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Abstract
Objectives Assess calcium silicate cement (Biodentine™) vs. glass ionomer cement (Fuji IX™, control) as indirect pulp capping
(IPC) materials in patients with reversible pulpitis after a 2-year follow-up. Evaluate the integrity of the overlying resin composite
restorations using modified USPHS criteria and FDI criteria. Investigate the sensitivity of the modified USPHS criteria compared
to the FDI criteria in the assessment of the restorations.
Materials and methods Seventy-two restorations (36 Biodentine™, 36 Fuji IX™) were placed randomly in 53 patients.
Periapical radiographs were taken at pre-treatment (T0), 12-month (T12), and 24-month (T24) review. Restorations were
assessed using the modified USPHS and FDI criteria at T12 and T24.
Results At 24 months, 15 teeth had failed to maintain vitality (6 Biodentine™, 9 Fuji IX™). Clinical success rate of IPC for both
materials was 72% and is related to the intensity of reversible pulpitis symptoms. No difference was found between T12 and T24
in the periapical (PA) radiographs and in the integrity of the resin composite restorations overlying Biodentine™ compared to
Fuji IX™. There was no difference in the efficacy of the USPHS criteria compared to the FDI criteria in the assessment of the
resin composite restorations.
Conclusions Biodentine™ and Fuji IX™ were clinically effective when used as IPC materials in teeth with reversible pulpitis at
T24. Resin composite restorations overlying both materials performed well at T24. Using the USPHS or FDI criteria is equally
efficient at T24; however, longer term follow-up is needed to establish whether there are sensitivity differences between these
assessment criteria.
Clinical significance Teeth with deep carious lesions approaching the pulp and with signs of reversible pulpitis can be treated
successfully by indirect pulp capping using either Biodentine™ or Fuji IX™. Using the USPHS or FDI criteria to assess
restorations is equally effective at 2 years.
Trial registration NCT02201641

Keywords Indirect pulp capping . Reversible pulpitis . Periapical radiographs . Calcium silicate cements . Glass ionomer
cements . USPHS . FDI criteria . MI dentistry . Carisolv gel . Selective caries removal

Introduction

Dental caries is the most prevalent chronic condition of people
worldwide, with individuals being susceptible to this disease
throughout their lifetime [1, 2]. The treatment of dental caries
has cost implications especially with deep carious lesions ap-
proaching the pulp [3, 4]. Reversible pulpal injury resulting
from a deep carious lesion can now be treated effectively
using a selective, minimally invasive caries removal approach
[5]. However, distinguishing between diagnoses of reversible/
irreversible pulpitis is fundamental for the treatment to be
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successful and this remains a challenge as current clinical and
radiographic diagnostic methods do not give an accurate rep-
resentation of the histological status of the pulp [6].
Furthermore, success of the treatment is also associated with
the quality of the restoration which must be assessed to predict
the long-term clinical performance.

Clinical guidelines have been developed upon which judg-
ments could be based for the assessment of dental restorations.
Cvar and Ryge [7] developed criteria for the clinical evalua-
tion of dental restorative materials for use by the United States
Public Health Service—commonly known as BRyge^ or
BUSPHS^ criteria. These criteria, with their many modifica-
tions, quickly gained popularity due to their clarity and work-
ability and have been used extensively in studies worldwide
[8]. An alternative checklist introduced by Hickel et al. [9] and
approved by the FDI World Dental Federation claimed to be a
more sensitive assessment method with enhanced discrimina-
tive power comparedwith the original Ryge criteria. However,
few studies have adopted these criteria to date and this could
be because long-term clinical studies which have already used
the USPHS criteria are committed to completing their trials
using the same criteria [10]. There certainly remains a need for
studies comparing the FDI criteria with other existing restor-
ative assessment criteria, i.e. the USPHS criteria to establish
its validity and benefit in permanent teeth.

The 12-month results of this randomised controlled clinical
trial showed no clinical difference in the dentine-pulp re-
sponse between Biodentine™ and Fuji IX™ [11]. Cone beam
computed tomography (CBCT) scans had detected periapical
changes associated with teeth initially diagnosed with revers-
ible pulpitis using electric pulp testing, thermal stimulation,
and periapical radiographs indicating its potential in this field.
Teeth identified to be healing using CBCT had received
Biodentine™while the majority of teeth which had not healed
had received Fuji IX™ [11].

The aims of the present study were to (1) investigate clin-
ically and radiographically the dentine-pulp response to calci-
um silicate cement (Biodentine™) compared to glass ionomer
cement (Fuji IX™) used as indirect pulp capping (IPC) agents
in teeth with symptoms of reversible pulpitis after 24 months,
(2) assess the overlying resin composite restoration using both
the USPHS and FDI criteria, and (3) compare the efficacy of
the USPHS compared to the FDI criteria in the assessment of
the resin composite restorations overlying both pulp protec-
tive agents.

Materials and methods

This randomised controlled clinical trial compared calcium
silicate cement (Biodentine™, Septodont, Saint-Maur-des-
Fossés, France) as the test material and glass ionomer cement
(Fuji IX™ GP, GC Corporation, Tokyo, Japan) as the control

material in patients with deep carious lesions and signs of
reversible pulpitis. The patients were recruited from King’s
College Dental Institute at Guy’s Hospital, London,
England. Randomisation was performed centrally by the
Biostatistics Unit using tabular randomisation, with the unit
being the tooth and cavity size considered as a prognostic
factor (1 wall, 2 walls, or more). Inclusion and exclusion
criteria are presented in Table 1. Intensity of the pulp symp-
toms was recorded. Patients’ description of sensitivity to hot/
cold/sweet lasting up to 15–20 s and settling spontaneously
were considered mild, while increased pain for more than
several minutes and needing pain killers were considered se-
vere [11]. The clinical operator was trained to ensure
standardisation of the operative procedures. Methods of clin-
ical assessment included evaluation of pulp status using elec-
tric pulp testing (Kerr Vitality Scanner 2006, SybronEndo,
Orange, CA, USA) and thermal testing (Roeko Endo-Frost,
Coltène/Whaledent, Germany), palpation and percussion
tests, along with the presence of signs of inflammation (pain,
abscess, sinus tract, and abnormal mobility). Caries removal
was carried out under local anaesthetic and rubber dam isola-
tion using a minimal invasive standardised operative interven-
tion procedure. Chemo-mechanical gel (Carisolv™, Rubicon
Lifesciences, Gothenburg, Sweden) aided in the quantity of
caries removal between the different teeth. Residual caries-
affected dentine was retained on the pulp aspect of the cavity
as any additional excavation would lead to pulp exposure
[12]. With randomisation of either Biodentine™ or Fuji
IX™, the tooth was fully restored according to the manufac-
turer’s instructions for both materials.

The definitive resin composite veneer restoration
(N’Durance®, Septodont, Louisville, KY, USA) was placed
1 month after baseline in a Bclosed sandwich^ technique
where clinically achievable. Follow-up was longitudinal at
T1-, T6-, T12- (reported previously: Hashem et al. [11]), and
T24-month (± 2-week) intervals. Clinical success was evalu-
ated by a positive response to cold test and electric pulp test-
ing, absence of spontaneous pain, negative sensitivity to per-
cussion, absence of sinus/fistula/swelling and abnormal mo-
bility, and absence of periapical (PA) radiolucencies as deter-
mined by PA radiographs.

Details of the study methodology including study design,
sample size, selection criteria, randomisation, and intervention
have been described in conjunction with the 12-month data
published previously [11].

Radiographic assessment

PA and CBCT radiographs were taken at baseline (T0) and
T12. Additional PA radiographs were taken at T24 consulta-
tion. Exposure parameters at T0, T12, and T24 were
standardised for each patient.
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A consensus panel of two trained, calibrated, experienced
endodontists assessed the PA radiographs jointly. The intra-
examiner reliability of the consensus panel was evaluated by
jointly repeating the assessment of the radiographic images
after 2 weeks. No inter-examiner assessment was carried out
as the examiners did not assess the radiographs individually.
The paired images of the roots of each tooth were viewed
together by examiners blinded as to which image was taken
at T12/T24 and blinded to the pulp capping material used by
concealing the restorations. Each root was examined for the
presence, absence, and change (increase/decrease) in size of
any PA radiolucency. Further details of the radiographic as-
sessment have been reported previously [11].

Clinical assessment of the restoration

In addition to the clinical evaluation of the pulp status during the
follow-up visits at T1, T6, T12, and T24months, assessments of
the resin composite restoration overlying Biodentine™ and Fuji
IX™were carried out by two experienced, trained, and calibrat-
ed independent examiners. Both were blinded to the restorative
protocols used. The two examiners recorded the results indepen-
dently at the same appointment, and any disagreement was re-
solved immediately by discussion. Two assessment criteria were
used: modified USPHS criteria [13] and the FDI criteria [10].
The surfaces were dried with an air stream before evaluation.
Assessment was carried out under ample lighting using a mirror
and probe, and evaluation of the contact points was done using
waxed dental floss in a reproducible manner. A satisfactory
proximal contact point has physiological strength when the den-
tal floss passes through andwas evaluated for a certain degree of
resistance or Bsnap^ effect.

Statistical analysis

The first outcome of the study was a binary variable indicating
whether the restored tooth failed to maintain its vitality at T24.
The second outcome was that the integrity of the composite
resin restoration overlying Biodentine™ is either as good as

Fuji IX™ or better or worse. The third outcome of the study is
the effectiveness of the FDI criteria is either equally effective
or more effective than the modified USPHS criteria.

Descriptive statistics were used to summarise various study
variables. Using IBM SPSS Statistics version 23 (IBM, USA),
radiographic assessment included Fleiss’s kappa analysis to
evaluate intra-examiners’ agreement. The outcome measures
taken at T12 and T24 months were compared using the
Mcnemar-Bowker test.

With regard to the criteria used to assess the restoration,
intra/inter-examiner variability was calculated using Fleiss’s
kappa, considering different ratings for each material. The in-
tegrity of the resin composite restorations overlying both mate-
rials assessed using the two criteria was summarised using per-
centages. The efficacy was analysed by comparing the propor-
tion of assessment using the USPHS and FDI criteria for
Biodentine™ and Fuji IX™. The assessment for each category
in both criteria was compared between thematerials using Z test
for proportions for each rating separately. For all the analyses,
statistical significance was assumed at 5% level.

Results

Clinical and radiographic assessment of the indirect
pulp capping agents

Seventy-two restorations (36 Biodentine™, 36 Fuji IX™)
were placed in 53 patients at baseline, T0. After 24 months,
recall rate was 70% where 42 restorations (21 Biodentine™
and 21 Fuji IX™) in 28 patients were followed up out of a
total of 60 restorations (excluding the 12 failed teeth by T12)
(Fig. 1). Reason for non-attendance was mainly due to loss of
contact with the patient. A total of 15 teeth had failed to main-
tain vitality by T24 (6 Biodentine™/9 Fuji IX™) (Table 2),
and there was no significant difference (p = 0.38) between the
two materials (Biodentine™ and Fuji IX™) with respect to
the failure rates. The further three teeth which had failed at
T24 had received Fuji IX™ restorations.

Table 1 Inclusion and exclusion
criteria Inclusion criteria Exclusion criteria

1. Patients male or female over the age of 18 in good general
health

1. Clinical symptoms of irreversible pulpitis
requiring endodontic treatment

2. A minimum of one deep carious lesion penetrating three
quarters or more into the dentine

2. The presence of fistulas or swelling

3. Mobile teeth or tenderness to percussion

4. Anterior teeth with aesthetic concerns

3. Clinical symptoms of reversible pulpitis 5. Pregnant women, in view of requirements for
radiographs

4. Positive pulp response to electric pulp test or thermal
stimulation

6. Patients younger than 18

5. No periapical changes viewed on PA radiographs 7. Patients unable to give consent
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Clinical success rate of indirect pulp capping using both
materials at 24 months was 72% (39/54). Clinical success rate
for Biodentine™ was 77.8% (21/27) and for Fuji IX™ 66.7%
(18/27) at 24 months. No significant difference (p = 0.07) was
found in the success rate at 24 months between the two mate-
rials. A significant association (p = 0.001) was found between
the failed teeth and the severity of the symptoms of reversible
pulpitis (mild vs. severe). No significant association was
found between the failed teeth and the extent of the cavity
(p = 0.28) or gender (p = 0.19).

Twenty-eight paired (T12 + T24) PA radiographs were
available for analysis. The kappa value for the intra-

examiner reliability was 0.61, indicating substantial agree-
ment between the two measurements. The Mcnemar-Bowker
test, carried out to investigate the difference in outcome
(healthy vs. PA radiolucency) at T12 and T24, showed a p
value of 0.17 indicating that there is no significant difference
between the two measurements. Only five teeth demonstrated
difference in the PA radiographs between T12 and T24
(Table 3). It is worth noting that an area of radiolucency was
observed subjectively and consistently subjacent to the
Biodentine™ restorations coronally while this was less prom-
inent beneath the Fuji IX™ restorations in the PA radiographs
taken at T12 and T24 (Figs. 2 and 3).

Group A 

Test material (Biodentine™) 

(n=36)

Visit 2: One month follow up both groups (n=62 

teeth in 45 pts, Biodentine n=30, Fuji IX  n=32).

Clinical assessment+ Placement of the definitive 

composite resin restoration

Visit 4: 12 months (±2 wks) follow up both 

groups (n=53 teeth in 36 pts, Biodentine  n=25 

Fuji IX n=28 ) Clinical assessment+ Periapical 

radiographs and CBCT

Visit 3: 6 months (±2 wks) follow up both 

groups (n=54 teeth in 38 pts, Biodentine n=26

Fuji IX n=28) Clinical assessment

Group B

Control  material (Fuji IX™) 

(n=36)

Visit 1 (Baseline): Patient recruitment  

- Clinical and radiographic assessment for eligibility (n=65 pts)                    

- Information sheets given and informed consent gained (n=53 pts)             

- Treatment initiated (caries excavation) 

Exclusion: (n=12 pts)                                  

Not meeting inclusion criteria (n=7pts)
Declined to participate (n=5pts)

Failed teeth * (n=8)  
Biodentine  n=4, Fuji IX n=4
Lost to follow up (pt could not 
be contacted) (n=2)                     

Failed teeth * (n=1),  Fuji IX 
n=1, Lost to follow up (pt 
could not be contacted) (n=2 
pts), Did not attend (n=4 pts)

Failed teeth * (n=3)   
Biodentine  n=2, Fuji IX n=1
Lost to follow up (pt could not 
be contacted) (n=1),  Did not 
attend (n=1)

Analysed n=70 teeth    

Biodentine n=34, Fuji IX n=36

Excluded from analysis due to lost to 
follow up (n=2pts)

Analysed n=55 teeth               

Biodentine n=26, Fuji IX n=29

Excluded from analysis due to lost to 
follow up and did not attend (n=6 pts)

Analysed n=56                       

Biodentine  n=26, Fuji IX n=30

Excluded from analysis due to lost to 
follow up and did not attend (n=2 pts)

Randomisation         

(n=72 teeth in 53 pts)

Visit 5: 24 months (±2 wks) follow up both 

groups (n=42 teeth in 28 pts, Biodentine n=21 

Fuji IX n=21). Clinical assessment+ Periapical 

radiographs

Failed teeth * (n=3)            
Fuji IX n=3
Lost to follow up (pt could not 
be contacted) (n=8)                      

Analysed n=45                     

Biodentine  n=21, Fuji IX n=24

Excluded from analysis due to lost to 
follow up (n=8 pts)

Fig. 1 Flow diagram indicating patient recruitment and follow-up. Adapted from the CONSORT flow diagram. Asterisks indicate that failed teeth are
ones which developed irreversible pulpitis or pulp necrosis and underwent either root canal treatment or extraction

1934 Clin Oral Invest (2019) 23:1931–1939



Clinical assessment of the integrity of the overlying
restoration

Kappa values demonstrated good intra- and inter-
examiner agreement using both assessment criteria for
Biodentine™ and Fuji IX™ (Table 4). Overall, the integ-
rity of the restoration was excellent to good when
assessed using both the USPHS and FDI criteria. The p-
values for testing the proportion of ratings using the
USPHS and FDI criteria for both Biodentine and Fuji
IX™ were > 0.05 at baseline, 6, 12, and 24 months indi-
cating that there is no statistically significant difference in
the integrity of the resin composite restoration overlying
Biodentine compared to Fuji IX™ when judged using the
USPHS and FDI criteria.

Assessment of the efficacy of modified USPHS vs. FDI
criteria

There was no statistically significant difference (p > 0.05) in the
efficacy of the USPHS compared with the FDI criteria in the
assessment of the Biodentine™ and Fuji IX™ restorations.

Discussion

There are several treatment methods available for the manage-
ment of the pulp in extensively carious teeth. These range from
conservative pulp capping procedures to root canal treatment.
In this study, indirect pulp capping (protection) was carried out
in teeth with signs of reversible pulpitis using Biodentine™ and

Table 2 Details of the teeth which had failed to maintain vitality up to 24 months

Clinical
failuresa

Time of
failureb

Tooth Material Extent of
cavity

Intensity of RP
symptoms at T0

Symptoms at
failure

Gender Lesion at T0
(CBCT)

Lesion at T12
(CBCT)

Outcome

1 T1 UR7 Biodentine 3 surfaces Severe RP IP F No N/A Extraction

2 T1 LL7 Fuji IX 2 surfaces Severe RP IP M No N/A RCT

3 T1 LR6 Fuji IX 2 surfaces Mild RP IP M No N/A RCT

4 T1 LL7 Biodentine 2 surfaces Severe RP IP F Yes N/A RCT

5 T1 UR7 Biodentine 2 surfaces Severe RP IP M N/A N/A RCT

6 T1 UR6 Fuji IX 2 surfaces Severe RP IP M Yes N/A RCT

7 T1 UR6 Biodentine 2 surfaces Severe RP IP M Yes N/A RCT

8 T1 LL6 Fuji IX 2 surfaces Severe RP IP M No N/A RCT

9 T6 LL6 Fuji IX 1 surface Severe RP IP M Yes N/A RCT

10 T12 UL4 Biodentine 3 surfaces Mild RP IP F No No RCT

11 T12 LL4 Biodentine 3 surfaces Mild RP None/PN M No Yes RCT

12 T12 UL6 Fuji IX 2 surfaces Severe RP IP M No Yes RCT

13 T24 UL7 Fuji IX 3 surfaces Severe RP None/PN F Yes Yes Extraction

14 T24 UR7 Fuji IX 2 surfaces Severe RP None/PN M No Yes RCT

15 T24 UL7 Fuji IX 2 surfaces Mild RP None/PN M Yes Yes Extraction

a Clinical failures meaning that the teeth were deemed non-vital as diagnosed using sensibility tests (EPT and cold test)
b Time of failure: T1 = 1 month (time of failure is not exactly at 1 month but within that time frame), T6 = 6 months (again, not exactly at 6 months but
within that time frame), T12 = 12 months, T24 = 24 months (2 years)

RP, reversible pulpitis; IP, irreversible pulpitis; PN, pulp necrosis

Table 3 Teethwith significant PA
findings at T24 compared to the
CBCT and PA findings at T0 and
T12

CBCT PA Material Outcome

T0 T12 T0 T12 T24

1 Healthy Healthy Healthy Healthy Widening Biodentine Vital

2 Healthy Healthy Healthy Widening Widening Biodentine Vital

3 Widening Lesion Healthy Widening Lesion Fuji IX Failed

4 Widening Widening Healthy Healthy Widening Fuji IX Vital

5 Lesion Healthy Healthy Lesion Healthy Biodentine Vital
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Fuji IX™. After 12 months, the clinical success rate was 83.3%
for both materials. This clinical success rate is similar to that of
other materials such as calcium hydroxide andMTAwhen used
as indirect pulp capping agents in permanent teeth [14, 15].
Studies on indirect pulp capping had clinical success ranging
from 73 to 97% after a follow-up period of 2 weeks to 11 years
[16]. In this study, the success rate for Biodentine™ after
24 months became 77.8% due to the lower recall rate and for
Fuji IX™ was 66.7%. Indeed, the three teeth which had failed
at 24 months had been restored with Fuji IX™. This difference
was not statistically significant, perhaps due to the small num-
ber, but it should be noted that the distribution of mild and
severe symptoms of reversible pulpitis was not equal between
Biodentine™ and Fuji IX™ at baseline [11]. More teeth with
severe symptoms had received Fuji IX™ at baseline whichmay
contribute to the increased failure rate at T24. The boundary
between severe symptoms of reversible pulpitis and irreversible
pulpitis is blurred as the degree of pain does not necessarily

reflect pulp histopathology [17]; this study recruited patients
presenting to an acute dental care department, and therefore,
symptoms were in general more intense than those associated
with reversible pulpitis as defined by the American Association
of Endodontists [18].

The long-term failure of glass ionomer cement (GIC) may
be attributed to pulpal injury with chronic inflammatory exu-
date including lymphocytes, macrophages, and plasma cells
indicating that pulpitis has been developed even in the absence
of initial pain [19]. Certainly in all these cases, pulp necrosis
had developed without clinical symptoms.

Earlier clinical studies on GIC placed in non-exposed deep
cavities in human teeth reported no symptoms during the ob-
servation periods; however, when extracted, an increased in-
flammatory cell infiltrate in the odontoblast layer was found
with more odontoblast aspiration and changes in the odonto-
blast layer which mostly resolved towards the end of the exper-
iments [20–22]. It is worthy to note that the teeth used in these
experiments were caries-free whichmay have contributed to the
resolution of the inflammation at the end of the experiments.

Fig. 2 Examples demonstrating radiolucent area subjacent to the
Biodentine™ restorations (A, lower right 6; B, upper right 5; C, lower
right 4)

Fig. 3 Examples demonstrating radiolucent area subjacent to the Fuji
IX™ restorations (D, lower left 6; E, lower left 6; F, upper left 7)
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Although Biodentine™ and Fuji IX™ are both two classes
of water-based cement-type restorative materials with bioactive
properties, their method of remineralisation and interaction with
the underlying carious tissue is different [23, 24]. Biodentine™
induces an early form of reparative dentine synthesis through
the modulation of pulp cell TGF-β1 secretion [25].
Furthermore, Biodentine™ induces cell proliferation and
remineralisation by the increased uptake of calcium and silicon
ions in addition to its caustic effect from the high alkalinity
enhancing apatite formation and remineralisation [24, 26, 27].
Glass ionomer cements on the other hand lack this Bcaustic^
effect as they are acidic in nature. However, this acidity pro-
motes self-etching adhesion and, when placed onmoist dentine,
triggers an ionic exchange creating an intermediate ion-
enriched layer derived from both substrates [23]. Their direct
effect on pulp cells however has a cytotoxic effect. Although
Fuji IX™ was not placed directly on the pulp in the present
study, it may have aggravated a pre-existing compromised his-
topathological situation in the pulp. A histology analysis would
be appropriate before a definitive explanation could be given.

The presence of a subjectively noticeable radiolucent area
beneath the Biodentine™ restorations, and less obvious be-
neath the Fuji IX™ restorations, is an important finding on the
T12 PA radiographs and has significant clinical implications.
Both experimental groups underwent the same minimally in-
vasive selective caries excavation procedure using Carisolv™
gel. The radiolucent band could be arrested and demineralised
affected dentine due to the minimally invasive technique used
in the excavation of caries, although if this theory is true, then
the same extent of radiolucency should have been present
beneath the Fuji IX™ restorations. Another theory could be
an effect of the Biodentine™ caustically etching the underly-
ing collagenmatrix where mineral depositionmay occur in the
future. In either case, no re-entry is required and it is important
to distinguish this from active caries adjacent to restorations
and sealants (CARS) which requires re-entry. Further PA ra-
diographs to monitor the radiolucency subjacent to the
Biodentine™ restorations and comparing this with the Fuji
IX™ restorations would be beneficial.

Both Biodentine™ and Fuji IX™ are not without limita-
tions. While their therapeutic effect is well known, they are
weak materials and are exposed to wear under load with time

in addition to their poor aesthetic properties [28, 29].
Therefore, an overlay restoration is required to provide me-
chanical strength, wear resistance, and improved aesthetics.
Resin composite is a popular choice as it is aesthetically pleas-
ing and adheres well to glass ionomer cements [30] and po-
tentially to Biodentine™ [29]. In this study, no difference was
found in the resin composite restoration overlying both
Biodentine™ and Fuji IX™. The resin composite restorations
performed well during the 24 months which is to be expected
due to the relatively short observation period. It has been
shown that follow-up time needs to be longer, as differences
between materials can emerge after more than 10 years [31].
No qualitative or quantitative wear measurement was carried
out during the assessment of the composite restorations as this
was outside the scope of this study and there are many studies
available in the literature that discuss this aspect in detail.

Furthermore, there was no statistically significant difference
in the efficacy of the USPHS criteria compared with the FDI
criteria in the assessment of the composite restorations overly-
ing Biodentine™ and Fuji IX™ restorations although the FDI
criteria is more comprehensive and contains more detail. This
could be due to the short follow-up period of 2 years which is
insufficient to detect any changes to the composite restorations.
Nevertheless, there were several observations regarding some
of the subcategories in the FDI criteria noted during the assess-
ment of the restorations. In the category Bfunctional
properties^, the subcategory Bpatient’s view^ lacked a rating
for sensitivity which was found to be a complaint by some of
the patients. This could not be recorded in this specific subcat-
egory although it was recorded in the subcategory
BPostoperative (hyper)sensitivity and tooth vitality^ found in
the Bbiological property^ category. Additionally, in the subcat-
egory BPostoperative (hyper)sensitivity and tooth vitality ,̂ it is
not clear whether gingival hypersensitivity can be included in
this subcategory which refers to tooth hypersensitivity rather
than anything else. Furthermore, in the subcategory “radio-
graphic examination”, no rating was available to note the radio-
lucent area beneath restorations which was consistent in many
of the restorations but could not be recorded. Moreover, in the
same subcategory “radiographic examination^, it was unclear
what to rate any apical pathology not related directly to the
restoration. Similarly, it was unclear what to rate slight gingival
inflammation surrounding the tooth from plaque resulting from
insufficient oral hygiene and not related to the restoration as the
subcategory Bperiodontal response” in the biological properties
referred to changes in the periodontium related to the restoration.

Consideration could be given tomodify some aspects in the
FDI criteria for improvement. From data analysis in the pres-
ent study, this would include the addition of sensitivity in the
subcategory Bpatient’s view ,̂ adding gingival hypersensitivi-
ty to the subcategory BPostoperative (hyper)-sensitivity and
tooth vitality ,̂ and radiolucency beneath the restoration in
the subcategory Bradiographic examination^.

Table 4 Intra- and inter-examiner kappa agreement scores using the
USPHS and FDI criteria. The first line denotes intra-examiner agreement
while the second line reveals the inter-examiner agreement

USPHS criteria FDI criteria

Biodentine™ 0.77 0.70

0.97 0.94

Fuji IX™ 0.73 0.58

0.88 0.83
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Conclusions

There is no significant difference in the dentine-pulp response
between Biodentine™ and Fuji IX™when assessed clinically
and radiographically after 24 months. Furthermore, there is no
difference in the integrity of the resin composite restorations
overlying Biodentine™ compared to Fuji IX™ using both the
USPHS and FDI criteria. The efficacy of the USPHS criteria
compared to the FDI criteria in the assessment of the resin
composite restorations was similar.

The intensity of the symptoms of reversible pulpitis seems
to play a role in the success or failure of indirect pulp capping
rather than the extent of the cavity or the choice of indirect
pulp capping material. Failed indirect pulp capping is more
related to severe symptoms of reversible pulpitis.

Using the USPHS or FDI criteria for the assessment of the
restorations was both efficient during the short-time recall period;
however, longer term follow-up is needed to establish whether
the FDI criteria is more sensitive than the USPHS criteria.
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