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ESEM results 

Based on the ESEM examination of the specimens at 
×3,000 magnification, it was observed that even though 

the surface of  the specimens in the control group was 
smooth, it had hollows and micro gaps in some areas. 
The specimens in the grinding group showed a similar 
image to the control group despite significant traces 
of  burs on the entire surface. The images of  the sand-
blasting and CoJet group specimens were similar, and 
the surface structure varied with regard to the speci-
mens in the control group. The applied sands covered 
the entire surface and created an intense and complex 
texture. In contrast, the sulfuric acid-treated speci-
mens had a smoother surface covered with a thin layer 
of scarce micro gaps as compared to the control group 
(Fig. 2A–E). 

3D profilometry results 

Upon the examination of the 3D profilometry images, 
rough areas were observed on the entire surfaces of  the 
control and grinding group specimens. These areas were 
peripheral rather than central in the sulfuric acid etching 
group. The surfaces in the sandblasting and CoJet groups 
were similar and had more dense areas (Fig. 3A–E).

Fig. 1. Box plot of the shear bond strength (SBS) test results

Table 1. Shear bond strength (SBS) values for all groups tested

Group Number of specimens
SBS  

[MPa]

M ±SD min max 

Control 16 3.33 ±2.50a 1.99 4.17

Grinding 16 3.95 ±1.36a 2.72 4.66

Sandblasting 16 8.81 ±4.26b 6.54 11.08

Tribochemical silica coating (CoJet) 16 8.76 ±3.34b 6.97 10.54

Sulfuric acid etching 16 8.83 ±3.63b 6.89 10.96

M – mean; SD – standard deviation; min – minimum; max – maximum. Different uppercase letters show statistical differences between the groups 
according to Tukey’s multiple comparison test. 

Fig. 2. Environmental scanning electron microscopy (ESEM) images of the specimens at ×3,000 magnification 

A – control group; B – grinding group; C – sandblasting group; D – tribochemical silica coating (CoJet) group; E – sulfuric acid etching group.
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Discussion
This study aimed to investigate the effects of  differ-

ent surface roughening methods on PEEK–acrylic resin 
bonding. The results showed that while sandblasting, 
CoJet and sulfuric acid etching increased the SBS values 
of the materials as compared to the control group, the null 
hypothesis was rejected, since the grinding process did 
not show a  significant effect. However, the highest SBS 
values were observed in the sulfuric acid etching group, 
supporting the second hypothesis of the study.

Although PEEK is used in many different areas of dental 
treatment, it can also be used as an alternative base material 
in removable partial dentures due to its positive properties, 
such as light weight, no metal content and the lack of al-
lergic responses.27 When used as a base material or a major 
connector, it should form a strong bond with the acrylic res-
in it will be paired with. The surface roughening processes 
play an essential role in enhancing the bonding by creating 
a rough area on the material surface.28 In this study, differ-
ent treatment types were used to roughen the surface of the 
PEEK material. Studies have reported that 98% sulfuric acid 
etching creates a highly porous and permeable PEEK sur-
face, which is effective for bonding.10,21 Some studies indi-
cate that sandblasting is an effective and easily applicable 
method that enhances bonding by changing the surface 
morphology of  PEEK–composite resin.29 In addition, the 
tribochemical silica coating process was reported to im-
prove bonding between PEEK and veneer composites.19 
Based on the available literature, this study used sulfuric 
acid etching, sandblasting and tribochemical silica coating 
as surface roughening procedures, as well as the grinding 
process, which provides micromechanical retention.30–32

Studies on the clinical properties of PEEK, a new ma-
terial used in dental treatment, have recently begun. 
In addition to research aimed at increasing the bond 
strength of the material, studies have focused on PEEK–
composite resin bonding.10,18,19,33–35 However, there are 
few studies on PEEK–acrylic resin bonding. In their 
study, Kurahashi  et  al. examined PEEK and auto-po-
lymerized acrylic resin bonding, and reported that the 
highest bond strength values were observed when the 
Rocatec treatment was applied in combination with a ce-
ramic primer (Clearfil™ Ceramic Primer Plus; Kuraray 
Noritake, Tokyo, Japan).24 In the same study, it was re-
ported that the sandblasting process with 50-microme-
ter Al2O3 particles increased the SBS values as compared 
to the control group, where no treatment was applied.24 
Similarly, in the present study, the sandblasting process 
with 50-micrometer Al2O3 particles significantly in-
creased the SBS values as compared to the control group 
(p = 0.001). The formation of a layer on the material sur-
face as a result of sandblasting made it ideal for micro-
mechanical retention and may be considered a  reason 
for this situation. According to the results of the study, 
the CoJet application significantly increased the SBS val-
ues as compared to the control group (p = 0.001). The 
absence of  a  statistically significant difference between 
sandblasting and the CoJet application (p > 0.05) suggests 
that silica particles were not effective in bonding, and 
that the CoJet group bound to PEEK specimens through 
micromechanical retention, similar to the sandblasting 
group. Additionally, the application of 98% sulfuric acid 
significantly increased the SBS values as compared to the 
control group (p  =  0.001). The possible reason for this 
situation is that 98% sulfuric acid may have penetrated 

Fig. 3. Three-dimensional (3D) surface topography images of the specimens

A – control group; B – grinding group; C – sandblasting group; D – tribochemical silica coating (CoJet) group; E – sulfuric acid etching group. The presented 
values are provided in micrometers.
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into PEEK, creating fibrous micromechanical retention35 
and acting as a  solvent on the PEEK surface, thereby 
increasing the bonding.36 The ESEM and 3D profilom-
eter images taken for the specimens also support these 
assumptions. It was observed that changes on the sur-
faces treated with sandblasting, CoJet and sulfuric acid 
etching made the bonding more ideal as  compared to 
the surfaces of  the control group specimens. The SBS 
values obtained from the grinding process carried out 
with burs were similar to those of the control group, sug-
gesting that the grinding process does not significantly 
affect the PEEK material. Studies on the acrylic resin–
metal framework have shown that mechanical pretreat-
ments (sandblasting and laser irradiation) increase the 
SBS results as compared to the no-treatment groups.37,38 
It was reported that combined methods applied together 
with adhesive agents (the primer) further increase these 
values.38 The values obtained in the present study in-
dicate that surface treatment improves PEEK–acrylic 
resin bonding. The values were close to those of metal–
acrylic resin bonding. Thus, surface treatment is an ef-
fective method to achieve the long-term clinical success 
of PEEK framework dentures.

Limitations

One of the limitations of this study was the evaluation 
of PEEK–acrylic resin bonding without thermal cycling. 
Additionally, there could have been more kinds of surface 
treatment applied in different combinations, and thus 
more study groups.

Conclusions
Within the limitations of  this study, it was concluded 

that sandblasting, tribochemical silica coating (CoJet) and 
the 98% sulfuric acid application significantly increased 
PEEK and heat-polymerized acrylic resin bonding, while 
the grinding process did not cause any changes. Sand-
blasting, CoJet and 98% sulfuric acid etching can be safely 
used to increase bonding between PEEK and acrylic resin, 
especially in the PEEK frameworks used in removable 
partial dentures. This will positively affect the durability 
and efficacy of PEEK-containing removable dentures for 
patient use. 
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Abstract
Background. The screw-retrievable cement-retained (SRCR) design combines the benefits of both screw- 
and cement-retained implant-supported restorations. This concept has sparked interest in implant dentistry. 
However, there is a lack of research on fracture behaviors and clinical performance of such restorations.

Objectives. The aim of the present article was to review the current literature on the fracture loads and 
fracture modes of SRCR implant restorations – in vitro studies, and also studies demonstrating the clinical 
performance of such design. 

Material and methods. A  literature search was conducted from January 2000 to June 2022, using 6 
databases to identify studies on fracture load and clinical performance that fulfilled the eligibility criteria. 
Thirty-eight studies met the inclusion criteria (22 in vitro and16 in vivo). The in vivo studies comprised case 
reports/series/letters (9), clinical techniques (2), retrospective/prospective studies (3), and randomized 
controlled trials (RCTs) (2).

Results. The reviewed articles reported the effects of the SRCR design on the fracture risk if screw access 
channels were filled or unfilled, with regard to their diameter, and the preparation before or after glazing. 
The effect of the type of material used in the construction on the fracture modes SRCR restorations was 
also reported. The long-term clinical data was mainly retrospective and referred to metal–ceramic con-
structions. Limited long-term clinical data was available for all-ceramic materials and high-performance 
polymers (HPPs).

Conclusions. Screw-retrievable cement-retained implant restorations appear to have potential in the 
monolithic design. If the SRCR construction is metal–ceramic or made of  a  veneered material, special 
design and abutment selection should be considered. High-performance polymers may be recommended 
as a substitute for posterior implant restoration.

Keywords: cement-retained, fracture load, screw-retained, screw-retrievable, monolithic screw hole 
implant
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Introduction
The quest for optimal implant restoration with 

a high success and survival rate has grown by leaps and 
bounds over the past 5 decades.1,2 Aside from osseo-
integration, the form of retention between the crown, 
the abutment and the implant fixture has the greatest 
impact on the predictability of the success and survival 
rate of implant therapy.3,4 Classically, this type of con-
nection for implant-supported fixed prostheses can 
be either screw- or cement-retained. The advantages 
of  the cement-retained approach are the passive fit, 
simple laboratory constructions and favorable esthet-
ics, as the screw access channels traversing the implant 
crown can be avoided.5 Despite these benefits, it is 
well-established that cement-retained restorations are 
irretrievable and the removal of excess cement can be 
difficult, possibly resulting in peri-implantitis.4 Fur-
thermore, in the event of  technical issues caused by 
screw loosening, the abutment in a  cement-retained 
restoration is not accessible and may cause damage to 
the prosthesis if drilling is needed on the intact crown.4 
Managing complications is less complicated with 
screw-retained restorations, since they are retrievable 
for easier maintenance. They also eliminate biological 
complications caused by the inherently risky cementa-
tion process.6 However, inferior esthetics, more com-
plex laboratory procedures and the lack of passive fit, 
which may create mechanical strain on the prosthesis, 
are the main limitations of screw-retained restorations 
as compared to cemented restorations.4,7

To address these limitations and features of implant 
restoration, the combination of  cement- and screw-
retained retention has been introduced in the form 
of screw-retrievable cement-retained (SRCR) restora-
tions. This combination approach eliminates the risk 
of  excess subgingival cement, as the components are 
cemented extraorally.8–10 The design also enables the 
cement layer to act as an  interface for the distribu-
tion of  forces, while the screw access channels facili-
tate retrieval.11,12 Furthermore, the cost of fabrication 
is substantially reduced when the superstructure is 
connected to prefabricated titanium (Ti) by using lut-
ing cement instead of a cast high noble abutment for 
screw-retained restorations.13–15 However, the pres-
ence of screw access channels itself may interrupt the 
structural ceramic continuity and interfere with the 
occlusal morphology, thereby negatively affecting the 
fracture resistance and longevity of the prostheses.11,16

To improve the mechanical and physical properties 
of SRCR restorations, a few studies have recommended 
a protocol for their preparation, size, and the filling ma-
terial of the screw access channels.17,18 These should be 
prepared in the blue phase prior to crystallization and 
glazing to avoid microcracks.19 In addition, preparation 
with high-speed burs after zirconia sintering should 

be avoided to prevent cracks within the restoration.20 
A screw diameter of less than 1 mm and not exceeding 
half of the occlusal area is also recommended.17 Filling 
the screw access with inlay ceramic or bulk-fill compos-
ite should be considered to minimize wear and polym-
erization shrinkage in SRCR implant restoration.21,22 
The location of the screw access channel appears to not 
affect the fracture risk of SRCR restorations, a finding 
that warrants further investigation.23

Besides optimizing the design of the access channels, 
the selection of appropriate implant restoration mate-
rials and methods may also contribute to the durability 
of the SRCR design. A variety of computer-aided man-
ufacturing (CAM) materials, including zirconia, lithi-
um disilicate, high-performance polymers (HPPs), and 
block composite resins, are used to construct SRCR 
restorations. These may be fabricated as monolithic or 
veneered constructions, or with predesigned screw ac-
cess channels (Fig. 1).8,24,25 Zirconia and lithium disili-
cate are usually preferred because of their excellent es-
thetics and high strength.16,23 However, these materials 
are often unyielding and prone to excessive occlusal 
loading, resulting in the chipping and fracture of  im-
plant-retained prostheses due to the lack of  proprio-
ceptive feedback from periodontal ligaments.25,26 Fur-
thermore, the wear of  the opposing natural dentition 
caused by ceramics has initiated the manufacturing 
of  implant restorations utilizing HPPs.25,27 High-per-
formance polymers have a lower elastic modulus than 
ceramics, more like human bone, and are believed to 
have a shock-absorbing effect within the implant pros-
thesis complex.24,26 Additionally, the low elastic modu-
lus of HPPs has been shown to lessen the pressure on 
the implant, hence reducing peri-implant bone resorp-
tion.25,28 However, the fracture strength and clinical 
performance of this material in the SRCR design have 
been questioned. Poor prognoses have been recorded 
for the restorations designed as a hybrid or veneered 
with a lower-strength material.29,30 Therefore, it is crit-
ical to understand and screen relevant literature on the 
types of designs and materials that have an optimum 
mechanical strength, which would enhance SRCR per-
formance.26,30,31

To that end, this scoping review is structured in 3 
parts to evaluate the concept of  SRCR restorations. 
Firstly, a  summary is provided of  the various designs 
of screw access channels and to what extent these may 
affect the fracture resistance of  SRCR restorations. 
Secondly, the various types of  materials from which 
SRCR restorations are fabricated are described, in-
cluding metal–ceramics, all-ceramics and HPPs, and 
how these materials affect the fracture mode and load-
ing of  SRCR restorations. Finally, the clinical perfor-
mance of SRCR restorations is reviewed, and the im-
plications of  this retention system for the long-term 
success of implant prostheses are discussed.
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Material and methods

Search strategy 

The PICO framework (P = patient problem/population, 
I = Intervention, C = Comparison, O = Outcome) was used 
for this review. The research question to be answered was: 
In cases where implant-supported prostheses are used, do 
SRCR restorations have a higher mechanical strength and 
better clinical performance than conventional cement- or 
screw-retained restorations?

Scopus, Google Scholar, PubMed, SpringerLink, 
ClinicalKey, and the Web of Science (WOS) were used to 
search for relevant literature from January 2000 to March 
2022. The Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement was 
used in this study.32

A manual search of  the reference lists for all full-
text publications from the following journals was also 
conducted: “Journal of  Prosthetic Dentistry”; “Jour-
nal of Oral Implantology”; “European Journal of Oral 
Implantology”; Journal of  Osseointegration”; “Inter-
national Journal of  Oral and Maxillofacial Implants”; 
“International Journal of  Prosthodontics”; “Clinical 
Implant Dentistry and Related Research”; and “Clini-
cal Oral Implant Research”. The following search 
terms were used: “screw retrievable”; “implant hybrid 
crown”; “monolithic screw channel implant”; “layered 
screw channel implant”; “screw cement-retained”; 
“screw access channel implant crown”; “combination 
screw cement implant crown”; and “screw retained ac-
cess channel”.

Inclusion and exclusion criteria 

Studies were included if the following criteria were met:
–	articles in English;
–	articles related to the fracture load and mode of  the 

SRCR concept;
–	clinical studies using prospective or retrospective de-

signs to evaluate clinical outcomes; and
–	clinical case series, technical reports and case reports 

with at least 12 months of follow-up.

The exclusion criteria were:
–	studies related to implant surgery; and
–	articles that referred only to cement-retained implant-

supported restorations.

Study selection 

A total of  457 articles were found in the electronic 
databases from the initial search: 120 in WOS, 125 in 
PubMed, 93 in Scopus, 43 in SpringerLink, 37 in Google 
Scholar, 32 in ClinicalKey, and 7 by hand searching. After 
initial screening, 263 articles were removed due to du-
plication or for reasons. Only 71 publications remained 
after 87 were eliminated based on the title and abstract. 
Twenty-two in vitro and 16 in vivo full-text publications 
met the eligibility criteria after a thorough review by two 
independent reviewers (Fig. 2).

Data extraction and statistical analysis 

A meta-analysis was not possible due to the small num-
ber of studies included and the heterogeneity of the study 
designs. Consequently, a descriptive scoping review was 
used to summarize the influence of  the various designs 
and materials used in SRCR restorations on fracture 
loads, fracture modes, and also on the clinical perfor-
mance of SRCR restorations.

Fig. 1. Conventional cement-retained implant-supported prosthesis (A), 
monolithic screw-retrievable cement-retained (SRCR) restoration (B), 
veneered type SRCR restoration (C), and veneered type SRCR restoration 
with a predesigned zirconia wall (D)

Fig. 2. Flow chart of the study
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Results

Influence of various SRCR designs on 
fracture resistance 

The design of the SRCR restorations has been shown in 
vitro to affect their fracture resistance, and the results are 
presented in Table 1.17,19,20,33,34 The most important factor 
that increases the chipping risk and compromises fracture 
resistance is the design of the screw access channel.34 The 
filled or unfilled screw access channel,35 its diameter,17,36 
if the preparation was performed before or after sinter-
ing,19,20 and if the screw access channel was specially de-
signed or not34 were assessed for possible significant ef-
fects on the risk of chipping and the fracture resistance 
values. In an  earlier study by Karl  et  al., more chipping 
fractures were recorded in cases with the unfilled occlu-
sal screw access channels of screw-retained restorations 
during dynamic loading.35 Although in clinical practice, 
the screw access hole is never left unfilled, this pioneer 
finding has led to the development of  a  few protocols 
for the stability of  the occlusal table and the prevention 
of the chipping of ceramic veneering.35 Regarding the size 
of the screw access channel in the SRCR design, a finite 
element analysis-based study showed that a diameter up 
to 4 mm received a more vertical bite force before frac-
ture, while a diameter of less than 3 mm received a lower 
stress force, thus protecting the screw.17 Al-Omari et al. 
compared screw-retained, screw-retained offset and ce-
ment-retained specimens, and found that the diameter 
of  the screw access channel, which could occupy nearly 
half of the occlusal table, was the main cause of reduced 
fracture strength.33 Interestingly, fracture resistance is un-
affected when the screw opening is placed 1 mm offset 
from the center of the occlusal surface.33 Though a 1-mil-
limeter diameter has been recommended for the screw 
access channel, the clinical application is limited, as most 
screw shanks and heads exceed 1 mm.

Mokhtarpour  et  al. found that the fracture resistance 
of the anterior veneered zirconia restoration was reduced 
when the screw access channel was manually prepared 
with a  handpiece and a  diamond bur after sintering.20 
Similarly, the fracture resistance of  glass implant-sup-
ported restorations in monolithic lithium disilicate and 
hybrid abutments was reduced by the screw access chan-
nel prepared after firing.19,37 By contrast, with monolithic 
zirconia, no significant differences in the fracture load val-
ues were recorded, no matter if the screw access channel 
was prepared before or after sintering; however, failure or 
crack initiation might be due to the heat produced dur-
ing manual preparation after sintering or re-sintering.38 
On the other hand, specially designed, reinforced metal 
framework walls of  screw access channels have higher 
fracture resistance than conventionally designed screw 
access channels for cement-retained metal–ceramic res-

torations.18 Similarly, Saboury  et  al. investigated the in-
fluence of  reinforcing the framework wall with zirconia 
before the pre-sintering of  the SRCR design.34 Their re-
inforcement design had a height of 0.8 mm and a width 
of  1 mm to avoid interfering with occlusal contacts in 
the veneered type. As expected, the predesigned zirconia 
walls supporting screw access channels exhibited higher 
fracture resistance as compared to screw access channels 
that were not specially designed, which may be an alter-
native design for veneered restorations.34 Nonetheless, 
since the abutments and the implant analogs were used 
multiple times, and only vertical compressive load was 
applied during testing, some of the in vitro results should 
be interpreted with caution.34

Influence of various SRCR materials on 
fracture resistance 

In an earlier test of the fracture load of metal–ceram-
ic restorations, there was a  discernible difference be-
tween cement-retained and screw-retained restorations 
(Table 2).39 Scanning electrographic analysis identified 
that microcracks were frequently generated in screw-re-
tained restorations, depending on the level of  the screw 
access channel.39 With metal–ceramic restorations, a sig-
nificant difference was also recorded in the fracture load 
values for cement-retained and SRCR restorations using 
non-adhesive cement.40 Although the different types of ce-
ment used do not affect fracture load in cement-retained 
restorations, the screw access channel may compromise 
the fracture load value of  SRCR restorations. Since the 
abovementioned study used non-adhesive cement, fu-
ture research using adhesive cement when analyzing the 
performance of SRCR restorations should be conducted. 
A more recent study compared the effect of using a 15-de-
gree angulated abutment to simulate a tilted implant for 
cement-retained SRCR with a  screw-retained gold cast 
abutment.41 In this study, the highest fracture load values 
were recorded for the cement-retained designs, followed 
by the SRCR design. Both designs were cemented to pre-
fabricated tilted Ti abutments using self-adhesive cement. 
The screw-retained design with a  castable abutment 
showed the lowest fracture load value, with the cohesive 
types of failure occurring within the ceramic veneering.41 
Similarly, Rosa  et  al. recorded the lowest fracture load 
values for SRCR restorations on customized computer-
aided design (CAD) Ti abutments with self-adhesive ce-
ment.42 In addition, for SRCR restorations fabricated with 
Ti, chipping fractures were more frequently recorded 
near the screw access channels than were catastrophic 
failures, which is similar to a previous study.35,42 Hence, 
most studies concluded that cement-retained metal–ce-
ramic restorations frequently have higher fracture load 
values than implant restorations with screw access chan-
nels.39–42 Screw access channels in SRCR restorations af-
fect the structural continuity of the ceramic by reducing 
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the metal–ceramic bond strength. This decreases the 
fracture load value and increases the risk of chipping in 
a way not observed in cemented restorations.33,35,39,42 In-
terestingly, when metal–ceramic layered with pressed ce-
ramic was used, higher fracture resistance was recorded 
for SRCR restorations as compared to cemented restora-
tions.43 This finding could be due to the steps involved in 
the protocol for surface treatment, the application of self-
adhesive cement and pressed ceramic material.

Given the ongoing interest in selecting the optimal mate-
rial for an implant prosthesis, a few studies have reported 
an intriguing finding regarding the SRCR concept on all-ce-
ramic materials utilizing Ti-base abutments (Table 3).16,19,44,45 
After load testing, the monolithic zirconia of SRCR restora-
tions frequently survived and was found to withstand the 
highest fracture loads.16,24,44 Other materials, such as mono-
lithic lithium disilicate, also showed high fracture loads, 
with the fatigue fracture resistance being unaffected by 
screw access channels.24,43 Scanning electrographic analysis 
showed that the fracture patterns were different from those 
in metal–ceramics in that they started in the cervical area 
and continued occlusally; this seems to be due to the great-
er stress transmitted at the abutment–implant junction, 
caused by the high fracture load value.16,24,38,44 Meanwhile, 
veneered SRCR restorations showed a significant reduction 
in the fracture load values as compared to monolithic and 
veneered cemented restorations.16,42,44,45 Cracks in veneered 
materials vary with regard to cracks from the internal sur-
face of the framework and chipping within the ceramic on 
the feldspathic veneer.42,43,45 Additionally, increased porce-
lain chipping and a decrease in fracture loads were observed 
following thermal cycling, implying a slow crack propaga-
tion in aged porcelain.42,45 Therefore, special designs with 
special screw access channels, using finite element analysis, 
fractographic analysis and video recordings should be fur-
ther investigated.

Aside from ceramics, several studies have studied the 
fracture resistance of implant crowns made of CAD/CAM 
composites and HPPs, such as resin nano-ceramic, poly-
etheretherketone (PEEK) and polymer-reinforced ceram-
ics (Table 4).24,25,30,46 Joda et al. investigated the monolithic 
designs of  resin nano-ceramic (Lava™ Ultimate) bonded 
to Ti, and found no detectable fractures after quasi-static 
loading, regardless of the abutment type.25 Tribst et al. con-
firmed that the use of the SRCR design did not affect the 
survival of a monolithic perforated crown made from VITA 
Enamic, a polymer-reinforced ceramic bonded to TiBase®.47 
Yazigi  et  al. found that fracture load was the highest for 
PEEK (BioHPP) fabricated as a monolithic implant SRCR, 
followed by CAD/CAM composites blocks, Grandio blocs 
and polymer-reinforced ceramics (VITA Enamic).24 None-
theless, the monolithic polymer-reinforced ceramic, the 
weakest of the 3 materials, has a lower fracture load than 
normal physiological loading of  the posterior molars and 
should be used with caution.24 In contrast to the mono-
lithic design, the SRCR design had a  negative impact on Ta
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fracture loads when implant crowns made of  the PEEK 
(BioHPP) substructure and a  layered with CAD/CAM 
milled composite were used.30 The SRCR design also re-
sulted in the failure of PEEK (BioHPP) layered with con-
ventional composite paste.30 In terms of the biomechanical 
behavior of  HPPs, a  high prevalence of  fracture was ob-
served at the emergence profile and in the cervical area in 
the monolithic design, as well as in the screw access chan-
nel in the veneered design.47 With an  increasing fracture 
load, a  higher concentration of  stress was transmitted to 
the implant–abutment junction, resulting in cracks near 
the emergence profile.16,24,38,44

Clinical performance of SRCR restorations 
fabricated from various materials 

Few authors have applied the SRCR design to implant 
restorations in clinical settings (Table 5). Rajan and Gu-
naseelan described a  protocol for fabricating the SRCR 
concept for metal–ceramic restorations.48 The ceramic 
superstructure was cemented on metal cast abutments 
and excess cement was removed extraorally.48 Three oth-
er studies documented how SRCRs were used to restore 
fully edentulous maxillae and mandibles.49–51 In addition 
to casting gold abutments, SRCRs were milled from Ti as 
a  cost-effective solution for the multi-unit fixed partial 
denture.49 In a  retrospective analysis of  edentulous pa-
tients restored with SRCRs, porcelain chipping occurred 
in only 10.9% of cases, indicating a low rate of complica-
tions.50 AlHelal et al. developed a protocol for a cementa-
tion technique that avoided the use of die spacers at the 
cervical finish line, thereby preventing the excess cement 
complications.9 Based on this clinical report and tech-
nique, SRCRs using metal–ceramics have improved im-
plant restoration survival rates by preventing damage to 
the porcelain when the screw loosens, as well as reduced 
the cost of maintenance.52

Regarding all-ceramic SRCR restorations, Prous-
saefs  et  al. recommended a  digital workflow for mono-
lithic zirconia bonded to a custom Ti abutment, using the 
SRCR technique.10 The prostheses were cemented while 
positioned intraorally. After extrication from the mouth, 
the cement was removed extraorally after polymeriza-
tion.10 With a  similar technique, Wasiluk et  al. assessed 
the incidence of undetected cement by using custom Ti 
cement abutments fabricated for SRCR restorations.53 
Excess cement was recorded on the distal (17.9%), me-
sial (15.0%), palatal (8.8%), and buccal surfaces (3.4%).53 
Therefore, with these procedures, the risk of undetected 
cement residue was reduced when polishing and cleaning 
were possible for SRCR restorations. The SRCR design 
with monolithic zirconia and an  angulated screw chan-
nel (ASC) revealed no difference in crestal bone loss.54 
Joda and Ferrari evaluated an SRCR implant crown made 
of monolithic lithium disilicate bonded to a Ti base, and 
reported no complications after 1 year.55 In a randomized 

split-mouth trial, a monolithic lithium disilicate implant 
crown fabricated as an SRCR was reported to have a 100% 
survival rate.23 Cicero et al. reported no complications fol-
lowing a 3-year follow-up using a hybrid approach (a zir-
conia coping layered with pressed lithium disilicate luted 
to a Ti base).56 Using a similar veneered approach, frac-
tographic analysis revealed premature failures and cracks 
near the screw access channel.57 However, with the excep-
tion of 2 studies, there were limitations, i.e., the majority 
of them were clinical techniques and case reports.10,23,54–57

Screw-retrievable cement-retained implant restorations 
using HPPs have been reported in a  few studies. When 
bonded to a  prefabricated abutment, monolithic resin 
nano-ceramic (Lava Ultimate) fabricated using a  digital 
method demonstrated a more favorable esthetic outcome 
(Variobase®).58 Monolithic SRCRs with polymer-rein-
forced ceramics (VITA Enamic) have been shown to have 
an  excellent outcome, with no prosthetic or biological 
complications.59 However, when zirconia abutments were 
used, 80% of bonding failures occurred within the 1st year 
of  service in the monolithic type fabricated from resin 
nano-ceramic.29 As a result, researchers have emphasized 
the contraindication for resin nano-ceramic bonded to 
a  zirconia abutment as an  implant restoration material. 
Nonetheless, limited information is available on the appli-
cation and clinical studies of PEEK and block CAD/CAM 
composites as an alternative for implant restoration.

Discussion
In restoring dental implants with monolithic or ve-

neered ceramic crowns, SRCR incorporates the advantages 
of  both the traditional screw and cement techniques.12 
The different fracture load values, and crack initiation and 
propagation mechanisms were all influenced by different 
SRCR implant restoration designs and materials. The size 
and design of  the screw access channel, and whether its 
preparation is performed before or after sintering are all 
relevant elements that influence the ultimate performance 
of the SRCR design. Oversized diameters of screw access 
channels not only contribute to the fracture risk, but also 
influence stress concentration at the margin of  the chan-
nel, which makes the restorations vulnerable to failure, 
particularly in patients with excessive bite force.17 Further-
more, grinding an  intact lithium disilicate restoration af-
ter crystallization and glazing should be avoided, as more 
cracks occur than when grinding the crown while still in its 
pre-glazing or blue phase. After crystallization and glazing, 
the strength of the crown increases from 130–150 MPa to 
350–450 MPa.23 Regarding zirconia, diamond bur grinding 
rather than tungsten carbide is recommended before sin-
tering to avoid phase transformation in the zirconia micro-
structure.59 To improve the fracture resistance of SRCRs, 
screw access channels with surrounding zirconia walls 
should be used for the reinforcement of the restoration.34 
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These modifications have only been evaluated using in vi-
tro testing with standardized parameters, and therefore, 
clinical studies are timely and highly needed to validate 
these in vitro findings.

In terms of  the influence of  materials, the majority 
of studies concluded that screw access channels in metal–
ceramic restorations weakened the porcelain and reduced 
fracture load in SRCR.33,39,40,42 Screw-retrievable cement-
retained restorations may harm the geometrical variations 
of the framework, resulting in porcelain cracking.33,41 Such 
cracks were found to be distributed in areas of higher me-
chanical resistance near the screw access channels, whereas 
jagged lines were discovered in areas of low-stress concen-
tration.35,39 Furthermore, cracks formed during thermo-
cycling led to failure after aging.33 There were conflicting 
reports on the fracture loads of cement-retained and SRCR 
restorations.18,41 These could be attributed to the use of dif-
ferent implant systems, cement types, screw access channel 
diameters, filling materials, number of loadings, fatigue cy-
cles used, and thermocycling effects.11,18,43 As a result, ad-
ditional standardization methods are required to prevent 
bias in future clinical studies.

Differences in screw access channels, on the other hand, 
do not affect the fracture load value of SRCRs construct-
ed entirely from monolithic ceramics. Screw-retrievable 
cement-retained restorations fabricated with monolithic 
zirconia and monolithic lithium disilicate had a  high 
fracture load, which exceeded masticatory forces of 900 
N in the posterior region during load testing, indicating 
the suitability of these materials for posterior molar res-
torations.16,19,24,60 Catastrophic fractures occurred only 
when the load was increased to 2400–4500 N.16,19,45 High 
fracture loads in monolithic ceramics have raised clini-
cal concerns about stress concentration in the cervical 
peri-implant bone area.60,61 To alleviate this concern, zir-
conia crowns have been veneered with lithium disilicate 
or composite resins. This veneering also improves shade 
matching and occlusal wear on the opposing teeth, as 
monolithic zirconia is relatively opaque and hard.56 How-
ever, the presence of  screw access channels in veneered 
restorations has increased tension near the channels 
while decreasing fracture loads.16,34 The fracture mode 
ranged from catastrophic to chipping within the porce-
lain, but the veneered type is able to withstand physio-
logical masticatory forces in the molar region.16,45,62 The 
diameter of  the screw access channel, occlusal contact, 
and the quality of bonding between the layering materials 
must be investigated further to avoid premature failure.57

High-performance polymers have been recommended 
to compensate for the absence of periodontal ligaments 
through absorbing forces and withstand a greater load to 
avoid stress being transmitted to the surrounding bone.30 
High-performance polymers have a high modulus of elas-
ticity, allowing them to deform before cracking.24,46 They 
also exhibit distinct mechanical behavior depending on 
the underlying abutment or the monolithic/veneered 

design of  the structure.24 The load capacity causes their 
failure mode to originate from the cervical part to the top 
of the restoration. The presence of screw access channels 
for SRCRs in these materials also causes no stress and per-
forms similarly to the cemented type. High-performance 
polymers can withstand forces greater than those occur-
ring on a natural posterior molar, except for SRCRs fab-
ricated with polymer-reinforced ceramics, which failed 
catastrophically at a load of 600 N. These materials create 
a grey zone that compromises esthetics when monolithic 
designs are used. To address this esthetic issue, a hybrid 
abutment or veneered abutment has been proposed,46 
but this deteriorates physical properties and fracture load 
performance.30 Consequently, when selecting materi-
als for HPPs, especially for the veneered type and hybrid 
abutments, caution should be exercised. In general, to 
avoid failure at the emergence profile and cervical area, 
there should be a  minimum thickness for this material. 
For posterior implant restorations, materials with a  low 
modulus of elasticity that absorb energy and have compa-
rable fracture resistance, are preferable.

Few authors have used SRCRs in clinical studies re-
garding implant-supported restorations. Only clinical 
techniques and retrospective clinical studies have been 
reported, although the use of  metal–ceramic SRCRs is 
considered to be simple and as effective as cemented res-
torations.9,48,50 For all-ceramic restorations and monolith-
ic HPPs, no damage and mechanical complications were 
observed at the interface of the Ti base abutment, suggest-
ing that this was a suitable clinical method for implant-
supported prostheses.19,44,54,55 Further clinical trials and 
studies with a  longer follow-up are required before rec-
ommending routine application of this method, especially 
of the veneered type.8,54 Selecting suitable abutments and 
material types is fundamental to ensure the satisfactory 
clinical performance of SRCRs.

Conclusions
Metal–ceramic SRCRs have a generally lower fracture 

load value than cemented implant-supported restora-
tions, although the differences may vary considerably. 
Cracks start mostly at the screw access channels. There 
is no significant difference in the fracture load values 
between SRCRs fabricated as monolithic ceramics and 
cement-retained restorations. The adhesive bonding be-
tween Ti abutments and monolithic ceramic frameworks 
showed no damage at the interface and did not affect the 
fracture risk. For the veneered type, the presence of screw 
access channels in zirconia and lithium disilicate signifi-
cantly reduces fracture load as compared to cemented res-
torations, but is sufficient to withstand molar masticatory 
forces. Among HPPs, monolithic forms of  ceramic-re-
inforced PEEK and resin nano-ceramic demonstrated 
higher fracture resistance than those occurring clinically. 
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However, monolithic polymer-reinforced ceramic net-
works and veneered restorations had lower fracture resis-
tance and should be used with caution.

Regarding the clinical performance of  SRCRs fabri-
cated with metal–ceramics, the clinical data is mainly 
retrospective and contains case reports. However, no 
controlled randomized clinical trials RCTs) have been 
conducted. Monolithic SRCRs fabricated with all-ceramic 
restorations have shown good short-term clinical perfor-
mance within 1–3 years post-loading. For veneered SRCR 
restorations, clinical data demonstrating the predictabil-
ity of  this approach is lacking. High-performance poly-
mers may be recommended as a substitute for posterior 
implant restorations, but clinical data is scarce; hence, 
further investigations are needed.
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Abstract
The systematic review aimed to compare and evaluate the effect of  resin-based sealers and bioceramic 
sealers on postoperative pain after endodontic treatment. Two reviewers independently conducted 
electronic search in PubMed, the Web of Science, ScienceDirect, the Wiley Online Library, SpringerLink, 
Google Scholar, and the Cochrane Library, employing a  complete dual-review process to ensure the 
inclusion of  all relevant studies in the review. The search was carried out until November 2021. After 
selecting eligible studies, the risk of bias assessment was carried out using the revised Cochrane risk-of-
bias tool for randomized trials (RoB 2). A total of 1,931 studies were identified from the electronic search, 
and finally 10 studies were included after full-text assessment. In all our included studies, the visual analog 
scale (VAS) was used for recording pain scores. Most of the studies recorded pain intensity starting from 6 
h to 7 days. The results showed that there was no significant difference between resin-based sealers and 
bioceramic sealers in terms of incidence or intensity of postoperative pain at any point in time.
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Introduction
Despite significant improvements in endodontics, the 

pain experienced after treatment is inadvertent, but often 
a significant emotional concern for both patients and en-
dodontists.

Patients after endodontic treatment experience pain 
ranging from 1.9% to 82.9%. Different endodontic treat-
ment procedures are known to be associated with post-
operative pain, such as calculation of  working length 
with the apex locator connected to every other file, fre-
quency of  visits, instrumentation technique used, and 
also depends on the type of root canal filling materials 
used.1

Bacteria present on the outer surface of the tooth roots 
are thought to maintain periapical radiolucency and api-
cal periodontitis.2 Since the biofilm within the apical part 
of the canal can be difficult to detect and capture, some 
authors advised foraminal enlargement (FE).3–5 This ad-
ditional procedural step is shown to promote periapical 
healing in animal models.6,7 However, there is disagree-
ment about the needed extent of enlargement. An ideally 
prepared root canal should have a  progressively taper-
ing conical shape, which preserves the apical foramen 
and the original canal curvature without transportation. 
It has been shown that root canal preparation with en-
gine-driven NiTi endodontic instruments results in sig-
nificantly less canal transportation and fewer prepara-
tion errors without significantly compromising the tooth 
structure. The thickness of  the remaining dentine fol-
lowing intra-radicular procedures may be the most im-
portant iatrogenic factor that correlates to the incoming 
fracture resistance of  the root. Currently, available NiTi 
file systems have the best shaping ability, cleaning ability, 
and three-dimensional efficiency while at the same time 
preserving dentine structure and reducing the impact on 
tooth strength. Despite the advanced flexibility of  NiTi 
alloy compared with stainless steel, fracture of NiTi end-
odontic instruments remains a problem in clinical prac-
tice. Providing NiTi files are used judiciously, the fracture 
incidence appears to be comparable.8–10

Adequate root canal filling further plays an important 
role in endodontic treatment because it prevents bacte-
rial infection through reduced coronal leakage, closes the 
apex to fluid leakage in the periapical tissues, and reduces 
the microbial load in the root canal, thus arresting the dis-
ease progression.11–13

The sealers within the canal system disrupt periodon-
tal tissue through the apical foramina, lateral canals, or 
leaching and interfere with the healing ability of the peri-
odontal tissues. Thus, local inflammation caused by these 
materials eventually leads to postoperative pain. The se-
verity of these inflammatory reactions depends on a vari-
ety of factors, including the composition of the sealers.14,15

It has been disclosed in various studies, that bioc-
eramic materials improve the effectuality of endodontic 

treatment. Bioceramic sealers usually contain particles 
of  zirconia, alumina, bioactive glass, calcium silicates, 
hydroxyapatite, and soluble calcium phosphates. This 
structure inside the sealer makes it resistant to leaks 
and makes it compatible with the biological environ-
ment. Bioceramic materials release biologically active 
substances that stimulate intratubular biomineralization 
in pre-osteoblasts and also promote odontoblastic dif-
ferentiation, thereby enhancing the effectiveness of end-
odontic treatment.16–18

Resin-based sealers have improved physical proper-
ties, but on the other hand, their cytotoxic effects should 
be of concern, which requires the need to establish a bet-
ter root-filling material. To overcome this, bioceramic 
sealers have recently been established with less cytotoxic 
compounds compared to resin-based sealers. It has also 
been suggested that there is better root integrity after 
root canal filling using bioceramic sealers. The solubility 
of these sealers remains a critical aspect of their proper-
ties.19–22

The three-dimensional canal system is usually obturat-
ed with gutta-percha and endodontic sealers. These ma-
terials are designed for use within the three-dimensional 
canal system, but sometimes, they interact closely with 
the periapical tissues, leading to inflammation and irrita-
tion of sensory nerve cells.

Endodontic sealer extrusion is a very common condi-
tion, but in very small amounts, it is usually well toler-
ated by periapical tissues. However, if the filling material 
is accidentally forced out to nearby neurovascular struc-
tures, nerve damage and subsequently altered sensation 
may occur. It is important to discuss that all root canal 
filling sealers are generally neurotoxic to some degree. 
Also, sealer extrusion is linked to future complications, 
such as nerve damage that may trigger symptoms of pain 
and cause flare-ups.23–25

To avoid problems with sealer extrusion, it is imperative 
to select sealers with better physicochemical properties 
and lower toxicities. AH Plus is a bisphenol epoxy resin 
that has been reported to cause an  increase in postop-
erative pain after unintended sealer extrusion. However, 
patients showed less severe pain sensitivity with calcium 
silicate-based sealers compared to AH Plus sealers.26

However, this topic should be an area of interest to be 
discussed in additional literature and post-endodontic 
pain assessments after the release of  calcium silicate-
based material out of  the apical foramen have yet to be 
identified.

There is a growing trend among clinicians who use cal-
cium silicate-based sealers over resin-based sealers, but 
there is no literature evidence to prove its effectiveness 
in reducing pain after non-surgical root canal treatments. 
Therefore, the aim was to systematically review the scien-
tific evidence regarding the influence of epoxy-resin and 
calcium silicate sealers on the incidence of postoperative 
pain after root canal treatment.
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Methodology

Study design 

The protocol for this study was based on the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement and the PICO strategy.27

Research question and outcome 

The focused question (PICO) was developed as follows: 
Does obturation with recently launched calcium silicate-
based sealers (intervention) positively affect the postop-
erative pain (outcome) more than the epoxy resin-based 
sealers (comparison) in patients undergoing non-surgical 
root canal treatment (P)?

The primary outcome of this systematic review was to 
compare and evaluate the intensity of postoperative pain 
after obturation using calcium silicate-based sealers or 
epoxy resin-based sealers.

Selection criteria 

Inclusion criteria 

The following types of studies were considered:
1.	 Healthy patients (>15 years old) undergoing non-surgi-

cal root canal treatment, without restrictions concern-
ing sex, the type of endodontic diagnosis or the type 
of tooth treated.

2.	 Randomized controlled trial (RCT) studies, controlled 
clinical trials (CCTs), and prospective and retrospec-
tive cohort studies.

3.	 Studies that used any resin-based sealers.
4.	 Studies that used any calcium silicate-based sealers.
5.	 Studies that included patients requiring root canal re-

treatment.
6.	 Studies that used the visual analog scale (VAS) scale.
7.	 Studies that were in English.
8.	 Studies that had documented follow-up time.

Exclusion criteria 

The following types of studies were not taken into con-
sideration:
1.	 Studies that were not RCTs, such as in-vitro studies, 

case reports, case series, and reviews.
2.	 Animal studies.
3.	 Studies with patients taking non-steroidal anti-inflam-

matory drugs (NSAIDs) that might interfere with the 
assessment of pain after endodontic treatment.

4.	 Patients with periapical lesions.
5.	 Studies with incomplete data regarding methods or 

those which used any method other than VAS for mea-
suring postoperative pain outcomes.

Search strategy in the databases 

PubMed, the Web of Science, ScienceDirect, the Wiley 
Online Library, SpringerLink, Google Scholar, and the 
Cochrane Library were used for the electronic search. 
The research was carried out until November 2021 with 
search alerts as a  self-updating tool. Moreover, any rel-
evant articles obtained from the cross-referencing of the 
screened articles were also included.

The following MeSH terms and synonyms were used 
for the initial search: (“pain, postoperative” OR “post-
operative pain” OR “post obturation pain”) AND (“root 
canal obturation” OR “endodontic obturation” OR “root 
canal sealer” OR “root canal sealant” OR “root canal fill-
ing materials”). A manual search of the endodontic jour-
nals in the journal section of our college library was also 
carried out.

Study selection 

Duplicate studies were manually removed by the two 
reviewers and considered only once. Then, the studies 
were individually screened for their eligibility by the two 
reviewers, who analyzed the titles and abstracts of  the 
studies that were retrieved. In case of any disagreement, 
a third reviewer was consulted. Then, the full texts of the 
selected studies were read, and the studies that met the 
inclusion criteria were retrieved by the same reviewers.

Data extraction from the eligible studies 

After selecting the eligible articles, two independent 
reviewers extracted the following data: (a) author, year 
of publication and country; (b) study design; (c) sample 
size; (d) age (mean in years); (e) diagnosis of the disease 
condition; (f ) type of  teeth; (g) number of visits; (h) in-
strumentation; (i) obturation technique; (j) obturation 
material; (k) postoperative pain assessment time; and (l) 
postoperative pain assessment scale. The variation in the 
opinion between the authors over data extraction was 
resolved through discussion. In many selected studies, 
multiple treatment groups were present; in such cases, 
the data conforming to PICO was selected. In case of any 
obscure or missing data, the respective corresponding au-
thors were contacted through mail (up to two times over 
4 weeks). For the standardization of  this review, studies 
that used VAS scores from 0–100 mm were converted to 
0–10 cm.

Risk of bias assessment 

Two reviewers independently assessed the quality 
of  selected studies using the revised Cochrane risk-of-
bias tool for randomized trials (RoB 2). This tool as-
sessed 5 important domains (bias from the randomiza-
tion process, bias due to deviation from the intended 
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intervention, bias due to the missing outcome data, bias 
in the measurement of the outcome, and bias in the se-
lection of  the reported results), and all these domains 
were rated as a high, unclear/some concerns or low risk 
of bias. The study was judged to be at an overall high risk 
of  bias if at least one domain had this result. A  rating 
of some concerns was decided if multiple domains sub-
stantially lowered confidence in the result or some con-
cerns were raised in at least one domain. Studies found 
not to be at high risk of bias for any domain or judged to 
be at an overall low risk of bias for all the domains were 
identified as low-risk.28

Results

Search details 

The electronic search was conducted, and a  total 
of 1,931 studies were identified. After removing the du-
plicates, 1,320 studies were screened for their title and 
abstracts. Twenty studies were selected for the full-text 
assessment process, and finally, 10 studies were eligible to 
be included in this analysis.1,11,12,14,16–19,26,29 The detailed 
depiction of search details is given in Fig. 1.

Study design and characteristics 

A well-detailed presentation of the data extracted from 
the included studies is given in Table 1.

All the studies were published between 2018 and 2021. 
Nine studies were parallel design RCTs, and one study 
was a split-mouth controlled trial.16 All the studies were 
done with ethical approval, but only 2 studies were re-
ported according to the guidelines of CONSORT (Con-
solidated Standards of  Reporting Trials).8,11 The total 
number of patients analyzed in the studies included 842 
patients. A female predominance was noticed.

The mean age was reported to range from 27.16 to 
49.04 years. Among the 10 studies, 4 studies included 
teeth with necrosed pulp,11,14,19,29 2 studies included teeth 
that were asymptomatic with irreversible pulpitis,17,27 
1 study included teeth that required retreatment,13 2 stud-
ies included both vital and non-vital teeth,1,18 and 1 study 
included vital and non-vital teeth, and teeth that needed 
retreatment.12

The resin-based sealer AH Plus was used as a control 
group in all included studies for comparison with cal-
cium silicate-based bioceramic sealers. Regarding the 
instrumentation, 3 studies used Reciproc VDW,1,17,19 2 
studies used WaveOne Gold,11,26 1 study used ProTaper 
Next,18 1 study used ProTaper Gold,14 1 study used both 
ProTaper Next and WaveOne Gold,29 1 study used Pro-
Taper Universal retreatment files with ProTaper Gold,16 
and 1 study mentioned only nickel-titanium rotary 
files.12

The obturation techniques used varied between the 
studies – 2 studies used the single-cone technique,17,19 
2 studies used the warm vertical compaction tech-
nique,16,26 2 studies used the lateral compaction tech-
nique,14,29 1 study used the continuous-wave compaction 
technique (AH Plus sealer) and the single-cone tech-
nique (Endoseal MTA),18 1 study used the single-cone 
and vertical compaction technique,11 1 study filled root 
canals using the HEROfill Soft-Core obturator system,1 
and 1 study used the system B technique for root canal 
obturation.12

All the 10 studies used VAS (0–10 cm) for the assess-
ment of  postoperative pain after endodontic treatment. 
The pain scores were measured, ranging from 6 h to 1 
week. Studies that used scales other than VAS were ex-
cluded.

Three studies assessed the incidence of  pain within 
6 h and 12 hours after the endodontic procedure,1,17,26 
whereas all 10 eligible studies assessed pain 24 h after the 
endodontic treatment. Eight studies assessed the pain in-
cidence 7 days after the procedure.11,12,14,16–19,29 The high-
est VAS scores were recorded at 6 h and 12 h after the 
procedure, followed by 24 h. The pain scores were greatly 
reduced by 48 h, and there were no significant differences 
in pain intensity between the groups 72 h after the pro-
cedure.

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flow diagram of the study screening procedure and selection
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Risk of bias assessment 

The risk of bias assessment of the 10 studies presented 
a low risk of bias in 7 studies,1,12,14,16,19,26,29 whereas 3 stud-
ies were judged to raise some concerns.11,17,18 The main 
shortcomings were related to bias due to deviations from 
the intended intervention. Two studies did not provide 
sufficient information about the blinding process.17,18 
One study raised some concerns over the randomization 
process.18 The information on the selection of the report-
ed results was insufficient in 1 study.11 The risk of bias in 
the 10 studies is summarized in Table 2.

Discussion
This systematic review aimed to assess the occurrence 

of postoperative pain after root canal treatment performed 
with two different root canal sealers namely resin-based 
sealers and calcium silicate-based bioceramic sealers. The 
occurrence of  postoperative pain after endodontic treat-
ment is not attributed to a specific factor and is associated 
with several other factors, including age, gender, pulpal, and 
periradicular status, type of teeth treated, pre-operative pain 
conditions, and the procedure carried out during root canal 
treatment such as the instrumentation technique used, irri-
gation protocol, and obturation techniques followed.29

There have been various compositions of  root canal 
sealers developed over the years. The formula of the root 
canal sealers determines the chemical reactions and prop-
erties of the materials. The activation of a local inflamma-
tory response in the periapical tissues is due to the release 
of  chemical mediators, mainly reactive oxygen species 
(ROS). In vivo studies have shown that oxidative stress is 
specifically produced by ROS and it has been shown to be 
linked with inflammatory pain. Whereas, in vitro studies 
proved that the production of  ROS is raised by four to 
seven times in dental pulpal cells that had been treated 
with root canal sealers.30,31

The systematic review also included studies that re-
ported sealer extrusion. Whereas, the results of  the eli-
gible studies showed no significant association between 
sealer extrusion and the occurrence of postoperative pain, 
irrespective of the type of sealer used.1,14,19 Nevertheless, 
it is justified by the reason that the sealer extrusion was 
only 1–2 mm in all the cases included in the studies, and 
none of the cases presented extrusions close to anatomi-
cal structures. Therefore, if the vital anatomical struc-
tures are not involved, sealer extrusions in small amounts 
do not give rise to any postoperative complications.1,14,19,32

The calcium silicate-based materials are more biocom-
patible than the resin-based sealer AH Plus. This is justified 
by the fact that the cytotoxicity of AH Plus is associated 
with the release of the component amine and epoxy resin. 
Further studies showed that there is a release of formalde-
hyde (3.9 ppm) in small amounts that is attributed to the 
cytotoxicity of  the sealer immediately after mixing. Filter 
diffusion test and MTT assays revealed little cytotoxic ef-
fects even after 24 h of mixing. However, the studies that 
were conducted clinically provide a  contrary result com-
pared to the previously observed in vitro analyses.33–35

Previous studies showed that bioceramic sealers 
showed increased flowability than the resin-based seal-
ers and a higher extrusion rate (59.4%) than the AH Plus 
sealers (28.1%). Conversely, a recent study presented that 
obturation with AH Plus contributed to significantly 
more extrusion beyond the apical foramen (62.1%) than 
bioceramic sealers (47.4%). The studies presented low 
rates of flare-ups and moderate postoperative pain in the 
first 48 h. However, further clinical studies are required 
regarding the same.12,19,36

In some of  the included studies, it was reported that 
the presence of  pre-operative pain positively influenced 
the occurrence and incidence of  postoperative pain. 
Seven of  the eligible studies included had asymptomat-
ic patients in their study to rule out pre-operative pain, 
which is an  important predisposing factor to the occur-
rence of  postoperative pain. All the included studies in 

Table 2. Risk of bias assessment of the included studies

       Study Randomization 
process

Deviations from the 
intended intervention

Missing outcome 
data

Measurement 
of the outcome

Selection of the 
reported results Overall bias

Shim et al.18 ? ? + + + ?

De Souza Ferreira et al.11 + + + + ? ?

Aslan and Dönmez Özkan17 + ? + + + ?

Fonesca et al.19 + + + + + +

Graunaite et al. (spli-mouth design)16 + + + + + +

Khandelwal et al.14 + + + + + +

Jacoub et al.29 + + + + + +

Atas et al.1 + + + + + +

Drumond et al.26 + + + + + +

Tan et al.12 + + + + + +

(+) low risk; (?) unclear risk (some concerns); (–) high risk.
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this systematic review showed no statistically significant 
differences in the incidence of postoperative pain among 
the studied root canal sealers at various time points. Also, 
there is no possible correlation between gender or age 
and postoperative pain at any time point. The most severe 
pain post endodontic treatment occurred up to a period 
of 24 h, and this short duration of pain after endodontic 
treatment is related to the production of ROS due to leak-
age of unpolymerized components in the root canal sealer 
during their setting process in the first 24 h. The setting 
time of AH Plus and bioceramic sealers was found to be 
about seven hours and four hours, respectively.37–39

Some of the studies reported the usage of rescue medi-
cations when the discomfort was too great for the patient. 
The results of the eligible studies showed a small propor-
tion of  patients requiring anti-inflammatory drugs dur-
ing the first 24 h of their postoperative period, regardless 
of the sealer group to which they were allotted.

Pain is produced by both physiological and psychologi-
cal components. The perception of pain is subjective, and 
pieces of  the literature suggest the use of  a  rating scale 
as it is a reliable and effective method for recording pain 
intensity by the patient. In all our included studies, VAS 
was used for recording pain scores. For the standardiza-
tion of  analysis, VAS was converted to 0–10 cm. Most 
of the studies recorded pain intensity starting from 6 h to 
7 days.40,41

The study also presented some limitations that should be 
addressed. The analysis of pain intensity is only by subjec-
tive perception and as it is a distinctive experience for every 
patient, the results may not represent the entire population 
group. Further studies are required to assess postoperative 
pain and complications after sealer extrusions and its influ-
ence on oral health-related quality of  life (OHRQoL). On 
the other hand, this is the first systematic review that as-
sesses postoperative pain caused by root canal obturation 
using resin-based and calcium silicate-based sealers by in-
cluding a larger number of articles and participants in the 
quantitative analysis and also assessing the postoperative 
pain associated with the extrusion of  the studied sealers, 
thereby improving the body of evidence.

Conclusions
Within the limitations of  this study, there was no sig-

nificant difference in the incidence of postoperative pain 
after root canal treatment using bioceramic sealers com-
pared to resin-based root canal sealers. Also, the results 
of  the eligible studies showed no significant association 
between sealer extrusion and the occurrence of postop-
erative pain, irrespective of the type of sealer used. Fur-
ther studies are required to justify the results obtained in 
this study, to increase the accuracy, and to determine the 
causes of postoperative pain after endodontic treatment 
in several pulpal and periodontal conditions.
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The datasets generated and/or analyzed during the cur-
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Abstract
Actinomycotic osteomyelitis is a rare chronic suppurative, granulomatous, fibrosing saprophytic infection. 
It  is an  endogenous infection caused by the Actinomyces species, which are part of  the normal oral 
microflora. There is a  male predilection for this type of  infection, with the male to female ratio of  4:1. 
Though the etiopathogenesis of  the infection is unclear, it is mostly attributed to the disruption of  the 
normal oral microflora and the invasion of  the microorganism into deeper tissues through a  break in 
the mucosal barrier due to damage from trauma, extraction or previous injury. The portal of  entry can 
be through the pulpal, periodontal or mucosal route, causing the purulent and necrotic infection of soft 
tissue, bone, or both. The diagnosis is usually considered when there is a persistent infection without the 
presence of regional lymphadenopathy and is usually confirmed through the histopathological depiction 
of the bacterial colonies – ‘ray fungus’ – as obtaining the positive culture of the causative microorganisms 
is difficult and is reported to be effective in less than 50%. Patients with such infections are managed with 
surgical debridement, followed by antibiotic therapy for a longer time period. Recent advances have been 
emphasized for an early diagnosis and a better prognosis of the therapy.

Therefore, this paper aimed to present a  rare case of  actinomycotic osteomyelitis of  the maxilla in 
a 45-year-old female patient, and also to review the literature on this rare infection.
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Introduction
Actinomycosis is a rare chronic suppurative, granulo­

matous, fibrosing saprophytic infection caused by the 
commensal oral and pharyngeal Actinomycetaceae 
family of bacteria. It is a specific chronic inflammation 
of  soft tissue and rarely of  bone.1 The actinomycotic 
species are non-acid fast, slow-growing, Gram-positive, 
anaerobic or microaerophilic bacteria resembling fungi. 
The Actinomyces species resemble both bacteria and 
fungi, but most of the basic characteristics suggest that 
in fact, they are bacteria. Unlike fungi, they do not have 
sterols in their cell walls and are susceptible to antibacterial 
pharmacotherapeutic agents.2 The principal micro­
organism involved in this infection is Actinomyces israelii 
(A.  israelii),3 although other species, like A.  viscosus, 
A. naeslundii, A. meyeri, and A. odontolyticus, are iden­
tified occasionally. Actinomyces cause this infection par­
ticularly when there is a  break in the normal mucosal 
barrier because of  any trauma, extraction, surgery, or 
a  preceding infection.4 The presence of  this break and 
the devitalized tissue pave the way for the deeper inva­
sion of tissues causing infection.

Actinomycosis is a  polymicrobial infection involv­
ing the association of  other companion bacteria, which 
are frequently Gram-negative fusiform bacilli, anaerobic 
streptococci or staphylococci, and facultative anaerobic 
bacilli that form a mutual/symbiotic anaerobic environ­
ment in the body, enabling the growth of the Actinomyces 
species.5 Thereby, these co-pathogens increase the invasive 
power of the Actinomyces species by releasing enzymes or 
toxins, or by suppressing the host defensive mechanisms, 
resulting in the early manifestations of the infection and 
the failure of the therapy.5

Actinomycosis involving bone is rare but possible. 
Osteomyelitis occurs secondary to the primary infection 
and the infection spreads through direct invasion into the 
surrounding adjacent tissues. It burrows through the ana­
tomical planes, unlike the other infections which follow it, 
creating a  lobular ‘pseudotumor’.6 Actinomycotic osteo­
myelitis of  the jaws, especially of  the maxilla, is a  very 
rare occurrence because of  the abundant blood supply 
and cancellous architecture of bone as compared to the 
mandible. There are only very few cases reported in the 
literature involving the maxilla in a  female patient.3,7–9 
Thus, our article is another example of a report of a rare 
case of actinomycotic osteomyelitis involving the maxilla 
in a 45-year-old female patient.

Case report
A 45-year-old female patient, a farmer, reported to the 

Department of  Oral Medicine and Radiology with the 
chief complaint of pain, a bad breath and a growth in the 
left posterior region of the maxilla (Fig. 1A), along with 

headache for the past 2 months. Further, when record­
ing a detailed history, the patient revealed that 2 months 
before she had a  continuous dull pain that aggravated 
during mastication and subsided at rest. The patient visit­
ed a medical practitioner, who administered an intraoral 
injection on the palate, for which she had no record. 
After 15 days since the injection administration, the pa­
tient started experiencing a continuous sharp pain that 
aggravated on mastication, followed by the occurrence 
of a growth in the injected area. After this, the patient 
visited an ENT specialist, who prescribed her analgesics 
and vitamin supplements, and advised her to perform 
blood tests; the results were reported to be within nor­
mal limits. The patient was further referred to our 
Department, as there was not much improvement. The 
patient also had a history of fever, which occurred one and 
a half months before. There was no history of change in 
the size of the patch for the past one and a half months, 
as reported by the patient.

The patient had no relevant medical, dental and fami­
ly history. She had also stopped brushing her teeth with 
a  toothbrush 2 months before and had been using her 
fingers to clean her teeth. The extraoral examination re­
vealed a  single submandibular lymph node, palpable on 
both the right and left side, 1 cm × 1 cm in size, round in 
shape, mobile, and tender on palpation.

During the intraoral soft tissue examination, an irregular 
greenish-white patch of size 6 cm × 3 cm on the upper left 
palatal mucosa was observed, extending from the mesial 
aspect of tooth 22 to the distal aspect of tooth 27 antero­
posteriorly, and from the midline to the palatal marginal 
gingiva in the 2nd quadrant mediolaterally (Fig.  2A). 
A bony sequestrum was present on the buccal aspect in 
relation to the posterior teeth, involving the marginal gin­
giva and a width of 1 cm of the attached gingiva in rela­
tion to teeth 24 and 25 (Fig. 2B). The surrounding area 
appeared to be inflamed and erythematous. Severe hali­
tosis was present. On palpation, the patchy growth was 
tender, firm, with a  rough surface. When retracting the 
patchy growth, it could be easily raised, revealing an ul­
cerative denuded area underneath it. During the exami­
nation of the gingiva, generalized gingival inflammation, 
generalized marginal gingival erythema and bleeding on 
probing were present.

Fig. 1. Facial view at day 1 (A), 2 days postoperatively (B) and 1 month 
postoperatively (C)
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Other hard tissue findings included deep caries in teeth 
25 and 26 with tenderness on percussion, dental caries in 
teeth 37, 47 and 48, Miller class III mobility of teeth 24, 
25 and 27, Miller class I mobility of teeth 23 and 26, the 
crowding of the mandibular anterior teeth, stains – +++, 
and calculus – ++.

The intraoral periapical radiographs of  the maxillary 
left posterior region, an orthopantomogram, plain com­
puted tomography (CT) – the paranasal sinus (PNS) 
view, and the incisional biopsy of  the palatal mucosa 
were advised.

The intraoral periapical radiographs divulged deep 
dental caries in teeth 25 and 26, and apical periodon­
titis in teeth 24, 25, 26, and 27. The orthopantomogram 
revealed deep dental caries in 25 and 26. The plain CT 
(PNS) exposed the erosion and destruction of the upper 
left alveolar ridge in the premolar and molar region, ex­
tending to the pterygoid plates, and superiorly involving 
the floor of  the left maxillary sinus and the left lateral 
margin of the hard palate (Fig. 3). It also showed a few 
air pockets noted in the adjacent soft tissue, a deviation 
in the nasal septum toward the left side, the left osteo­
meatal complex block, the left concha bullosa; hypodense 
mucosal thickening in the maxillary sinuses bilaterally, 
sphenoidal sinuses, and ethmoidal air cells suggestive 
of sinusitis.

The incisional biopsy was performed and the patient 
was prescribed a  broad-spectrum antibiotic (ciprofloxacin 
500 mg b.i.d) as well as analgesics (paracetamol 325 mg 
+ aceclofenac 100 mg b.i.d.) for 7 days. The histopatho­
logical examination under ×400 magnification revealed 
features suggestive of osteomyelitis with a bacterial and 
fungal infection, such as necrotic tissue at the periphery 
with the loss of architecture and the presence of abundant 
microbial colonization and loose edematous connective 
tissue in the center, Gram-positive cocci in pairs and 
chains infiltrating deeper tissues, the non-viable necrotic 
interconnected trabeculae with the absence of osteocytes 
and osteoblasts in lacunae, bony trabeculae of  irregular 
ragged borders, necrotic marrow tissue, extravasated red 
blood cells (RBCs), and chronic inflammatory cell infiltra­
tion. After 7 days since the incisional biopsy, an obvious 
bony sequestrum with the surrounding inflamed mucosa 
was noted in the same region (Fig. 4).

The patient was referred for necessary surgical the­
rapy. Preoperatively, the patient was prescribed the 
intravenous (i.v.) injection of  cefixime 1 g b.i.d., the 
i.v. injection of metronidazole 100 mL in normal saline 
(NS) t.i.d. and the i.v. injection of  diclofenac 150  mg 
b.i.d. for 5 days. Sequestrectomy, thorough debride­
ment, curettage, and the extraction of  teeth 21–28 
(Fig. 5), followed by wound closure with Vicryl® 3-0 su­
tures (Ethicon, Inc., Somerville, USA) were performed 
under general anesthesia, and the excised tissue was 
sent for a  histopathological examination again. The 
patient was prescribed a  postoperative broad-spectrum 
antibiotic (amoxicillin 500 mg t.i.d) for 2 months and 
analgesics (paracetamol 325 mg + aceclofenac 100 mg 
b.i.d.) for 10 days.

Fig. 2. Intraoral clinical presentation at day 1

A – maxillary occlusal view; B – cropped frontal view. 

Fig. 3. Axial sections of plain computed tomography (CT) – the paranasal 
sinus (PNS) view showing the destruction of bone involving both the 
lingual and buccal cortical plates (A, B), and a coronal section depicting 
extension to the floor of the left maxillary sinus (C)

Fig. 4. Intraoral clinical presentation after 7 days since the initial biopsy 
showing an obvious bony sequestrum with the surrounding inflamed 
erythematous mucosa

Fig. 5. Intraoperative photograph
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The second histopathological examination of the exci­
sional biopsy tissue under ×400 magnification revealed 
features suggestive of  actinomycotic osteomyelitis, like 
necrotic trabeculae with ragged borders and the absence 
of osteocytes and osteoblasts in lacunae (Fig. 6A), numer­
ous multinucleated osteoclasts in Howship’s lacunae at 
the periphery of  bony trabeculae, central necrotic mar­
row tissue with extravasated RBCs and chronic inflam­
matory cell infiltration, bacterial colonies in some areas, 
where individual colonies appeared round or lobulated, 
and were made up of  a  meshwork of  peripheral radiat­
ing filaments that were hematoxyphilic, along with the 
eosinophilic peripheral club-shaped ends of the filaments 
(Fig. 6B). Figures 6C and 6D depict the filaments under 
×1,000 magnification and the periodic acid–Schiff (PAS) 
staining of the actinomycotic colonies under ×100 magni­
fication, respectively.

Satisfactory healing was observed at the 2-day, 1-week 
and 1-month postoperative follow-ups of  the patient 
(Fig.  1B,1C,7,8) as well as the alleviation of  symptoms. 
The patient was referred for prosthetic rehabilitation after 
3 months of the healing period.

Discussion with the review 
of the literature

Primary actinomycotic osteomyelitis is a rare condition 
that accounts for only 12% of the cases.10 In the cervico­
facial region, it commonly affects the chin and the angle 
of the mandible, but rarely the maxilla, as in the present 
case, as well as the temporomandibular joint (TMJ). The 
mandible to maxilla prevalence ratio is 4:1.11,12 The inci­
dence of the Actinomyces infection is 53.6% in the man­
dible, followed by 16.4% in cheeks, 5.7% in the maxilla, 
and 0.3% in TMJ.13

Actinomycotic osteomyelitis is attributed to the inva­
sion of  the species, which are normally present in the 
gingival fluid, dentin cavities and palatine tonsils, on muco­
sal surfaces, and at post-extraction sites, into deeper mu­
cosal tissues. Although the pathogenesis is unclear, the 
infection is manifested mainly when there is disruption 
in the composition of  the normal microflora, leading to 
a chronic primary infection, which results in the patho­
logical changes of bone.11

This condition develops only in the presence of certain 
predisposing circumstances, like immunosuppression, 
diabetes, the prolonged use of corticosteroids, smoking, 
alcoholism, and most importantly a break in the epithelium 
from injury due to trauma or extraction. Also, sinusitis 
can evolve into such an infection after dental extraction, 
as reported in the literature.14 In the present case, the in­
fection could be attributed to trauma to the palatal tissues 
during the administration of an intraoral injection or the 
pre-existing sinusitis (chronic inflammation). Actinomyces 
lack the ability to produce the tissue-decomposing 
enzymes (hyaluronidases), and hence they rely on other 
co-pathogens, which are the possible source of hyaluroni­
dases, to establish pathogenicity. It could be observed 
also in the present case, along with the actinomycotic 
colonies. The most common area of  involvement is the 
head and neck region, accounting for 55% of  the cases, 
although the ophthalmic, neurological, abdominal, respi­
ratory, and urogenital involvement has been reported as 
well.6 The most commonly affected age group is between 

Fig. 6. Histopathological sections depicting necrotic bone with the 
actinomycotic colonies under ×40 magnification (A), the ‘ray fungus’ 
appearance under ×400 magnification (B), filaments under ×1,000 
magnification (C), and the periodic acid–Schiff (PAS) staining of the 
actinomycotic colonies under ×100 magnification

Fig. 7. Intraoral clinical presentation at 2 days postoperatively (A) 
and 1 month postoperatively (B)

Fig. 8. Orthopantomogram at 1 month postoperatively
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30 and 60 years, which is in accordance with the present 
case, and the male to female ratio is 4:1, substantiating the 
case to be an extremely rare one.10,15–17

The infection is clinically manifested as an  acute or 
chronic presentation, with the former being less common. 
An acute infection is characterized by floating swelling, 
which is painful, along with a  rise in temperature and 
a  tendency to rapidly spread into tissues, resembling 
an  odontogenic infection.14 A  chronic infection is cha­
racterized by a progressive, slow increase in volume due 
to the burrowing of the microorganisms, with or without 
painful symptoms, and is associated with a slight rise in 
temperature; it may take weeks, months, or even years for 
it to develop, and the infection may be accompanied by 
normal hematological findings and the absence of  mal­
aise, as reported in the present case.10,14,18

Only a limited number of cases of actinomycotic osteo­
myelitis have been reported in the literature.2,19 Despite 
the patient’s history and the physical examination being 
essential in the diagnosis of any disease, the radiographic 
examination, the bacterial culture examination, and the 
histopathological examination of  tissues and secretions 
from the affected site are necessary for the diagnosis 
of actinomycotic osteomyelitis.8,11,16

The radiographic examination can be helpful in de­
termining the extent of  invasion into bone, even in the 
presence of  the edema of  tissues.20 Computed tomo­
graphy can help determine the extent of osteolysis and the 
formation of fibrous tissue in the infected area, and scinti­
graphy with gallium can help differentiate the inflam­
matory changes from neoplasms and assess the effective­
ness of treatment. However, no imaging modality can be 
regarded as a sole method of investigation to confirm the 
diagnosis of actinomycotic osteomyelitis.10,11

The diagnosis depends not only on the clinical findings 
and the demonstration of  microorganisms in the tissue 
sections or smear, but also upon their culture, which is 
difficult to obtain in 50% of the cases for numerous rea­
sons.21 The culturing of the bacteria should be preferably 
performed when the patient has not been on antimicro­
bial therapy for at least 7–10 days before the procedure, 
as otherwise it may interfere with the diagnosis, making 
it obscure. The histopathological features include a granulo­
matous appearance with the characteristic round or 
lobulate colonies of  microorganisms within the central 
abscess formation, which occur as floating in the sea 
of  polymorphonuclear leukocytes, often associated with 
multinucleated giant cells and macrophages, especially 
around the periphery. This appearance is the basis of the 
term ‘ray fungus’, which is frequently used.22 All the above­
mentioned findings are in accordance with the present case. 
In the current case, the culturing of the microorganisms 
was not done, and the diagnosis was based on the morbid 
anatomical, radiographic and histopathological examina­
tions, especially hematoxylin and eosin (H&E) and PAS 
staining, rather than the identification of the microorganisms 

by culture. The need for the careful handling of  the 
specimens to obtain a  positive anaerobic culture is well 
emphasized. However, the histopathological examination 
is also strongly recommended.23 The Actinomyces species 
stain heavily with the H&E, PAS and Giemsa stains. Also, 
the Grocott–Gömöri methenamine silver (GMS) staining 
is helpful for the demonstration of filaments.24

Nucleic acid probes and the polymerase chain reaction 
(PCR) are advisable for the rapid and accurate detection 
of the microorganisms, as the diagnosis is difficult when 
it is based only on the clinical and direct identification 
and/or isolation of the responsible microorganism, which 
is a laborious process. Molecular testing is considered as 
the appropriate method for the diagnosis of actinomycotic 
osteomyelitis of  the jaws.25 It has been recommended 
for the PCR analysis of  A.  israelii to have a  higher sen­
sitivity that the specimen undergoes mild decalcification 
with ethylenediaminetetraacetic acid (EDTA)25 rather 
than with trichloroacetic acid.26 The same diagnostic ap­
proach has also been recommended for the bone biopsies 
done for the histological examination.25 On the other 
hand, although the PCR testing overweighs the conven­
tional identification procedure in terms of  identification 
of slow-growing and non-cultivable microorganisms, the 
method is expensive and it requires an experienced hand 
to perform the analysis.

Actinomycotic osteomyelitis often demands vigorous 
treatment once a  sound diagnosis is set. The initial treat­
ment consists of the administration of high doses of penicil­
lin, either orally or intravenously, depending on the severity 
of the infection, although there may be a necessity of surgi­
cal management if there is any tissue necrosis or involve­
ment of bone.20 All abscesses should be surgically disrupted 
and penetrated with a  hemostat, regardless of  their size. 
Prolonged antibiotic therapy, preferably with penicillin, is 
recommended after the removal of the foci of infection by 
draining abscesses, sequestrectomy and/or the excochlea­
tion, saucerization and excision of the fibrous/granulation 
tissue until the exposure of  healthy tissue,12,25 which was 
done in the present case. Other effective antibiotics include 
erythromycin, clindamycin, tetracycline, minocycline, 
cephaloridine, and imipenem.10,27,28 Penicillin can be ad­
ministered by i.v. infusion in doses ranging from 3 million to 
12 million units daily or as an oral dose of 2–4 g per day for 
a period of 3–12 months, depending on the host response 
to the infection. Administering antibiotics for an addition­
al period is recommended, as the lysis of the Actinomyces 
species takes place at a slower rate than in the case of most 
other bacteria.28 The prognosis for a satisfactory resolution 
is excellent and the recurrence is rare,3,29,30 as demonstrated 
in the present case. Sometimes maxillofacial reconstruction 
may be necessary when there is a substantial soft and hard 
tissue loss, which was not necessary in the present case. The 
secondary surgical repair or the reconstruction and replace­
ment of the teeth can be attempted once we are confident 
with the complete resolution and healing of the infection.
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Conclusions
Despite a  diagnostic dilemma with regard to mucor­

mycosis in presentation, after following a meticulous dia­
gnostic protocol, the current case turned out to be a case 
of actinomycotic osteomyelitis. The treatment of actino­
mycotic osteomyelitis, which is a  rare and unusual oc­
currence, is a challenging task. However, it can be over­
come with surgical and prolonged antibiotic therapy, and 
a complete resolution can be achieved, as demonstrated 
in the present case. The diagnosis of actinomycotic osteo­
myelitis should be considered in relation to persistent 
oral infections, as progressive actinomycosis, especially 
in the maxilla, is likely to lead to serious consequences 
in the skull base and intracranial involvement. The early 
diagnosis of actinomycotic osteomyelitis can improve the 
prognosis and the outcomes of the therapy, thus prevent­
ing serious consequences in patients.
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