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Antimicrobial effects of nanocurcumin gel on reducing the microbial 
count of gingival fluids of implant‒abutment interface: A clinical 
study

Absrtact
Background. This clinical study aimed to prepare and evaluate the effect of antimicrobial nanocurcumin 
gel on reducing the microbial counts of gingival fluids of the implant‒abutment interface in patients 
referred to the Tabriz Faculty of Dentistry for the placement of two dental implants.
Methods. Fifteen patients applying for at least two dental implants were included in the study. During 
the uncovering session, nanocurcumin gel was placed in one implant, and no substance was placed 
in another (the control group). Then, in three sessions, implantation sessions (10 days after the repair 
abutment closure session), prosthesis delivery (15 days after the implantation session), and one month 
after prosthesis delivery, the patients’ gingival fluid was sampled and cultured to determine bacterial 
counts in the gingival fluid by colony-forming units (CFU/mL). T-test was used for statistical analysis 
of data, and statistical significance was set at P<0.05.
Results. This study showed that nanocurcumin gel significantly reduced the CFU/mL of gingival fluid 
in all three sampling stages compared to the control group.
Conclusion. According to the results of this study, the application of antimicrobial nanocurcumin gel 
inside the implant fixture could reduce the microbial counts of gingival fluids.
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Introduction
Patients and dentists have always considered im-
plant treatment as a replacement for missing teeth. 
Implants are attached to the jawbone through 
osseointegration. According to clinical reports, 
the complete osseointegration process takes 2‒4 
months.1, 2 Over the years, it has been demonstrated 
that implant treatment sometimes fails. Infection is 
one of the main reasons for the failure of implant 
treatment. One of the most common infections and 
gingival diseases is periodontal disease, caused by 
poor oral hygiene and attached plaque on tooth 
surfaces.3

Among capnophilic bacteria, Aggregatibacter 
actinomycetemcomitans, Eikenella corrodens, and 
capnocytophaga, and anaerobic bacteria Porphyro-
monas gingivalis, Prevotella intermedia, Fusobacte-
rium nucleatum, Tannerella forsythia, Treponema 
denticola, and Actinomyces spices play a key role in 
periodontal disease.4-11

Bacterial colonization AT the implant‒abutment 
interface depends on three factors: implant system, 
dynamic loading, and preventive treatment in the 
interface area using disinfectants and sealing mate-
rials.12-15

In a report by Podhorsky et al,15 two types of seal-
ants (Berutemp 500 T2, Kiero seal) and two types 
of disinfectants (1% CHX gel and GlaxoSmithKline) 
reduced bacterial colonization at the interface but 
did not remove the bacteria completely. Ferrari et 
al16 showed that disinfection of the implant‒abut-
ment interface with iodine solution could not pre-
vent re-colonization of future periodontal patho-
gens.

Numerous side effects of synthetic drugs and drug 
resistance have led to a tendency to natural-ori-
gin antimicrobial agents such as plants. Curcum-
in (Diferuloylmethane) is the active component of 
turmeric and has very strong antimicrobial and an-
ti-inflammatory properties. This substance has been 
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approved by FDA. Recent studies have shown that 
antibacterial substances made of curcumin against 
Staphylococcus epidermidis, Staphylococcus aureus, 
Klebsiella pneumoniae, and Escherichia coli have 16-
32 minimum bacterial concentration (MBC) and 
4-16 minimum inhibitory concentration (MIC).17,18 
Also, recent studies have shown that the methanolic 
extract of turmeric has a 128-μg/mL MIC against S. 
aureus.19 Also, a mixture of curcumin extract with 
other antibacterial substances has been used to pro-
duce gels and facial emulsions to improve skin care 
and wound coverage.20

Nandini et al21 compared the effectiveness of the 
1% curcumin solution with 2.5% chlorhexidine solu-
tion in the control of chronic periodontitis. In that 
research, patients were divided into three groups: 
curcumin recipients, chlorhexidine recipients, and 
0.9% saline recipients. The patients were evaluated 
for 15 days and 1 month after receiving the interven-
tion. The results showed that 1% curcumin solution 
was as effective as a 0.2% chlorhexidine mouthwash. 
The effect of curcumin on S. mutans on tooth sur-
faces and extracellular matrix proteins was also in-
vestigated in another study. The results showed that 
the MIC for the complete inhibition of S. mutans at-
tached to human teeth was 128 μg/mL.22

Sha et al23 showed that P. gingivalis  isolated from 
patients is highly sensitive to curcumin at a low MIC 
of 12.5 μg/mL.

Considering the antibacterial effects of curcumin 
in recent studies and following our two previous in 
vitro studies,24,25 and since infection is one of the rea-
sons for implant failures, this study aimed to prepare 
and evaluate antimicrobial nanocurcumin gel for re-
ducing the microbial infection at the implant‒abut-
ment interface clinically.

Methods

Target population 
The current study was a clinical trial on patients re-
ferred to the Tabriz Faculty of Dentistry, requiring at 
least two dental implants.

Inclusion criteria
• Patients diagnosed with moderate to high levels 

of oral hygiene
• Having at least two implants in one jaw
• At least 18 years old
• 1-3 mm of probing depth around the implant
• Zirconia crown with supragingival margins26

Exclusion criteria
Patients diagnosed with low or very low levels of 
oral hygiene
Pregnant or lactating women
Patients who had received antibiotics in the past six 
months
Patients with any systemic disease such as diabetes, 
affecting oral health

Addiction to drugs, cigarettes, or alcohol26.

Sample size determination
Fifteen samples were included based on the results 
of a study by Mombelli et al26 and considering a type 
1 error rate of 5% and a test power of 80%. 

Nanocurcumin gel preparation
Curcumin nanocrystals (Alborz, Tehran, Iran) with 
a mean particle size of 80 nm were suspended in dis-
tilled water (1% w/w). Then, 2% w/w carbomer 940 
(MilliporeSigma, Germany) was added to the sus-
pension and mixed gently until the gel formed.

Microbial test
According to the defined inclusion and exclusion 
criteria, 15 patients referred to the Tabriz Faculty of 
Dentistry, requiring at least two implants in one jaw 
(Osstem implant system [length=11.5 and diame-
ter=4 mm]) were included in the study. In the first 
session, nanocurcumin gel was placed inside the 
implant screw (test), no substance was used in an-
other implant (control), and a healing abutment was 
placed. Then, the samples were collected from the 
patients in three sessions, including impression (10 
days after the healing abutment placement session), 
prosthesis insertion (15 days after the impression 
session), and one month after prosthesis insertion. 
Gingival fluid was used for sampling. Each area was 
isolated with a cotton roll and air-dried for 5 min-
utes to remove saliva from the area. The samples 
were collected using paper points inserted into the 
gingival sulcus in four distinct areas (mesiobuccal, 
distobuccal, mesiolingual, and distolingual) to the 
extent that moderate resistance was felt and held 
there for 30 seconds. Paper points with blood con-
tamination were discarded. After sampling, each pa-
per cone was placed in small sterile tubes, and the 
prepared samples were sent to the microbiology lab-
oratory to determine bacterial counts.

Before the culture procedures, the transfer medi-
um was vortexed for 30 seconds. In the next stage, 
culture was performed on the desired media with 
standard loops. Brucella agar medium containing 
5% defibrinated sheep blood was used as a culture 
medium, and horse serum (5%) and vitamin K1 
were used to enrich the culture medium. After 72 
hours of incubation at 37°C, bacterial counts in the 
gingival fluid were determined using the counting 
method.

Data analysis 
T-test was used for the statistical analysis of data. 
Statistical significance was set at P<0.05.

Results
The results of this study showed that in all three 
stages of sampling, nanocurcumin gel significantly 
reduced the CFU/mL of gingival fluid compared to 
the control group. The results of the CFU/mL in the 
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studied groups are presented in Table 1. 
The results also showed that the percentage of in-

hibition (inhibition rate [IR%]) in terms of the gel in 
all three stages (sessions) was >99%. The growth in-
hibition rate of the gel group is presented in Table 2.

Discussion
Failure in implant treatments can be attributed to 
biological, mechanical, iatrogenic, or functional fac-
tors that lead to bacterial infections of peri-implant 
tissues and implant overloading.26 Identifying these 
factors affects the success of implant treatments. In 
many cases, the cause of these failures remains un-
known. Therefore, researchers are always looking for 
failure factors or complications of implant treatments. 
The occurrence of infections after implant placement 
is one of the main reasons for the failure of implant 
treatment, and failed treatments are associated with 
a type of microbial flora that is directly related to 
periodontitis.27,28 Peri-implantitis is a destructive in-
flammatory disease that can cause the loss of dental 
implants,29 and clinical studies have shown that the 
highest incidence occurs in the first 12 months (ear-
ly failure) after implant placement.11,30 If this disease 
occurs, it is treated by mechanical debridement with 
chemical antiseptics.30 

The advantages of using low concentrations of an-
tibiotics include reducing cytotoxic effects and bacte-
rial resistance.31 Our findings showed that in all sam-
pling stages, the gel group significantly reduced CFU 
more than the control group. 

Our results showed IR values of >99% in all three 
sessions for the gel group. In a previous study of our 
group, Negahdari et al24 studied the effects of cur-
cumin (60 mg/mL), chlorhexidine, and water on E. 
coli, E. faecalis, and S. aureus in implant fixtures in 
vitro. The implants were incubated at 37°C for 24, 48, 
and 72 hours. The contents of each implant were cul-
tured for 24 hours to count bacterial colonies at 37°C. 
The results showed that curcumin eliminated 99.99% 
of all bacteria. In addition, the colony-forming unit 
(CFU) of bacteria exposed to curcumin decreased 
significantly over time (P<0.01). In another study of 
this group, we examined the effect of the increasing 

amount of torque on healing abutment. In that study, 
the effect of nanocurcumin (60 mg/mL), chlorhexi-
dine, and water on E. coli, E. faecalis, and S. aureus 
were studied in vitro on an implant fixture. The im-
plants were incubated at 37°C for 24 hours by apply-
ing three different torques of 10, 20, and 35. The con-
tents of each implant were cultured for 24 hours to 
count bacterial colonies at 37°C. The results showed 
that curcumin nanocrystals eliminated 99.99% of all 
bacteria. The results also showed that by increasing 
the applied torque, the CFU level decreased signifi-
cantly (P<0.01).25

Previous in vitro studies of this group showed 
the role of curcumin in reducing bacterial colonies, 
which was performed to evaluate the antimicrobial 
effect of curcumin and select the appropriate torque. 
The present study used the nanocurcumin gel clini-
cally. This study showed that in all three stages, nano-
curcumin gel significantly reduced the CFU/mL of 
the gingival fluid compared to the control group. Due 
to the presence of patients, access to the oral micro-
bial flora was possible. Scientific sources show that 
bacterial species isolated from patients lead to differ-
ent results compared to standard laboratory species. 
Laboratory species kept in microbial banks are less 
pathogenic or non-pathogenic.23,26 In addition, this 
method can be used to evaluate the frequency of 
periodontopathogenic bacteria in patients. The mi-
crobial culture method can be used to estimate the 
percentage of infections caused by capnophilic bacte-
ria and anaerobic bacteria or due to both cases in the 
patient population. 23

Previous investigations also showed that the local 
application of curcumin gel reduced gingival in-
flammation.32-34 In addition, there was evidence that 
curcumin efficiently inhibits the inflammatory me-
diators’ activation and has therapeutic influences on 
periodontal diseases.32,33 Also, Cirano et al35 reported 
that curcumin enhanced bone volume and improved 
bone‒implant interactions in an animal model

The interaction of nanomaterials with the bacte-
rial membrane creates local holes in the membrane, 
damaging the bacteria. The nanoparticles-membrane 
binding gradually results in the penetration of anti-

Groups
First session Second session Third session

Mean SD Mean SD Mean SD
Gel 599.79 85.16 6420.10 481.65 31001.00 11102.21

Control 1411787.30 969.09 4042458.22 817380.90 39994568.03 134962.77
P-value <0.0001 0.0022 <0.0001

Table 1. The results of the CFU/mL in the studied groups

Table 2. Growth inhibition rate of gel group

Sessions Control (CFU/mL) Log CFU/mL Control Gel (CFU/mL) Log CFU/mL gel Gel IR*
1 1411787.30 6.14 599.79 2.77 99.95
2 4042458.22 6.60 6420.10 3.80 99.84
3 39994568.03 7.60 31001.00 4.49 99.92

IR*= (CFU/mL of control – CFU/mL of gel)/ CFU/mL of control×100
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microbial nanoparticles into the bacterial cytoplasm, 
disturbing bacterial functions.36, 37

Conclusions
Based on the current study, the application of anti-
microbial nanocurcumin gel inside the implant fix-
ture can reduce the microbial count of gingival flu-
ids. Herbal nanoparticles can be used in the future to 
replace chemical antimicrobials or reduce bacterial 
resistance. Sustained-release formulation of curcum-
in can also increase its clinical efficacy and improve 
patient management.
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