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ABSTRACT

This long-term observational study assessed the durability and clinical performance of posterior composite
restorations over a period exceeding 23 years. Twenty-two patients (13 men, 9 women; mean age 66.1 years,
range 50—84) contributing a total of 42 restorations were examined during two follow-up sessions. A single
clinician evaluated all restorations according to modified FDI criteria. Statistical comparisons were performed
using the Wilcoxon Mann—Whitney U test and the Wilcoxon exact matched-pairs test (significance level p =
0.05), with Bonferroni-Holm correction applied. Over time, six of seven evaluated criteria demonstrated
significant deterioration, except for approximal anatomical form, which remained largely stable, except in
molars where it declined. No notable differences were observed based on the restorations’ jaw location or
whether they were single- or multi-surface. These results indicate that posterior composite restorations show
measurable clinical changes after more than two decades, underscoring the importance of further long-term
evaluations at regular intervals to monitor their performance.
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Introduction

Since their introduction, resin-based composites have
gained widespread acceptance, primarily due to the
growing demand for tooth-colored restorations in
posterior teeth [1-5]. The declining use of amalgam,
coupled with concerns about its biocompatibility and
mercury content, has further emphasized the need for
suitable alternatives [6—8]. Resin-based composites
offer advantages such as minimally invasive cavity
preparation and superior aesthetics, contributing to
their predominance in dental restorations across many
countries [9, 10]. Manufacturers provide a wide array
of composite materials for direct restorations in both
anterior and posterior teeth, differing in inorganic filler
characteristics that influence handling properties,
viscosity, and overall physical performance [11-15].
The composition, filler type, size, and concentration

significantly affect the clinical outcomes of
restorations [16]. Reviews by Ferracane (2011)
highlighted nanohybrid and nano-filled composites as
advanced filler formulations [16], while Alzraikat et al.
(2018) reported that nanocomposites and hybrid
composites exhibit comparable mechanical properties
and clinical performance [17]. Similarly, clinical
studies indicate that nanohybrid composites perform on
par with conventional hybrid composites, and nano-
filled composites show similar outcomes to micro-
hybrid formulations [18, 19].

Despite these advancements, posterior composite
restorations have a finite lifespan. Long-term studies
report survival rates ranging from 64% after 20 years
[14] to 87.7% after 3 years [20], with intermediate
results such as 80.7% after 10 years [18], 84.7% after
12 years [21], and 69.9% after up to 15 years [22].
Replacement of failed restorations often results in
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larger cavities and additional loss of tooth structure
[23], highlighting the importance of prolonging
restoration longevity. Clinical follow-ups provide
valuable insights into material behavior and the impact
of applied techniques [14, 18, 20-22]. Numerous
factors influence restoration survival, including
operator skill, material choice, clinical technique [24],
and patient-specific factors such as oral hygiene,
restoration location and size, bruxism, and caries risk
[5, 15,25].

For long-term evaluation, the USPHS (United States
Public Health Service) criteria have historically been
used [5, 26-28], but their limited sensitivity prompted
the development of more discriminative assessment
methods. Hickel et al. (2007) introduced a system
categorizing restorations into aesthetic, functional, and
biological domains, each assessed across multiple
criteria with a five-point rating scale [29, 30]. These 16
criteria were subsequently adopted by the FDI World
Dental Federation and formalized as “Standard
Criteria” in 2008 [29-31]. The FDI system remains
flexible, allowing examiners to select the most relevant
criteria for a given study [30, 31].

Several clinical and systematic reviews have examined
the longevity and performance of posterior composite
restorations over periods ranging from 3 to 22 years [5,
14, 18, 20-22, 32-37]. However, there is a paucity of
long-term longitudinal studies extending beyond 10
years. Therefore, the present study provides valuable
insight by evaluating the clinical performance of
posterior composite restorations more than 23 years
after placement.

Between 1995 and 1996, adult patients requiring
posterior composite restorations who attended student
courses at the Department of Operative Dentistry,
Dental School (Carolinum), University Hospital,
Goethe University Frankfurt (Germany), were
informed about the study and invited to participate in
follow-up evaluations. During the first follow-up, these
restorations were assessed over a three-year
observation period (1995-1997) at intervals of 6, 12,
18, 24, and 36 months across different study groups,
with the results published in 2016 [38]. The present
study revisited the same cohort, conducting a follow-
up examination more than 23 years after the initial
placement.

Clinical assessments of the restorations at both follow-
ups were performed using FDI criteria [29, 31],
enabling direct comparison between the first and
second evaluations and allowing alignment with other
international studies, such as Marquillier ef al., 2018
[30]. FDI criteria offer enhanced sensitivity in
detecting variations in composite restorations
compared to USPHS criteria [30, 31] and improve

standardization of clinical judgment. Given the
complexity of FDI scoring, this study—Ilike most
comparable research [39-43]—focused on selected
criteria relevant to the research objectives, in line with
recommendations by Hickel ef al. [31] and a 2018
systematic review on the use of FDI criteria in direct
dental restorations [30].

The purpose of this second follow-up was to evaluate
changes in restoration quality over time, recognizing
that assessments are inherently influenced by examiner
subjectivity. To minimize this bias and standardize
clinical evaluation, the experienced clinician
performing the study underwent training and
calibration using a web-based interactive tool [44],
supplemented with hands-on calibration on restored
extracted teeth and live patients. The examiner was
blinded to the original follow-up grades and had not
placed the restorations initially.

This study aimed to assess the long-term clinical
performance and identify potential issues of posterior
composite restorations over a period exceeding 23
years, using modified FDI criteria. Insights gained may
help refine clinical protocols, improve restoration
longevity predictions, and validate or challenge
existing knowledge.

The null hypothesis tested proposed that there would
be no difference between the restoration scores
recorded during the 2019 evaluation and those from the
first follow-up between 1995 and 1997. No restorations
were repaired or replaced during this period; teeth
either received prosthetic treatment or were lost.
Additionally, no significant differences were observed
in scores based on restoration type (single-surface vs.
multi-surface), tooth type (premolar vs. molar), or jaw
location (maxilla vs. mandible).

Materials and Methods

The posterior composite restorations analyzed in this
study were originally placed between 1995 and 1996
by dental students participating in courses at the
Department of Operative Dentistry, Dental School
(Carolinum), University Hospital, Goethe University
Frankfurt (Germany). All procedures followed a strict,
standardized clinical protocol, which included:
avoiding beveling of cavity margins; consistent use of
a rubber dam; uniform application of metal matrix
bands; performing a total-etch bonding technique with
Optibond FL (Kerr, Karlsruhe, Germany); applying
Herculite XRV composite (Kerr, Karlsruhe, Germany)
in incremental layers of 2 mm; and finishing surfaces
with carbide or fine diamond burs [38]. Restoration
evaluations during the first follow-up were performed
by two trained and calibrated dentists.
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Prior to the second follow-up, patients were fully
informed about the study and provided written consent
to participate. The study was conducted in line with the
Declaration of Helsinki and received approval from the

Enrollment of the patients

Fulfilled the inclusion criteria:

Patients (1 = 219)
Posterior composite restorations (1 = 329)

v

Invitation by letter, E-mail or phone call to
participate in the study:

Patients (n=111)

Y

Attending the second follow-up:

Patients (n = 22)
Posterior composite restorations (1 = 42)

Ethics Committee of Goethe University Frankfurt
(Ethical approval code: 130/18).

Participants included in this long-term follow-up
(Figure 1) fulfilled the following eligibility criteria:

Excluded because of lack of
complete patient record:

Patients (1 = 108)

Drop out of the study:

no current contact details (n = 74)

did not accept the invitation(n=7)

could not participate due to high age (n = 4)
severe illness (n = 3)

death of patient (n = 1)

Figure 1. Flow diagram: enrollment of the patients.

e Posterior composite restorations were carried out
during the 1995-1996 student courses at the
Department of Operative Dentistry.

e  Only permanent teeth that were vital and free of
symptoms at the time of treatment were included.

e  All restorations utilized a micro-hybrid composite
material (Herculite XRV, Kerr, Karlsruhe,
Germany).

e Procedures adhered to a strict, pre-established
clinical protocol.

e Patients were aged between 18 and 70 years at the
time of restoration placement.

e  Each participant had been evaluated consecutively
during the first follow-up, which took place
between 1995 and 1997 within 36 months of
restoration placement.

e Patients did not receive night guards or other
protective dental devices.

Before initiating the second follow-up, a sample size
calculation was conducted using “marginal adaptation”
as the primary endpoint. Reference data from a
previous study [38] reported a baseline mean (SD) of
1.55 at six months, rising to 2.25 at 36 months, based
on 219 patients with 329 restorations. Considering a
5% significance level and 85% test power, it was
determined that following up 41 restorations would
yield sufficient statistical reliability.

The second follow-up was performed between April
and June 2019 (Figure 2), approximately 23 years and
5 months (£171 days) after the initial restorations. All
teeth were examined using FDI criteria [31]. In
alignment with ethical recommendations, periapical
radiographs were not obtained to avoid unnecessary
radiation exposure [29]. Prior to examination,
participants completed an updated medical history
form to ensure safety and provide relevant clinical
context.
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Patient collective of second follow-up

Patients (n=22)
Posterior can;\:a!c restorations(n=42)

Characteristics
Age:meanage66.1 [range: S0 to 4]
Gender: female(n=9), male (n=13)
Jaw: mandlla (n = 20), mandible (n = 22)

Tooth: premolar (n=19), molar(n=23)
Surface single-surface restoration (n= 14),
multi-surface restoration (n = 28)

L

Toothloss
(n=35)

\ 4 : 4 v
Implant Toothgap Ceramic
n=2) (n=3) crown

(n=3)

v
Evaluationin second follow-upusing
selected FDI critenix

Patients(n=17)
Posterior camposite restorations (n = 26)

Prosthetic replacement of original restoration

v v

New composite restoration

n=6) (n=35)
L 4 v
Gold tnlav Partial gold
(n=2) crown
n=1)

Figure 2. Flow diagram: patient collective of second follow-up.

The clinical assessment of the restorations was
performed by an experienced, calibrated dentist who
was blinded to prior results. For the evaluation, the
examiner used 2.7x magnification glasses (starMed,
Grafing, Germany), a dental mirror (DAO26R surface
and DAO74R handle, AESCULAP, Tuttlingen,
Germany), a silver line explorer probe (Hu-Friedy,
Chicago, IL, USA), a periodontometer (PCPUNCIS,
Hu-Friedy, Chicago, IL, USA), dental floss (Oral-B
Essentialfloss, Procter & Gamble, Schwalbach am
Taunus, Germany), and thin metallic matrix bands
(Hawe Tofflemire Matrices, 0.05 mm, Kerr Hawe SA,
Bioggio, Switzerland). Tooth surfaces were air-dried
before examination. Pulp vitality was checked with a
cold spray (Plurasol Kéltespray, Pluradent, Offenbach,
Germany), and percussion testing was performed.
Periodontal evaluation included measuring the
Papillary Bleeding Index (PBI) [45] and six-site pocket
depths (buccal, mesiobuccal, distobuccal, oral,
mesiooral, and distooral) on both restored and
contralateral reference teeth. Standardized intraoral
photographs of all restorations were captured with a
Canon EOS 450D and a MR-14EX macro ring light
(Canon, Tokyo, Japan). All clinical findings were
recorded on standardized data collection forms. The
second follow-up was conducted by a different

clinician than those involved in the original placement
or the first follow-up.

Rather than applying the full set of 16 FDI criteria,
seven criteria were selected to match the study’s
objectives [30]. These included:

Aesthetic:

1. Surface luster

2. Anatomical form

Functional:
3. Material fracture and retention

4. Marginal adaptation

5. Occlusal contour and wear

6. Approximal anatomical form
Biological:

7. Tooth integrity (enamel cracks or fractures)

Each restoration was scored on a six-point scale:
1—excellent/very good

2—good

3—satisfactory

4—unsatisfactory

5—poor

6—restoration or tooth missing
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A restoration was considered failed if any of the seven
criteria scored 5 or 6. New caries on unrelated surfaces
were not counted as failures, as these did not require
replacement of the evaluated restoration.

Restorations were also categorized following ISO 3950
guidelines regarding tooth type (premolar or molar),
jaw location (maxilla or mandible), and restoration size
(single-surface or multi-surface). To  enable
comparison with the first follow-up (1995-1997),
previous results were converted to the same six-point
scale, and only the seven selected FDI criteria were
analyzed.

Statistical analyses were carried out using SPSS
Statistics 28 (IBM, Chicago, IL, USA). Multiple
restorations within the same patient were treated as
independent observations. Differences between groups
(premolar vs. molar, maxilla vs. mandible, single- vs.
multi-surface) were evaluated using the Wilcoxon
Mann—Whitney U test, while comparisons of paired
scores from the first and second follow-ups were
performed using the Wilcoxon exact matched-pairs
test. Bonferroni—-Holm correction was applied, with an
adjusted significance threshold of o = 0.05.

Results and Discussion

The analysis included 42 direct posterior restorations
from 22 patients, with grades from both the initial and
long-term follow-up used for statistical evaluation.
Descriptive statistics were applied to illustrate the
distribution of the seven selected FDI criteria for each
restoration. Because the data did not follow a normal
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distribution, parametric tests such as the Student’s t-
test were not suitable. Nonparametric methods—the
Wilcoxon Mann—Whitney U test and the Wilcoxon
exact matched-pairs test—were therefore employed,
using a significance level of p = 0.05.

Clinical outcomes based on selected FDI criteria
aesthetic evaluation

Surface luster

At the first follow-up, nearly all
maintained a high degree of surface luster, with 31
restorations (73.8%) rated as clinically good (grade 2),
10 restorations (23.8%) as excellent (grade 1), and only
one restoration (2.4%) deemed clinically unsatisfactory
(grade 4). By the second follow-up, the results showed
a broader range of performance: 10 restorations
(23.8%) received grade 2, nine restorations (21.4%)
grade 3, and six restorations (14.3%) grade 4,
indicating some decline in luster but no need for
replacement. Only one restoration maintained enamel-
like luster (grade 1: 2.4%). Sixteen restorations
(38.1%) were not assessable because the restoration or
the tooth was no longer present (grade 6).
Comparisons of central tendency and dispersion
demonstrated a marked decrease in surface luster over
the 23-year period. The first follow-up revealed a
median grade of 2.0 with a narrow interquartile range
of 0.25, whereas the second follow-up showed a
median of 4.0 and a considerably wider interquartile
range of 2.0, reflecting increased variability and
deterioration in the long-term aesthetic outcome
(Figure 3).

restorations
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Figure 3. The stacked bar diagrams display the median values along with the first and third quartiles for 42
restorations in 22 patients, assessed at the first (1.fu) and second (2.fu) follow-ups.

No restorations improved in grade over time. Among
the 42 restorations, 32 exhibited a higher grade at the

second follow-up, whereas 10 remained unchanged.
The criterion of surface luster showed a statistically
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significant decline over the observation period (p <
0.001; Wilcoxon exact matched-pairs test).

Aesthetic anatomical form

At the initial follow-up, most restorations were rated as
clinically excellent (grade 1: 50%, n = 21) or clinically
good (grade 2: 47.6%, n = 20), indicating minimal
deviations from the ideal anatomical form. After 23
years, at the second follow-up, only 7.1% (n = 3) of
restorations retained an excellent rating, and 16.7% (n
= 7) were considered good. Sixteen restorations could
not be assessed due to the absence of either the
restoration or the tooth (grade 6: 38.1%).

Both the median and interquartile ranges increased
considerably over time. The first follow-up had a
median grade of 1.5 and an interquartile range of 1.0,
while the second follow-up showed a median of 4.0
with an interquartile range of 3.25. Only one
restoration demonstrated a lower score at the second
follow-up; the majority (36 restorations) worsened, and
in five cases, the grade remained the same. Changes in
aesthetic anatomical form were statistically significant
(p <0.001; Wilcoxon exact matched-pairs test).

a)
Figure 4. (a) The clinical view of a Herculite XRV
restoration on tooth 25 mod during the first follow-
up shows that, 12 months after placement, it only
achieved good scores (grade 2) for anatomical
form, marginal adaptation, tooth integrity, and
surface luster, falling short of excellent. (b) After
24 years, the same restoration displayed in Figure
4a revealed marginal fractures with exposed dentin,
resulting in a clinically unsatisfactory rating (grade
4) for marginal adaptation and requiring repair. The
anatomical form deviated from the ideal but
remained aesthetically acceptable [31], and the
surface exhibited dullness and multiple pores,
giving only clinically satisfactory ratings (grade 3)
for form and surface luster.

Functional properties — fracture resistance and
retention

At the first follow-up, the majority of restorations (95.2
percent, n = 40) were free from fractures or cracks,
earning the highest possible score (grade 1, clinically

excellent) for fracture resistance and retention, which
was the best-performing criterion. Two restorations
(4.8%) experienced partial bulk fractures affecting less
than half of the material, receiving grade 4 (clinically
unsatisfactory but repairable), while no restorations
were rated grade 2 [31]. By the second follow-up, only
four restorations (9.5%) retained an excellent grade,
whereas 16 restorations (38.1 percent) could not be
assessed because the tooth or restoration was missing
(grade 6).

The median and interquartile range of grades increased
over time (Figure 3). Initially, the median grade was
1.0 with an interquartile range of 0.0, indicating
consistent excellence. At the second follow-up, both
the median (3.5) and interquartile range (4.0) rose
substantially, reflecting deterioration. No restorations
improved in grade over time; in 38 cases, scores
worsened, and four remained unchanged (Figure 5).
Overall, among 42 restorations, fracture and retention
ratings declined significantly with time (p < 0.001,
Wilcoxon exact matched-pairs test).

a)
Figure 5. (a) At the initial evaluation of the
Herculite XRV restoration on tooth 34 modvl,
nearly all assessed criteria (six out of seven)
achieved top marks, indicating excellent clinical

performance, while only the approximal
anatomical form lagged behind, earning a clinically
unsatisfactory rating. (b) Twenty-four years later,
this same restoration demonstrated notable
deterioration across most parameters. Retention
and the aesthetic anatomical form were particularly
affected, both receiving clinically unsatisfactory
scores. Interestingly, the approximal anatomical
form improved compared with the first evaluation,
reflecting the influence of a newly placed
prosthetic on the neighboring tooth, which
optimized the contact point.

Marginal adaptation

Early follow-up assessments showed that the vast
majority of restorations were well-adapted, with only a
small fraction (7.1%, n = 3) considered repairable due
to minor clinical deficiencies. Most restorations
exhibited smooth margins with no detectable gaps or
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discoloration, or only minor marginal irregularities that
could be polished or corrected with minimal
intervention. By contrast, after 24 years, no restoration
retained an excellent score; most demonstrated
moderate to significant changes (grades 2—4), although
none required full replacement. A substantial number
(16 restorations, 38.1%) could not be assessed because
the restoration or tooth was missing.

Statistical evaluation confirmed a clear decline in
marginal adaptation over time. Initially, the median
score was 2.0 with very little variability (IQR = 0.25),
but after 24 years, the median increased to 4.0 and the
interquartile range expanded to 4.0, reflecting both
deterioration and greater inconsistency among
restorations. In no instance did a restoration improve
over time; in most cases (32 out of 42), scores
worsened, while ten cases remained stable. Overall,
changes in marginal adaptation were highly significant
(p <0.001, Wilcoxon exact matched-pairs test).

a) b)

Figure 6. (2) Initial clinical assessment of a
Herculite XRV restoration on tooth 34 (occlusal-
distal) showed grade 1 (clinically excellent/very
good) for aesthetic anatomical form, approximal

anatomical form, tooth integrity, and retention,
whereas marginal adaptation, occlusal

contour/wear, and surface luster were rated grade 2
(clinically good). (b) After twenty four years in
situ, the same restoration exhibited unchanged
grades for approximal anatomical form and
occlusal contour/wear, while all remaining criteria
received lower scores, with marginal adaptation
declining to grade 4 (clinically unsatisfactory). The
most pronounced changes between the two
assessments were observed in marginal adaptation
and retention.

Occlusal contour and wear

At the first follow-up, 69.2 percent (n = 27) of
restorations showed enamel-like physiological wear
and were scored grade 1 (clinically excellent). By the
second follow-up, only 15.4 percent (n = 6) retained

this rating, while 41.0 percent(n = 16) showed slightly
greater wear than enamel, receiving grade 2. Fourteen
restorations (35.9%) were not assessable due to loss of
the restoration or tooth (grade 6).

Analysis of median and interquartile range revealed a
trend toward higher grades over time (Figure 3), with
the median rising from 1.0 (IQR 2.0) at the first follow-
up to 2.0 (IQR 4.0) at the second. Only one restoration
improved at the second follow-up, 28 worsened, and
ten remained unchanged (Figure 7). Overall, occlusal
contour and wear showed significant deterioration over
the observation period (p < 0.001; Wilcoxon exact
matched-pairs test).

a) b)

Figure 7. (a) The initial assessment of a Herculite
XRYV restoration on tooth 35 (occlusal-distal)
revealed excellent results (grade 1) for aesthetic
anatomical form, marginal adaptation, tooth
integrity, retention, and surface luster, whereas
occlusal contour/wear was slightly lower at grade
2. The only criterion rated poorly was approximal
anatomical form, which scored grade 4, indicating
an unsatisfactory contact point and/or contour. (b)
After 24 years, the restoration maintained the same
occlusal contour/wear (grade 2), while all other
criteria previously rated excellent or good
worsened by one grade, now receiving grade 2
(clinically good). Approximal anatomical form
improved to grade 3, reflecting the replacement of
the neighboring restoration and establishment of a
functional contact.

Approximal anatomical form

At the first follow-up, approximal anatomical form
varied widely: 44% of restorations (n = 11) had ideal
contacts (grade 1), while over half (52%, n = 13) were
rated grade 4 due to weak or poorly contoured contacts.
Twenty-four years later, the full grading range (1-6)
was observed: 32% (n = 8) retained grade 1, 20% (n =
5) showed minor deviations in contact or contour
(grade 2), and 28% (n = 7) could not be assessed
because the restoration or tooth was missing (grade 6).
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The median score increased from 4.0 at the first follow-
up to 5.0 at the second, and the interquartile range
widened from 3.0 to 4.25, representing the greatest
variability among all criteria. Across the 25
restorations evaluated, 11 worsened, 7 improved, and 7
remained unchanged, yet statistical analysis indicated
no significant difference over time (p > 0.999;
Wilcoxon exact matched-pairs test).

Biological properties

Tooth integrity (Enamel cracks, tooth fractures)
During the first follow-up, only 2.4 percent (n = 1) of
restorations were rated clinically unsatisfactory (grade
4). The majority of restorations exhibited full integrity
(grade 1: 47.6 percent, n = 20) or minor marginal
enamel fractures (<150 pm) or hairline enamel cracks
(150 um) [31] (grade 2: 50.0 percent, n = 21). At the
second follow-up, restoration ratings spanned the full
spectrum from grades 1 to 6, with grade 2 being the
most common (40.5 percent, n = 17). Sixteen
restorations (38.1 percent) could not be evaluated due
to the loss of the restoration or tooth (grade 6).
Analysis of the median and interquartile range revealed
higher grades at the second follow-up (Figure 3).
Initially, the median was 2.0 with a narrow interquartile
range of 1.0, whereas at the second follow-up, the
median increased to 2.5 and the interquartile range
widened to 4.0. In one case, the second follow-up grade
was lower than the first; in 27 cases, it was higher, and
14 cases remained unchanged. Overall, 42 direct
restorations were assessed, and the tooth integrity
criterion showed statistically significant changes over
time (p < 0.001; Wilcoxon exact matched-pairs test).

Comparison of groups

No statistically significant differences were observed
in restoration grades between maxillary and
mandibular placements at either follow-up (p > 0.05;
Wilcoxon Mann—Whitney U test). Similarly,
restorations in premolars and molars showed no
significant differences at the first follow-up (p > 0.05).
However, at the second follow-up, restorations in
molars scored significantly higher in the criterion of
approximal anatomical form (p = 0.002), with median
grades of 2.0 for premolars and 6.0 for molars. No
significant differences were found between single-
surface and multi-surface restorations at either
evaluation (p > 0.05).

This study aimed to assess the long-term clinical
performance and challenges of posterior composite
restorations in premolars and molars, serving as an
observational follow-up to the research of Gerhardt-
Szep et al. [38]. The same restorations were re-
evaluated using identical FDI criteria after more than

23 years to provide a more precise understanding of
their clinical behavior and enable comparative
analysis, thus addressing a limitation of the original
study.

However, the findings have limited generalizability
due to the small sample size and reliance solely on
visual assessment criteria, compounded by the absence
of standardized evaluation methods. The study
population’s age at the time of restoration placement
ranged widely from 18 to 70 years, and dietary habits,
which could affect outcomes, varied independently of
age.

Given the 23-year gap between evaluations, not all
original patients or restorations could be re-examined,
leaving a small cohort of 22 patients with 42
restorations. While sufficient according to statistical
calculations, this represents a limitation common to
long-term studies, as highlighted in a 2015 meta-
analysis [37]. Extended follow-up periods inherently
increase dropout rates [46], reducing statistical power
and clinical relevance. Another limitation was the
inability to assess events between the two follow-ups,
such as restoration repairs, replacements, or tooth loss.
Future studies should consider shorter intervals
between evaluations to monitor restoration changes
over time, record reasons for failure as in other studies
[14, 46-48], and pinpoint the timing of failures for
Kaplan—Meier survival analysis.

Additionally, restoration histories could not be traced
via university dental records because patients
transitioned to other dental practices after the first
follow-up. This factor should be considered when
interpreting restoration survival, as previous studies
indicate an increased likelihood of restoration
replacement following changes in dentists [15, 49-53].

Surface luster

At the second follow-up, the surface luster of the
restorations had noticeably declined. Sixteen
restorations were unassessable and therefore recorded
as grade 6 due to the absence of either the tooth or the
restoration. Interestingly, none were graded as 5, which
would have signified that the restoration remained in
place but was clinically unsatisfactory and in need of
replacement. For those restorations still present,
surface irregularities, dullness, or voids could be
managed through repolishing or restorative repair. This
supports the recommendation by Cieplik et al. [43],
who emphasized that periodic repolishing at each recall
helps preserve the restoration’s surface quality and
prolong its functional life.

Aesthetic anatomical form
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The criterion of aesthetic anatomical form also showed
a decline over time. Similar to surface luster, 16
restorations were rated grade 6 due to missing teeth or
restorations, and only one restoration fell into grade 5,
indicating a poor condition requiring replacement.
Among the remaining restorations, 59.5% (n = 25)
displayed a wide distribution of scores from 1 to 4.
These findings align with Hickel et al. [29] and Heintze
et al. [54], highlighting that assessments of aesthetic
anatomical form are partly subjective, especially when
changes to the restoration are minor. To reduce
variability in future research, baseline and follow-up
photographs of restorations should always be available
for reference.

Fracture of material and retention

Unlike aesthetic criteria, fractures and retention
failures are more objectively identifiable. Literature
consistently shows that material fracture and secondary
caries are the primary reasons for failure in posterior
composite restorations [15, 37, 55], with long-term
studies (over 10 years) reporting higher incidences of
these failures [14, 33, 56]. In the current study, almost
all restorations (95.2%, n = 40) were rated grade 1 for
fracture and retention at the first follow-up, but after 23
years, only 9.5% (n = 4) remained at grade 1, while the
remaining 90.5% (n = 38) showed deterioration.
Pallesen et al. [55] reported that 70% of fractures over
a 30-year period occurred in patients with
parafunctional habits, emphasizing that patient
selection significantly affects restoration longevity.
Other studies [5, 55, 57-59] have confirmed that
excluding high-risk patients—those prone to caries,
poor oral hygiene, or parafunctional behaviors—can
markedly improve outcomes. In contrast, this study
included a general, non-selected patient population,
reflecting real-world clinical conditions.

Marginal adaptation

At the 23-year follow-up, evaluations of marginal
adaptation revealed considerable variability. Most
restorations (26; 61.9%) fell between grades 2 and 4,
whereas none were classified as grade 1 or 5. Sixteen
restorations (38.1%) could not be assessed because
either the tooth or the restoration was no longer present
(grade 6). Despite the median grade increasing from
2.0 at the first follow-up to 4.0 at the second, many
restorations that remained in place required only minor
marginal repairs rather than complete replacement.
Supporting this, van Dijken et al. [46] found no
difference in cervical gap formation or secondary
caries in class II restorations after 15 years, regardless
of whether low-shrinkage or microhybrid composites
were used. As highlighted by Hickel ef al. [29] and

other studies, marginal adaptation is influenced not
solely by the material but also by operator technique,
patient-specific caries risk, and parafunctional activity
such as bruxism [5, 9, 15, 18, 22, 60]. Additionally,
Loguercio et al. [61] reported that restorations bonded
with etch-and-rinse adhesives exhibit better marginal
adaptation and reduced discoloration compared to self-
etch systems, corroborated by Heintze et al.’s meta-
analysis [36]. In this study, the use of an etch-and-rinse
protocol during placement likely contributed to the
reparable and generally satisfactory margins observed
in the majority of cases.

Occlusal contour and wear

The long-term assessment of occlusal contour and wear
demonstrated predominantly positive outcomes, with
56.4 percent (n = 22) of restorations rated as grade 1 or
2. This aligns with Demarco et al. [15], who indicated
that occlusal wear rarely constitutes a primary failure
mode for posterior composite  restorations.
Nevertheless, patients with parafunctional behaviors
such as clenching or bruxism may still experience
significant wear [4, 15]. Evaluating wear can be
challenging due to its uneven distribution across
occlusal surfaces or when full occlusal reconstructions
are involved. Comparisons with the enamel of adjacent
unrestored teeth and reference to baseline and follow-
up photographs enhance the reliability of these
assessments [29, 31].

Approximal anatomical form

Among all evaluated criteria, approximal anatomical
form exhibited the highest median (5.0) and the widest
interquartile range (4.25) at the second follow-up,
highlighting the challenges associated with achieving
anatomically correct restorations and proper
approximal contacts. It should be noted that, as this
study included both class I and II restorations, only
class II restorations were relevant for this criterion.
Interestingly, approximal anatomical form was the sole
criterion that did not show statistically significant
changes over time (p > 0.999; Wilcoxon exact
matched-pairs test). These findings are consistent with
a 1999 clinical study [27] reporting the difficulty
dentists faced in establishing adequate approximal
contacts during that period, when the restorations in
this study were placed (1995-1996). Advances in
matrix systems and separation ring techniques have
since improved the ability to create proper approximal
contacts [15].

However, challenges extend beyond contact alone:
even when an approximal contact is intact, the overall
silhouette may be suboptimal, potentially promoting
plaque accumulation and increasing the risk of
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periodontal damage or secondary caries [31].
Additionally, in class Il cavities, the approximal
cervical gap often lies within the dentin, which may
contribute to poorer scores for this criterion [38].
Polymerization shrinkage stress in the composite layers
may exacerbate this problem, potentially generating
localized interfacial gaps and microleakage [62, 63].
According to a systematic review and meta-analysis by
da Veiga et al. (2016) [64], it remains uncertain
whether these gaps translate into clinically significant
marginal discrepancies [62]. Factors influencing
volumetric shrinkage include the composite’s resin
matrix composition, filler content, degree of
conversion [46], whether the restoration is direct or
indirect [65], and the use of incremental layering
techniques [66].

Tooth integrity (Enamel cracks, tooth fractures)
Regarding  tooth  integrity, the restorations
demonstrated only modest deterioration over time. The
median grade increased slightly from 2.0 at the first
follow-up to 2.5 at the second. At the first follow-up,
half of the restorations (50.0%, n = 21) were rated
grade 2, and at the second follow-up, 40.5% (n = 17)
remained at this grade. These results are comparable to
those reported by Cieplik et al. (2022) [43], who also
observed hairline enamel cracks (grade 2) in
approximately half of the restorations but concluded
that significant loss of tooth integrity was generally not
a major concern.

Multiple studies have indicated that the type of tooth
can influence the durability of restorations, with
premolar restorations generally demonstrating superior
longevity compared to those placed in molars [5, 14,
33, 48, 56, 59, 67]. For instance, Palotie et al. [68]
observed over 13 years that premolar restorations
failed less frequently than molar restorations, reporting
annual failure rates of 3.1% and 5.2%, respectively.
This difference is likely attributable to the greater
occlusal forces exerted on molars compared to
premolars [15, 47], as well as the more challenging
access to molars during restorative procedures, which
may compromise technical precision [47].

In the present study, however, a significant difference
between premolars and molars was observed only for
the criterion of approximal anatomical form at the
second follow-up (p = 0.002; Wilcoxon Mann—
Whitney U test); all other evaluated criteria showed no
statistically significant differences at either follow-up.
Moreover, other investigations have similarly reported
no consistent superiority of premolar restorations over
molar restorations [46, 47, 55, 57, 64]. It is worth
noting that prior to applying the Bonferroni-Holm
correction for multiple comparisons (o = 0.05), six out

of seven FDI criteria at the second follow-up indicated
significant differences favoring premolars. The
conservative nature of the Bonferroni-Holm method,
especially with a small sample size, strongly influenced
the statistical outcome. With a larger cohort, some of
these trends might have reached significance, although
the sample size used in this study was determined based
on prior clinical studies and in accordance with
guidelines from the Institute of Biostatistics and
Mathematical Modeling Frankfurt.

Regarding the number of restored surfaces, several
studies report that single-surface restorations in
posterior teeth tend to have lower failure rates than
multi-surface restorations [5, 14, 56, 58, 61, 69]. Van
de Sande er al. [48] emphasized that multi-surface
restorations are more prone to collapse, primarily due
to the reduced remaining tooth structure, which
adversely affects longevity. In contrast, the present
study did not find a significant difference in survival
between single- and multi-surface restorations after
applying the Bonferroni—-Holm correction.
Interestingly, before this adjustment, multi-surface
restorations tended to perform better, with the first
follow-up showing superior aesthetic anatomical form
and the second follow-up showing better approximal
anatomical form—findings that diverge from existing
literature and remain unexplained.

It should also be noted that restoration longevity is
influenced by cavity size and restoration area,
parameters that were not assessed in this study.
Furthermore, although both class I and II restorations
were included, no separate analysis based on cavity
type was conducted, which represents a limitation.
Improved standardization in data collection and
differentiation by cavity type could have strengthened
the reliability and interpretability of the study results.
Evidence regarding whether the location of posterior
composite restorations in the maxilla or mandible
influences their longevity remains limited and
inconsistent. For example, Palotie ef al. [68] reported
that multi-surface restorations in the maxilla tended to
last longer than those in the mandible, whereas
cariological data suggest that posterior teeth in both
arches are largely comparable in terms of risk [70].
Lucarotti et al. [50] noted a slight but statistically
significant advantage for mandibular restorations;
however, this study combined data from anterior and
posterior teeth and did not specifically include molar
composites. In contrast, Pallesen et al. [55] found no
difference in failure rates between restorations in the
upper and lower arches. These observations are
consistent with the findings of the present study, which,
after Bonferroni—-Holm correction, found no significant
differences in the survival of posterior composite
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restorations between the maxilla and mandible at either
follow-up.

The longevity of posterior direct composite
restorations is influenced by multiple patient-,
operator-, and material-related factors. Opdam et al. [5]
concluded in a systematic review that the type of
composite material does not constitute a significant
risk factor for restoration survival, a notion supported
by Demarco et al. [15, 71], who emphasized that
contemporary resin composites generally meet the
clinical demands for posterior restorations. Several
studies have confirmed favorable outcomes for hybrid
composites, reporting annual failure rates between
0.9% and 3.3% [5, 25, 36, 55, 57]. Conversely, patient-
specific factors such as bruxism and caries risk are
major determinants of restoration durability [22, 71],
making patient selection a critical variable in clinical
trials [55, 57]. Excluding high-risk individuals—those
with elevated caries activity, poor oral hygiene, or
parafunctional habits—typically results in better
survival rates [5, 58, 59]. In the present study,
participants were unselected, reflecting a typical
clinical population.

Operator-related factors are arguably the most
influential determinants of restoration longevity [47,
71], encompassing the clinician’s training, experience,
and precision. Decisions regarding when to replace a
restoration are also operator-dependent, and diagnostic
variability between dentists is substantial. Studies have
shown that restorations are more likely to be replaced
when patients change dentists, and both composite and
amalgam restorations may have reduced longevity
under such circumstances [49-53]. Practice-based
research from 2016 [72, 73] further highlights that the
risk of restoration failure is roughly doubled across
different dental offices, with notable variation in
outcomes between clinicians. To minimize this
variability, evidence-based, standardized criteria
should guide monitoring, repair, refurbishment, or
replacement decisions [55, 58]. The FDI criteria, as
recommended by Hickel et al. [31], provide an
internationally accepted framework that can be applied
by dental students, general practitioners, and
researchers, promoting conservative management and
avoiding unnecessary early replacement. Such
approaches are advantageous because restoration
repair preserves tooth structure, requires less clinical
time, and reduces costs [14, 15, 74]. With increasing
life expectancy and more retained teeth in Western
populations, the burden of restorations requiring
intervention is likely to grow [68]. Even modest
improvements in restoration longevity could lead to
substantial cost savings [75]. Therefore, future dental
practice should prioritize conservative management

strategies—monitoring, refurbishment, and repair—
using standardized criteria like the FDI system to
enhance the durability of restorations and prevent
premature failure.

Conclusion

In summary, this long-term observational follow-up
demonstrated that after over 23 years, six of the seven
FDI criteria exhibited a notable decline in scores at the
second evaluation. The only exception was the
approximal anatomical form, which performed
significantly better in premolar restorations compared
to molars. Future research should focus on longer
follow-up periods with more frequent assessments to
monitor restorations over time more precisely.
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