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Abstract

Background: This study aimed to assess the reasons for composite restoration replacement
in patients in Ahwaz, Iran. Materials and Methods: This cross-sectional study was conduct-
ed on 231 patients presenting to the dental clinic of the School of Dentistry, Ahwaz Jundis-
hapour University in 2017-2018 who required composite restoration replacement. A senior
dental student performed a clinical dental examination of patients using a dental explorer, a
dental mirror, and dental floss, and the decayed, missed, and filled (DMF) index of the patients
was recorded. The patients also underwent radiography. The reason for composite restoration
replacement was recorded. Data were analyzed by independent t-test, Chi-square test, one-
way ANOVA, and LSD test (alpha=0.05). Results: Of 231 patients, 104 (45%) were males
and 127 (55%) were females. The majority of the patients (27.3%) were between 40-50 years
and had Class II malocclusion (62%). The mean DMF of patients was 3.48+1.36. Maxillary
anterior teeth comprised the majority of the teeth that required restoration replacement. Sec-
ondary caries was the most common cause of restoration replacement (23.4%), followed by
a combination of secondary caries and pain or dentin hypersensitivity (15.1%). The reason
for restoration replacement had a significant association with age with primary caries being
most prevalent in the 41-50 age group (P<0.05) but had no significant association with gender
or class of occlusion (P>0.05). Patients requiring restoration replacement due to primary and
secondary caries, and broken or cracked restorations had significantly higher mean DMF val-
ues compared to those with other reasons (P=0.031). Conclusion: Secondary caries was the
most common reason for composite restoration replacement in the study population, and the
reason for restoration replacement had a significant association with age and DMF of patients.
[GMJ.2024;14:¢3618] DOI:10.31661/gmj.v13i.3618
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Introduction

Dental composite resins are increasingly
used for tooth-colored restorations due
to their optimal esthetics, conservativeness,
and ability to bond to tooth structure. They

have largely replaced amalgam restorations
worldwide [1, 2]. However, composite resins
have high technical sensitivity [3] and cannot
ideally prevent marginal leakage [1].

The longevity of dental restorations depends
on the type of restorative material, size of cav-
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ity [4], degree of polymerization of composite
resin [5], expertise and experience of dental
clinician [6], patient’s age [7], level of cooper-
ation and oral hygiene of patient [2, 5], num-
ber of restored tooth surfaces [8], tobacco use
and cigarette smoking [9], age of restoration,
and quality of isolation. Evidence shows that
the main reasons for composite restoration re-
placement include secondary caries, margin-
al fracture of restoration, discoloration, tooth
hypersensitivity, periapical abscess, or loss of
anatomical contour of restoration [10]. Po-
lymerization shrinkage results in gap forma-
tion at the tooth-composite interface and sub-
sequent leakage of saliva and bacteria, leading
to composite restoration failure [11].

Correct detection of the tooth-restoration in-
terface is the main problem encountered in
composite restoration replacement, which re-
sults in excessive removal and weakening of
the remaining tooth structure [12]. A previous
study reported that dental clinicians were re-
sponsible for restoration failure in 30% of the
cases; patients and quality of dental restor-
ative materials were responsible for 47% and
23% of the failures, respectively [13]. Poor
knowledge of dental clinicians about the bi-
ological, chemical, and physical properties of
the tooth structure results in early failure of
restorations, compromises the integrity of the
tooth structure, and results in recurrent caries
and subsequent pulp necrosis, necessitating
root canal therapy and prosthetic crown place-
ment [14].

Restoration replacement is often associated
with enlargement of the cavity size, weaken-
ing of the residual tooth structure and resto-
ration, and further damage to both the tooth
and restoration [15].

Information about the frequency of different
reasons for restoration replacement can help
in strategy planning to prevent or minimize
future restoration failures. Considering the
scarcity of studies in this respect in Iran, this
study aimed to assess the reasons for compos-
ite restoration replacement in Ahwaz, Iran.

Materials and Methods
This cross-sectional study was conducted on

231 patients presenting to the dental clinic of
the School of Dentistry, Ahwaz Jundishapour
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University in 2017-2018 who required com-
posite restoration replacement. The study pro-
tocol was approved by the ethics committee
of the university and written informed consent
was obtained from all patients prior to their
enrollment. All participants were required to
be at least 10 years old and to have at least one
composite restoration that needed replace-
ment. Patients were also required to provide
written informed consent and to be willing
to undergo a comprehensive clinical dental
examination, including the use of a dental
explorer, dental mirror, and dental floss, as
well as radiographic imaging. Additionally,
patients with a full set of permanent teeth (ex-
cluding third molars) and those who had no
systemic conditions or medications that could
affect dental health were included in the study.

Sample Size

The sample size was calculated to be 231 pa-
tients assuming a 95% confidence interval,
P=0.308, and d=0.06 using the sample size
calculation formula.

Data Collection

A senior dental student performed clinical
dental examination for all patients using a
dental explorer, a dental mirror, and dental
floss under adequate lighting, and the de-
cayed, missed, and filled (DMF) index of
patients was recorded. Radiography was also
performed.

The assessment of the DMF index involved a
systematic clinical examination of an individ-
ual’s teeth to quantify the presence of dental
caries, missing teeth due to caries, and teeth
that had been restored. Each tooth was visu-
ally inspected and probed using standardized
dental instruments to identify and record the
specific condition of each tooth surface. The
DMF index was calculated by summing the
number of decayed (D), missing (M), and
filled (F) teeth or surfaces, providing a com-
prehensive measure of the individual’s dental
health status. For the DMFT index, which as-
sesses the number of decayed, missing, and
filled teeth, the score can range from 0 to 28
for an adult with a full set of permanent teeth
(excluding third molars).

Age, gender, class of occlusion, type of tooth
with failed/defective composite restoration,

GM1J.2024;13:¢3618
WWW.gmj.ir



Composite Restoration Replacement in Patients

and restoration type were all recorded. Oc-
clusion is classified into three main classes:
Class I, where the molars are in a normal re-
lationship with the upper first molar’s mesio-
buccal cusp occluding in the buccal groove of
the lower first molar; Class II, characterized
by the upper first molar’s mesiobuccal cusp
occluding anterior to the buccal groove of the
lower first molar, often indicating an overbite;
and Class III, where the upper first molar’s
mesiobuccal cusp occludes posterior to the
buccal groove of the lower first molar, often
indicating an underbite.

The restorations were classified according to
the G.V. Black classification system, which
includes Class I through Class V restorations,
as well as specific subcategories for Class 11
restorations  (mesio-occlusal/disto-occlusal
and mesio-occluso-distal).

The reason for restoration replacement was
recorded based on the following definitions:
Primary caries, defined as the presence of
caries not related to the main restoration; sec-
ondary caries, characterized by caries beneath
the restoration or at the restoration margins in
direct contact with the restoration, detectable
clinically with a dental explorer or on radio-
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graphs; defective restoration margins (without
caries), indicating the presence of defective
margins without the anatomical form and no
occlusal contact with the opposing tooth; isth-
mus fracture, referring to the fracture of the
restoration isthmus; broken or cracked resto-
ration, involving a true fracture in the compos-
ite mass; lost restoration, a restoration lost due
to poor retention without underlying caries;
tooth fracture, a fracture of a part of the tooth
structure in contact with the restoration due to
weakening or undermining; open contact, the
presence of symptoms such as food impaction
and easy passage of dental floss suggesting
an open contact; overhang, confirmed by the
sharp tip of an explorer and radiographic ev-
idence; pain or hypersensitivity, pain or dis-
comfort in response to thermal stimuli; and
other reasons, encompassing any other issues
not falling into the above categories.

Statistical Analysis

Data were analyzed by SPSS version 24 (SPSS
Inc., IL, USA) using independent t-test, Chi-
square test, one-way ANOVA, and LSD test at
0.05 level of significance.

Table 1. Main Reasons for Composite Restoration Replacement in the Present Study

Reason Males Females Total
P-value
n % n % n %
Primary caries 14 13.5 8 6.3 22 9.5
Secondary caries 25 24 29 22.8 54 23.4
Defective margins 0 0 3 24 3 1.3
Isthmus fracture 1 1 0.8 2 0.9
Failed or cracked restoration 1 1 0 0 1 0.4
Lost restoration 5 4.8 9 7.1 14 6.1
Tooth fracture 3 2.9 1 0.8 4 1.7
Open contact 10 9.6 9 7.1 19 8.2
Overhang 3 2.9 6 4.7 9 3.9 0.64
Dentin hypersensitivity 3 2.9 5 3.9 8 3.5
Other reasons 12 11.5 16 12.6 28 12.1
Sec““l?;‘gzr‘;:;‘s‘;:;iga‘“ or 16 154 19 15 35 15.1
Secondary caries + other 2 1.9 3 2.4 5 2.2
Sl e 2 e 4 a6 2
Other 7 6.7 14 11 21 9.9
Total 104 100 127 100 231 100
GMJ.2024;13:e3618 3
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Results

A total of 231 patients were evaluated includ-
ing 104 males (45%) and 127 females (55%).
Table-1 presents the main reasons for com-
posite restoration replacement in the present
study. As shown, secondary caries was the
most common cause of restoration replace-
ment (23.4%) followed by a combination of
secondary caries and pain or dentin hyper-
sensitivity (15.1%) in general, and also sep-
arately in males and females. The Chi-square
test showed no significant difference between
males and females in reasons for restoration
replacement (P=0.640).

Of all patients, 63 (27.3%) were between 41-
50 years, 60 (26%) were between 31-40 years,
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57 (24.7%) were between 21-30 years, 33
(14.3%) were between 51-60 years, 10 (4.3%)
were between 61-70 years, and 8 (3.5%) were
between 10-20 years. Of all teeth that required
restoration replacement, 71.4% (n=165) were
maxillary anterior teeth (highest frequency),
13.4% (n=31) were maxillary premolars,
6.9% (n=16) were mandibular premolars,
4.8% (n=11) were mandibular anterior teeth,
3% (n=7) were maxillary molars, and 0.4%
(n=1) were mandibular molars.

Class Il restorations had the highest frequency
(40.7%, n=94) followed by Class IV (29.9%,
n=609), Class II-mesio-occlusal/disto-occlusal
(13.4%, n=31), Class V (10%, n=23), Class |
(3.9%, n=9), and Class II mesio-occluso-dis-
tal restorations (2.2%, n=5).

Table 2. Reasons for Restoration Replacement based on the Age Group (yrs.) of Patients

10to 20 21-30 31-40 41-50 51-60 61-70 Total
Reason P-value
n % n % n % n % n % n % n %
Primary caries 0 0 1 18 4 67 12 19 5 152 0 0 22 95
Secondary 25 7 123 14 233 17 27 13 394 1 10 54 234
caries
Defective 0O 3 53 0 0 0 0 0 0 0 0 3 13
margins
Isthmus o 0 2 35 0 0 0 0 0 0 0 0 2 09
fracture
Failed or
cracked 0 0 0 0 0 0 0 0 1 3 0 0 1 0.4
restoration
Lost restoration 1 125 5 8.8 6 10 0 0 1 3 1 10 14 6.1
Tooth fracture 0 3 5.3 0 0 1 1.6 O 0 0 0 4 1.7
Open contact 0 9 158 5 83 3 48 0 0 2 20 19 82
Overhang 0 4 7 1 1.7 2 32 1 3 1 10 9 39 #%(0) 007
Dentlfl. . 0 0 3 5.3 2 33 2 32 1 3 0 0 8 3.5
hypersensitivity
Other reasons 1 0 7 123 10 167 8 127 1 3 1 10 28 12.1
Secondary
caries + pain or 1 125 7 123 12 20 8 127 7 212 0 0 35 15.1
hypersensitivity
Secondary 5 0 o 5 33 1 16 1 3 0 0 5 22
caries + other
Secondary
ies +
caries + broken 0 2 35 0 0 2 32 0 0 2 20 6 26
or cracked
restoration
Other 2 25 4 7 4 6.7 7 11.1 2 6.1 2 20 21 9.9
Total 8§ 100 57 100 60 100 63 100 33 100 10 100 231 100
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Secondary caries was most common in the
proximal surfaces (66.7%, n=92) followed by
the occlusal surface (22.5%, n=31) and cervi-
cal region (10.9%, n=15).

Table-2 presents the reasons for restoration re-
placement based on the age group of patients.
The Chi-square test showed a significant dif-
ference among different age groups in reasons
for restoration replacement (P=0.007). Sec-
ondary caries were the main reason for resto-
ration replacement in 10-20-, 31-40-, 41-50-,
and 51-60-year-old age groups. Open contact
of restoration was the main reason for resto-
ration replacement in 21-30-, and 61-70-year-
olds. The highest frequency of restoration
replacement was recorded in 21-to 50-year-
olds, which was due to secondary caries.
Ofall, 62% (n=143) were Class 11, 19% (n=44)
were Class I, and 19% (n=44) were Class I11.
Table-3 presents the reasons for restoration
replacement based on the class of occlusion.
The main reason for restoration replacement
was secondary caries plus pain or dentin hy-
persensitivity in Class I (22.7%), secondary
caries alone in Class II (25.9%), and other
reasons in Class III (27.3%) cases. The Chi-
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square test showed no significant difference
in reasons for restoration replacement among
different classes of occlusion (P=0.144). The
mean DMF of patients was 3.48+1.36 (range
0.67 to 8.67). Table-4 shows the reasons for
restoration replacement based on the DMF
of patients. One-way ANOVA revealed a sig-
nificant difference in reasons for restoration
replacement according to the mean DMF
(F=1.90, P=0.031). Pairwise comparisons by
the LSD test showed that in patients requir-
ing restoration replacement due to primary
caries, the mean DMF was significantly high-
er than that in patients requiring restoration
replacement due to defective margins (with-
out caries), isthmus fracture, lost restoration,
open contact, and other reasons (P<0.05). In
patients requiring restoration replacement due
to secondary caries, the mean DMF was sig-
nificantly higher than that in patients requir-
ing restoration replacement due to defective
margins (without caries) and isthmus fracture
(P<0.05). In patients requiring restoration re-
placement due to defective margins (without
caries), the mean DMF was significantly low-
er than that in patients requiring restoration

Table 3. Reasons for Restoration Replacement based on the Class of Occlusion

Class 1 Class IT Class I1I Total
Reason P-value
n % n % n % n %
Primary caries 2 4.5 17 119 3 68 22 9.5 0.144
Secondary caries 8 18.2 37 259 9 205 54 234
Defective margins 0 0 3 21 0 0 3 1.3
Isthmus fracture 0 0 2 1.2 0 0 2 0.9
Failed or cracked restoration 0 0 1 07 0 0 0.4
Lost restoration 5 11.4 7 49 2 45 14 6.1
Tooth fracture 0 0 3 2.1 1 23 4 1.7
Open contact 3 6.8 12 84 4 9.1 19 8.2
Overhang 0 0 8 56 1 23 9 3.9
Dentin hypersensitivity 2 4.5 6 42 0 0 8 3.5
Other reasons 4 9.1 12 84 12 273 28 121
Se“”“l:ly";gri‘;fiii:itpya'“ or 10 227 17 119 8 182 35 151
Secondary caries + other 3 3.8 2 14 0 0 5 2.2
Sec“';‘::;{e‘z‘ifsst;:;zﬁe“ 2 a5 3 21 1 23 6 26
Other 5 11.4 3 9.1 3 6.8 21 9.9
Total 44 100 143 100 44 100 231 100
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replacement due to secondary caries plus pain
or dentin hypersensitivity, and secondary car-
ies plus other reasons (P<0.05). In patients
requiring restoration replacement due to isth-
mus fracture, the mean DMF was significant-
ly lower than that in patients requiring resto-
ration replacement due to secondary caries
plus pain or dentin hypersensitivity, second-
ary caries plus other reasons, secondary caries
plus broken or cracked restoration, and other
reasons (P<0.05). Also, patients who required
restoration replacement due to primary and
secondary caries, and broken or cracked res-
toration had a higher mean DMF than others.

Discussion

This study assessed the frequency of reasons
for composite restoration replacement in Ah-
waz, Iran. The results showed that secondary
caries was the most common reason for res-
toration replacement (23.4%), followed by a
combination of secondary caries and pain or
dentin hypersensitivity (15.1%). Chrysantha-
kopoulos [16] reported that primary caries
(60%) was the main cause of composite res-
toration of teeth while secondary caries (48%)
was the most common reason for composite
restoration replacement, which was in agree-
ment with the present results. Discoloration

Composite Restoration Replacement in Patients

was the second most common reason for
restoration replacement in their study. Abol-
ghasemzade et al. [17] demonstrated that
secondary caries were the most common rea-
son for composite restoration replacement in
Babol, Iran in 2013 and 2014. The same re-
sults were reported by Braga et al, [18] Frost
[19], and many others [20-24]. Soares and
Cavalheiro [15] reported that secondary caries
were the reason for the replacement of 41% of
amalgam and 36% of composite restorations
in Portugal. Composite fracture, caries, mar-
ginal defects, and lack of proximal contact
(open contact) were reported as the main rea-
sons for composite restoration replacement by
Opdam ef a/ [25]. In a review study, Deligergi
et al. [26] concluded that clinically evident
secondary caries was the main reason for the
replacement of dental restorations. Similar
results were reported by many other studies
[7, 27-29]. The high incidence of secondary
caries under composite restorations can be ex-
plained by microbiological findings [30]. The
high technical sensitivity of composite resto-
rations also contributes to the occurrence of
secondary caries. Moreover, the final clinical
outcome of composite restorations highly de-
pends on the oral hygiene status of patients.
Composite restorations can enhance the pro-
liferation of Streptococcus mutans as the main

Table 4. Reasons for Restoration Replacement based on DMF of Patients

Reason

n  DMFM=SD)

Primary caries

Secondary caries

22 4.09 +1.27
54 3.76 £ 1.44

Defective margins 2.00 £0.33

Isthmus fracture 1.33+0.0

Failed or cracked restoration 4.33+0.0

Lost restoration 14 2.88+1.03

Tooth fracture 4 2.92+1.2

Open contact 19 3.07+1.21

Overhang 3.15+1.25

Dentin hypersensitivity 8 329+1.22

Other reasons 28 3.19+1.4

Secondary caries + pain or hypersensitivity 35 3.65+1.29
Secondary caries + other 5 4.07+1.46
Secondary caries + broken or cracked restoration 6 3.67+1.17
Other 21 3.54 +1.41

Total 231 348 +1.36
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microorganism responsible for dental caries.
This parameter combined with poor oral hy-
giene can lead to the occurrence of secondary
caries [31]. A high load of Streptococcus mu-
tans has been reported at the composite resto-
ration margins compared with amalgam and
glass ionomer restoration margins [32]. Some
other studies reported higher dental plaque
accumulation at the tooth-composite interface
compared with the tooth-amalgam interface
[33] and confirmed that resin materials result
in greater accumulation of dental plaque with
a more cariogenic composition compared
with amalgam, silicate cement, and glass ion-
omer [16]. Composite resin shrinkage is an-
other factor contributing to the occurrence of
secondary caries. Polymerization shrinkage of
resin materials results in gap formation at the
tooth-restoration interface, particularly at the
gingival margin of the tooth [6].

Therefore, measures must be taken to mini-
mize polymerization shrinkage of composite
resins [16]. Microleakage is another param-
eter related to the development of secondary
caries [34]. A previous study reported that a
tooth-restoration interface gap>35-50 pm
can predispose the tooth to secondary car-
ies [35]; while some other studies found no
significant correlation between gap size and
secondary caries development except in case
of macro-leakage (gaps>250-400 pm) [34]. It
appears that secondary caries do not develop
due to microleakage at the tooth-restoration
interface; it is smooth-surface caries that de-
velop due to reasons similar to those of pri-
mary caries [6].

A 10-year study carried out by Gaengler ef al.
[36] reported that restoration fracture was the
most common cause of restoration replace-
ment in the first 5 years while secondary car-
ies was the main cause of replacement in the
second 5 years. However, Raskin et al, [37]
and Mair [38] reported very few or no cases
of secondary caries as the reason for resto-
ration replacement, which may be attributed
to the routine use of rubber dam isolation for
restorative procedures in European countries,
which results in optimal isolation and mini-
mizes the risk of caries recurrence.

Aside from secondary caries, composite res-
toration replacement may be required due
to other reasons such as restoration fracture,
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marginal defects, tooth fracture, marginal
discoloration, poor anatomical contour, and
over-contouring of restorations [23, 26, 39,
40]. As mentioned earlier, the success of res-
torations depends on a number of factors such
as quality of restorative material, size and
type of restoration, tooth type, experience and
expertise of dental clinician, tooth location in
the dental arch, number of restored tooth sur-
faces, and patient’s age [17].

In the present study, the Class of occlusion
had no significant association with the reason
for restoration replacement. However, Class
IIT and IV composite restorations had a higher
frequency of failure. Similar results were re-
ported by Nikaido et al [41]. A previous study
reported that the 5-year survival rate of Class
III, IV, and V restorations was 54.6%, 47.7%,
and 59.2%, respectively [42]. A higher fre-
quency of failure in Class III and IV compos-
ite restorations can be due to poor color match,
discoloration, or caries, the significance of
the optimal appearance of restorations in the
esthetic zone, and higher demand of patients
for their replacement. It should be noted that
the gingival regions in Class II, III, IV, and V
restorations are susceptible to secondary car-
ies. The reason may be more difficult clinical
control and oral hygiene maintenance at the
gingival margins and cervical regions [17,
40]. This statement explains the higher rate
of restoration replacement in Class II, III,
IV, and V cavities compared with Class I and
VI restorations [40]. Abolghasemzade et al.
[17] reported that Class II restorations were
the most common restoration type requiring
replacement, accounting for over 50% of the
cases. They explained the reason for be diffi-
cult restoration of posterior teeth. This result
was different from the present findings, which
may be due to the small number of Class II
posterior composite restorations in the present
study. In the current study, maxillary anterior
teeth comprised the majority of the teeth that
required restoration replacement, which was
in line with previous findings [17] and may
be due to the higher frequency of use of com-
posite resin for anterior teeth, compared with
posterior teeth, as a result of esthetic consider-
ations and higher cost. Also, problems such as
coronal and marginal discoloration and caries
are more easily detected by patients with ante-

GM1J.2024;13:e3618
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rior teeth. Therefore, replacement of anterior
composite restorations is a major complaint of
many patients [17].

Assessment of the correlation of reasons for
restoration replacement and demographic fac-
tors revealed no significant difference in this
regard between males and females, which was
in line with some [6, 40], and in contrast to
some other studies [23]. Differences in the
results in this respect may be due to differ-
ences in sample size and study populations.
Nonetheless, reasons for restoration replace-
ment had a significant correlation with the
age group of patients. Patients between 20-50
years had the highest frequency of restoration
replacement, which was mainly due to sec-
ondary caries. Higher occupational involve-
ment in this age group probably leads to less
attention to oral hygiene and the occurrence of
secondary caries. The frequency of restoration
replacement and secondary caries was lower
in patients between 50-70 years probably due
to tooth extraction, less popularity of compos-
ite restorations in the past, and lower frequen-
cy of dental visits in this age group.

The present results revealed a significant cor-
relation between reasons for restoration re-
placement and DMF of patients, and patients
who required restoration replacement due to
primary or secondary caries, and broken or
cracked restoration had a higher DMF, which
is justifiable by the fact that higher DMF is as-
sociated with a higher frequency of carious, ex-
tracted, and filled teeth and poorer oral hygiene.
The relatively small sample size was a limita-
tion of this study. Future studies with a larger
sample size are required to compare the rea-

Composite Restoration Replacement in Patients

sons for composite and amalgam restoration
replacements. Also, the success rate of com-
posite restorations performed by general den-
tists and restorative dentists should be com-
pared.

Conclusion

In conclusion, our study on composite resto-
ration replacement in an Iranian population
shows the significant role of secondary caries
as the primary reason for restoration failure,
followed by a combination of secondary car-
ies and pain or dentin hypersensitivity. The
findings indicate that patients in the 40-50
age group are particularly at risk for prima-
ry caries. The lack of significant association
between restoration replacement and factors
such as gender and occlusion class implies
that these variables may not be major contrib-
utors to restoration failure in this population.
Furthermore, the higher mean DMF values
observed in patients requiring restoration
replacement due to primary and secondary
caries, as well as broken or cracked resto-
rations, show the need for early intervention
and maintenance to prevent the progression of
dental diseases. These results emphasize the
importance of regular dental check-ups, ef-
fective caries management, and the use of du-
rable restorative materials to reduce the inci-
dence of restoration replacement and improve
long-term oral health outcomes.
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