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cardiovascular disease (CVD) risk subjects and 
are frequently prescribed statins, which reduce 
serum cholesterol levels by causing competitive 
inhibition of 3‑hydroxy‑3‑methylglutaryl coenzyme 
A reductase.[10,11] Besides their lipid‑lowering action, 
recent studies demonstrate that statins also cause 
reduced lipopolysaccharide‑induced secretion of IL‑6, 

INTRODUCTION

Successful periodontal therapy chiefly comprises of 
procedures aimed at reducing the bacterial burden 
associated with dental plaque. This is most commonly 
achieved by scaling and root planing that constitutes 
the cornerstone of nonsurgical periodontal therapy.[1] 
Various factors, both local as well as systemic, are 
known to affect the response to conventional 
periodontal treatment.[2‑6] A hyperlipidemic state could 
delay or hinder posttreatment periodontal healing 
since it has been reported to cause an up‑regulation 
of pro‑inflammatory cytokines such as tumor necrosis 
factor‑alpha (TNF‑α) and interleukin‑1 beta (IL‑1β) 
from monocytes/polymorpho nucleocytes (PMNs) 
as well as a reduction in growth factor production 
by macrophages.[7‑9] Hyperlipidemic subjects are 
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TNF‑α and IL‑1β by monocytes and macrophages, thus 
bringing about an anti‑inflammatory action.[12,13] On the 
basis of these properties, it could be hypothesized that 
statins might have a beneficial impact on periodontal 
health. This has been positively demonstrated by 
retrospective studies wherein the periodontal status 
of high‑CVD risk subjects consuming statins was 
assessed.[14,15] Furthermore, it was observed in a 
randomized controlled study that orally administered 
20 mg atorvastatin had beneficial effects in relation 
to alveolar bone loss and tooth mobility in chronic 
periodontitis.[16] Consequently, a variation in response 
to periodontal treatment could also be expected on 
the basis of statin medication use prescribed for 
hyperlipidemia.

Therefore, the objective of this prospective study 
was to evaluate and compare the clinical response 
to nonsurgical periodontal treatment among 
hyperlipidemic subjects (divided on the basis of statin 
use) with normolipidemic (NL) controls. To the best 
of our knowledge, this is the first study conducted 
with this specific aim.

MATERIALS AND METHODS

The current study was designed as a prospective, 
comparative, and single‑blind clinical study with a 
follow‑up period of 3 months. It was carried out in the 
Department of Periodontics and Oral Implantology in 
alliance with the Department of Medicine. The study 
protocol was constructed keeping in consideration the 
Declaration of Helsinki, and ethical approval (PGBOS/
UHSR/Perio/04/2010/Dated 18.2.2010) was obtained 
from the Institutional Review Board. Subjects were 
enrolled from January 2011 to October 2011 among 
those who attended the regular outpatient clinic of 
the Department of Medicine.

Criteria adopted for inclusion in the study were: Adults 
having chronic periodontitis with ≥16 natural teeth 
excluding third molars and no history of periodontal 
treatment within past 6 months. The defining factor 
for the diagnosis of chronic periodontitis was adopted 
from Page and Eke (2007): ≥2 interproximal sites with 
clinical attachment level (CAL) ≥4 mm (not on the same 
tooth) or ≥2 interproximal sites with probing depth (PD) 
≥5 mm (not on the same tooth).[17] Care was taken 
during subject enlisting to establish uniformity of study 
cohort regarding baseline periodontal parameters.

The following conditions made the case valid for 
exclusion: History of systemic disease capable 

of affecting lipid metabolism or progression of 
periodontal disease such as diabetes mellitus, impaired 
glucose tolerance or other endocrine diseases, CVD, 
rheumatic disease, chronic renal failure, nephrotic 
syndrome; pregnancy, lactation or hormone 
replacement therapy within duration of study, chronic 
treatment with nonsteroidal anti‑inflammatory drugs, 
bisphosphonates treatment, glucocorticoid treatment, 
or use of any other drug known to affect bone calcium 
metabolism, and systemic infection or any history of 
systemic antibiotic therapy within 3 months preceding 
the study. Smokers and ex‑smokers were also not 
included. An oral questionnaire was utilized to gather 
data regarding gender, age, smoking status, and 
medication use if any. To confirm strict adherence to 
enrollment criteria, a detailed medical history was 
recorded in conjunction with referring physician’s 
consultation, whenever required. For the purpose 
of calculation of body mass index (BMI) as (kg/m2), 
anthropometric measurements (weight [kg]) and 
height [m]) were recorded.

A total of 446 subjects were appraised, out of which 112 
subjects were found suitable for inclusion. The study 
participants were distributed into three groups on basis 
of serum lipid levels and treatment strategies‑control 
group: NL subjects, test group 1: Hyperlipidemic 
subjects on nonpharmacological therapy comprising 
of diet and exercise for duration ≥3 months (HL‑N), 
and test group 2: Hyperlipidemic subjects taking 
statin medication (atorvastatin [20 mg/day]) for 
duration ≥3 months (HL‑S). Informed consent was 
obtained from each patient at outset of the study.

Periodontal examination
Assessment of each tooth was carried out at four 
sites (mesiobuccal, midbuccal, distobuccal, and oral) 
and periodontal parameters recorded included plaque 
index (PI),[18] gingival index (GI),[19] CAL and PD using 
Williams periodontal probe (Hu‑Friedy).

Investigator blinding was ascertained, and 
interexaminer variability was prevented by involving 
only one investigator for recruitment of participants 
into different groups while another one handled 
the oral examination and periodontal treatment. 
To determine examiner reproducibility, clinical 
periodontal data recording on ten patients was done 
twice followed by calculation of the percentage of 
the sites examined where the scores were identical 
or within ± 1 mm. Assessment of the mean difference 
in the scores (with 90% accuracy) demonstrated that 
there was no systematic bias in the measurements.
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Biochemical assessment for serum lipids
Venous blood samples were collected from an 
antecubital vein after an overnight fasting interval 
for the measurement of total cholesterol (TC), 
plasma triglyceride (TG), low‑density lipoprotein 
cholesterol (LDL‑C), and high‑DL‑C (HDL‑C) 
levels with the aid of autoanalyzer (Model Erba 
XL‑300, Mannheim). For the purpose of diagnosing 
subjects as hyperlipidemic, the cut‑off points were: 
TC: >200 mg/dl, TG: >200 mg/dl, LDL‑C: >130 mg/dl, 
and HDL‑C: <35 mg/dl.

Periodontal treatment
Nonsurgical periodontal treatment, comprising oral 
hygiene instructions and scaling and root planing with 
both ultrasonic instrumentation (Satelec Suprasson 
P5 booster) and Gracey curettes (Hu‑Friedey) was 
provided to all participants. It was ensured that 
treatment was completed within 2 weeks in up 
to a maximum of four sittings. Only mechanical 
oral hygiene aids such as toothbrushes and floss 
were allowed to be used by participants and use 
of mouthwashes or antibiotics was prohibited 
during the study duration. Reexamination of 
participants (both periodontal and biochemical) was 
conducted according to the baseline specifications 
after 3 months.

Statistical analysis
The sample size was calculated using statistical 
analysis (Gpower version 2.0, Bonn, Germany). 
A power calculation indicated that when the sample 
size was 102, the test would have >90% power at 
an effect size of 0.40, assuming a significance level 
of 5%.

All statistical analyses were carried out utilizing 
statistical software (SPSS, v.15.0 for Windows, SPSS, 
Chicago, IL.) with a two‑tailed P = 0.05 specified as 
a threshold for significance. Data were illustrated 
using means and standard deviation. The normality 
of distribution of data was investigated using the 
Kolmogorov–Smirnov test. Kruskal–Wallis followed 
by the Mann–Whitney U‑test was used to analyze 
differences among groups. The Chi‑square test 
was employed to test for significant differences 
among groups with respect to gender. Comparison 
of periodontal and biochemical parameters at 
baseline and 3 months after periodontal treatment 
was done using Wilcoxon signed‑rank test. Partial 
correlations between baseline lipid levels and mean 
change in periodontal parameters were evaluated 
after controlling for confounders (gender, age, and 

BMI). Multiple stepwise regression analyses were 
carried out to examine the association between lipid 
parameters and improvement observed in periodontal 
parameters after treatment.

RESULTS

Of the 112 subjects enrolled, 5 subjects dropped 
out and 107 subjects reported for 3 months 
follow‑up control group: NL subjects (NL) (n = 35), 
test group 1: Hyperlipidemic subjects on 
nonpharmacological therapy comprising of diet and 
exercise for duration ≥3 months (HL‑N) (n = 36), 
and test group 2: Hyperlipidemic subjects taking 
statin medication (atorvastatin [20 mg/day]) for 
duration ≥3 months (HL‑S) (n = 36).

The baseline characteristics of the subjects are shown 
in Table 1. At baseline, there were no significant 
differences in age, gender, number of teeth, PI, GI, PD, 
and CAL among the groups while BMI significantly 
differed only between control and statin group. No 
change in medication during the study period was 
reported in the HL‑S group.

In all the groups, nonsurgical periodontal therapy 
resulted in a significant decrease (P < 0.001) in mean 
PI, GI, PD, and CAL after 3 months [Table 2]. There 
was no difference in response to periodontal treatment 
between the three groups regarding PD, CAL, and PI. In 
the case of GI, both NL group and HL‑S group exhibited 
statistically significantly greater improvement as 
compared to the HL‑N group (P = 0.004 and 0.006, 
respectively) [Table 3]. There was no significant 
difference in mean change in GI between NL group 
and HL‑S group. Biochemical examination at the 
3 months follow‑up revealed that lipid parameters 
across all three groups were reduced (as compared 
to the baseline), but this change was not significant 
for any of the lipid fractions [Table 2].

Table 4 shows a correlation between baseline lipid 
levels and mean change in periodontal parameters after 
controlling for confounders (age, gender, and BMI). 
Mean change in PD was found to be negatively and 
significantly correlated with baseline TC and LDL‑C 
levels (correlation coefficient = −0.306 and −0.360, 
respectively) while mean change in GI was positively 
correlated with baseline HDL‑C levels (correlation 
coefficient = 0.219). Results of multiple regression 
analysis revealed that mean posttreatment gain in 
PD was negatively associated with baseline LDL‑C 
(β = −0.358, P = <0.001) while mean change in GI 
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was positively associated with baseline HDL‑C levels  
(β = 0.219, P = 0.023).

DISCUSSION

Our study aimed to assess the response to nonsurgical 
periodontal treatment among hyperlipidemic subjects 
while also comparing the same between statin users 
and nonusers. The comparison was based on clinical 

parameters comprising of CAL, PD, GI, and PI. Both 
the NL and statin groups exhibited significantly greater 
improvement in GI (P = 0.004 and 0.006, respectively) 
as compared to HL‑N, thereby leading to rejection of 
the null hypothesis. In this study, the mean changes 
in periodontal parameters were found correlated with 
baseline lipid values after controlling for potential 
confounders (age, gender, and BMI) [Table 4]. The 
findings of regression analyses also indicated that 
clinical response to periodontal treatment is weakened 
by high serum LDL‑C while high HDL‑C favors 
resolution of periodontal inflammation following 
therapy.

Periodontitis is a type of inflammatory tissue 
wound caused by constant microbiologic injury 
and is conventionally managed by mechanical 
removal of supra‑ and sub‑gingival plaque that 
leads to resolution of inflammation and thereby 

Table 1: Characteristics of the study population (mean±standard deviation)
NL (n=35) HL‑N (n=36) HL‑S (n=36) Total (n=107)

Age (years) 43.00±10.73 42.06±9.93 44.56±10.44 43.21±10.32
Male/female 17/18 19/17 24/12 60/47
TG (mg/dl) 133.03±27.86 253.33±67.62 220.89±73.99 203.07±78.44
TC (mg/dl) 139.23±25.86 233.97±38.22 218.06±19.47 197.63±50.38
HDL (mg/dl) 43.60±5.60 40.97±7.19 46.47±6.12 43.68±6.68
LDL (mg/dl) 68.94±25.06 142.36±37.37 127.47±24.56 113.34±43.20
BMI (kg/m2) 23.69±2.93 24.94±2.58 26.43±3.95 25.03±3.37
PD (mm) 2.93±0.46 3.05±0.39 3.11±0.62 3.03±0.50
CAL (mm) 3.50±0.70 3.55±0.64 3.99±1.07 3.68±0.84
GI 1.44±0.28 1.56±0.31 1.47±0.31 1.49±0.30
PI 1.33±0.27 1.42±0.34 1.35±0.37 1.36±0.33
Number of teeth 26.51±1.69 25.61±2.63 25.33±2.74 25.81±2.44
NL: Normolipidemic, HL-N: Hyperlipidemic group on nonpharmacological therapy, HL-S: Hyperlipidemic subjects on statins, TG: Triglyceride, PD: Probing depth, 
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TC: Total cholesterol, PI: Plaque index, GI: Gingival index, CAL: Clinical attachment level, BMI: Body mass index

Table 2: Comparison of lipid and periodontal parameters at baseline and 3 months after periodontal treatment
NL group HL-N group HL‑S group

Baseline PosttreatmentSignificant 
(P)

Baseline Posttreatment Significant 
(P)

Baseline Posttreatment Significant 
(P)

Lipid 
parameters
TG (mg/dl) 133.03±27.86 131.20±26.03 NS 253.33±67.62 251.03±65.03 NS 220.89±73.99 219.47±68.65 NS
TC (mg/dl) 139.23±25.86 137.49±28.17 NS 233.97±38.22 231.92±38.13 NS 218.06±19.47 214.89±19.12 NS
HDL (mg/dl) 43.60±5.60 43.31±5.38 NS 40.97±7.19 40.06±7.37 NS 46.47±6.12 46.00±7.29 NS
LDL (mg/dl) 68.94±25.06 67.97±28.12 NS 142.36±37.37 141.67±36.24 NS 127.47±24.56 124.94±24.52 NS

Periodontal 
parameters
PD (mm) 2.93±0.46 2.27±0.54 <0.001 3.05±0.39 2.42±0.52 <0.001 3.11±0.62 2.46±0.68 <0.001
CAL (mm) 3.50±0.69 3.14±0.71 <0.001 3.55±0.64 3.22±0.60 <0.001 3.99±1.07 3.63±1.07 <0.001
GI 1.44±0.28 0.79±0.21 <0.001 1.56±0.31 1.00±0.32 <0.001 1.47±0.31 0.84±0.31 <0.001
PI 1.33±0.27 0.90±0.18 <0.001 1.42±0.34 0.95±0.30 <0.001 1.35±0.37 0.91±0.21 <0.001

NS: Nonsignificant, NL: Normolipidemic, HL-N: Hyperlipidemic group on nonpharmacological therapy, HL-S: Hyperlipidemic subjects on statins, TG: Triglyceride, 
PD: Probing depth, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TC: Total cholesterol, PI: Plaque index, GI: Gingival index, CAL: Clinical attachment level

Table 3: Differences in response to periodontal 
treatment between groups

PD CAL GI PI
NL versus HL-N 0.059 0.062 0.004* 0.300
NL versus HL-S 0.447 0.616 0.831 0.259
HL-N versus HL-S 0.103 0.147 0.006* 0.058
*Significant difference at 0.05 level. NL: Normolipidemic, HL-N: Hyperlipidemic 
group on nonpharmacological therapy, HL-S: Hyperlipidemic subjects on 
statins, PI: Plaque index, GI: Gingival index, CAL: Clinical attachment level, 
PD: Probing depth
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promoting clinical healing and repair.[1] Proper 
wound healing depends on various cytokines and 
growth factors of which the macrophages are a 
primary source. This release of wound repair aiding 
factors (such as platelet‑derived growth factor and 
transforming growth factor beta 1 [TGF‑β 1]) from 
macrophages has been established to be reduced by 
serum lipids,[9] thereby strengthening the premise 
that elevated lipid levels contribute to delayed 
wound healing. Furthernore, high serum lipids are 
reportedly associated with an enhanced production 
of pro‑inflammatory cytokines (TNF‑α and IL‑1β) 
from monocytes/PMNs,[7,8] thus propagating a 
pro‑inflammatory state. Consequently, alterations 
in immune cell function caused by hyperlipidemia 
could delay or hamper posttreatment periodontal 
healing and provide a biologic explanation for the 
observed association between high serum lipids 
and comparatively poor response to periodontal 
therapy. It is also interesting to note that higher 
values of baseline HDL‑C were found associated 
positively with mean posttreatment change in GI. An 
explanation for this observation, most likely involves 
several biological effects pertaining to the antioxidant 
and anti‑inflammatory activities of HDL‑C.[20]

In a previous cross‑sectional study, hyperlipidemic 
subjects were found to have a periodontal status 
poorer than NLs while the periodontal status of statin 
users did not differ significantly from that of NLs.[21] 
The current study revealed that the HL‑S, as well 
as NL controls, experienced a significantly higher 
reduction in GI postperiodontal therapy as compared 
to the hyperlipidemic nonstatin users. This could 
indicate that hyperlipidemics (without statins) were 
relatively less responsive to periodontal treatment. 
In addition, statistically, similar reduction in GI was 
observed in statin users and normolipidmics, despite 
higher lipid parameters in former. The beneficial 
effects of statins on the periodontium have been 
previously investigated. In the retrospective cohort 
study by Cunha‑Cruz et al.,[14] it was reported that 
statin consumption in the 3 years interval after initial 
periodontal evaluation resulted in significantly 
decreased the risk of tooth loss. Moreover, a study 
conducted among Finnish subjects by Lindy et al.[15] 
also corroborated our hypothesis. According to the 
results of their research, when the periodontal status 
of statin users was retrospectively compared with 
that of nonstatin users, the former were found to have 
lesser periodontal inflammation. A recent randomized 

Table 4: Partial correlation after controlling confounding variables (age, gender and body mass index)
ΔCAL ΔGI ΔPI TG TC HDL LDL

ΔPD
Correlation −0.062 −0.159 −0.066 −0.017 −0.306* 0.073 −0.360*
Significance (two-tailed) 0.533 0.106 0.506 0.867 0.002 0.464 <0.001

ΔCAL
Correlation × 0.114 0.107 0.088 0.010 0.028 −0.026
Significance (two-tailed) 0.249 0.280 0.377 0.919 0.776 0.793

ΔGI
Correlation × −0.030 −0.057 −0.070 0.219* −0.094
Significance (two-tailed) 0.765 0.564 0.481 0.026 0.345

ΔPI
Correlation × 0.010 0.153 0.049 0.167
Significance (two-tailed) 0.921 0.121 0.619 0.091

TG
Correlation × 0.594* −0.073 0.335*
Significance (two-tailed) <0.001 0.462 0.001

TC
Correlation × −0.028 0.946*
Significance (two-tailed) 0.779 <0.001

HDL
Correlation × −0.163
Significance (two-tailed) 0.098

LDL
Correlation ×
Significance (two-tailed)

*Significant correlation at 0.05 level. ΔPD: Mean change in PD after treatment, ΔCAL: Mean change in CAL after treatment, ΔGI: Mean change in GI after treatment, 
ΔPI: Mean change in PI after treatment, TG: Triglyceride, PD: Probing depth, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TC: Total cholesterol, 
PI: Plaque index, GI: Gingival index, CAL: Clinical attachment level
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controlled trial contributed major evidence in favour 
of statins having a positive role in periodontal 
management.[16] They found orally administered 
20 mg atorvastatin to be effective regarding alveolar 
bone loss and tooth mobility in chronic periodontitis 
subjects.

Both the above‑mentioned findings of this study 
could be attributed to certain beneficial actions 
of statins. It has been found that statins possess a 
potentially anti‑inflammatory action by virtue of 
their ability to reduce secretion of pro‑inflammatory 
molecules such as matrix metalloproteinases,[22] 
C‑reactive proteins and TNF‑α[23] and inhibition 
of IL‑6.[24] Destructive processes in periodontal 
inflammation have been found associated with the 
aforementioned pro‑inflammatory molecules[25,26] 
while resolution following periodontal intervention 
has been found linked to diminished levels of 
inflammatory cytokines.[27] Therefore, it is possible 
that a direct anti‑inflammatory action of statins could 
be adjunctive in promoting periodontal healing 
following nonsurgical therapy. This assumption in 
the current context is also supported by recent studies 
that suggest that oral administration of clinical doses 
of statins could have a local anti‑inflammatory 
action on oral tissues.[28,29] In a study conducted to 
evaluate the effects of periodontal treatment on 
serum and gingival crevicular fluid (gcf) levels 
of pro‑inflammatory cytokines, hyperlipidemic 
subjects were divided on the basis of antilipemic 
therapy like the current study.[30] It was found that 
the hyperlipidemic group on statins displayed a 
significant decrease in gcf IL‑6 as compared to the 
other two groups, thereby supporting our hypothesis. 
On similar lines, another study compared the IL‑1β 
levels in gcf among chronic periodontitis patients 
with and without statin therapy.[31] They found the 
titers of gcf IL‑1β higher in the group not consuming 
statins, thereby supporting the anti‑inflammatory 
role of statins for periodontal tissues. A recent 
research observed that hyperlipidemic patients 
on statin treatment had higher levels of the bone 
protective biomarker osteoprotegerin as compared 
to hyperlipidemic nonstatin users.[32] In the same 
study, statin users also displayed a mean decrease of 
0.8 mm in CAL as compared to NL control subjects. 
In the retrospective cohort study by Cunha‑Cruz 
et al.,[14] it was reported that statin consumption in the 
3 years interval after initial periodontal evaluation 
resulted in significantly decreased the risk of 
tooth loss. Moreover, a study conducted among 
finnish subjects by Lindy et al.[15] also corroborated 

our hypothesis. According to the results of their 
research, when the periodontal status of statin 
users was retrospectively compared with that of 
nonstatin users, the former were found to have lesser 
periodontal inflammation. A recent randomized 
controlled trial[16] contributed major evidence in 
favour of statins having a positive role in periodontal 
management. They found orally administered 20 mg 
atorvastatin to be effective regarding alveolar bone 
loss and tooth mobility in chronic periodontitis 
subjects. Lastly, a recent research conducted to 
determine the minimum inhibitory concentration of 
simvastatin for periodontal pathogens successfully 
demonstrated the anti‑microbial action of statins 
and thus added a fresh supportive perspective to 
our arguments.[33]

Another mechanism that could explain the favourable 
effect of statins on the periodontal tissues could be 
that reduced serum lipid levels as a result of statin 
use itself could benefit periodontal tissues indirectly 
since higher lipid levels have been found associated 
with relatively poor periodontal status.[34,35]

Although both the above‑mentioned mechanisms could 
have synergistically produced the observed effects, the 
direct interpretation of the data obtained from the 
present study points towards the lipid‑lowering action 
of statins as the main mechanism since the serum lipid 
levels of HL‑S group were significantly lower than 
those of HL‑N group (P < 0.05). Furthermore, the mean 
changes in periodontal parameters (PD) were found to 
be negatively correlated with baseline total and LDL‑C 
levels [Table 4]. However, this alone seems insufficient 
at explaining as to how the postperiodontal treatment 
response of HL‑S was similar to NL group even though 
it had much higher baseline lipid levels [Tables 1 and 3]. 
Another observation of the current study was that 
despite the BMI of HL‑S group being significantly 
higher than that of the HL‑N group, both groups 
responded in a similar manner to the periodontal 
treatment. Since it has been reported by many recent 
studies[36,37] that BMI and periodontal disease are 
positively associated in a way such that higher BMI 
could aggravate periodontal disease expression by 
increasing the level of inflammatory cytokines in 
circulation,[38] this finding calls for an alternative 
explanation. The reasoning for this finding repeatedly 
lures us into considering the direct anti‑inflammatory 
role of statins on oral tissues. While there is a distinct 
possibility that this assumption holds true, we cannot 
assertively suggest the same since measurement of 
inflammatory markers was not carried out in this 
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study to substantiate such claims. This was, in fact, a 
limitation of the current study.

Finally, the strengths of the current study deserve 
a mention. A group of NL subjects was included to 
serve as control group. Care was taken to ensure that 
all relevant baseline periodontal parameters did not 
differ significantly among the three study groups to 
facilitate a fair comparison of posttreatment healing. 
The restriction of participation of smokers as well 
as of individuals having any known risk factors for 
periodontitis and/or hyperlipidemia was also done 
to ensure homogeneity of study subjects.

To conclude, data from the current study revealed that 
3 months after periodontal treatment, hyperlipidemic 
subjects without statins had more gingival 
inflammation as compared to the other subjects while 
the periodontal status of hyperlipidemic statin users 
was similar to NL subjects. This further strengthens 
the hypothesized link between lipid metabolic 
disturbances and periodontal disease while also 
suggesting a potential adjunctive role of statins in 
periodontal treatment strategies. It is imperative that 
large‑scale randomized studies designed to overcome 
the limitations of the present study are conducted 
to confirm these findings and gather more evidence 
for the development of novel periodontal treatment 
options.
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