Measuring Instruments Results
1. Tofllemire carrier matrix type
(Jon, Porto Alegre, RS, Brazil),
combined with a metal matrix
band and interproximal wooden
wedges (TDV, Curitiba, PR, Brazil).
: 2. Unimatrix sectioned metal ;
Randomized trolled ;}ilsgimgrid composite matrix band (TDV, Curitiba, PR, T?:xcilrlrljlltc}(l)ﬁf;?te Radi hi The sectional matrix system
Gomesetal 20151261 Giicaltrial rosin (Heraeus Kulger, D12, withaa retaining ring Marginal examination produced a higher frequency of
Pacaembu, SP, Brazil) 4 (Pomerode, SC, Brazil) and elastic 4 sina correct proximal contours.
a interproximal wedges (TDV, adaptation.

Pomerode, SC, Brazil).

3. self-regulating circumferential
polyester matrix band (unimatrix)
and a reflective wedge (TDV,
Curitiba, PR, Brazil).
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3.2. Synthesis of Results

Due to heterogeneity in study designs and outcome measures, no quantitative syn-
thesis was performed. Effect measures were therefore reported descriptively, based on the
direction and magnitude of outcomes as reported in the included studies.

No sensitivity analyses were conducted because of the limited number of included
studies and the absence of a meta-analysis. The certainty of evidence was not formally
assessed using the GRADE approach, given the narrative nature of the synthesis and
heterogeneity of the included studies.

The 9 included clinical studies were primarily RCTS [12-19] and one non-randomized
clinical trial [20]. Only two of the included studies [15,19] explicitly reported the type
of tooth used in their methodology, while the remaining studies did not specify whether
premolars or molars were evaluated. Assessment methods were heterogeneous (dental floss,
radiographic examination, probe, metal matrix band, metal gauges, dynamometer, tooth
pressure meter, microscope, scanner or other instruments) and variations in parameters
assessed were observed (proximal contact tightness, marginal gap formation, proximal
overhangs, proximal contour). Clinically, the use of sectional, metal, and pre-contoured
matrices was associated with tighter proximal contacts and improved marginal adaptation
compared with circumferential, transparent, and straight matrix systems. (Figure 2) These
findings should be interpreted with caution due to the limited number of clinical studies
and their methodological heterogeneity.

(A) (B)

Figure 2. Sectional (A) and circumferential (B) matrix systems [15].

Among the in vitro studies included, seven used plastic molars [21-26], whereas only
one study used an extracted human third molar [11], which may limit the clinical extrap-
olation of laboratory findings. These studies consistently demonstrated that sectional
matrix systems generate higher proximal contact tightness, fewer proximal overhangs, and
reduced marginal gap formation compared with circumferential matrices. Metal matrix
bands showed greater resistance to deformation during composite placement and poly-
merization, resulting in more stable proximal contours and improved marginal adaptation
than transparent matrices. In addition, pre-contoured matrix designs more effectively
reproduced the natural proximal anatomy than straight bands. Nevertheless, the hetero-
geneity of restorative protocols and outcome measures across in vitro studies limits direct
comparison and contributes to variability in reported results.

Figures 2 and 3 illustrate the two principal matrix concepts used in clinical practice—
sectional and circumferential matrix systems—highlighting their design, positioning, and
mechanisms for achieving proximal contact formation.
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Figure 3. (A) Sectional matrix system: The precontoured metallic matrix is positioned along the
mesial proximal surface of the maxillary molar to re-establish the anatomical contour and proximal
contact. A separation ring and an interproximal wedge are applied to achieve slight tooth separation,
improve cervical adaptation of the matrix, and optimize the formation of a tight proximal contact.
(B) Tofflemire circumferential matrix system: The Tofflemire retainer is secured around the maxillary
molar, with a tensioned metal matrix band encircling the tooth to re-establish the anatomical contour
and proximal contact on the mesial surface. An interproximal wedge is inserted to achieve slight
tooth separation, improve cervical adaptation of the band, and optimize the formation of a tight
proximal contact.

3.3. Risk of Bias

The risk of bias assessment performed using the Cochrane Risk of Bias 2 (RoB 2) tool
indicated that all included randomized controlled trials exhibited an overall low risk of
bias. (Figure 4)

Risk of bias domains

®
®
©
®
©
®
®

© @& @
® & ©
® & ©
® & @
® & @
® & @
® & @
® & @

OOOO0OOOO

Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns

D3: Bias due to missing outcome data. . Low
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Figure 4. Visual representation of risk of bias in randomized clinical trials (traffic light plot) [11,12,14,
18,19,22,24,26].

Figure 5 shows that the included non-randomized clinical trial exhibited an overall
low risk of bias according to the ROBINS-I assessment.

Risk of bias domains

>
°
2 ® © ® ® ® © € ©
2]
Domains: Judgement
D1: Bias due to confounding.
D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 5. Visual representation of risk of bias in non-randomized clinical trials. (traffic light plot) [17].

The risk of bias assessment of the in vitro studies was conducted using the QUIN tool
(Table 2), revealing a low risk of bias in three studies, a moderate risk in two studies, and a
high risk in two studies. All included studies demonstrated an overall low risk of bias due
to missing results.
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Table 2. Risk of bias assessment for in vitro studies.

Clearl Detailed Detailed . Bias Evaluation
study Ssd  Dplmtonor Dpbmaton GO Dot OpmO pngmiion QUSME L MO gy SOl s s Namheror Rk
Objectives Collection Technique son Group ggpt)elﬁ;ble
Marcov et al. [13] 2 0 0 2 2 0 0 1 2 2 2 2 15 62.5 Medium
Tolba et al. [15] 2 2 2 2 2 0 1 2 1 0 2 2 18 75 Low
Kumari et al. [16] 2 0 0 2 2 0 0 0 2 1 0 2 11 45.8 High
Bailey et al. [20] 2 0 0 2 2 1 1 2 2 1 2 2 17 70.8 Low
Hahn et al. [21] 2 0 0 2 2 0 1 1 2 1 2 2 15 62.5 Medium
El-shamy et al. [23] 2 2 1 2 2 0 1 2 1 1 2 2 18 75 Low
Nguyen et al. [25] 2 0 0 2 2 0 0 0 2 0 0 2 10 41.6 High
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4. Discussion
4.1. Selection of Matrix System

The findings of this review indicate that sectional matrix systems with separation
rings produce more favorable proximal contacts and contours compared to conventional
circumferential matrix systems. This has been consistently reported in both in vitro and
in vivo studies [11,16], underscoring the importance of selecting an appropriate matrix
system for successful Class II restorations.

Abdelaziz et al. [12] and Sankhyan et al. [14] have shown that sectional matrix bands
produce tight proximal contacts, better marginal adaptation, and more adequate contours
than circumferential systems. In addition, the pre-contoured sectional matrix band is
considered the most appropriate option for reproducing the anatomy and emergence profile,
which are essential elements in restoring the proximal contour [16,20]. The improved
proximal contact tightness achieved with sectional matrix systems can be explained using a
separation ring. Pre-restorative tooth separation facilitates access to the prepared cavity and
simplifies restoration sculpting, finishing, and polishing. The application of a separation
ring produces a temporary tooth separation of approximately 100-200 um. This space
compensates for the thickness of the matrix band, polymerization shrinkage of the resin
composite, and the effects of rubber dam isolation, thereby contributing to the formation of
proximal contacts with optimal tightness after matrix removal [12]. In addition, restorations
placed using sectional matrix systems showed an absence of proximal overhangs, whereas
restorations performed with a circumferential matrix system exhibited both positive and
negative overhangs. These differences may be explained by the improved adaptation
and intimate contact between the sectional matrix band and the proximal tooth surface,
achieved through the combined action of the separation ring and the wedge [12].

In the study by Shaalan et al. [22], pre-curved matrix bands demonstrated greater
effectiveness in restoring proximal contacts. In contrast, straight matrix bands produced
weaker contacts that were positioned more occlusally than their original location. This new
position reduces the contact area at the cervical region, leaving the gingival embrasure
insufficiently protected. As a result, the interdental papilla is more exposed and vulnerable.
Weaker or improperly positioned contacts allow food debris to be forced into the interdental
space during mastication. Repeated food impaction is a well-recognized risk factor for
gingival inflammation and patient discomfort. Properly positioned contact areas also play
a role in supporting the interdental papilla and distributing occlusal forces along the long
axis of the teeth; therefore, occlusally displaced or weakened contacts produced by straight
matrices may compromise papillary stability and alter physiological force transmission [22].

These results are consistent with previous studies [27-30], which confirm that pre-
curved sectional matrix bands produce better proximal contours compared to straight
circumferential matrices.

4.2. Matrix Type and Contact Forming Instruments

Another factor influencing the quality of proximal restorations is the choice between
metal and transparent matrix bands. Metal bands are more rigid, resistant to deformation,
and easier to place and adapt to tooth surfaces; however, they may compromise composite
light-curing by blocking light transmission [21].

Transparent matrix bands, in contrast, permit light curing and provide good visual
control during most procedural steps [13]. However, they are more difficult to adapt and
more prone to deformation [31].

El-Shamy et al. [23] observed better proximal contact with metal matrix bands. Simi-
larly Hahn et al. [21] demonstrated that the use of metal matrix bands decreased marginal
gap formation in Class II restorations.
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However, the study by Demarco et al. [30], conducted over a four-year period, revealed
that both types of matrices, metal and transparent, offered similar and durable clinical
results over time. The discrepancy between the findings may be explained by differences
in study design.

Several instruments have been proposed to optimize the quality of the proximal
contact during direct restorations. Abbassy et al. [18] compared contacts achieved with
a sectional matrix system alone to those obtained when the same system was combined
with manual instruments used to compress the inner wall of the matrix band. Their results
showed that using contact-forming instruments in conjunction with a sectional matrix
system produced tighter proximal contacts.

Similarly, Sayed et al. [19] reported that applying pressure to the sectional matrix
band with a contact forming instrument produced stronger and more correct proximal
contacts than the sectional matrix system alone. However, no significant differences were
observed between the two groups at any follow-up period (immediately after restoration,
at 3 months, and at 6 months).

In contrast to the findings with sectional matrix systems, Loomans et al. [31] showed
that using a manual instrument in combination with a circumferential matrix band pro-
duced weaker proximal contacts than the original state. These results indicate that the
effectiveness of contact-forming instruments is variable and highly dependent on operator
skill, the type of matrix system used, and cavity anatomy. Excessive force may distort
the matrix or composite, resulting in over contoured restorations or marginal gaps. These
instruments may also be less effective in wide or irregular cavities. Evidence support-
ing their clinical use remains limited, and further studies are required to determine their
clinical benefits compared with conventional separation methods such as wedges and
separation rings.

4.3. Restoration Material and Application Protocol

The viscosity of the composite also affects the quality of proximal restorations. The
results of this review showed that high-viscosity materials provide more reliable marginal
adaptation. Composite viscosity is closely related to elastic modulus and resistance to
deformation, high-viscosity materials typically exhibit a higher elastic modulus, enabling
them to better withstand polymerization-induced stresses and maintain marginal integrity
during curing.

The study by Dietschi et al. [32] evaluated the influence of composite type on the
marginal fit of Class II restorations. The results revealed significant differences related
to both material viscosity and application technique. High-viscosity bulk-fill composites
applied in a single layer demonstrated better marginal adaptation than flowable bulk-fill
composites used with the same technique. In addition, multilayer restorations made with
conventional or high-viscosity bulk-fill composites showed superior performance at the
enamel margin compared to flowable composites. Restorative procedures and functional
loading generate complex stress patterns within tooth structures, restorative materials,
and the tooth/restoration interface. Differences in structure and stiffness between enamel,
dentin, and composite materials lead to distinct deformation behaviors before and after
thermomechanical fatigue. Material stiffness (elastic modulus) and polymerization shrink-
age are key factors influencing marginal adaptation. High-viscosity composites, owing
to their higher elastic modulus and reduced shrinkage, may limit differential deforma-
tion between the restoration and tooth tissues, thereby reducing microcrack formation at
enamel margins. In contrast, flowable bulk-fill composites are more prone to deformation
under loading, which may increase the risk of enamel microcracks, particularly at cervical
margins [32].

https:/ /doi.org/10.3390/jcs10020097


https://doi.org/10.3390/jcs10020097

J. Compos. Sci. 2026, 10, 97

17 of 21

Gerula-Szymarnska et al. [33] analyzed the data of multiple in vitro studies to compare
the performance of flowable and high-viscosity bulk-fill materials in terms of marginal
adaptation. The authors concluded that high-viscosity bulk-fill composites exhibit superior
marginal adaptation, mainly due to their low polymerization shrinkage and higher modu-
lus of elasticity. In contrast, flowable bulk-fill composites, although easier to apply and to
adapt to the cavity walls during initial placement, are more prone to deformation during
polymerization, resulting in reduced cervical seal.

With regard to the proximal contacts tightness, El-Shamy et al. [23] showed that
flowable composites, whether bulk-fill or conventional, showed lower tightness values
than high-viscosity composites (bulk-fill and conventional).

The results regarding the application protocol remain controversial. Dietschi et al. [32]
compared the influence of different composite application protocols on the marginal adap-
tation of Class II restorations. Their findings showed that the layering technique with a
conventional composite provided satisfactory marginal adaptation at the enamel level,
comparable to that achieved with the bulk-fill technique. However, at the dentin level, a
marked reduction in marginal adaptation was observed for both techniques after the three
phases of thermomechanical loading. In addition, applying bulk-fill composites—whether
flowable or high-viscosity—in two layers resulted in better marginal adaptation than a
single-layer application. The choice of composite application technique (bulk-fill versus lay-
ering) has important clinical implications for marginal adaptation and restoration longevity.
Bulk-fill techniques simplify the procedure and reduce operative time, but in larger cavities
or at cervical dentin margins, polymerization stress may lead to gap formation, particularly
under thermomechanical loading. In contrast, the layering technique allows better stress
control and adaptation, especially at enamel margins, minimizing interfacial deformation
and preserving marginal integrity [32]. Therefore, cavity configuration, including depth,
width, and C-factor, as well as the location of the margin (enamel versus dentin), should
guide the selection of application technique to optimize clinical outcomes under functional
loading conditions.

Torres et al. [34] evaluated the clinical performance of Class II restorations using two
application protocols: the layering technique and the bulk-fill technique. After 24 months
of follow-up, both techniques exhibited similar clinical performance, with no statistically
significant differences observed in the FDI criteria assessed (aesthetic, functional, and
biological). Furthermore, both approaches demonstrated a high clinical success rate after
two years.

This systematic review has some limitations. The number of included clinical studies
was limited, and considerable clinical and methodological heterogeneity was observed in
terms of restorative techniques, materials used, outcome definitions, and measurement
instruments, which precluded quantitative synthesis. Consequently, a narrative synthesis
was performed, and the certainty of evidence was not formally assessed using the GRADE
approach. In addition, the inclusion of both clinical and in vitro studies may limit the direct
clinical applicability of the findings.

The overall evidence from the included studies suggests that proximal contact quality
and marginal adaptation in Class II composite restorations are influenced by multiple
interacting factors, including the matrix system, composite type, and application protocol.
Sectional matrices with separation rings and high-viscosity composites generally demon-
strated superior performance. However, the findings should be interpreted with caution
due to heterogeneity in study designs, cavity configurations, restorative materials, and
assessment methods, as well as the predominance of in vitro data, which may not fully repli-
cate clinical conditions. Few studies provided long-term clinical follow-up, highlighting a
gap in evidence regarding restoration longevity and periodontal outcomes.
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The effectiveness of proximal contact formation and composite adaptation is not only
influenced by the design and use of matrix systems, but also by the efficiency of light-curing
units. Adequate polymerization of resin composite in Class II restorations depends on
sufficient irradiance, wavelength compatibility, and uniform light distribution through
the restoration. Matrix systems can affect light transmission by modifying the geometry
and thickness of the composite increment; proper adaptation of the matrix can therefore
enhance light-curing efficiency at proximal areas, improving polymer network formation,
physical properties, and ultimately clinical performance.

In this context, the VEGA light-curing unit (Dentac, Istanbul, Turkey) was utilized
in some studies due to its clinical specifications that support efficient polymerization.
The VEGA unit typically operates at a broad wavelength range suitable for all the resin
composites and delivers an output irradiance in the range recommended for bulk and
incremental curing protocols [35,36]. This combination of spectral compatibility and high
irradiance promotes deeper light penetration and more consistent polymerization across
composite layers, which is particularly important when curing through matrix systems that
may shadow certain surfaces. Although in vitro measurements such as contact tightness
and surface integrity cannot fully replicate intraoral clinical outcomes, they offer a reliable
proxy for comparing restorative techniques and materials in a controlled setting and
help predict clinical relevance when interpreted alongside factors such as light-curing
performance.

4.4. Clinical Implications

From a clinical perspective, the findings of this review suggest that the selection of
an appropriate matrix system plays a critical role in achieving optimal proximal contact
and marginal adaptation in Class II composite restorations. When clinically feasible, the
use of sectional matrix systems with separation rings, in combination with adequately
viscous composites and controlled placement techniques, may enhance restoration qual-
ity. Nevertheless, clinicians should consider patient-specific factors, cavity morphology,
and operator experience when selecting a matrix system, as no single approach can be
universally recommended based on the current evidence.

4.5. Future Research Directions

Future research should prioritize well-designed randomized clinical trials with stan-
dardized outcome measures to allow meaningful comparison across studies. Long-term
clinical follow-up is particularly needed to assess restoration longevity, marginal stability,
and periodontal health outcomes associated with different matrix systems. In addition,
comparative studies evaluating newer matrix designs and materials under clinically rele-
vant conditions are warranted to strengthen the evidence base and support evidence-based
clinical decision-making.

5. Conclusions

Within the limitations of this review and considering the heterogeneity of the included
studies, the quality of proximal posterior composite restorations appears to be influenced by
the matrix system, restorative material, and application protocol. Sectional matrix systems
with separation rings generally provide tight and anatomically accurate proximal contacts.
Metal matrix bands tend to produce better contacts, reduced overhangs and marginal gaps
than transparent ones. Contact-forming instruments may offer additional improvements
when used with sectional matrix systems. These findings are relevant to daily restora-
tive practice, as appropriate matrix selection and application can minimize postoperative
complications and contribute to the long-term success of class II composite restorations.
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Nevertheless, the variability in study designs, materials tested, and evaluation methods
limits the strength of these conclusions, and further high-quality, standardized clinical
studies are needed to confirm these findings and guide evidence-based restorative practice.
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