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The effectiveness of therapy on pain intensity was evalu
ated at V3 and V4. Statistically significant differences 
between the RPB and ST groups were observed only at the 
final visit for muscle pain (p = 0.004), pain during func
tion (p = 0.008), TMJ and muscle tenderness (p = 0.002), 
and headache attributed to TMD (p = 0.014). No signifi-
cant differences were found between the groups in MMO 
(Table 3).

Discussion
The study focused on a  range of  symptoms associ

ated with TMD in women, as well as the effectiveness 
of  various therapeutic approaches in reducing pain 
severity in the masticatory muscles and/or TMJ, alleviating 
acoustic symptoms, and improving abnormal mandibular 
movement. Clinically, masticatory muscle dysfunction is 
characterized, among other features, by increased muscle 

tension and tenderness. Tenderness in the TMJ region and 
joint noises are more common in women than in men.35,36

More rapid relief and overall reduction of  symptoms 
were observed in the individuals undergoing RPB as 
compared to those receiving ST. A  comparable, statisti-
cally significant decrease in pain intensity was noted in 
the RPB and ST groups, along with a similar increase in 
MMO. A  significant difference between the groups was 
observed only at the final visit. Symptoms of TMD and 
headaches were reduced following relaxation exercises.37 
The frequency of headaches decreased significantly in the 
RPB group as compared to the ST group at the last assess
ment. It appears that most of the accompanying symptoms 
were stress-related and subsided in the group in which 
participants learned to consciously control stress or 
alleviate complaints through muscle relaxation, whereas 
the use of a splint alone did not result in comparable 
improvement.

Wieckiewicz et al. concluded that conservative manage
ment – including counseling, exercises, occlusal splint 
therapy, massage, and manual therapy – should be consider
ed the first-line treatment for TMD-related pain due to 
its low risk of side effects.38 According to Michelotti et al., 
short-term education was slightly more effective than 
an occlusal splint provided without education in reduc
ing spontaneous muscle pain in patients with TMD, while 
no significant differences were observed between the two 
approaches in terms of pain-free mouth opening, head
ache or chewing pain.39 A  stabilization splint may play 
a significant role in the short-term management of TMD; 
however, its effects appear comparable to those of other 
therapeutic modalities.40 In contrast, findings from 
an  RCT by Wahlund  et  al. suggest that in adolescents 
with TMD pain, standardized clinical treatment involving 
occlusal appliance therapy is more effective than therapist-

Fig. 6. Numbers of patients showing particular symptoms in both study groups

Groups: RPB – relax-psycho-breathing therapy; ST – splint therapy. 
V1 –visit 1 (day 1); V3 – visit 3 (day 21); V4 – visit 4 (day 49).

Fig. 5. Differences between the RPB and ST groups in arm and shoulder 
pain (VAS = 0–10) with regard to 3 visits

Groups: RPB – relax-psycho-breathing therapy; ST – splint therapy. 
V1 –visit 1 (day 1); V3 – visit 3 (day 21); V4 – visit 4 (day 49).



Dent Med Probl. 2026;63(2):311–322 319

guided relaxation training in terms of  self-reported 
improvement after a 6-month follow-up.41 Furthermore, 
a  systematic review and meta-analysis of  RCTs demon-
strated that well-adjusted hard stabilization appliances 
are more effective in reducing joint and muscle pain in 
comparison with no appliance, soft stabilization appli-
ances, anterior bite appliances, and non-occluding appli-
ances.42

Population-based studies have previously examined the 
associations between TMD and psychological variables, 
pain conditions and oral PHs.43 The findings of the cited 
study suggest the presence of a shared central mechanism 
underlying both TMD and headache.43 Therefore, health-
care providers should not consider these disorders in 
isolation, but rather adopt a  broader perspective to 
better understand the complexity of the diagnostic and 
therapeutic process.44

In the present research, the RPB group patients, who 
were aware of their PHs and performed exercises, achieved 
improvement (in eye- and ear-related as well as physical 
symptoms) comparable to that observed in the ST group. 
A  reduction in the number of  patients presenting with 
myalgia was noted in both groups; however, this decrease 
occurred more rapidly in the RPB group, particularly with 
respect to the reduction of both occlusal and non-occlusal 
parafunctions.

Makino et al. compared a combination of jaw exercises 
and psychological interventions aimed at reducing para
functional activities, demonstrating that this approach 
is more effective than jaw exercises alone in reducing 
craniocervical pain in the absence of organic abnormali
ties.45 Patients with TMD and myalgia often present with 
a combination of psychological and somatic components.11,12 
Kalamir  et  al. evaluated the efficacy of  self-care in 
comparison with manual therapy and splint therapy, 
reporting similar effectiveness across these approaches.46 
In contrast, Michelotti  et al. investigated a combination 
of  self-care with other modalities, such as manual and 
exercise therapy, and found that combined treatment 
strategies were more effective than self-care alone.47

According to various authors, the effectiveness of relax
ation occlusal splints with a  minimal standard vertical 
dimension in reducing TMD symptoms of muscular origin 
ranges from 70% to 90%.48,49 These effects include, among 
others, a reduction in face and head pain, improvement in 
the range of mandibular movement, and decreased tender
ness on palpation of  the masticatory muscles and TMJ. 
Kurita et al. reported a reduction in dysfunction symptoms 
in 84% of patients and complete resolution in 41% of cases 
following the use of standard-height splints.50 According 
to the guidelines of the American Academy of Orofacial 
Pain (AAOP), the purpose of a stabilization appliance is to 
“provide joint stabilization, protect the teeth, redistribute 
the occlusal forces, relax the elevator muscles, and 
decrease bruxism.” Additionally, “wearing the appliance 
increases the patient’s awareness of jaw habits and helps 

alter the rest position of the mandible to a more relaxed, 
open position.”51 The occluding surface of  the appliance 
should contact the opposing dentition uniformly, evenly 
and simultaneously.

Alqutaibi and Aboalrejal proposed a  broad range 
of management strategies for bruxism and TMD, includ
ing conservative and reversible approaches, such as 
occlusal devices (splints), behavioral techniques, as well 
as pharmacological and physical therapies.52

Self-care therapy, in contrast to pharmacological treat
ment, is free from side effects, drug interactions and the 
risk of overdose. Its efficacy is favorable, and the results 
remain stable provided that the patient consistently 
adheres to self-management practices. Our study suggests 
that maintaining a  free space between the jaws (puffing 
therapy) combined with muscle relaxation may be an effective 
method for treating TMD, particularly when performed 
regularly. These exercises may also serve as an  initial 
preparatory phase prior to the implementation of  the 
main therapy.37 It is essential to educate patients about the 
underlying mechanisms of these disorders – especially the 
role of emotional stress – and to warn them of habitual 
parafunctional activities (e.g., non-functional tooth 
contact or oral mucosa biting). Patients should develop 
awareness of their oral behaviors and, if such habits recur, 
make conscious efforts to eliminate them.53,54

Bae and Park demonstrated that relaxation exercises for 
the masticatory muscles were effective treatment for the 
improvement of limited mouth opening and pain reduc
tion in TMD.55 Turk et al. compared the efficacy of relax
ation techniques (e.g., biofeedback and stress manage
ment) with occlusal splint therapy in patients randomly 
divided into 3 groups.56 After 6 weeks, pain intensity was 
significantly reduced in all 3 treatment groups, but 
occlusal therapy seemed to be more effective. However, 
at the end of the 6th month, patients treated with occlusal 
appliances reported the recurrence of symptoms, whereas 
those under relaxation therapy experienced a  further 
reduction of  pain levels. The combined treatment 
was more effective than either of the single treatment 
approaches alone, particularly in pain reduction, as 
observed at the 6-month follow-up.56

A systematic review by Aggarwal  et  al. provides clear 
evidence supporting the effectiveness of  combined bio
medical and psychological interventions, including 
self-management approaches, in improving long-term 
outcomes in the treatment of  chronic orofacial pain, 
particularly TMD.31 It is claimed that muscular pain 
disorders should primarily be managed using conservative 
approaches. In cases of  restricted mouth opening, 
the additional use of  occlusal appliances may rapidly 
eliminate discomfort.38 Furthermore, self-management 
interventions have been shown to be effective in patients 
with chronic orofacial pain, and therapies incorporating 
physical and psychosocial self-regulation, as well as 
patient education, appear beneficial.31
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We consider the symptoms of  TMD – such as pain 
and tenderness in TMJ and the surrounding muscles and 
ligaments – to be triggered, among other factors, by the 
excessive tension in the masticatory muscles associated 
with parafunctional activities and stress. Therefore, inter-
ventions aimed at masticatory muscle relaxation, includ-
ing targeted exercises and breathing techniques, may re
present effective therapeutic strategies.57

As the number of  patients reporting depressive 
symptoms during therapy was similar in both groups, 
and no such symptoms were reported at the end 
of  the observation period, it may be concluded that 
the alleviation of  TMD-related symptoms contributed 
to improved patient comfort and the resolution 
of depressive symptoms.

The authors observed that a combination of relaxation 
exercise therapy, psychological-behavioral interventions 
and proper breathing patterns (RPB) was as effective as 
occlusal splints in improving MMO and reducing pain 
levels in the treatment of myalgia. These findings suggest 
that a  combined therapeutic approach may yield bene
ficial outcomes at both early and later stages of treatment, 
owing to the long-term effects of  biobehavioral therapy 
and the immediate benefits provided by occlusal appli-
ances.58

Given these premises, we propose that combining con-
ventional conservative treatment with psychologically 
tailored interventions may represent the most effective 
strategy for managing myalgia.

Within the limitations of  the study, including a  small 
sample size, a short follow-up period, the lack of assess-
ment of the longevity of therapeutic effects, the exclusion 
of patients with dentures (fixed or removable) and those 
with an open bite, a cross-bite or a prognathic relationship, 
and the absence of a placebo control group, it is concluded 
that occlusal splint therapy should not necessarily be 
regarded the initial treatment for all cases of myalgia. 
In certain instances, psycho-behavioral-relaxation exercises 
may be more effective than splint therapy alone.

Conclusions
Relax-psycho-breathing therapy (RPB) and splint therapy 

(ST) appear to be comparable in managing myalgia-
related muscle pain in women. However, in the initial stage 
of  treatment, a  comprehensive approach incorporating 
relaxation therapy may be preferable to occlusal splint 
therapy alone.
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Abstract
Background. Periodontitis is regarded as the 6th microvascular complication of type 2 diabetes mellitus 
(T2DM). In individuals with both periodontitis and T2DM, the condition may adversely influence the 
regenerative potential of  the platelet-rich fibrin (PRF) and hyperacute serum (HAS) derived from these 
patients.

Objectives. The present cross-sectional study was conducted to evaluate the weight and cytokine levels 
of the PRF and HAS obtained from periodontitis patients with or without T2DM in a laboratory setting. 

Material and methods. Platelet-rich fibrin and HAS were obtained from 17 periodontitis patients with 
T2DM (group 1: T2DM+/P+), 17 periodontitis patients without T2DM (group 2: T2DM−/P+), and 16 
periodontally healthy participants (group 3: T2DM−/P−). Demographic, periodontal and hematological 
parameters were recorded for all participants. Serum, PRF and HAS samples were quantified and analyzed 
for inflammatory markers – interleukin-6 (IL-6), resistin (RETN), tumor necrosis factor-alpha (TNF-α), 
IL-1β, and interleukin-1 receptor antagonist (IL-1ra) – as well as growth factors, including insulin-like 
growth factor-1 (IGF-1), transforming growth factor-beta 1 (TGF-β1), platelet-derived growth factor-BB 
(PDGF-BB), and fibroblast growth factor-21 (FGF-21).

Results. The quantities of PRF and HAS obtained were significantly higher in healthy individuals as compared 
to diabetic patients. The concentrations of  inflammatory markers and growth factors in serum, PRF and 
HAS from periodontitis patients were not significantly different between those with and without T2DM.

Conclusions. Periodontitis in conjunction with T2DM may influence the weight of PRF and HAS; however, 
no significant association was observed with respect to the levels of  inflammatory markers and growth 
factors.

Keywords: periodontitis, type 2 diabetes mellitus, inflammatory markers, growth factors, platelet-rich 
fibrin
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Introduction
Insulin resistance (IR) or insufficiency leading to hy-

perglycemia is the hallmark of  type 2 diabetes mellitus 
(T2DM).1 Type 2 diabetes mellitus is reported to have af-
fected approx. 462 million individuals by 2017, account-
ing for 6.28% of the global population,2 and it constitutes 
nearly 90% of  diabetes cases worldwide.3,4 It is predict-
ed that by 2025, the countries with the highest number 
of individuals with diabetes will be India, China and the 
United States.5 According to the National Family Health 
Survey of India (NFHS), 2019–2021, India currently has 
74.9 million individuals with diabetes mellitus (DM), and 
this number is projected to rise to 124.9 million over the 
next 24 years.6

Periodontitis is a microbially induced, localized, chron-
ic inflammatory disease of  the supporting tissues of  the 
teeth, characterized by a dysregulated host inflammatory 
response that leads to periodontal tissue breakdown and 
eventual tooth loss.7 The interrelationship between T2DM 
and periodontitis has been studied for over 50 years.8 In 
a  joint consensus report by the European Federation 
of  Periodontology (EFP) and the International Diabetes 
Federation (IDF), Sanz et al. highlighted the association 
of elevated levels of inflammatory cytokines in the gingival 
tissues of individuals with periodontitis and T2DM.9

Among various platelet concentrates (PCs), autologous 
platelet-rich fibrin (PRF) is widely used in surgical pro-
cedures, not only in the disciplines of  oral surgery, im-
plant dentistry and periodontology, but also as a surgical 
adjunct in sports medicine, in orthopedic surgery and as 
a healing gel for diabetic foot ulcers.10–12 In recent years, 
hyperacute serum (HAS) has been introduced; it is ob-
tained by squeezing the PRF clot through an  additive-
free, single-step process. Hyperacute serum is a potential 
regenerative agent that promotes wound healing, mim-
icking the natural coagulation cascade.13

Platelets release a  range of  pro-inflammatory, anti-in-
flammatory and pro-regenerative cytokines upon contact 
with the exposed endothelium, thereby facilitating wound 
healing. Various cytokines studied in PRF include inter-
leukin-1 beta (IL-1β), IL-4, IL-6, tumor necrosis factor-
alpha (TNF-α), interleukin-1 receptor antagonist (IL-1ra), 
insulin-like growth factor-1 (IGF-1), transforming growth 

factor-beta 1 (TGF-β1), platelet-derived growth factor-
BB (PDGF-BB), fibroblast growth factor-21 (FGF-21), 
epidermal growth factor (EGF), and vascular endothelial 
growth factor (VEGF), all of which contribute to the natu-
ral wound healing process.14–19

Resistin (RETN), an  inflammatory cytokine first de-
scribed in 2001 as an adipose-secreted polypeptide, has 
been linked to IR and periodontitis.20,21 Increased concen-
trations of RETN, an important inflammatory marker, in 
gingival crevicular fluid (GCF) and serum have been asso-
ciated with poor glycemic control in T2DM patients with 
periodontitis.22,23 However, its correlation in serum, PRF 
and HAS in periodontitis patients with T2DM has not yet 
been investigated.

Periodontitis is widely regarded as the 6th microvascu-
lar complication of DM, and diabetes may exert an induc-
tive effect on the cytokine and growth factor levels in the 
PRF obtained from the affected patients. Clinical studies 
have suggested that cytokine release from PRF in diabetic 
patients with periodontitis may be reduced.15 To the best 
of our knowledge, no published report to date has evalu-
ated inflammatory markers and growth factors in both 
PRF and HAS in periodontitis patients with or without 
T2DM.

It is hypothesized that periodontitis patients with 
T2DM may exhibit variations in the regenerative poten-
tial of  PRF and HAS in terms of  inflammatory markers 
and growth factors. Therefore, the present observational 
study was designed to evaluate inflammatory markers 
and growth factors in PRF and HAS among patients with 
and without T2DM to test this hypothesis. Additionally, 
the study assessed biochemical (hematological and lipid) 
parameters, and examined the quantitative association 
of  PRF and HAS with glycated hemoglobin (HbA1c) in 
patients with periodontitis, with and without T2DM.

Material and methods

Investigation design 

This cross-sectional study was carried out from March 
2021 to March 2023 in Lucknow, India, according to the 
STROBE (Strengthening the Reporting of Observational 

Highlights

	• Patients with periodontitis and type 2 diabetes mellitus (T2DM) exhibited significantly fewer teeth present, 
a higher body mass index (BMI), elevated systolic blood pressure (SBP), and greater insulin resistance (IR) as 
compared to non-diabetic healthy controls.

	• The coexistence of periodontitis and T2DM may adversely affect the regenerative potential of platelet-rich fibrin 
(PRF) and hyperacute serum (HAS).

	• The mean PRF weight was significantly highest in healthy controls (T2DM−/P−), intermediate in periodontitis 
participants without T2DM (T2DM−/P+), and lowest in periodontitis participants with T2DM (T2DM+/P+).
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Studies in Epidemiology) criteria. The study was conduct-
ed in accordance with the principles and ethical guide-
lines outlined in the Declaration of Helsinki 1964, amend-
ed in 2013. The study protocol (#FV1PE21122020R) was 
approved by the Institutional Research and Development 
Committee (IRDC) and the Institutional Human Ethics 
Committee (IHEC) at Saraswati Dental College and Hos-
pital, Lucknow, India.

Case definition 

Periodontitis was defined as the presence of interdental 
clinical attachment loss (CAL) >1 mm at 2 or more non-
adjacent teeth, or buccal/oral CAL ≥ 3 mm with the prob-
ing pocket depth (PPD) >3  mm at 2 or more teeth.24,25 
Patients presenting with at least Stage II periodontitis 
or higher were enrolled in the present investigation as 
representative of  periodontitis.25 Volunteers exhibiting 
bleeding on probing (BoP) at <10% of sites, PPD ≤ 3 mm, 
and no evidence of horizontal or vertical bone loss on ra-
diographs were considered periodontally healthy.26 Par-
ticipants with the fasting plasma glucose (FPG) level ≥126 
mg/dL, the random blood sugar (RBS) level >200 mg/dL 
and HbA1c  >  6.5% were classified as having T2DM ac-
cording to the World Health Organization (WHO) and 
related criteria, whereas those with values below these 
thresholds were considered non-diabetic.27

Study population 

For the present cross-sectional study, periodontitis 
patients of  Indian origin meeting the below-mentioned 
inclusion and exclusion criteria were recruited from the 
individuals visiting the Department of  Periodontology 
of Saraswati Dental College and Hospital, Lucknow, India, 
for the management of periodontal diseases. Those who 
voluntarily agreed to participate and provided written in-
formed consent, after a thorough explanation of the study 
aims and objectives, were enrolled. Healthy volunteers 
from within the institute were included as representatives 
of the control group.

Inclusion criteria 

Participants with moderate to severe periodontitis 
(Stage II and above, Grade B or C), with T2DM, aged 
40–50 years, of  either sex, who were non-smokers and 
non-alcohol consumers, were included. Eligible partici-
pants had a minimum of 20 teeth present and at least 8 
sites with CAL ≥ 3 mm and PPD ≥ 4 mm. Additionally, 
they had received no or only stable doses of oral hypogly-
cemic agents, and had not undergone periodontal therapy 
or received any systemic or local medications in the pre-
ceding 6 months. Volunteers of both sexes with a healthy 
periodontium (CAL < 1 mm), aged 40–50 years, were also 
included as controls (T2DM−/P−), as described earlier.26

Exclusion criteria 

Exclusion criteria comprised the presence of  systemic 
illnesses other than T2DM; pregnant or lactating women; 
patients with major complications of T2DM (e.g., cardio-
vascular or peripheral vascular diseases, renal disorders, 
and hypertension); and individuals with acute infections, 
heart failure or malignancy at the time of  blood collec-
tion. Participants who declined to provide written in-
formed consent and those with an  inadequate platelet 
count (<100,000 per milliliter) were also excluded.

Sample size 

The sample size was calculated based on the minimum 
variation observed among growth factors (IGF, PDGF-
BB, FGF, EGF, and VEGF) in PRF and HAS at the final 
follow-up, as reported by Su et al.17 The maximum stan-
dard deviation (SD) for growth factor parameters in the 
PRF group was σ = 0.47. The difference deemed clinically 
significant in the HAS group was d = max (σ1, σ2) , which 
is the maximum SD of growth factor values. A type II er-
ror (β) of 20% was assumed to achieve 80% study power, 
while a type I error (α) of 5% corresponded to a 95% con-
fidence level. Based on these assumptions, the minimum 
required sample size was calculated to be n = 15 partici-
pants per group.

Recruitment of volunteers 

A total of 60 patients visiting the Department of Peri-
odontology were screened for the diabetic status, oral 
hygiene, weight, height (in centimeters), the body mass 
index (BMI), and RBS. Comprehensive dental and medi-
cal histories were recorded. To exclude systemic diseases 
other than T2DM, the participants were evaluated for vi-
tal parameters, including blood pressure (BP), the pulse 
rate (beats per minute), body temperature, and the respi-
ratory rate (breaths per minute). All participants under-
went blood sampling prior to enrollment in the study.

After careful screening, 51 volunteers were finally re-
cruited for the study. Using a scalp vein infusion set and 
a 20-mL syringe, 20 mL of blood was drawn from the an-
tecubital region (the median cephalic vein) of each partic-
ipant. At this stage, 1 participant was excluded due to the 
inability to collect a sufficient volume of blood. Of the to-
tal volume collected, 3 mL of whole blood was transferred 
into an  ethylenediaminetertaacetic acid (EDTA)-coated 
test tube for the analysis of HbA1c and hemoglobin (Hb). 
Eight milliliters of blood were equally distributed into 2 
clot-activated vacutainers (4 mL each) for serum extrac-
tion. Serum obtained from one 4-mL sample was used to 
assess the complete blood count (CBC), creatinine, the 
lipid profile, high-sensitivity C-reactive protein (hs-CRP), 
RBS, FPG, fasting glucose, and IR. Serum from the oth-
er 4-mL sample was stored at −80°C for the subsequent 
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analysis of cytokines and growth factors. The remaining 
9 mL of blood was immediately transferred into a plain 
vacutainer for the preparation of PRF and HAS (Fig. 1). 
All procedures were performed by a single trained investi-
gator under standardized conditions at room temperature 
(27°C) to minimize variability.

Grouping 

The enrolled participants were allocated into 3 groups 
according to the study design: group 1 (T2DM+/P+), com-
prising periodontitis patients with T2DM (n = 17); group 
2 (T2DM−/P+), comprising systemically healthy patients 
with periodontitis (n  =  17); and group 3 (T2DM−/P−), 
comprising systemically healthy individuals with a healthy 
periodontium (n = 16). To further distinguish the glyce-
mic control status, group 1 (T2DM+/P+) was subdivided 
into 2 subgroups based on the HbA1c level: <8% (poorly 
controlled); and ≥8% (uncontrolled). 

Preparation of PRF and HAS 

As recommended by Choukroun et al.,28 autologous 
PRF was prepared from the patient’s blood using a table-
top centrifuge with a fixed-angle rotor head (REMI R-303; 
IndiaMART, Noida, India). Blood was centrifuged in 
9-mL pre-sterilized vacutainers (Labtech Healthcare In-
dia, Jaipur, India) at 3,000 rpm (relative centrifugal force 
(RCF) = 755 g; rotor radius = 7.5 cm) for 12–14 min at 
room temperature. For HAS preparation, the resulting fi-
brin clot was gently compressed using flat instruments, 
and the serum part was collected in microcentrifuge tubes 
and stored at −80°C for further analysis. To ensure stan-
dardization, all samples were collected by a single trained 
investigator and processed by another trained investiga-
tor under identical conditions, using the same centrifuge 
at room temperature.

Parameters recorded 

Demographic analysis 

The following demographic data was collected and ana-
lyzed: age; sex; weight; height; and BMI.

Periodontal parameters 

Each participant underwent a  comprehensive full-
mouth oral examination using standard diagnostic instru-
ments. All clinical parameters were recorded by a single 
trained investigator to eliminate inter-observer variability.

The gingival index (GI) was assessed at the facial 
(labial/buccal), lingual/palatal, mesial, and distal gingival 
margins.29 Similarly, the plaque index (PI) was evaluated 
using a blunt probe/explorer on the facial (labial/buccal), 
lingual/palatal, mesial, and distal surfaces of  all teeth.30 
The probing pocket depth (PPD) was measured at 6 sites 
per tooth, using a  calibrated instrument (University 
of North Carolina-15 probe, UNC-15), as previously de-
scribed.15 Clinical attachment loss (CAL) was determined 
by measuring the distance from the cementoenamel junc-
tion (CEJ) to the base of the pocket or sulcus.

Systemic parameters 

Glycated hemoglobin, Hb, CBC, hs-CRP, creatinine, 
total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), very low-density lipoprotein 
(VLDL), triglycerides, RBS, FPG, fasting insulin, and IR 
were recorded as explained in previous studies.31,32

Quantification of PRF/HAS 

An analytical balance (Wensar; Chennai, India) with 
a readability of 0.0001 g was used to measure the weight 
of  the collected PRF clot. The prepared HAS obtained 

Fig. 1. Flow chart showing the methodology of the study

Groups: group 1 (T2DM+/P+); group 2 (T2DM−/P+); group 3 – control 
(T2DM−/P−). T2DM – type 2 diabetes mellitus; P – periodontitis. 
EDTA – ethylenediaminetertaacetic acid; PRF – platelet-rich fibrin; 
HAS – hyperacute serum; HbA1c – glycated hemoglobin; Hb – hemoglobin; 
CBC – complete blood count; hs-CRP – high-sensitivity C-reactive protein; 
RBS – random blood sugar; FPG – fasting plasma glucose; IR – insulin 
resistance; IL-6 – interleukin-6; RETN – resistin; TNF-α – tumor necrosis factor-
alpha; IL-1ra – interleukin-1 receptor antagonist; IGF-1 – insulin-like growth 
factor-1; TGF-β1 – transforming growth factor-beta 1; PDGF-BB – platelet-
derived growth factor-BB; FGF-21 – fibroblast growth factor-21.
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Table 1. Comparison of the analyzed variables among the various study groups (ANOVA)

Variable T2DM+/P+ T2DM−/P+ T2DM−/P− F-value p-value

Age 
[years]

46.53 ±4.62 45.76 ±2.88 45.50 ±3.74 0.33 0.723

BMI 
[kg/m2]

25.81 ±2.44 24.14 ±2.44 23.36 ±1.59 5.33 0.008*

SBP 
[mmHg]

134.00 ±13.50 125.18 ±11.13 125.50 ±4.65 3.80 0.030*

DBP 
[mmHg]

84.82 ±8.56 81.47 ±5.89 81.94 ±4.33 1.30 0.281

Pulse rate 
[beats/min]

81.29 ±10.46 79.59 ±5.03 77.94 ±7.63 0.72 0.492

Body temperature 
[°C]

36.83 ±0.36 36.92 ±0.28 36.95 ±0.15 0.86 0.430

Hb 
[g/dL]

13.48 ±1.78 12.89 ±1.95 13.68 ±1.56 0.89 0.418

HbA1c 
[%]

8.15 ±1.53 5.79 ±0.40 5.62 ±0.30 38.06 <0.001*

TLC 
[cells/mm3]

7,270.59 ±2,351,80 6,696.47 ±1,187.31 6,812.50 ±1,428.69 0.52 0.599

Neutrophils 
[×103/μL]

4,488.35 ±1,862.09 3,865.88 ±1,167.80 4,220.25 ±1,052.89 0.83 0.443

Lymphocytes 
[×103/μL]

2,248.35 ±699.25 1,977.99 ±648.75 2,108.44 ±554.98 0.76 0.473

Eosinophils 
[×103/μL]

363.88 ±333.71 296.24 ±178.18 320.94 ±222.58 0.31 0.736

Monocytes 
[×103/μL]

170.06 ±128.14 192.29 ±95.47 148.75 ±83.26 0.72 0.493

Basophils 
[×103/μL]

0.00 ±0.00 0.00 ±0.00 0.00 ±0.00 NA NA

RBC count 
[million cells/mm3]

4.72 ±0.57 4.48 ±0.50 4.74 ±0.51 1.30 0.283

ESR 
[mm/h]

25.00 ±28.90 25.76 ±23.81 19.29 ±22.17 0.32 0.726

PLT 
[×105/mm3]

1.94 ±0.87 2.19 ±0.85 1.87 ±0.69 0.72 0.490

PCV 
[%]

41.69 ±4.70 36.22 ±10.37 38.16 ±10.63 1.63 0.207

hs-CRP 
[mg/L]

11.18 ±23.67 3.05 ±2.97 2.33 ±2.73 2.07 0.138

Creatinine 
[mg/dl]

0.85 ±0.24 4.97 ±17.03 0.90 ±0.20 0.96 0.392

Total cholesterol 
[mg/dL]

214.24 ±34.48 206.65 ±47.30 215.50 ±41.17 0.22 0.799

HDL 
[mg/dL]

48.28 ±9.72 63.61 ±51.10 48.23 ±10.84 1.38 0.261

LDL 
[mg/dL]

115.29 ±26.61 115.43 ±35.86 130.13 ±28.60 1.26 0.293

VLDL 
[mg/dL]

62.00 ±63.23 43.74 ±20.13 37.43 ±13.90 1.74 0.187

Triglycerides 
[mg/dL]

310.00 ±316.14 208.82 ±108.48 182.56 ±65.70 1.92 0.158

RBS 
[mg/dL]

189.60 ±50.10 129.74 ±23.56 123.26 ±18.31 19.51 <0.001*

FPG 
[mg/dL]

154.48 ±28.69 109.65 ±10.37 108.28 ±10.49 33.02 <0.001*

Fasting insulin 
[μIU/mL]

17.86 ±16.34 20.18 ±18.42 9.20 ±5.06 2.55 0.089



V.K. Bains et al. Cytokines in PRF and HAS in T2DM+/P+ and T2DM−/P+ patients328

from the fibrin clot was measured using a micropipette 
and subsequently stored at −80°C in microcentrifuge 
tubes for further analysis.

The quantification of  PRF/HAS is highly sensitive; 
therefore, meticulous care was taken to standardize the 
sampling conditions, including the participants’ demo-
graphics, blood collection and centrifugation procedures.

Sample preparation for the evaluation of markers 

The samples stored at −80°C were thawed, homog-
enized and centrifuged at 3,000 rpm for 10 min at room 
temperature. The resulting supernatants were aliquoted 
and stored again at −80°C until analysis. Specific biomark-
ers were quantified using appropriate enzyme-linked im-
munosorbent assay (ELISA) kits in accordance with the 
manufacturer’s instructions (Elabscience Biotechnology 
Inc., Houston, USA). All standards and samples were as-
sayed in duplicate for each marker, and mean values were 
calculated. The results were adjusted by applying the ap-
propriate dilution factor. All biomarker analyses and data 
interpretation were performed by trained investigators 
who were blinded to group allocation, using the Origin® 
software (OriginLab Corporation, Northampton, USA).

Inflammatory markers and growth factors (ELISA kit) 

Ninety-six-well ELISA kits were used to quantify the 
following human biomarkers: IL-6; RETN; TNF-α; IL-1β; 
IL-1ra; IGF-1; TGF-β1; PDGF-BB; and FGF-21.

Statistical analysis 

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, v. 26.0 (IBM Corp., Armonk, 

USA). The data was analyzed using descriptive statistics, 
with comparisons made among study groups. Categorical 
variables were summarized as frequencies and percentag-
es (n (%)), while quantitative data was expressed as mean 
± standard deviation (M ±SD). A p-value <0.05 was con-
sidered statistically significant.

Intergroup differences were assessed using the one-way 
analysis of  variance (ANOVA). When a  significant dif-
ference was detected, Tukey’s post hoc test was applied 
for pairwise comparisons between the group means. 
Comparisons between two groups were performed using 
the unpaired t test. Correlation analysis was conducted 
to evaluate the strength and direction of  associations, 
whether causal or not, between two random variables or 
bivariate data.

Results
The mean age of  individuals in group 1 (T2DM+/P+), 

group 2 (T2DM−/P+) and group 3 (T2DM−/P−) was 46.53 
±4.62 years, 45.76 ±2.88 years and 45.50 ±3.74 years, re-
spectively. No statistically significant differences were ob-
served in age or gender distribution among the 3 groups. 
The BMI of individuals in group 1 was statistically signifi-
cantly higher, with a mean value of 25.81 ±2.44 kg/m2, as 
compared to 24.14 ±2.44 kg/m2 and 23.36 ±1.59 kg/m2 in 
groups 2 and 3, respectively. No statistically significant dif-
ferences were observed among the groups with respect to 
the pulse rate, body temperature or diastolic blood pres-
sure (DBP). However, statistically significant variations in 
BMI and systolic blood pressure (SBP) may be associated 
with T2DM and periodontitis (i.e., group 1). No statisti-
cally significant difference in the mean BMI values was 
observed between group 2 and group 3.

Variable T2DM+/P+ T2DM−/P+ T2DM−/P− F-value p-value

IR 6.75 ±5.73 5.60 ±5.28 2.48 ±1.39 3.77 0.030*

Number of teeth present 26.65 ±1.06 28.47 ±1.74 29.81 ±0.83 25.64 <0.001*

GI 2.51 ±0.21 2.13 ±0.30 1.04 ±0.30 125.80 <0.001*

PI 2.64 ±0.38 2.24 ±0.24 1.15 ±0.37 86.82 <0.001*

PPD 
[mm]

4.82 ±0.83 4.32 ±0.43 2.02 ±0.26 114.92 <0.001*

CAL 
[mm]

3.72 ±0.41 3.02 ±0.38 0.45 ±0.10 440.89 <0.001*

PRF clot weight 
[g]

2.16 ±0.73 2.84 ±0.83 3.20 ±0.78 7.68 0.001*

PRF preparation time 
[min]

15.65 ±2.15 14.00 ±0.00 14.00 ±0.00 9.68 <0.001*

HAS 
[mL]

1.57 ±0.56 1.82 ±0.45 1.79 ±0.37 1.42 0.252

Data presented as mean ± standard deviation (M ±SD). 
Groups: group 1 (T2DM+/P+); group 2 (T2DM−/P+); group 3 – control (T2DM−/P−). T2DM – type 2 diabetes mellitus; P – periodontitis. 
BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure; TLC – total leukocyte count; RBC – red blood cell; ESR – erythrocyte 
sedimentation rate; PLT – platelet count; PCV – packed cell volume; HDL – high-density lipoprotein; LDL – low-density lipoprotein; VLDL – very low-density 
lipoprotein; GI – gingival index; PI – plaque index; PPD – probing pocket depth; CAL – clinical attachment loss; NA – data not available; * statistically significant.

Table 1 – continuation
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The intergroup comparisons of demographic, vital, bio-
chemical/hematological, lipid profile, glycemic, and peri-
odontal parameters, as well as the quantity of  PRF and 
HAS, and the time required for PRF preparation among 
the study groups, are summarized in Table 1. The analy-
sis indicated significant differences among the groups 
(p = 0.001), with group 3 demonstrating the highest PRF 
clot weight, followed by group 2 and group 1. A similar 
trend was observed for HAS; however, the difference 
was not statistically significant. The time required for 
the procedures differed significantly among the groups 
(p  <  0.001). Notably, the average time required for PRF 
preparation was 14 min in groups 2 and 3, as compared to 
a mean of 15.65 ±2.15 min in group 1.

Although diabetic patients could not be stratified into 
controlled, moderately controlled and poorly controlled 
categories due to the small sample size, convenience sam-
pling allowed further subdivision of the T2DM+/P+ group 
into 2 subgroups based on the HbA1c level: <8% (9 par-
ticipants); and ≥8% (8 participants). The average time re-
quired for PRF preparation in periodontitis patients with 
uncontrolled diabetes (HbA1c ≥ 8%) was 16.00 ±2.14 min. 
The comparisons of the mean values of demographic, vi-
tal, biochemical/hematological, lipid profile, glycemic, and 
periodontal parameters, as well as the quantity of PRF and 
HAS, and the time required for PRF preparation between 
the subgroups (HbA1c  <  8% and HbA1c  ≥  8%) within 
group 1 (T2DM+/P+), are summarized in Table 2. 

The post hoc Tukey’s test results, used to identify spe-
cific pairwise differences between the group means for the 
parameters showing significant differences in ANOVA, 
are summarized in Table 3.

Table 2. Comparison of the analyzed variables between the subgroups 
within group 1 (T2DM+/P+) (HbA1c < 8% or HbA1c ≥ 8%) (unpaired t test)

Variable HbA1c < 8% HbA1c ≥ 8% t-value p-value

Age 
[years]

47.78 ±5.61 45.13 ±2.95 1.20 0.250

BMI 
[kg/m2]

25.77 ±2.93 25.85 ±1.96 −0.07 0.947

SBP 
[mmHg]

129.89 ±7.94 138.63 ±17.26 −1.37 0.191

DBP 
[mmHg]

81.67 ±5.79 88.38 ±10.10 −1.71 0.109

Pulse rate 
[beats/min]

82.67 ±11.22 79.75 ±10.05 0.56 0.583

Body temperature 
[°C]

36.84 ±0.37 36.81 ±0.38 0.18 0.863

Hb 
[g/dL]

12.43 ±1.26 14.66 ±1.56 −3.26 0.005*

TLC 
[cells/mm3]

6,933.33 ±2,424.87 7,650.00 ±2,368.85 −0.61 0.548

Neutrophils 
[×103/μL]

4,205.33 ±2,260.72 4,806.75 ±1,365.88 −0.65 0.524

Lymphocytes 
[×103/μL]

2,193.00 ±508.17 2,310.63 ±902.28 −0.34 0.741

Variable HbA1c < 8% HbA1c ≥ 8% t-value p-value

Eosinophils 
[×103/μL]

407.22 ±418.14 315.13 ±222.68 0.56 0.587

Monocytes 
[×103/μL]

127.89 ±79.16 217.50 ±159.71 −1.49 0.156

Basophils 
[×103/μL]

0.00 ±0.00 0.00 ±0.00 NA NA

RBC count 
[million cells/mm3]

4.39 ±0.41 5.08 ±0.52 −3.03 0.009*

ESR 
[mm/h]

24.33 ±25.44 25.75 ±34.18 −0.10 0.923

PLT 
[×105/mm3]

2.22 ±0.94 1.63 ±0.71 1.43 0.172

PCV 
[%]

38.97 ±3.50 44.76 ±4.03 −3.17 0.006*

hs-CRP 
[mg/L]

16.68 ±31.75 4.99 ±6.74 1.02 0.325

Creatinine 
[mg/dl]

0.77 ±0.11 0.94 ±0.31 −1.51 0.151

Total cholesterol 
[mg/dL]

215.78 ±23.60 212.50 ±45.53 0.19 0.852

HDL 
[mg/dL]

49.94 ±7.77 46.40 ±11.81 0.74 0.471

LDL 
[mg/dL]

113.89 ±27.86 116.88 ±26.95 −0.22 0.826

VLDL 
[mg/dL]

51.69 ±17.48 73.60 ±92.19 −0.70 0.494

Triglycerides 
[mg/dL]

258.44 ±87.38 368.00 ±460.94 −0.70 0.494

RBS 
[mg/dL]

152.73 ±13.43 231.07 ±42.65 −5.24 <0.001*

FPG 
[mg/dL]

145.01 ±16.75 165.14 ±36.27 −1.50 0.155

Fasting insulin 
[μIU/mL]

22.12 ±19.68 13.06 ±10.86 1.15 0.267

IR 7.92 ±6.72 5.44 ±4.43 0.89 0.389

Number of teeth 
present

26.70 ±1.30 26.57 ±0.76 0.53 0.605

GI 2.53 ±0.14 2.50 ±0.28 0.28 0.786

PI 2.73 ±0.34 2.55 ±0.43 0.96 0.351

PPD 
[mm]

4.62 ±0.85 5.05 ±0.79 −1.07 0.301

CAL 
[mm]

3.59 ±0.20 3.86 ±0.54 −1.42 0.177

PRF clot weight 
[g]

2.23 ±0.68 2.07 ±0.82 0.43 0.676

PRF preparation 
time 
[min]

15.33 ±2.24 16.00 ±2.14 −0.63 0.541

HAS 
[mL]

1.78 ±0.66 1.34 ±0.32 1.71 0.109

Data presented as M ±SD. 
Groups: group 1 (T2DM+/P+); group 2 (T2DM−/P+); group 3 – control 
(T2DM−/P−). T2DM – type 2 diabetes mellitus; P – periodontitis. 
NA – data not available; * statistically significant.

Table 2 – continuation
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The intergroup comparisons of  the concentrations 
of  inflammatory markers (human IL-6, RETN, TNF-α, 
IL-1β, and IL-1ra) and growth factors (human IGF-1, 
TGF-β1, PDGF-BB, and FGF-21) in serum, PRF and HAS 
in periodontitis patients with or without T2DM, as well as 
in healthy participants, are summarized in Table 4.

The correlations of  the weight of  PRF and HAS with 
periodontal and glycemic parameters, as well as the 

correlations of periodontal parameters with glycemic pa-
rameters, are summarized in Tables 5 and 6, respectively. 
The results suggest that PRF  exhibited a strong negative 
correlation with GI, PI, PPD, CAL, HbA1c, RBS, and FPG, 
indicating that as these parameters increased, the weights 
of PRF and HAS decreased.

Discussion
The present observational study evaluated variations 

in the levels of cytokines in the PRF and HAS obtained 
from periodontitis patients with or without T2DM, in 
comparison with healthy individuals (no periodontitis 
and no T2DM). Primarily, it was observed that periodon-
titis, with or without T2DM, may influence the concen-
trations of the inflammatory markers and growth factors 
released from platelet concentrates. Secondarily, it was 
also observed that the T2DM+/P+ status may influence 
the weight of platelet concentrates.

Although the influence of  centrifuge characteristics 
has already been studied in detail,33,34 to the best of  the 
authors’ knowledge, this is the first study to evaluate 
both the quantity and quality of PRF and HAS in terms 
of  5 inflammatory markers and 4 growth factors, while 
also correlating the weight of platelet concentrates with 
periodontal and glycemic parameters in quadragenarian 
(40–50-year-old) individuals.

The present study showed no significant differences in 
the TNF-α, IL-1Ra, IGF-1, and FGF-21 levels in the se-
rum, PRF and HAS obtained from the participants across 
the 3 groups. Consistent with previous reports,15,35,36 
the TGF-β level was significantly higher in the healthy 
T2DM−/P− group, whereas the inflammatory marker IL-
1β was elevated in the diseased groups 1 and 2, as com-
pared to healthy individuals, across serum, PRF and HAS. 
Gupta et al. reported a significant impact of periodontitis 
and diabetes on 2 growth factors – TGF-β1 and PDGF-BB 
– and on the three-dimensional (3D) structure of PRF.15 
Unlike Gupta et al., where the study population was strati-
fied by age groups,15 the present study was conducted in 
a narrowly defined cohort to minimize the potential in-
fluence of  diabetes-associated complications and other 
comorbidities on the outcomes.

Singh et al. reported that the mean age of patients with 
T2DM presenting to a tertiary care center in North India 
was 49.03 ±0.49 years, with most patients falling within 
the 40–50-year age group.37 In line with previous re-
ports,38–40 the present study also observed a  mean age 
of 44–46 years for early-onset T2DM.

Both autologous PRF and HAS are considered to pos-
sess biological healing properties owing to their cy-
tokine content. Similar to Narayan and Malaiappan,41 
the present study also quantitatively analyzed PRF and 
HAS in T2DM+/P+ (group 1), T2DM−/P+ (group 2) 
and T2DM−/P− (group 3), and observed a  significantly 

Table 3. Pairwise comparisons between the group means for the 
parameters with significant differences in ANOVA (Tukey’s post hoc test)

Variable Comparison MD SE p-value

BMI 
[kg/m2]

group 1 vs. group 2 1.67 0.76 0.081

group 1 vs. group 3 2.45 0.77 0.007*

group 2 vs. group 3 0.78 0.77 0.572

SBP 
[mmHg]

group 1 vs. group 2 8.82 3.61 0.048*

group 1 vs. group 3 8.50 3.67 0.063

group 2 vs. group 3 −0.32 3.67 0.996

HbA1c 
[%]

group 1 vs. group 2 2.36 0.32 <0.001*

group 1 vs. group 3 2.53 0.33 <0.001*

group 2 vs. group 3 0.17 0.33 0.854

RBS 
[mg/dL]

group 1 vs. group 2 59.86 11.63 <0.001*

group 1 vs. group 3 66.34 11.81 <0.001*

group 2 vs. group 3 6.48 11.81 0.848

FPG 
[mg/dL]

group 1 vs. group 2 44.83 6.43 <0.001*

group 1 vs. group 3 46.20 6.53 <0.001*

group 2 vs. group 3 1.37 6.53 0.976

IR

group 1 vs. group 2 1.15 1.58 0.748

group 1 vs. group 3 4.27 1.61 0.028*

group 2 vs. group 3 3.12 1.61 0.138

GI

group 1 vs. group 2 0.38 0.09 0.001*

group 1 vs. group 3 1.47 0.10 <0.001*

group 2 vs. group 3 1.09 0,10 <0.001*

PI

group 1 vs. group 2 0.40 0.11 0.003*

group 1 vs. group 3 1.49 0.12 <0.001*

group 2 vs. group 3 1.09 0.12 <0.001*

PPD 
[mm]

group 1 vs. group 2 0.50 0.19 0.032*

group 1 vs. group 3 2.80 0.20 <0.001*

group 2 vs. group 3 2.30 0.20 <0.001*

CAL 
[mm]

group 1 vs. group 2 0.70 0.11 <0.001*

group 1 vs. group 3 3.27 0.12 <0.001*

group 2 vs. group 3 2.57 0.12 <0.001*

PRF clot weight 
[g]

group 1 vs. group 2 −0.68 0.27 0.038*

group 1 vs. group 3 −1.04 0.27 0.001*

group 2 vs. group 3 −0.36 0.27 0.371

PRF preparation 
time 
[min]

group 1 vs. group 2 1.65 0.43 0.001*

group 1 vs. group 3 1.65 0.44 0.001*

group 2 vs. group 3 0.00 0.44 1.000

Groups: group 1 (T2DM+/P+); group 2 (T2DM−/P+); group 3 – control 
(T2DM−/P−). T2DM – type 2 diabetes mellitus; P – periodontitis. 
MD – mean difference; SE – standard error; * statistically significant.
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Table 4. Intergroup comparison of the concentrations inflammatory markers and growth factors (in picograms [pg]) in serum, platelet-rich fibrin (PRF) and 
hyperacute serum (HAS) from chronic periodontitis patients with or without type 2 diabetes mellitus (T2DM) (ANOVA)

Inflammatory markers and growth factors T2DM+/P+ T2DM−/P+ T2DM−/P− F-value p-value

IL-6

serum 34.62 ±34.54 46.94 ±78.57 52.25 ±87.55 0.15 0.864

PRF 25.76 ±29.00 15.30 ±2.28 14.29 ±2.52 1.28 0.297

HAS 26.14 ±4.02 22.83 ±4.26 20.54 ±4.25 4.08 0.030*

RETN

serum 380.21 ±121.80 347.81 ±125.07 282.32 ±106.97 1.60 0.222

PRF 369.50 ±172.66 2,259.40 ±2,249.21 1,375.47 ±858.04 4.14 0.028*

HAS 1,027.47 ±909.93 538.19 ±383.81 2,545.60 ±2,327.43 4.63 0.020*

TNF-α

serum 51.07 ±5.09 46.98 ±5.83 51.14 ±8.23 1.20 0.319

PRF 44.89 ±6.67 42.39 ±7.13 38.48 ±4.75 2.38 0.114

HAS 48.92 ±7.24 46.34 ±2.52 49.77 ±7.78 0.72 0.496

IL-1β

serum 24.14 ±4.56 19.77 ±3.11 24.07 ±11.64 1.02 0.377

PRF 21.89 ±3.66 24.01 ±4.07 18.97 ±3.21 4.28 0.026*

HAS 26.11 ±5.83 26.06 ±7.15 20.48 ±4.79 2.62 0.094

IL-1ra

serum 276.74 ±82.09 233.31 ±64.82 247.05 ±110.32 0.58 0.570

PRF 140.15 ±33.93 138.51 ±32.02 120.63 ±26.90 1.09 0.352

HAS 298.75 ±100.21 256.20 ±54.79 280.83 ±85.57 0.61 0.554

IGF-1

serum 13.07 ±5.06 10.42 ±3.33 12.25 ±3.41 1.03 0.373

PRF 7.38 ±0.69 7.37 ±1.44 6.76 ±1.04 0.95 0.401

HAS 12.26 ±3.31 11.37 ±3.19 14.17 ±7.81 0.67 0.520

TGF-β1

serum 24.77 ±20.13 27.05 ±22.17 27.38 ±5.00 0.06 0.943

PRF 60.86 ±40.86 56.63 ±5.87 149.87 ±68.30 11.75 <0.001*

HAS 13.20 ±5.26 13.85 ±6.46 16.44 ±4.63 0.88 0.429

PDGF-BB

serum 254.45 ±57.65 4,257.06 ±1,054.11 3,781.45 ±1,160.10 52.47 <0.001*

PRF 2,438.93 ±1,309.21 3,771.52 ±1,094.54 3,580.20 ±999.92 3.58 0.043*

HAS 2,437.03 ±973.85 4,705.28 ±1,291.78 4,143.75 ±1,292.39 8.79 0.001*

FGF-21

serum 760.18 ±87.72 867.73 ±275.68 802.94 ±277. 62 0.49 0.617

PRF 1,004.26 ±632.31 1,635.06 ±514.82 1,248.07 ±606.24 2.65 0.091

HAS 588.36 ±189.25 641.21 ±140.40 754.73 ±499.35 0.64 0.536

Data presented as M ±SD. 
Groups: group 1 (T2DM+/P+); group 2 (T2DM−/P+); group 3 – control (T2DM−/P−). T2DM – type 2 diabetes mellitus; P – periodontitis. 
IL – interleukin; RETN – resistin; TNF-α – tumor necrosis factor-alpha; IL-1ra – interleukin-1 receptor antagonist; IGF-1 – insulin-like growth factor-1; 
TGF-β1 – transforming growth factor-beta 1; PDGF-BB – platelet-derived growth factor-BB; FGF-21 – fibroblast growth factor-21; * statistically significant.

Table 5. Correlation between the weight of platelet-rich fibrin (PRF) and 
hyperacute serum (HAS) and periodontal and glycemic parameters

Correlation r-value p-value

PRF

GI −0.454 0.001*

PI −0.440 0.001*

PPD −0.427 0.002*

CAL −0.453 0.001*

HbA1c −0.407 0.003*

RBS −0.398 0.004*

FPG −0.464 0.001*

fasting insulin −0.066 0.646

HAS

GI −0.166 0.249

PI −0.118 0.415

PPD −0.185 0.199

CAL −0.176 0.221

HbA1c −0.270 0.058

RBS −0.367 0.009*

FPG −0.230 0.109

fasting insulin 0.188 0.190

* statistically significant.

Table 6. Correlation between periodontal parameters and glycemic 
parameters

Glycemic 
parameters

Correlation 
indicators

Periodontal parameters

GI PI PPD CAL

HbA1c
r-value 0.543 0.515 0.580 0.584

p-value 0.000* 0.000* 0.000* 0.000*

RBS
r-value 0.461 0.445 0.513 0.521

p-value 0.001* 0.001* 0.000* 0.000*

FPG
r-value 0.475 0.476 0.479 0.507

p-value 0.000* 0.000* 0.000* 0.000*

Fasting 
insulin

r-value 0.323 0.357 0.259 0.278

p-value 0.022* 0.011* 0.070 0.051

IR
r-value 0.387 0.429 0.341 0.354

p-value 0.006* 0.002* 0.015* 0.012*

* statistically significant.
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higher PRF weight in healthy individuals as compared 
to T2DM+/P+ and T2DM−/P+ patients. Based on these 
findings, it can be hypothesized that chronic inflamma-
tory conditions may influence the quantity of  PRF and 
HAS. These results are consistent with previous studies 
suggesting alterations in PRF constituents in T2DM+/P+ 
patients.15,32,42

In contrast to Das and Janardhana Amaranath, who re-
ported higher leukocyte and platelet counts and a larger 
size of  advanced PRF (A-PRF) in uncontrolled T2DM 
female subjects as compared to healthy individuals and 
tobacco smokers,42 the findings of the present study are in 
agreement with those of Gupta et al.15

Another important finding of  the study was the lon-
ger duration (14  min) required for the procurement 
of PRF, as compared to the standard established protocol 
of 10–12 min. This may be attributed to the use of pre-
sterilized 9-mm plastic vacutainers for PRF preparation 
in the present study. Thus, the findings are in agreement 
with previous studies suggesting that the time required 
to prepare PRF in plastic tubes is considerably longer 
than that in glass tubes or glass-coated plastic tubes.43–45 
More interestingly, another notable observation was 
the longer time required for PRF procurement in the 
T2DM+/P+ group patients as compared to non-diabetic 
patients – with or without periodontitis. This suggests 
a  potential impact of  systemic inflammatory conditions 
in T2DM+/P+ (group 1) patients.15,46

The present study comprehensively explains the rela-
tionship between T2DM, periodontitis, and wound heal-
ing potential. It also highlights several important clini-
cal implications. Significantly lower mean PRF weight 
and reduced mean levels of growth factors (TGF-β1 and 
PDGF-BB) in serum, PRF, and HAS in diabetic patients 
support the impaired or delayed wound healing common-
ly observed in T2DM, which may be further exacerbated 
by the presence of periodontitis. Thus, the determination 
of  growth factors in PRF and HAS may be particularly 
beneficial in the management of  diabetic patients with 
periodontal disease using PRF, and may provide insights 
into future therapeutic approaches. Baran et al., in an ani-
mal study, reported an  enhanced regenerative capacity 
with photomodulation,47 which could be further explored 
in the context of  the PRF obtained from T2DM+/P+ 
patients.

One limitation of  the study was the small number 
of  participants. The extensive experimental require-
ments, including the analysis of 9 markers, limited the 
inclusion of a larger sample size. Another limitation was 
the lack of  inclusion of  T2DM patients without peri-
odontitis, which would have provided a  more robust 
comparison to better understand the interplay between 
T2DM and periodontitis. However, all participants were 
within the age group of 40 to 50 years and were recruited 
from the Department of Periodontology, where patients 
primarily report for the management of  periodontal 

diseases. Therefore, a group of T2DM patients without 
periodontitis could not be included. Previous studies 
have reported that the prevalence of  periodontitis in 
established T2DM patients exceeds 90% in the North 
Indian population.37 Furthermore, the referral of T2DM 
patients without periodontitis for oral health evaluation 
remains uncommon in the Indian subcontinent, possi-
bly due to a lack of collaborative practice between physi-
cians and other healthcare professionals.48

Conclusions
Within the limitation of the narrow age selection of par-

ticipants, which may have underestimated the inflamma-
tory and growth factor levels, it can be surmised from the 
present study that periodontitis along with T2DM may 
have detrimental effects on the regenerative potential 
of PRF and HAS. The present study demonstrated signifi-
cantly lower mean levels of PDGF and TGF-β1 in the PRF 
obtained from the participants in the T2DM+/P+ group 
as compared to the T2DM−/P+ and T2DM−/P− (control) 
groups (p = 0.043 and p < 0.001, respectively). Furthermore, 
a statistically significantly higher mean PRF weight was ob-
served in the T2DM−/P− group (3.20 ±0.78 g), followed by 
the T2DM+/P+ group (2.16 ±0.73 g), and the T2DM−/P+ 
group (2.84 ±0.83 g) with the lowest value. These prelimi-
nary findings may serve as a basis for further multicenter 
studies with larger sample sizes.
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Abstract
Background. The expression of the Wingless-related integration site (WNT) signaling pathway molecules 
has been reported to be aberrant in periodontitis.

Objectives. This case–control study aimed to determine the salivary concentrations of sclerostin (SOST), 
Dickkopf-related protein 1 (DKK1) and WNT family member 5a (WNT5a) and their ability to distinguish 
systemically healthy patients with periodontitis – across different progression rates – from periodontally 
healthy controls.

Material and methods. A total of 90 individuals participated in this study (30 healthy controls, 30 Grade B 
periodontitis patients, and 30 Grade C periodontitis patients). Salivary samples were collected using the un-
stimulated saliva collection method. Subsequently, clinical periodontal parameters were recorded. The en-
zyme-linked immunosorbent assay (ELISA) was utilized to determine the salivary levels of SOST, DKK1 and 
WNT5a.

Results. The salivary levels of SOST and DKK1 were significantly higher in Grade B periodontitis patients 
(14.85 ±3.28 ng/mL and 3.65 ±1.11 ng/mL, respectively) and Grade C periodontitis patients (7.45 ±3.84 ng/mL 
and 1.68 ±0.46 ng/mL, respectively) than in healthy controls (4.37 ±0.97 ng/mL and 0.88 ±0.15 ng/mL, re-
spectively). Notably, their levels were significantly higher in periodontitis Grade B than in Grade C (p < 0.0001). 
The WNT5a salivary levels were also considerably higher in Grade B periodontitis patients (6.58 ±3.28 ng/mL) 
and Grade C periodontitis patients (13.41 ±1.73 ng/mL) than in healthy controls (2.03 ±0.31 ng/ml). Unlike 
SOST and DKK1, WNT5a showed significantly higher levels in periodontitis Grade C as compared to Grade B 
(p < 0.0001). Additionally, the receiver operating characteristic (ROC) analysis demonstrated that SOST, DKK1 
and WNT5a showed significant diagnostic accuracy in distinguishing periodontitis from periodontal health 
with the area under the curve (AUC) values of 0.96, 0.97 and 0.99, respectively, and also in distinguishing 
periodontitis Grade B from periodontitis Grade C with AUC of 0.94, 0.97 and 0.92, respectively.

Conclusions. The salivary levels of SOST, DKK1 and WNT5a demonstrated high diagnostic value in dis-
tinguishing generalized periodontitis from periodontal health. The WNT5a levels increased with disease 
progression, effectively differentiating Grades B and C. Similarly, SOST and DKK1 also distinguished these 
grades, with higher levels in Grade B than in Grade C.

Keywords: DKK1, periodontitis, grading, SOST, WNT5a
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Introduction

Periodontitis ranks among the most prevalent chronic 
diseases globally and significantly affects oral health.1 
It is a biofilm-mediated inflammatory condition character-
ized by intricate interactions between immune-inflamma-
tory pathways and alterations in the symbiotic ecosystem, 
ultimately resulting in inflammation-induced bone loss.2 
The regulation of bone metabolism is a complex process 
influenced by various signaling pathways, driven by nu-
merous local and systemic variables, such as chemokines, 
cytokines, hormones, as well as biochemical stimuli.3

The  Wingless-related integration site (WNT) path-
way is a signal transduction cascade and one of the most 
evolutionarily conserved cell signaling systems, playing 
a central role in numerous fundamental biological pro-
cesses, including cell proliferation, polarity and fate de-
termination, functioning in both embryonic development 
and the maintenance and regeneration of mature cells.4–6 
The dysregulation of WNT signaling has been reported 
to be a significant contributor to various diseases, includ-
ing bone and metabolic abnormalities.7,8 The activation 
of the WNT pathway is initiated by interactions between 
WNT ligands and their receptors at the cell membrane, 
which trigger the expression of WNT target genes.9 A min-
imum of 19 WNT protein ligands bind with Frizzled (Fz) 
receptors, initiating signaling cascades that can be broadly 
classified into 2 main branches – β-catenin-dependent 
(canonical) and β-catenin-independent (non-canonical) 
WNT signaling pathways.10

Sclerostin (SOST) and Dickkopf-related protein 1 
(DKK1) act as antagonists for the β-catenin-dependent 
pathway by binding to low-density lipoprotein receptor-
related proteins 5 and 6 (LRP5/6) on osteoblast surfaces. 
This interaction effectively blocks the WNT signaling 
pathway, ultimately leading to the inhibition of osteoblast 
proliferation and differentiation.11,12 In mice with induced 
periodontitis, the deletion of the SOST gene led to reduced 
alveolar bone resorption, decreased expression of recep-
tor activator for nuclear factor-kappa B ligand (RANKL) 
and increased expression of  osteoprotegerin (OPG).13 
Similarly, the constitutive deletion of DKK1 in osteocytes 
within a ligature-induced periodontitis model completely 

prevented alveolar bone loss.14 Moreover, studies con-
ducted in vivo have demonstrated that patients with peri-
odontitis exhibit elevated levels of SOST and DKK1 in both 
gingival tissues and gingival crevicular fluid (GCF).15–19

WNT family member 5a (WNT5a), a  component 
of the β-catenin-independent pathway, plays an important 
role in both the development of periodontal tissues and 
the pathogenesis of periodontitis.20 WNT5a has the capac-
ity to either activate or inhibit the β-catenin-dependent 
pathway.21 WNT5a activates proinflammatory signaling 
pathways and amplifies the secretion of proinflammatory 
cytokines, contributing to the exacerbation of periodontal 
tissue destruction.22,23 Additionally, it has been demon-
strated that WNT5a facilitates RANKL-induced osteo-
clastogenesis, ultimately leading to enhanced osteoclast 
differentiation and increased bone resorption, thereby 
inhibiting bone formation.24

Established during the  2017 World Workshop 
on  the  Classification of  Periodontal and Peri-Implant 
Diseases and Conditions, the new periodontitis classi-
fication utilizes a multi-dimensional approach for stag-
ing and grading.25 Grading offers additional insights into 
the biological characteristics of the disease, incorporat-
ing a  longitudinal assessment of periodontitis progres-
sion rates and an evaluation of the risk for future disease 
advancement.26 The limitations of conventional diagnostic 
methods have prompted the exploration of biomarker inte-
gration into the new classification system. This approach 
is expected to facilitate the identification of patients dur-
ing active phases of periodontitis and to improve the ac-
curacy of monitoring disease progression and treatment 
response.26

Saliva collection is straightforward, rapid and non-in-
vasive, and it requires less manpower and fewer materi-
als as compared to other diagnostic bodily fluids. Addi-
tionally, whole saliva provides a pooled sample from all 
periodontal sites, enabling a comprehensive assessment 
of an individual’s disease status or risk rather than focus-
ing on specific sites or teeth.27 Given these advantages, 
saliva-based diagnostics holds considerable promise for 
the detection of periodontal diseases and the prediction 
of treatment outcomes, potentially advancing future diag-
nostic approaches in periodontology.28

Highlights

	• Salivary SOST, DKK1 and WNT5a biomarkers are significantly elevated in periodontitis patients in comparison 
with healthy controls.

	• The WNT5a levels increase with disease progression, effectively distinguishing Grade C (rapid progression) from 
Grade B periodontitis.

	• The SOST and DKK1 levels are higher in Grade B than Grade C, indicating distinct biomarker expression patterns.
	• All three biomarkers show excellent diagnostic accuracy (AUC > 0.90) for detecting periodontitis and differentiating 

disease grades.
	• These salivary biomarkers provide a non-invasive approach for periodontitis diagnosis, grading and disease monitoring.
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Despite prior evidence highlighting the roles of SOST, 
DKK1 and WNT5a in periodontal tissue deterioration, 
there is a notable lack of studies investigating the salivary 
levels of WNT5a and DKK1 in patients with periodonti-
tis, as well as a scarcity of research measuring the SOST 
levels in saliva. Therefore, this study aimed to evaluate 
the salivary concentrations of SOST, DKK1 and WNT5a 
with the objective of determining their efficacy in differ-
entiating between Grades B and C periodontitis.

Material and methods

Study design and settings

This case–control study involved the analysis of patients 
who visited the dental clinics at the Department of Peri-
odontics, College of Dentistry, University of Baghdad, 
Iraq, between January and May 2024. Ninety systemi-
cally healthy participants were included. All participants 
who met the established eligibility criteria were verbally 
informed about the study and asked to sign an informed 
consent form. Salivary samples were collected from all 
participants. Then, the patients received a  full-mouth 
periodontal examination to determine their periodontal 
status. The study was approved by the ethics committee 
of the College of Dentistry, University of Baghdad, in ac-
cordance with the Declaration of Helsinki and its subse-
quent amendments concerning human research (reference 
No. 855, project No. 855623, December 12, 2023). The re-
search was evaluated and validated in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines.

Eligibility

During the preliminary screening phase, each participant 
underwent an assessment to determine their eligibility for 
inclusion in the study based on the following criteria: adults 
aged >18 years; systemically healthy; with ≥20 permanent 
teeth (excluding third molars); and without any systemic 
medical condition that could affect the periodontal sta-
tus, particularly any disorders associated with bone health 
(rheumatoid arthritis, bleeding disorders, diabetes mellitus, 
recent bone fractures, ankylosing spondylitis, osteoporosis, 
and immunosuppressive therapy). The exclusion criteria 
were as follows: antibiotic use within the past 3 months; ex-
tensive periodontal therapy within the past 3 months or cur-
rently undergoing active periodontal treatment; the presence 
of dental implants; the presence of orthodontic appliances; 
pregnant or  lactating women; post-menopausal women; 
patients with any oral lesions unrelated to periodontitis, 
including but not limited to aphthous ulcers, lichen planus, 
and others. Moreover, individuals presenting a waist-to-
height ratio (WHtR) ≥0.5,29 as well as those with a body 
mass index (BMI) ≥30 kg/m2, were excluded from the study.

Study groups

Based on the periodontal status, the eligible individuals 
were categorized into healthy controls and periodontitis 
patients. The periodontitis group was further subdivided 
into Grade B and Grade C. The categorization was car-
ried out based on the latest classification of periodontal 
diseases and conditions, while also integrating the guide-
lines from the British Society of Periodontology (BSP) 
regarding the practical implementation of this classifi-
cation system in clinical settings.26,30 Participants with 
no clinical attachment loss (CAL), bleeding on probing 
(BoP) <10% and probing pocket depth (PPD) ≤3 mm were 
grouped as healthy controls. For the periodontitis groups, 
participants were identified based on the presence of in-
terdental CAL at two or more non-adjacent teeth, or buc-
cal/oral CAL in conjunction with PPD > 3 mm at two 
or more teeth. All periodontitis cases were classified 
as generalized (involving ≥30% of teeth) and unstable, 
defined by PPD ≥ 5 mm or PPD ≥ 4 mm with BoP. Pa-
tients were further categorized as Grade B or Grade C ac-
cording to the ratio of radiographic bone loss at the most 
affected site to the patient’s age. A ratio of 0.5–1.0 was 
classified as Grade B, indicating moderate disease pro-
gression, whereas a ratio >1.0 was classified as Grade C, 
indicating rapid progression. Our study adopted the re-
vised approach, which uses a 0.5–1.0 ratio to determine 
grades while excluding risk factors such as diabetes and 
smoking. This method aligns with recent literature ad-
vocating a simplified classification based solely on clini-
cal measurements for grade assessment.30 Regarding 
the smoking status, individuals who smoked ≥10 ciga-
rettes per day for the past 5 years were classified as smok-
ers, whereas those who had never smoked or had ceased 
smoking at least 2 years prior to the study were classified 
as non-smokers.31

Clinical examination

A single calibrated examiner performed all clinical as-
sessments. The following periodontal parameters were 
evaluated: plaque index (PI)32; BoP33; PPD; and CAL 
at 6 sites per tooth (except PI, which was recorded at 4 sites 
per tooth), excluding third molars, using UNC-15 peri-
odontal probes (Hu-Friedy, Chicago, USA). The plaque in-
dex and BoP were recorded dichotomously (present/absent) 
at 4 or 6 sites per tooth, respectively. The percentage of 
sites with plaque or bleeding was then calculated for each 
patient, and these percentages are presented as mean 
± standard deviation (M ±SD). Radiographic imaging was 
performed to confirm the diagnosis, focusing on the most 
affected tooth, defined as the tooth exhibiting the greatest 
interdental CAL. In addition, BMI was calculated as weight 
in kilograms divided by height in meters squared (kg/m2), 
and WHtR was calculated as waist circumference in cen-
timeters divided by height in centimeters.
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Calibration was performed with an expert periodontist 
for diagnosis and the recording of clinical parameters prior 
to study commencement. A minimum interval of 2 h was 
maintained between consecutive measurements. These 
calibration sessions were repeated at different time points 
until an acceptable level of agreement was achieved. This 
included κ values >0.75 for PI and BoP, and intraclass cor-
relation coefficients (ICCs) >0.90 for PPD and CAL.

Sample size

Using the first 15 samples from each group, a pilot study 
was conducted, and the salivary levels of the selected bio-
markers were determined using the enzyme-linked im-
munosorbent assay (ELISA). Subsequently, the  sample 
size was calculated according to  the  formula provided 
by Sharma et al. for case–control studies (Equation 1)34:

                       (1)

where:
n – sample size per group;
r – allocation ratio (n2/n1);
SD – standard deviation;
Zα/2 – critical value for the significance level;
Zβ – critical value for power; and
d – minimal clinically significant difference to detect.

Accordingly, a sample size of 30 was estimated for each 
group (30 for the healthy control group, 30 for the Grade B 
periodontitis group, and 30 for the Grade C periodontitis 
group), yielding a 2:1 ratio of cases to controls.

Salivary sample collection and analysis

Saliva samples were collected from the  participants 
between 9:00 a.m. and 1:00 p.m., prior to any oral ex-
amination. Whole unstimulated saliva was obtained us-
ing the passive drooling method. The participants were 
instructed to  abstain from eating, drinking, smoking, 
and oral hygiene practices for at least 1 h before collec-
tion. Approximately 10 min before sampling, they rinsed 
their mouths with water for 30 s, and then expectorated 
into sterile tubes while seated upright. A total of 3 mL 
of  unstimulated saliva was collected and transferred 
into polypropylene tubes. The samples were centrifuged 
at 3,000 rpm for 5 min and subsequently stored at −20°C 
until analysis by ELISA.

The samples were allowed to thaw at room temperature. 
The protein levels in saliva were then quantified using com-
mercially available ELISA kits (Cloud-Clone Corp., Katy, 
USA), according to the manufacturer’s instructions. A stan-
dard curve was generated by plotting the optical density 
(OD) values for SOST, DKK1 and WNT5a, and regression 
equations were applied to convert these values into con-
centrations expressed in nanograms per milliliter (ng/mL).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics 
for Windows, v. 27.0 (IBM Corp., Armonk, USA), while 
graphical representations were generated using GraphPad 
Prism 10 (GraphPad Software, San Diego, USA). The nor-
mality of data distribution was assessed using the Shap-
iro–Wilk test. For non-normally distributed data, non-
parametric statistical methods were applied.

Differences in age, WHtR, BMI, cigarettes per day, PI, 
and BoP were analyzed using the one-way analysis of vari-
ance (ANOVA) followed by the Games–Howell post hoc 
tests, as these variables were normally distributed. In con-
trast, the Kruskal–Wallis test followed by Bonferroni-
adjusted post hoc comparisons was used for the salivary 
biomarker levels, PPD, CAL, and the number of sites with 
PPD ≥ 4 mm, as well as the number of teeth with PPD 
≥ 4 mm, due to their non-normal distribution. The χ2 test 
was used to assess associations between categorical vari-
ables, including gender, the smoking status and the edu-
cational level, across the 3 study groups. Moreover, for 
comparisons between smokers and non-smokers within 
each group, the Mann–Whitney U test was used.

Spearman’s correlation coefficient was applied to eval-
uate relationships between the salivary biomarker lev-
els and other relevant variables. The receiver operating 
characteristic (ROC) analysis was performed to assess 
the diagnostic performance of SOST, DKK1 and WNT5a 
in distinguishing healthy and periodontitis groups, with 
the area under the curve (AUC) values used to determine 
sensitivity and specificity. Multiple linear regression anal-
ysis was conducted to examine the influence of various 
factors on the salivary biomarker levels across all groups. 
The level of statistical significance was set at 5% (p < 0.05).

Results

In the current study, 320 subjects were screened for eli-
gibility. A total of 90 participants were recruited, after ex-
cluding individuals for several reasons, as detailed in Fig. 1. 
Subsequently, the participants were divided into 3 groups 
(30 healthy controls, 30 Grade B periodontitis patients, 
and 30 Grade C periodontitis patients).

Demographic variables

The demographic characteristics of the study groups are 
shown in Table 1. There were no differences in the mean 
age, gender, WHtR, and BMI among the study groups 
(p > 0.05). However, statistically significant differences 
among groups were observed in  the  mean number 
of teeth and the educational level of the study participants 
(p < 0.001). Additionally, no significant differences were 
observed in the distribution of smokers across the groups 
(p > 0.05).
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Clinical periodontal parameters

Concerning the assessed clinical periodontal param-
eters (PI, BoP, PPD, CAL, and the number of sites with 

PPD ≥ 4 mm), all of them were significantly higher in both 
Grade B and Grade C periodontitis groups as compared 
to the control group (p < 0.0001). Additionally, the Grade C 
group exhibited significantly higher PI and CAL when 
compared to Grade B, as illustrated in Table 2.

Salivary levels of SOST, DKK1 and WNT5a

The salivary levels of all biomarkers across the groups are 
presented in Table 3. The concentrations of SOST, DKK1 
and WNT5a were significantly higher in both periodontitis 
groups as compared to the healthy control group. Inter-
group comparisons revealed significantly higher salivary 
levels of both SOST and DKK1 in the Grade B periodontitis 
group when compared to Grade C (p < 0.0001), whereas 
the salivary levels of WNT5a were significantly higher 
in Grade C than in Grade B (p < 0.0001), as illustrated 
in Fig. 2. Further analysis revealed that the salivary bio-
marker levels exhibited no significant differences between 
smokers and non-smokers across all groups (p > 0.05), 
as shown in Table 4 and Fig. 3.

Table 1. Demographic characteristics of the study groups

Characteristics
Groups

p-value
healthy controls Grade B periodontitis Grade C periodontitis

Age [years] 39.03 ±9.92 44.03 ±10.56 43.60 ±11.29 0.135a

Gender
M 20 (66.67) 23 (76.67) 21 (70.00)

0.770b

F 10 (33.33) 7 (23.33) 9 (30.00)

WHtR 0.46 ±0.02 0.47 ±0.01 0.46 ±0.02 0.142a

BMI [kg/m2] 24.24 ±3.32 25.66 ±2.77 25.88 ±2.37 0.058a

Smoking status
smokers 10 (33.33) 13 (43.33) 12 (40.00)

0.797b

non-smokers 20 (66.67) 17 (56.67) 18 (60.00)

Cigarettes/day 28.00 ±10.06 32.31 ±13.01 33.75 ±12.27 0.520a

Number of teeth 27.2 ±1.5 23.4 ±3.0 23.9 ±2.7 <0.001*c

Educational level

no education 0 (0.00) 6 (20.00) 6 (20.00)

<0.001*b
primary education 2 (6.67) 9 (30.00) 11 (36.67)

secondary education 4 (13.33) 11 (36.67) 10 (33.33)

higher education 24 (80.00) 4 (13.33) 3 (10.00)

Data presented as mean ± standard deviation (M ±SD) or as number (percentage) (n (%)). 
M – male; F – female; * statistically significant (a ANOVA; b χ2 test; c Kruskal–Wallis test).

Fig. 1. Flowchart of the study

WHtR – waist-to-height ratio; BMI – body mass index.

Table 2. Clinical parameters among the study groups

Parameters
Groups

p-value
healthy controls Grade B periodontitis Grade C periodontitis

PI [%] 20.23 ±9.96 47.13 ±16.44a 64.12 ±14.62ab <0.001*†

BoP [%] 4.98 ±2.00 48.88 ±18.94a 57.72 ±17.75a <0.001*†

PPD [mm] 1.90 ±0.76 4.40 ±0.47a 4.79 ±0.74a <0.001*‡

CAL [mm] 0.00 ±0.00 3.07 ±0.89a 4.36 ±0.35ab <0.001*‡

Number of sites
with PPD ≥ 4 mm

0.0 ±0.0 9.77 ±8.96a 22.67 ±21.59a <0.001*‡

Data presented as M ±SD. 
PI – plaque index; BoP – bleeding on probing; PPD – probing pocket depth; CAL – clinical attachment loss; * statistically significant († ANOVA with 
the Games–Howell post hoc test; ‡ Kruskal–Wallis test with the Bonferroni post hoc test; a significantly different from the control group; b significantly 
different from the Grade B periodontitis group).
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Fig. 2. Violin plots for the salivary concentrations of biomarkers among 
the study groups

A – SOST; B – DKK1; C – WNT5a.  
Solid lines represent median (Me) and dashed lines represent interquartile 
range (IQR).  
** p < 0.01; *** p < 0.001; **** p < 0.0001 (Kruskal–Wallis test and 
the Bonferroni post hoc test).

Fig. 3. Violin plots for the salivary concentrations of biomarkers in smokers 
and non-smokers across all groups

A – SOST; B – DKK1; C – WNT5a.  
Solid lines represent Me and dashed lines represent IQR.  
ns – non-significant (p > 0.05) (multiple Mann–Whitney U test).
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Correlation between the salivary 
biomarker levels and other variables

Table 5 presents the coefficients of correlation between 
the salivary biomarkers (SOST, DKK1 and WNT5a) and 
clinical and demographic variables, as well as their inter-
relationships. All 3 biomarkers showed statistically signifi-
cant correlations with PI, BoP, PPD, CAL, and the number 
of sites with PPD ≥ 4 mm.

SOST was positively correlated with age and WHtR 
(p < 0.05), while DKK1 showed positive correlations with 
both WHtR and BMI (p < 0.05). In contrast, the number 
of teeth was negatively correlated with all salivary bio-
markers (p < 0.0001).

Furthermore, the 3  tested biomarkers demonstrated 
significant positive correlations between each other 
(p < 0.001).

ROC analysis for diagnostic accuracy

The  diagnostic potential of  salivary biomarkers 
to distinguish periodontal health from periodontitis 
and its grades was evaluated using the  ROC analy-
sis, as presented in Table 6 and Fig. 4. All biomark-
ers (SOST, DKK1 and WNT5a) demonstrated excel-
lent discriminatory ability between periodontal health 
and periodontitis, with the AUC values of 0.96, 0.97 
and 0.99, respectively.

Table 3. Comparison of the salivary levels of biomarkers [ng/mL] among the study groups

Biomarkers
Groups

healthy controls Grade B periodontitis Grade C periodontitis periodontitis groups

SOST 4.47 (4.37 ±0.97) 14.91 (14.85 ±3.28) 6.75 (7.45 ±3.84) 9.30 (11.15 ±5.14)

DKK1 0.85 (0.88 ±0.15) 3.40 (3.65 ±1.11) 1.64 (1.68 ±0.46) 2.40 (2.66 ±1.30)

WNT5a 2.00 (2.03 ±0.31) 5.53 (6.58 ±3.28) 13.25 (13.41 ±1.73) 11.40 (10.11 ±0.31)

Data presented as median (Me) (M ±SD). 
SOST – sclerostin; DKK1 – Dickkopf-related protein 1; WNT5a – Wingless-related integration site (WNT) family member 5a.

Table 4. Comparison of the salivary levels of biomarkers [ng/mL] in smokers and non-smokers among the study groups

Biomarkers
Healthy controls Grade B periodontitis Grade C periodontitis

smokers 
(n = 10)

non-smokers 
(n = 20)

smokers 
(n = 13)

non-smokers 
(n = 17)

smokers 
(n = 12)

non-smokers 
(n = 18)

SOST
4.52 

(4.09 ±0.96)
4.47 

(4.50 ±0.97)
13.74 

(14.86 ±4.56)
15.21 

(14.85 ±1.97)
7.50 

(8.84 ±5.88)
6.60 

(6.50 ±0.89)

DKK1
0.85 

(0.88 ±0.14)
0.85 

(0.88 ±0.16)
2.91 

(3.51 ±1.21)
3.44 

(3.75 ±1.06)
1.61 

(1.66 ±0.70)
1.67 

(1.70 ±0.21)

WNT5a
2.01 

(2.03 ±0.26)
1.93 

(2.07 ±0.34)
6.00 

(7.61 ±4.22)
5.45 

(6.20 ±2.29)
13.22 

(13.17 ±0.97)
13.75 

(13.56 ±2.11)

Data presented as Me (M ±SD).

Table 5. Correlations between salivary biomarkers and other variables

Variables
Salivary biomarkers

SOST DKK1 WNT5a

Age r = 0.229* r = 0.158 r = 0.199

WHtR r = 0.213* r = 0.219* r = 0.051

BMI r = 0.669 r = 0.217* r = 0.174

Cigarettes/day r = 0.080 r = 0.029 r = 0.096

Number of teeth r = −0.485**** r = −0.497**** r = −0.405****

PI r = 0.452*** r = 0.431*** r = 0.477***

BoP r = 0.536*** r = 0.543*** r = 0.681***

PPD r = 0.506**** r = 0.574**** r = 0.744****

CAL r = 0.450*** r = 0.467*** r = 0.781***

Number of sites with PPD ≥ 4 mm r = 0.505**** r = 0.547**** r = 0.758****

SOST – r = 0.836*** r = 0.488***

DKK1 – – r = 0.477***

r – Spearman’s correlation coefficient; * p < 0.05; *** p < 0.001; **** p < 0.0001.
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DKK1 demonstrated the highest sensitivity and specific-
ity (100% each) for distinguishing the healthy group from 
Grade B periodontitis, with a cut-off value of 1.470. This 
was followed by WNT5a (96.69% sensitivity and 100.00% 
specificity; cut-off: 2.975) and SOST (100.00% sensitivity 
and 96.69% specificity; cut-off: 6.100).

For distinguishing healthy controls from Grade C peri-
odontitis, WNT5a demonstrated the highest sensitivity 
and specificity (100% each). This was followed by DKK1 
(93.33% sensitivity and 100.00% specificity) and SOST 
(90.00% sensitivity and 93.33% specificity).

Further analysis showed that all biomarkers (SOST, 
DKK1 and WNT5a) demonstrated excellent ability to dis-
criminate between periodontitis grade B and grade C, with 
the AUC values of 0.94, 0.97 and 0.92, respectively.

Multiple linear regression

Multiple linear regression analysis revealed that 
SOST was significantly negatively associated with CAL 
(B = −2.29; p < 0.001) and the number of teeth (B = −0.385; 
p = 0.048). Similarly, DKK1 showed significant negative as-
sociations with PI (B = −0.021; p = 0.005), CAL (B = −0.495; 
p < 0.001), and the number of teeth (B = −0.107; p = 0.024). 
Both SOST and DKK1 were positively associated with peri-
odontitis (B = 14.433; p < 0.001 and B = 3.573; p < 0.001, 
respectively). Furthermore, WNT5a demonstrated sig-
nificant positive associations with PI, CAL, the number 
of teeth, and periodontitis, as presented in Table 7.

Discussion

The current study demonstrated that the salivary levels 
of the selected biomarkers involved in the WNT signaling 
pathway (SOST, DKK1 and WNT5a) were significantly ele-
vated in systemically healthy individuals with periodontitis 

Table 6. Receiver operating characteristic (ROC) analysis for salivary biomarkers across all groups.

ROC analysis Biomarkers AUC Sensitivity
[%]

Specificity
[%] Cut-off point 95% CI p-value

Healthy controls vs. 
periodontitis

SOST 0.96 93.33 96.67 5.805 0.92–1.00 <0.0001*

DKK1 0.97 96.67 100.00 1.315 0.94–1.00 <0.0001*

WNT5a 0.99 98.33 10.000 2.975 0.99–1.00 <0.0001*

Healthy controls vs. 
Grade B periodontitis

SOST 1.00 100.00 96.67 6.100 1.00–1.00 <0.0001*

DKK1 1.00 100.00 100.00 1.470 1.00–1.00 <0.0001*

WNT5a 0.99 96.67 100.00 2.975 0.99–1.00 <0.0001*

Healthy controls vs. 
Grade C periodontitis

SOST 0.92 90.00 93.33 5.605 0.84–1.00 <0.0001*

DKK1 0.95 93.33 100.00 1.315 0.89–1.00 <0.0001*

WNT5a 1.00 100.00 100.00 6.545 1.00–1.00 <0.0001*

Grade B periodontitis vs. 
Grade C periodontitis

SOST 0.94 96.67 93.33 8.230 0.87–1.00 <0.0001*

DKK1 0.97 96.67 96.67 2.395 0.93–1.00 <0.0001*

WNT5a 0.92 83.33 93.33 10.870 0.84–0.99 <0.0001*

CI – confidence interval; * statistically significant.

Fig. 4. Receiver operating characteristic (ROC) curves for salivary biomarkers

A – SOST; B – DKK1; C – WNT5a. AUC – area under the curve.
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as compared to those with a healthy periodontium. These 
biomarkers not only indicated the presence of periodon-
titis, but also exhibited high sensitivity in distinguishing 
between different rates of disease progression (periodon-
titis Grade B and Grade C). This highlights their potential 
utility in the non-invasive diagnosis and grading of peri-
odontitis, thereby contributing to more precise and tar-
geted treatment strategies.

The  inherent limitations of  traditional diagnostic 
methods have prompted investigation into the integra-
tion of biomarkers into the new periodontitis classification 
system, particularly for disease grading, thereby enhanc-
ing the data obtained from standard clinical measures.26 
The selection of saliva as a diagnostic medium in this study 
is based on its unique properties and considerable potential 
for disease detection and monitoring.35 As an easily ob-
tainable biofluid that can be collected without specialized 
clinical facilities or advanced technical expertise, it repre-
sents a valuable medium for both research and diagnostic 
applications. Numerous salivary biomarkers have demon-
strated a remarkable ability to differentiate periodontitis 
from periodontal health.36–40 However, to date, no single 
biomarker has been identified that can reliably diagnose 
periodontal disease.41 Therefore, the present study aimed 
to identify promising salivary biomarkers that could serve 
as a basis for monitoring periodontal disease progression 
and provide a foundation for future research.

Over recent decades, the WNT signaling pathway has 
attracted considerable scientific interest due to its piv-
otal role in regulating various cellular processes, includ-
ing bone metabolism.42 Evidence indicates that the WNT 
signaling pathway –  particularly the  WNT/β-catenin 
pathway – is  involved not only in regulating osteoblast 

differentiation and bone formation, but also in controlling 
genes essential for osteoclast maturation and bone resorp-
tion. Among the key regulators (agonists and antagonists) 
of the WNT pathway associated with periodontitis are 
SOST, DKK1 and WNT5a.43

It  is well established that periodontitis is  associated 
with elevated levels of local and systemic proinflamma-
tory cytokines.44,45 In this context, the expression of SOST 
and DKK1 has been reported to be upregulated by tumor 
necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β) 
and transforming growth factor-beta 1 (TGF-β1) in several 
diseases, including periodontitis,46–49 suggesting their po-
tential role in its pathogenesis. Baek et al. demonstrated 
that TNF-α stimulates the production of SOST in MLO-Y4 
osteocytes.50 It was shown that nuclear factor kappa-light-
chain enhancer of activated B cells (NF-κB) directly binds 
to the NF-κB binding sites on the mouse SOST promoter, 
thereby enhancing SOST production through NF-κB acti-
vation.50 Additionally, a study using an experimental peri-
odontitis model in osteocyte-specific DKK1-deletion mice 
demonstrated increased volume and density of the alveolar 
process.14 Notably, substantial variations were observed 
in the infiltration of inflammatory cells and proinflamma-
tory cytokines within periodontal tissues, indicating that 
the ablation of DKK1 in osteocytes reduced the inflam-
matory response.14 Moreover, SOST and DKK1, primar-
ily expressed by osteocytes, have been shown to increase 
RANKL expression while simultaneously decreasing 
the OPG levels.51,52 Since the RANKL/OPG ratio is criti-
cal in the pathogenesis of periodontitis,53 it is worth noting 
that SOST and DKK1 may promote osteoclast formation 
in a RANKL-dependent manner, which further under-
scores their role in disease progression.

Table 7. Multiple linear regression models for the salivary biomarker levels

Multiple linear 
regression models

SOST DKK1 WNT5a

B SE p-value B SE p-value B SE p-value

Model I R2 = 0.600 R2 = 0.638 R2 = 0.707

Age 0.062 0.040 0.124 0.001 0.010 0.879 0.002 0.033 0.944

WHtR 9.465 21.860 0.666 5.950 5.322 0.267 −10.781 18.109 0.553

BMI −0.001 0.140 0.997 −0.001 0.034 0.986 −0.002 0.116 0.852

Number of teeth −0.385 0.191 0.048* −0.107 0.047 0.024* 0.506 0.158 0.002*

PI −0.033 0.030 0.273 −0.021 0.007 0.005* 0.005 0.025 0.027

BoP −0.025 0.030 0.419 −0.001 0.007 0.942 −0.029 0.025 0.259

PPD 0.346 0.489 0.418 0.091 0.119 0.445 −0.110 0.405 0.786

CAL −2.290 0.460 <0.001* −0.495 0.112 <0.001* 1.571 0.381 <0.001*

Periodontitis 14.433 2.420 <0.001* 3.573 0.588 <0.001* 3.998 2.000 0.049*

Model II R2 = 0.567 R2 = 0.629 R2 = 0.700

Number of teeth −0.479 0.169 0.006* −0.110 0.041 0.009* 0.555 0.140 <0.001*

PI – – – −0.021 0.006 0.001* 0.043 0.021 0.047*

CAL −2.454 0.388 <0.001* −0.483 0.100 <0.001* 1.530 0.341 <0.001*

Periodontitis 14.205 1.537 <0.001* 3.931 0.381 <0.001* 2.817 1.295 0.032*

B – unstandardized regression coefficient; SE – standard error; R2 – coefficient of determination; * statistically significant.
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In the present study, the salivary levels of SOST and 
DKK1 were significantly increased in the periodontitis 
groups (Grade B and C) as compared to the healthy group. 
Additionally, both biomarkers showed significant posi-
tive correlations with PI, BoP and CAL (p < 0.001), as well 
as with PPD and the number of sites with PPD ≥ 4 mm 
(p < 0.0001). To the best of our knowledge, no previous 
studies have evaluated the salivary levels of SOST or DKK1 
in periodontitis patients with different rates of disease pro-
gression in comparison with individuals with a healthy 
periodontium. However, SOST has been detected in saliva. 
A previous study assessed the salivary SOST levels before 
and after non-surgical periodontal treatment.54 Although 
no significant changes were observed post-treatment, 
the baseline SOST levels were reported to be 1.6-fold lower 
in the chronic periodontitis group.54

Our findings are in agreement with a previous study re-
porting increased mRNA expression levels of SOST and 
DKK1 in the periodontal tissues of systemically healthy indi-
viduals with chronic periodontitis as compared to periodon-
tally healthy participants.18 Furthermore, the same study 
observed elevated serum SOST levels in the periodontitis 
group, whereas the DKK1 levels did not differ significantly 
between the periodontitis and non-periodontitis groups.18 
Despite differences in study design and analytical methods, 
these findings may suggest that saliva more accurately re-
flects changes in the DKK1 levels than serum in systemi-
cally healthy individuals with periodontitis. This may be 
explained by the fact that saliva contains the components 
of GCF, in which DKK1 has been detected in periodontitis 
patients.19,55 However, further studies are required to eluci-
date the exact mechanisms underlying the elevation of DKK1 
in saliva. Numerous studies have assessed the SOST levels 
in GCF. A study conducted by Balli et al. demonstrated 
that the SOST levels were markedly elevated in patients 
with chronic periodontitis as compared to healthy indi-
viduals.17 Additionally, the SOST levels showed a marked 
decrease following non-surgical periodontal treatment.17 
Likewise, Chatzopoulos et al. reported that the SOST levels 
were significantly higher in both the generalized moder-
ate and severe chronic periodontitis groups as compared 
to the healthy group.16 Moreover, a recent study showed that 
the GCF levels of SOST were elevated in patients with peri-
odontitis Stage III Grade B and Stage III Grade C as com-
pared to gingivally healthy individuals.56 However, no signif-
icant differences were observed between the 2 grades. This 
lack of distinction was attributed to similarity in the bone 
resorption mechanisms involving the WNT pathway, as well 
as to the fact that GCF samples were collected from the sites 
with the highest CAL in both groups.56

Unexpectedly, we observed significantly higher salivary 
SOST and DKK1 levels in  Grade  B periodontitis than 
in Grade C (p < 0.0001). This discrepancy may be attributed 
to differences in disease severity between the study groups. 
This is supported by the multiple linear regression models 
for SOST and DKK1, which indicated that higher CAL 

was associated with lower levels of both biomarkers when 
controlling for other variables (Table 7). These contrasting 
findings may be explained by the regulatory mechanisms 
operating at more advanced stages of periodontitis, poten-
tially leading to reduced expression of these biomarkers, 
or by individual variability in biological responses to peri-
odontal destruction.57,58 In light of these considerations, 
further research is warranted to elucidate the specific 
mechanisms underlying the dynamics of these biomarkers.

WNT5a has been shown to modulate the production 
of  inflammatory cytokines and exacerbate the deterio-
ration of  the periodontium. The  inhibition of WNT5a 
using small interfering RNA (siRNA) or a neutralizing 
antibody markedly reduced the expression of IL-1β, mono-
cyte chemotactic protein-1 (MCP-1) and matrix metal-
loproteinase-2 (MMP-2) in macrophages infected with 
Porphyromonas gingivalis (Pg).23 Another study demon-
strated that WNT5a expression in human gingival epi-
thelial cells (HGECs) was significantly increased following 
12 h of stimulation with Pg-derived lipopolysaccharide 
(LPS) at concentrations of 0.1 and 1.0 µg/mL,22 suggest-
ing a proinflammatory role for WNT5a in gingival tis-
sues during periodontitis. Additionally, WNT5a expressed 
by osteoblasts binds to a co-receptor complex involving 
receptor tyrosine kinase-like orphan receptor 2 (Ror2) 
and a Frizzled receptor (Ror2/Fz complex) on osteoclast 
precursors. This activates non-canonical WNT signaling, 
leading to the upregulation of RANKL expression. Conse-
quently, the sensitivity of osteoclast precursors to RANKL 
increases, thereby promoting osteoclast differentiation.24

One study evaluated the WNT5a levels in serum, and 
found no significant differences between periodontitis and 
non-periodontitis patients.59 Chatzopoulos et al. reported 
that in GCF, the WNT5a levels were comparable among 
healthy and generalized moderate and severe chronic 
periodontitis groups.16 However, they also observed that 
the total WNT5a protein levels were substantially higher 
at diseased sites than at healthy sites among periodontitis 
patients.16

In the present study, the salivary WNT5a levels were sig-
nificantly elevated in the periodontitis groups as compared 
to the healthy group (p < 0.0001). Notably, the WNT5a 
levels were significantly higher in Grade C periodontitis 
than in Grade B (p < 0.0001). This finding may be ex-
plained by the greater number of sites with PPD ≥ 4 mm 
in the Grade C group as compared to the Grade B group. 
Although this difference was not statistically significant, 
it may still be considered clinically relevant. Moreover, 
WNT5a showed significant positive correlations with 
PI, BOP and CAL (p < 0.001), as well as with PPD and 
the number of sites with PPD ≥ 4 mm (p < 0.0001), suggest-
ing that the WNT5a levels increase with disease progres-
sion. Although no previous studies have evaluated WNT5a 
in saliva, these findings are consistent with those of Chat-
zopoulos et al., who associated increased GCF WNT5a 
levels with more severe periodontal destruction.16
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In the present investigation, smoking had no significant 
effect on the salivary levels of SOST, DKK1 and WNT5a 
across all study groups (p > 0.05). This finding may be at-
tributed to the relatively small number of smokers included 
in the sample. At present, there is limited evidence regard-
ing the impact of smoking on the salivary levels of these 
biomarkers. However, one study reported that the SOST 
and DKK1 levels were markedly elevated in the periodontal 
tissues of smokers, regardless of the diabetes mellitus sta-
tus.60 In contrast, another study found no significant dif-
ferences in the GCF levels of SOST and WNT5a between 
smokers and non-smokers.61 Despite these inconsistent 
findings, the results of the present study suggest that, ir-
respective of the smoking status, the evaluated salivary 
biomarkers demonstrate significant potential to differenti-
ate periodontitis from periodontal health across different 
rates of disease progression.

The primary strength of  this study lies in providing 
novel insights into the  salivary levels of  SOST, DKK1 
and WNT5a in patients with generalized periodontitis. 
Moreover, the study groups were matched for age, gender, 
WHtR, and BMI. Notably, differences in the expression 
of WNT genes in human marrow stromal cells between 
young and aged individuals have been reported in the lit-
erature.62 In addition, genetic variations in the WNT/β-
catenin pathway have been associated with metabolic 
conditions, including obesity.63 By controlling for these 
variables, we minimized their potential confounding ef-
fects on the WNT levels, as supported by the multiple 
linear regression models (Table 7).

However, this study has several limitations. Due to its 
cross-sectional design, the  long-term effects of altered 
SOST, DKK1 and WNT5a levels on periodontal tissues 
cannot be determined. Further biochemical studies are 
needed to  clarify the  precise role of  these biomarkers 
in  periodontitis. Additionally, including patients with 
Grade A periodontitis as a comparative group could pro-
vide further insight into the biomarker levels at lower rates 
of disease progression. Finally, the generalizability of these 
findings may be limited to the specific study conditions. 
Therefore, further research across diverse populations and 
settings, including the incorporation of systemic risk fac-
tors such as diabetes, is necessary to validate and extend 
these findings.

Conclusions

Our results indicate that the salivary levels of SOST, 
DKK1 and WNT5a have significant diagnostic potential 
for distinguishing periodontal health from periodontitis. 
WNT5a demonstrated a strong ability to differentiate be-
tween Grades B and C, showing a progressive increase with 
disease severity. In contrast, SOST and DKK1 also exhib-
ited significant diagnostic value, but followed a different 
pattern, with levels increasing at moderate progression 

rates (Grade B) and decreasing at higher progression rates 
(Grade C). These findings highlight the potential util-
ity of these biomarkers in the diagnosis and monitoring 
of periodontitis.
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Shams University, Cairo, Egypt, and placed between the 
cast and the denture. A pressure of 98 N was applied to the 
dentures for 20 s to spread the artificial saliva uniformly 
across the entire mucosal surface of the denture base. The 
epoxy resin cast with mucosa simulation was secured 
to the lower component of  a  universal testing machine 
(Instron 3365; Instron®, Norwood, USA) with the palate fac
ing upward. Tensile force was applied to the attached ring 
in an  upward direction perpendicular to the imaginary 
occlusal plane (Fig. 7). The crosshead speed of  the uni
versal testing machine was set at 50 mm/min. Retention 
was defined as the maximum traction force required to 
separate the denture base from the maxillary cast. The 
test was conducted 10 times, and the mean value of the 10 
measurements was recorded as the retention force.

Dynamic fatigue loading 

Each denture was seated on its corresponding epoxy 
resin cast and placed in a  chewing simulator (CS-4; 
SD  Mechatronik, Feldkirchen-Westerham, Germany) 
(Fig. 8). Dynamic cyclic loading was applied by means 
of a stylus falling at the center of the metal plate that was 
previously attached to the occlusal surface of  the den-
ture at the center of  the arch. The applied load was set 
at 50  N, and the software parameters were as follows: 
a speed of 60 mm/s; a vertical path of 3 mm; a horizon-
tal path of 0.7 mm; and a frequency of 1.6 Hz. Each den-
ture was subjected to biaxial cyclic loading for a  total 
of  250,000  cycles, which represented 1 year of  intraoral 
function.21

After the chewing simulation, all procedures for mea-
suring adaptation and retention were repeated for the 3 
groups as previously described.

Statistical analysis 

The sample size was calculated using the G*Power soft-
ware for Windows (v. 3.1.9.4; https://www.psychologie.
hhu.de/arbeitsgruppen/allgemeine-psychologie-und-ar-
beitspsychologie/gpower). A sample size of 12 dentures per 
group was determined to detect significant differences 
with a statistical power of 95% (α = 0.05). The sample size 
was subsequently increased to 13 dentures per group to 
compensate for potential dropouts.

The obtained data was recorded, tabulated and statis-
tically analyzed. Paired t-tests were applied to compare 
results within each group, and one-way analysis of vari-
ance (ANOVA) was performed to compare the 3 groups. 
Tukey’s honestly significant difference (HSD) test was 
used for post hoc pairwise comparisons when the results 
of ANOVA indicated significant differences. The signifi-
cance level was set at p ≤ 0.05. Statistical analyses were 
performed using the IBM SPSS Statistics for Windows 
software, v. 20.0 (IBM Corp., Armonk, USA).

Results
Regarding the effect of dynamic fatigue loading on the 

adaptation within each group, the deviation from the 
scanned master cast increased in group A (conventional 
acrylic resin) and group B (Co–Cr framework), indicat-
ing reduced adaptation. In contrast, group C (zirconia 
framework) showed less deviation from the scanned 
master cast, indicating better adaptation. These changes 
were statistically significant according to the results of the 
paired t-test (Table 1, Fig. 9).

When adaptation was compared between the 3 groups 
before dynamic fatigue loading, only minimal differences 
were observed, with group C demonstrating slightly 
more favorable adaptation. However, these differences 
were not statistically significant according to ANOVA. 

Fig. 7. Universal testing machine used for retention testing (Instron 3365; 
Instron®, Norwood, USA)

Fig. 8. Chewing simulator used for dynamic fatigue loading 
(CS-4; SD Mechatronik, Feldkirchen-Westerham, Germany)
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After dynamic fatigue loading, group C exhibited the best 
adaptation, while group B demonstrated the least favorable 
adaptation. These changes were statistically significant 
based on the outcomes of ANOVA. Tukey’s post hoc HSD 
test revealed significant differences between groups A and 
B, groups A and C, and groups B and C (Table 1, Fig. 9).

Regarding the effect of  dynamic fatigue loading on 
retention within each group, retention decreased in groups 
A and B after loading, whereas it increased in group C. 
These changes were statistically significant based on the 
results of the paired t-test (Table 2, Fig. 10).

Comparison of  retention among the 3 groups before 
and after dynamic fatigue loading revealed that group C 
achieved the highest retention values, while group  B 
exhibited the lowest retention. These differences were 
statistically significant according to ANOVA. Tukey’s post 
hoc HSD test indicated significant differences between 
groups  A and B, groups A  and C, and groups B and C 
(Table 2, Fig. 10).

Discussion 
The present study aimed to evaluate the retention and 

adaptation of  reinforced maxillary dentures fabricated 
using CAD/CAM with Co–Cr and zirconia frameworks, 
compared with conventional acrylic resin dentures, before 
and after dynamic fatigue loading. Adequate denture 
adaptation contributes to good retention, stability and 
support.24

Table 1. Root mean square (RMS) deviation values for denture base adaptation before and after dynamic fatigue loading in the 3 groups

Dynamic fatigue 
loading

Group A  
(conventional acrylic resin)

Group B  
(Co–Cr framework)

Group C  
(zirconia framework) F-value p-value 

(ANOVA)
M SD M SD M SD

Before loading 0.39 0.06 0.43 0.06 0.38 0.04 3.107 0.057

After loading 0.53a 0.07 0.61b 0.08 0.31c 0.04 63.458 <0.00001*

p-value  
(paired t-test)

<0.0001* <0.0001* 0.0016* –

* statistically significant (p ≤ 0.05); Co–Cr – cobalt–chromium. Different superscript letters indicate statistically significantly differences between the groups 
(Tukey’s post hoc honestly significant difference (HSD) test). Mean (M) and standard deviation (SD) values are presented in millimeters [mm]. 

Table 2. Retention values before and after dynamic fatigue loading

Dynamic fatigue 
loading

Group A  
(conventional acrylic resin)

Group B  
(Co–Cr framework)

Group C  
(zirconia framework) F-value p-value 

M SD M SD M SD

Before loading 13.34a 1.51 11.37b 0.74 19.19c 0.88 179.094 <0.0001*

After loading 10.66a 0.75 9.32b 0.78 20.04c 0.96 636.585 <0.00001*

p-value <0.0001* <0.0001* 0.0102* –

* statistically significant (p ≤ 0.05). Different superscript letters indicate statistically significant differences between the groups (Tukey’s post hoc HSD test). 
Mean and SD values are presented in Newtons [N].

Fig. 9. Bar chart showing the root mean square (RMS) deviation values for 
denture base adaptation before and after dynamic fatigue loading in the 
3 groups

Fig. 10. Bar chart showing the mean retention values before and after 
dynamic fatigue loading in the 3 groups
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Definitive master casts were obtained from patients to 
include a diverse range of residual alveolar ridge shapes 
and forms. These anatomical variations were carefully 
considered during the design and execution of the cross
over study. However, it is crucial to emphasize that these 
variations did not introduce bias or significantly influence 
the study outcomes. A similar approach was reported by 
Faty et al. and Abd El Galil et al., 23,25 who incorporated 
casts from different patients to evaluate denture adaptation 
and retention. 

The geometric center of the arch was manually deter-
mined on the definitive master cast before scanning and 
later transferred to the framework design for standard-
ization. While digital application during the design pro-
cess of both frameworks would provide greater accuracy, 
transferring this position to the conventional denture was 
difficult.23 The geometric center was chosen to measure 
the retention of the denture base based on previous stud-
ies reporting this region as the most reliable for testing 
the retention of maxillary complete dentures.26,27

A desktop scanner (D850; 3Shape) with a  camera 
resolution of  5 MP and an  accuracy of  4 μm was used. 
This open system allows data export to the PartialCAD 
software.25 The definitive master cast scans were exported 
to OBJ files and imported into the PartialCAD module 
to preserve the drawn data on the cast. A  plate design 
was used to reinforce the maxillary denture rather than 
a mesh or wire embedded within the acrylic denture base. 
It was found that the use of  metal wire reinforcement 
inhibits polymerization and thermal shrinkage of the dough 
resin during denture construction, thereby compromising 
denture adaptation.28

A 5-axis dental milling machine (CORiTEC 350i; 
imes-icore GmbH) was used to construct the frameworks. 
This system offers advantages over conventional 3-axis 
machines. It enables movement in 3 spatial directions, 
in addition to rotational movement along the 4th axis. 
Additionally, the milling spindle of this machine can rotate, 
providing the 5th axis of motion. These combined func
tionalities facilitate the milling process of complex geom
etries with subsections.29 Different bur sizes were used, as 
large burs provide good durability and an excellent cut
ting rate, while smaller burs allow accurate reproduction 
of fine details. Precise cutting is an important factor in the 
CAD/CAM milling process.30

Denture adaptation was evaluated using the Geomagic 
software, a surface-matching program that enables super
imposition of 2 surfaces to determine deviations between 
them.24 The calculated mean values might be close to 0, 
which is non-practical, indicating a perfect fit. Therefore, 
the root mean square (RMS) values were used to elimi-
nate the influence of positive and negative signs.31,32

A gingival mask with viscoelastic properties similar to 
those of oral mucosa and minimal dimensional change or 
permanent deformation was used during retention mea
surements and chewing simulation. To ensure a  stable 

non-movable model surface, the gingival mask was bonded 
to the underlying model using an adhesive.33 During chew-
ing simulation, the load was applied to the center of a metal 
plate. Metal was selected instead of acrylic due to its supe-
rior stress distribution properties, as demonstrated in pre-
vious studies.34–36 The simulation consisted of  2,500,000 
chewing cycles, representing approx. 1 year of dental func
tion.37 During the retention measurements and chewing 
simulation, Glandosane artificial saliva was employed. 
Artificial saliva simulates oral conditions and influences the 
biological properties of the materials, while also removing 
debris resulting from material wear.38,39 Bayer et al. demon-
strated that the absence of saliva can alter frictional wear, 
consequently affecting retention force values.40

Hwang et al. reported an acceptable range for adapta-
tion deviation, ranging between 0.05 mm and 0.30 mm.41 
In the present study, before dynamic fatigue loading, all 
maxillary single dentures demonstrated acceptable adap-
tation values, with no statistically significant differences 
observed between the groups. Hence, all methods may be 
considered suitable for restoring single maxillary arches. 
However, subjecting the dentures to dynamic fatigue load-
ing revealed a  statistically significant difference among 
the groups, leading to the rejection of the null hypothesis. 
Among the tested groups, group C (zirconia framework) 
exhibited the best adaptation, which may be attributed to 
the high flexural and bending strength of  nanozirconia 
(900–1,200 MPa).42 These values surpass those of milled 
Co–Cr (480 ±20 MPa)43 and conventional acrylic resin 
(624.6–825.4 MPa).44 On the other hand, the adaptation 
of  group A  (conventional acrylic resin) decreased after 
dynamic fatigue loading, Notably, our study demonstrated 
that group A  showed better adaptation than group B 
(Co–Cr framework). This difference may be attributed to 
water absorption of acrylic resin during the experimental 
period.45,46

In a  study conducted by Amaral  et  al., the flexural 
strength of  surface-treated Y-TZP disks was evaluated 
before and after mechanical cycling.47 The researchers 
observed a phase transformation from the tetragonal to 
monoclinic phase, resulting in the creation of  a  super
ficial compression layer that enhanced surface toughness 
and increased initial flexural strength. Regarding Co–Cr 
alloys, hard milling of  Co–Cr blocks minimized the 
occurrence of  casting defects.48 However, Kim  et  al. con
cluded that milled Co–Cr exhibited inferior mechanical 
properties and was considered the least favorable method 
for Co–Cr manufacturing.43 This was attributed to the 
presence of  a  large grain size in milled Co–Cr, which 
adversely affected its mechanical properties, particularly 
yield strength.

In the present study, all groups demonstrated accept-
able retention values. However, zirconia-reinforced den-
tures (group C) exhibited the highest retention both 
before and after dynamic fatigue loading. This finding 
can be explained by the well-established relationship 
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between complete denture retention and good denture 
base adaptation, as reported in numerous studies.4,49,50 
Thus, the observed retention results are consistent with 
the findings related to adaptation.

Limitations 

Several limitations of  the present study should be 
acknowledged. Laboratory methods and results may not 
fully reflect clinical performance. Although the chewing 
simulator provided a  controlled environment for evalu-
ating denture adaptation and retention, it could not fully 
replicate the complex and dynamic oral conditions expe-
rienced by patients in real-life situations. Factors such as 
variations in salivary flow, oral muscle activity and oral 
hygiene practices may influence denture behavior in the 
clinical setting. Therefore, caution should be exercised 
when extrapolating these findings to clinical practice. 
Further research, including clinical studies with long-
term follow-up, is required validate the results of  this 
laboratory-based investigation.

Conclusions
Maxillary single dentures reinforced with zirconia 

frameworks can be considered a  successful alternative 
approach to Co–Cr frameworks for prosthetic rehabilitation 
using digital technology.
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Abstract
The objective of  the study was to comprehensively synthesize and critically evaluate the effectiveness, 
safety and clinical applicability of various laser therapies in the management of oral lichen planus (OLP), 
including photodynamic therapy (PDT), photobiomodulation therapy (PBMT) and high-intensity laser 
therapy (HILT), and to provide guidelines for clinicians.

A  structured literature review was conducted following the PRISMA (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses) guidelines, and recommendations were formulated. A  total 
of 23 relevant studies published between 2015 and 2025 were identified through searches of multiple 
biomedical databases. The risk of bias and quality of evidence were assessed, focusing on clinical outcomes 
such as reduction in lesion severity, pain relief, mucosal healing, and recurrence rates.

Laser therapies demonstrated effectiveness in reducing lesion size and pain, with safety profiles 
comparable to or superior to those of conventional corticosteroid treatments. Photobiomodulation therapy 
and HILT showed particularly favorable outcomes, including lower recurrence rates and fewer adverse 
effects. However, heterogeneity in treatment protocols and laser parameters limited direct comparisons, 
with corticosteroids remaining the first-line treatment.

Review 

Laser therapies for oral lichen planus: An overview of systematic reviews  
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Laser-based therapies are valuable adjuncts or alternatives for patients with OLP 
who are intolerant to corticosteroids. Standardized treatment protocols and further 
large-scale randomized controlled trials with longer follow-up periods are needed 
to optimize clinical guidelines and enable personalized therapy. Photobiomodulation 
therapy is recommended as the safest and most effective modality for erosive OLP.

Keywords: photodynamic therapy, oral lichen planus, low-level laser therapy, high-
intensity laser therapy, photobiomodulation

cytotoxic CD8+ T lymphocytes trigger apoptosis of basal 
keratinocytes in the oral epithelium. Lichen planus 
occurs in cutaneous (skin) and mucosal (organ-specific, 
e.g., oral) forms. In its etiology, mast cells play a key role by 
releasing mediators like histamine and cytokines, con
tributing to the inflammatory infiltrate and basal keratino
cyte damage characteristic of the disease. In cutane-
ous and mucosal lichen planus, laser therapy is effective 
mainly in the superficial type, where laser radiation tar-
gets lesions limited to the epidermis, minimizing penetra-
tion into deeper layers. Factors implicated in the patho-
genesis of OLP include genetic predispositions, infections 
such as the hepatitis C virus, psychological stress, certain 
medications, and dental materials that may act as triggers 
or exacerbating agents.6,7 Epigenetic modifications and 
alterations in the oral microbial environment may also 
contribute to disease onset and progression. Systemic 
associations such as autoimmune thyroid disease, diabetes 
mellitus and hypertension (Grinspan’s syndrome) have 
also been described.​ Clinically, 6 types of OLP are distin-
guished: reticular; papular; plaque-like; atrophic; erosive 
(ulcerative); and bullous. The reticular form is the most 
common and is typically asymptomatic, characterized by 
bilateral white, lace-like Wickham’s striae on the buccal 
mucosa, tongue and gingiva. The erosive and atrophic 
forms present with pain, erythema, ulceration, and 
mucosal atrophy and are associated with a  higher risk of 

Highlights

	• These recommendations and structured literature review synthesize evidence from 23 systematic reviews 
and meta-analyses evaluating laser-based therapies for oral lichen planus (OLP).

	• Photobiomodulation and photodynamic therapy demonstrate clinical effectiveness comparable to topical 
corticosteroids in reducing pain and lesion severity.

	• High-intensity laser therapy provides superior short-term analgesia but requires strict parameter control 
due to thermal risks.

	• Laser-based therapies show favorable safety profiles and lower recurrence rates, particularly in patients 
with steroid-resistant or steroid-intolerant OLP.

	• Significant heterogeneity in laser parameters and short follow-up periods limit direct comparison and long-term 
conclusions.

Introduction

Rationale 

Although lichen planus may present as a systemic 
mucocutaneous disorder involving both oral and extraoral 
sites, the present review focuses specifically on its oral 
manifestation (oral lichen planus (OLP)), as the majority 
of available clinical studies do not stratify outcomes according 
to systemic involvement.1–3 Oral lichen planus should be 
interpreted within the broader spectrum of lichen planus 
as a systemic, immune-mediated disorder that may involve 
multiple anatomical sites, including the oral mucosa, 
skin, genital mucosa, and nails. From a clinical and patho
physiological perspective, it is critical to distinguish isolated 
oral manifestations from multi-organ disease, as these 
phenotypes may differ in immune activity, chronicity and 
therapeutic response. These recommendations focus on 
the topical treatment of oral symptoms.3 The condition 
is characterized by periods of  remission and exacerba
tion, which lead to fluctuating clinical manifestations and 
require long-term management and monitoring due to its 
chronic nature and potential for malignant transformation 
in some forms.3–5 The etiology of  OLP is multifactorial 
and complex, involving a dysregulated immune response 
in genetically predisposed individuals. Oral lichen planus is 
considered a  T-cell-mediated autoimmune disease where 
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malignant transformation and significant morbidity. The 
plaque-like form resembles leukoplakia, while the bullous 
type features vesicles or bullae that rupture easily. Each 
subtype may require different therapeutic approaches 
tailored to symptom severity and risk profile.7–11 Laser-
based therapies have emerged as an important treatment 
modality in the management of OLP, especially its erosive 
and ulcerative types that are refractory to conventional 
corticosteroid therapy. Various types of  lasers, includ
ing photobiomodulation therapy (PBMT),12–17 diode 
lasers,18,19 CO2 lasers,19–23 and neodymium-doped yttrium 
aluminum garnet (Nd:YAG) lasers,17,19–21,24–26 provide 
targeted anti-inflammatory12–14,17–30 and analgesic 
effects,15,16,20–22,27,29 promote mucosal healing13,14,29 and 
reduce lesion size with minimal adverse effects.19,22,28,29 The 
advantages of laser treatments include precision applica
tion, reduced need for systemic immunosuppressants, 
decreased recurrence rates, and improved patient comfort 
and quality of  life.11,31,32 These features make laser therapy 
a valuable addition or alternative in the management 
of OLP.​

Objectives 

The aim of these recommendations and the structured 
literature review was to systematically synthesize and 
critically appraise high-quality evidence derived from 
systematic reviews and meta-analyses evaluating laser-
based therapies in the management of OLP. Specifically, 
the review seeks to assess the clinical effectiveness, safety 
profile and practical applicability of  different laser 
modalities, including PBMT, photodynamic therapy (PDT) 
and high-intensity laser therapy (HILT), with respect to 
pain reduction, improvement in lesion severity, mucosal 
healing, and recurrence control. In addition, the objec-
tive is to identify strengths and limitations within the 
existing evidence base, with particular emphasis on het-
erogeneity in laser parameters and treatment protocols. 
By consolidating current evidence, the review intends to 
support informed clinical decision-making, contribute to 
the optimization and standardization of  laser treatment 
strategies, and provide evidence-based recommendations 
endorsed by the Polish Society for Laser Dentistry, espe-
cially for patients who are resistant or intolerant to con-
ventional corticosteroid therapy.32–36

Material and methods
These recommendations and the structured literature 

review were conducted in accordance with the Joanna 
Briggs Institute (JBI) and PRISMA (Preferred Reporting 
Items for Systematic reviews and Meta-Analyses) 
2020 guidelines for umbrella reviews. The study was 
registered in the PROSPERO database (registration 
No. CRD420251172714).37–41

PICO question 

The following PICO question was formulated: In 
patients diagnosed with OLP (Population), do laser-based 
therapies, including PBMT, PDT and HILT (Interven
tion), compared with conventional pharmacologic man-
agement (such as topical corticosteroids), placebo or 
sham laser treatment, or other non-laser therapeutic 
approaches (Comparison), lead to improved clinical out
comes, including reduction in pain, lesion severity, 
enhancement of mucosal healing, and decreased recurrence 
rates (Outcome)?42

Search strategy 

A detailed and systematic search was performed 
across major electronic databases, including PubMed®/
MEDLINE, Embase, Scopus, and the Cochrane Library, to 
identify published systematic reviews and meta-analyses 
examining laser therapy for the prevention or treatment 
of  OLP. Three reviewers conducted the search using 
a  predefined set of  Medical Subject Headings (MeSH) 
terms and free-text keywords related to OLP and laser 
therapy. The initial search, limited to English-language 
studies with no publication year restrictions, included 
all records available up to October 1, 2025. The screen-
ing process followed a two-step procedure: first, titles and 
abstracts were screened, and then full-text articles were 
assessed by 3 reviewers against predefined inclusion and 
exclusion criteria. To capture any additional relevant pub-
lications, reference lists of all eligible reviews were manu-
ally checked. Overall, the search strategy was designed to 
identify systematic reviews and other high-quality evi-
dence on the efficacy of laser-based interventions in the 
management of OLP. The final syntax covered literature 
published between 2015 and 2025 across the selected bio-
medical databases (Table 1).

Study selection process

To ensure methodological rigor and minimize potential 
bias, study selection followed a structured and transpar
ent screening process conducted independently by 3 
reviewers. The procedure began with an  initial assessment 
of titles and abstracts based on predefined inclusion and 
exclusion criteria specifically designed for the objectives 
of  these recommendations and the comprehensive 
literature review. The study focused on systematic reviews 
and meta-analyses that examined the effectiveness 
of laser-based therapies and related photobiomodulation 
approaches in the management of  OLP. Eligible stud
ies were required to report clinically relevant outcomes, 
such as reductions in lesion size, pain intensity, burning 
sensation, erythema, or improvement in mucosal heal
ing. To ensure data quality, only peer-reviewed articles 
with a  transparent methodology, including control or 
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comparison groups and measurable outcomes, were 
included. Exclusion criteria comprised non-peer-reviewed 
publications, opinion pieces (such as narrative reviews or 
editorials), conference abstracts, and unpublished theses. 
Studies not written in English, lacking sufficient method-
ological details, or not directly evaluating laser interven-
tions for OLP were also excluded. Duplicated reports and 
secondary analyses derived from the same dataset were 
omitted unless they provided novel insights or additional 
data.

To ensure objectivity and minimize the potential for 
selection bias, the initial screening of titles and abstracts 
was performed independently by 3 reviewers. The level 
of  inter-reviewer agreement was quantified using 
Cohen’s kappa coefficient, providing an  objective measure 
of consistency across assessments. Any discrepancies in 
study selection were resolved through structured consen-
sus discussions to maintain transparency and uniformity 
throughout the review process.40–42

Data extraction 

Essential information collected from each included 
review comprised the first author’s name, year of publica
tion, review design (systematic review or meta-analysis), 
clinical context, and demographic characteristics of  the 
patient populations. Extracted data included the type 
of laser or light source, wavelength, power output, energy 
density, application technique, duration of  exposure, 
and the number of  treatment sessions. When available, 
additional parameters such as treatment frequency, target 
tissue site, and whether laser therapy was used as a primary 

or  adjunctive treatment were also documented. Out-
comes of interest encompassed both primary and second-
ary clinical measures, including reduction in lesion size 
or severity, pain or burning sensation relief, improvement 
in mucosal healing, and enhancement of patients’ quality 
of life, where applicable. 

Assessment of the risk of bias 

The methodological quality of each included study was 
evaluated independently by 3 reviewers using a  struc
tured assessment of  the risk of  bias. This tool encom-
passed 9 domains aimed at assessing both methodological 
transparency and internal validity. The evaluation criteria 
were as follows:
1.	 Comprehensive identification and description of  the 

laser system and treatment parameters (e.g., wave-
length, power output, energy density, and application 
technique);

2.	 Clear definition of treatment protocols, including fre-
quency, duration, and whether the therapy was used as 
a primary or adjunctive intervention;

3.	 Specification of clinically relevant outcomes such as 
improvement in lesion severity, pain reduction or 
mucosal healing;

4.	 Inclusion of appropriate control or comparator groups;
5.	 Transparent inclusion criteria with detailed character-

ization of the patient population;
6.	 Consideration of bias control measures, including ran-

domization and blinding where applicable;
7.	 Appropriateness, transparency and reproducibility 

of statistical analyses;

Table 1. Search strategy used in the study

Source Search syntax Filters Search results, n

PubMed®/MEDLINE

(“Oral Lichen Planus”[MeSH Terms] OR “Oral Lichen Planus”[Title/Abstract] OR “OLP” [Title/
Abstract]) AND (“Laser Therapy”[MeSH Terms] OR “Laser”[Title/Abstract] OR “Lasers”[Title/

Abstract] OR “Laser Treatment”[Title/Abstract] OR “Low-Level Laser Therapy”[Title/Abstract] 
OR “Photobiomodulation”[Title/Abstract] OR “PBM”[Title/Abstract] OR “Photodynamic 

Therapy”[Title/Abstract] OR “PDT”[Title/Abstract] OR “CO2 laser”[Title/Abstract] OR “Er:YAG 
laser”[Title/Abstract] OR “Er,Cr:YSGG laser”[Title/Abstract] OR “Nd:YAG laser”[Title/Abstract] OR 
“Diode laser”[Title/Abstract] OR “KTP laser”[Title/Abstract] OR “Phototherapy”[Title/Abstract] 

OR “Light therapy”[Title/Abstract] OR “Laser irradiation”[Title/Abstract])

systematic 
reviews  

2015–2025
30

Embase

(‘oral lichen planus’/exp OR ‘oral lichen planus’:ti,ab OR ‘olp’:ti,ab) AND (‘laser therapy’/exp 
OR ‘laser’:ti,ab OR ‘lasers’:ti,ab OR ‘laser treatment’:ti,ab OR ‘low level laser therapy’:ti,ab OR 

‘photobiomodulation’:ti,ab OR ‘pbm’:ti,ab OR ‘photodynamic therapy’/exp OR ‘photodynamic 
therapy’:ti,ab OR ‘pdt’:ti,ab OR ‘co2 laser’:ti,ab OR ‘er:yag laser’:ti,ab OR ‘er,cr:ysgg laser’:ti,ab 

OR ‘nd:yag laser’:ti,ab OR ‘diode laser’:ti,ab OR ‘ktp laser’:ti,ab OR ‘phototherapy’/exp OR 
‘phototherapy’:ti,ab OR ‘light therapy’:ti,ab OR ‘laser irradiation’:ti,ab)

reviews  
2015–2025

60

Scopus

(TITLE-ABS-KEY(“oral lichen planus”) OR TITLE-ABS-KEY(OLP) AND TITLE-ABS-KEY(“laser therapy”) OR 
TITLE-ABS-KEY(laser) OR TITLE-ABS-KEY(lasers) OR TITLE-ABS-KEY(“laser treatment”) OR TITLE-ABS-
KEY(“low level laser therapy”) OR TITLE-ABS-KEY(photobiomodulation) OR TITLE-ABS-KEY(PBM) 

OR TITLE-ABS-KEY(“photodynamic therapy”) OR TITLE-ABS-KEY(PDT) OR TITLE-ABS-KEY(“CO2 
laser”) OR TITLE-ABS-KEY(“Er:YAG laser”) OR TITLE-ABS-KEY(“Er,Cr:YSGG laser”) OR TITLE-ABS-

KEY(“Nd:YAG laser”) OR TITLE-ABS-KEY(“diode laser”) OR TITLE-ABS-KEY(“KTP laser”) OR TITLE-ABS-
KEY(phototherapy) OR TITLE-ABS-KEY(“light therapy”) OR TITLE-ABS-KEY(“laser irradiation”))

reviews  
2015–2025

94

Cochrane Library

(“oral lichen planus” OR OLP) AND (“laser therapy” OR laser OR lasers OR “laser treatment” OR 
“low level laser therapy” OR photobiomodulation OR PBM OR “photodynamic therapy” OR PDT 
OR “CO2 laser” OR “Er:YAG laser” OR “Er,Cr:YSGG laser” OR “Nd:YAG laser” OR “diode laser” OR “KTP 

laser” OR phototherapy OR “light therapy” OR “laser irradiation”)

reviews  
2015–2025

81
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8.	 Clarity and completeness in outcome reporting, 
including adverse effects and follow-up data;

9.	 Disclosure of  funding sources and potential conflicts 
of interest.

This risk-of-bias assessment was developed by the 
authors due to the lack of a standardized scoring system 
applicable to the synthesis of clinical recommendations.

Results

Study selection 

The PRISMA flow diagram outlines the process of study 
selection (Fig. 1). A total of 265 records were initially iden-
tified through database searches, including PubMed®/
MEDLINE (n  =  30), Embase (n  =  60), Scopus (n  =  94), 
and the Cochrane Library (n  =  81). After removing 97 
duplicate records, 168 unique records were screened for 
eligibility. Of these, 143 were excluded based on title and 
abstract screening, leaving 25 reports for full-text assess-
ment. Two of  these were excluded as duplicates, result-
ing in 23 studies meeting the inclusion criteria and being 
included in the final review. Additionally, 7 records were 
identified through other sources, namely websites (n = 5) 

and citation search (n = 2). However, all 7 were excluded 
after full-text evaluation because they did not meet the 
inclusion criteria. 

Risk of bias 

As summarized in Table 2, all but one study were 
judged to be at low risk of bias. Importantly, no studies 
were excluded solely based on their risk-of-bias rating.

Characteristics of the included reviews 

A total of  23 systematic reviews and meta-analyses 
published between 2017 and 2025 were included in this 
overview (Table 3). These studies collectively examined 
the efficacy of various phototherapeutic approaches, such 
as PDT, PBMT and HILT, in comparison with conven-
tional corticosteroid therapy for the management of OLP 
and related oral potentially malignant disorders. Early 
evidence indicated that both PDT and PBMT were 
effective in alleviating OLP symptoms but not consistently 
superior to topical corticosteroids.43–46 Subsequent 
reviews confirmed that phototherapy improved pain and 
lesion severity with minimal adverse effects.47,49,53,54,62,63 
More recent meta-analyses provided stronger evidence 

Fig. 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) 2020 flow diagram of the study selection process
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that PBMT and HILT significantly reduced pain and pro-
duced clinical outcomes comparable or superior to cor-
ticosteroids.55–59 Reviews focused on aminolevulinic acid 
(ALA)-mediated PDT and symptomatic OLP further sup
ported the effectiveness, safety and tolerability of  these 
light-based treatments.43,48,51,60 Overall, the included 
reviews consistently demonstrated that phototherapies 
are effective, safe and minimally invasive alternatives or 

adjuncts to corticosteroid therapy for managing symptom
atic and erosive forms of OLP.

Photodynamic therapy consistently improves clinical 
scores and symptoms in OLP, though it is generally not 
superior to corticosteroid treatment in efficacy.43 Studies 
have shown that PDT is effective and safe. Some papers 
indicate similar or better outcomes after PDT compared 
to topical steroids, but heterogeneity in trials limits firm 
conclusions.46 Photodynamic therapy yields high response 
rates and is minimally invasive, though protocols vary 
widely.47 Aminolevulinic acid-mediated PDT specifically 
shows strong lesion reduction, symptom improvement 
and low recurrence without adverse effects.48 Multiple 
studies have confirmed that PDT using various photo
sensitizers significantly improves OLP symptoms, with 
ALA-mediated PDT often yielding the best outcomes.49 
Meta-analyses reveal that the reductions in pain and lesion 
size with PDT are comparable to corticosteroid treatment, 
but limited RCTs and data heterogeneity prevent definitive 
conclusions.51 Phototherapy combining PDT and PBMT 
improves symptoms, although many studies have high risk 
of bias and use diverse laser parameters.52 Photodynamic 
therapy shows similar effectiveness to corticosteroids, and 
ALA-mediated PDT is a suitable alternative when steroids 
are contraindicated.53 According to a  network meta-
analysis, PDT improves clinical and pain scores to a greater 
extent than placebo treatment but is inferior to cortico-
steroids, which remain the most effective modality.62 
Methylene blue (MB)-mediated PDT is a safe alternative 
comparable to corticosteroids, but its superiority is not 
established.65 Photobiomodulation therapy is generally con
sidered effective and safe, though evidence remains weaker 
and protocols vary.44,45,61 This method has been shown to 
significantly reduce pain and lesion severity, comparable to 
the efficacy of corticosteroids, while maintaining a favor
able safety profile.50,58,60 Photobiomodulation therapy also 
helps to relieve long-term pain and reduce the likelihood 
of recurrence; however, larger trials are required to con
firm these outcomes.57 Some studies suggest that PBMT 
is a  reasonable alternative to corticosteroids, while the 
effectiveness of PDT remains less conclusive.54 High-
intensity laser therapy shows superior pain relief compared 
to steroids, with PBMT demonstrating similar efficacy.56 
Photobiomodulation therapy is as effective as corticosteroids 
and is recommended for steroid-resistant cases, though 
standardization is needed.63 Overall, laser-based therapies 
are useful adjuncts to corticosteroids, especially in resis-
tant or steroid-contraindicated OLP, but corticosteroids 
remain the first-line treatment.62

In general, the included evidence indicates that PBMT 
and PDT provide clinical improvement comparable to 
topical corticosteroids, while HILT may offer stronger 
analgesic effects. CO2 laser ablation shows promising 
long-term outcomes in refractory cases. However, hetero
geneity in laser parameters and short follow-up periods 
limit the strength of the conclusions (Table 4).

Table 2. Results of the risk-of-bias assessment

Study Score (0–9) Risk

Akram et al.  
201843 8 low

Akram et al.  
201844 9 low

Al-Maweri et al.  
201745 8 low

Al-Maweri et al.  
201846 9 low

Binnal et al.  
202247 9 low

Bordoloi et al.  
202448 7 low

Choudhary et al.  
202249 7 low

de Carvalho et al.  
202250 7 low

Gulzar et al.  
202351 6 moderate

Hanna et al.  
202352 8 low

He et al.  
202053 9 low

Jajarm et al.  
201854 8 low

Leong et al.  
202355 9 low

Liu et al.  
202556 9 low

Lu et al.  
202557 8 low

Mahuli et al.  
202458 8 low

Nagi et al.  
202359 8 low

Ruiz Roca et al.  
202260 9 low

Sandhu et al.  
202261 7 low

Serafini et al.  
202362 

7 low

Soh et al.  
202463 9 low

Sridharan and Sivaramakrishnan  
202164 8 low

Waingade et al.  
202265 8 low
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Table 3. Summary of the studies included in the review

Study Study 
type

Studies 
included, n

Laser 
intervention Databases searched

Range 
of publication 

year
Study design Outcomes

Akram et al.  
201843 SR 6 PDT MEDLINE, Embase, 

CENTRAL
up to August 

2017 clinical trials
PDT improved OLP 

symptoms but was not 
superior to corticosteroids.

Akram et al.  
201844 SR 5 PBMT

MEDLINE, PubMed®, 
Embase, ISI Web 

of Knowledge, Science 
Direct, Scopus, 

CENTRAL, Cochrane 
Oral Health Trials 

Register

up to April 2017 3 RCTs, 
2 non-RCTs

Evidence is weak, with 
no clear superiority 

of PBMT: 3 studies favored 
corticosteroids; 1 study 

favored PBMT.

Al-Maweri et al.  
201745 SR 6 PBMT PubMed®, Scopus, Web 

of Science
up to December 

2016 clinical trials

PBMT is effective for 
symptomatic OLP, with no 
adverse effects, and may 
serve as an alternative to 

corticosteroids.

Al-Maweri et al.  
201846 SR 5 PDT

PubMed®/MEDLINE, 
Scopus, ISI Web 
of Knowledge

2014–July 2017 3 RCTs, 
2 non-RCTs

All studies showed that PDT 
is effective for symptomatic 

OLP; 2 studies found it as 
effective as steroids, one 
found it superior and 2 
found it inferior. Overall, 

the evidence is limited and 
heterogeneous.

Binnal et al.  
202247 SR and M 49 PDT

PubMed®/MEDLINE, 
Embase, Cochrane 

Library, CINAHL

up to 
September 2021

RCTs, non-RCTs, 
single-arm 

studies, 
case series, 

retrospective 
cohort studies

A 60.6% CR and 93.7% AR 
were reported. PDT was 

most effective for dysplasia/
CIS (CR: 81%), followed by 
actinic cheilitis (CR: 73.9%); 
no significant differences 

as compared to other 
treatments were observed 

in RCTs. Overall, the 
evidence is moderate.

Bordoloi et al.  
202448 SR 17 ALA-mediated 

PDT
PubMed®/MEDLINE, 

Google Scholar
January 2008–
February 2023

prospective 
clinical studies, 

comparative 
studies

ALA-mediated PDT is 
effective, minimally invasive, 

safe, and well tolerated. 
CR and PR are common, 

recurrence rates are 
low, and outcomes vary 
depending on ALA form, 
concentration and light 

source. No severe adverse 
events or photosensitivity 

were reported.

Choudhary et al.  
202249 SR 18

ALA-, MB- and 
TBO-mediated 

PDT

PubMed®/MEDLINE, 
Web of Science, 

Cochrane Library
2000–2020

clinical 
intervention 

studies, 
comparative 
studies, case 

series

ALA-mediated PDT is 
a promising first-line 

option for OEL lesions, with 
both LED and laser light 

providing effective clinical 
results.

de Carvalho et al.  
202250 SR and M 17 PBMT

PubMed®/MEDLINE, 
Embase, Scopus, Web 

of Science
up to July 2020 RCTs

PBMT reduced pain 
and lesion severity and 

was comparable to 
corticosteroids.

Gulzar et al.  
202351 SR 8 PDT vs. 

corticosteroids

PubMed®, Embase, 
Google Scholar, 

Semantic Scholar, 
X-MOL, Dimensions

up to May 2023 RCTs PDT improved symptoms 
of OLP.

Hanna et al.  
202352 SR 9 PBMT and aPDT

PubMed®/MEDLINE, 
PubMed Central, 
Embase, CINAHL, 
Cochrane Library, 
ProQuest, Scopus, 
ClinicalTrials.gov

up to February 
2023 RCTs

PBMT/aPDT improved pain 
and quality of life. There was 
high heterogeneity among 

the studies.

He et al.  
202053 SR and M 16

PDT vs. 
corticosteroids or 

pre/post PDT

PubMed®, Web 
of Science, Cochrane 

Library, Embase, EBSCO

up to December 
2019

clinical studies, 
case series

PDT improved lesion 
response, reduced lesion 

size and was comparable to 
corticosteroids.
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Study Study 
type

Studies 
included, n

Laser 
intervention Databases searched

Range 
of publication 

year
Study design Outcomes

Jajarm et al.  
201854 SR and M 13 PBMT and PDT

ISI Web of Knowledge, 
Cochrane Library, 
MEDLINE, Embase

up to April 2018 RCTs, before-and-
after trials

PBMT significantly reduced 
pain and sign scores, 

whereas the evidence for 
PDT was less conclusive.

Leong et al.  
202355 SR and M 37 PDT MEDLINE, Embase, 

CENTRAL up to 2022 RCTs
Topical corticosteroids 
remain the preferred 

treatment for OLP.

Liu et al.  
202556 SR and M 16 HILT and PBMT

PubMed®, Embase, 
Cochrane Library, 

Web of Science, CNKI, 
SinoMed

up to October 
2024 RCTs

HILT provided greater pain 
relief than TCS, and PBMT 

showed similar effects, 
performing best below 

120 J/cm2. Both treatments 
lowered recurrence rates 
and increased cure rates. 
PBMT had no side effects, 

unlike HILT and TCS. HILT and 
PBMT appear to be useful 

alternatives to TCS, although 
larger studies are still needed.

Lu et al.  
202557 SR and M 12 PBMT

PubMed®, Embase, 
CINAHL, Cochrane 

Library, Web of Science

up to February 
2023 RCTs

PBMT improved pain and 
lesion severity, reduced 

relapse risk, and showed no 
adverse events.

Mahuli et al.  
202458 SR and M 10 PBMT

Cochrane Library, 
MEDLINE, PubMed®, 

Scopus, LILACS, 
Google Scholar, 

ClinicalTrials.gov, CTRI

2011–2022 RCTs

The study favored PBMT 
for pain reduction (n = 274, 
MD = −0.48, 95% CI: −0.66 
to −0.30), with no adverse 
effects reported for laser 

therapy.

Nagi et al.  
202359 SR 10

MB- or TBO-
mediated PDT vs. 

corticosteroids 
(dexamethasone, 

triamcinolone, 
betamethasone)

PubMed®/MEDLINE, 
Embase, Scopus, Web 

of Science, Google 
Scholar, ScienceDirect

January 2015–
July 2021

RCTs and 
controlled trials

PDT reduced pain and lesion 
size. Four studies favored PDT, 
1 favored corticosteroids, and 

2 showed equal outcomes. 
No major adverse effects 

were reported.

Ruiz Roca et al.  
202260 SR 7 PBMT

PubMed®, Google 
Scholar, Cochrane 

Library

May 2017–May 
2022 clinical studies

PBMT improved symptoms 
in erosive OLP and showed 

no adverse effects.

Sandhu et al.  
202261 SR 70 PBMT and PDT PubMed®, Scopus, Web 

of Science
up to March 

2021 RCTs
Topical corticosteroids 
remain the most cost-

effective and reliable choice.

Serafini et al.  
202362 SR 15 PBMT and PDT PubMed®/MEDLINE January 2005–

September 2022 RCTs

Further research is 
necessary to establish the 

role of PDT in the treatment 
of OLP (first-line treatment 

vs. adjuvant therapy).

Soh et al.  
202463 SR and M 8 PBMT PubMed®, Scopus, 

Cochrane Library up to June 2023
RCTs, 

observational 
studies

PBMT is as effective as 
other therapies and is 
a suitable alternative 

when corticosteroids are 
contraindicated.

Sridharan and 
Sivaramakrishnan  
202164

SR and M 55 PDT PubMed®, CENTRAL up to October 
2020 RCTs

Corticosteroids are the most 
effective treatment for OLP, 

while PDT is among the 
effective alternatives for 

symptom reduction.

Waingade et al.  
202265 SR and M 5 MB-mediated 

PDT

PubMed®/MEDLINE, 
PubMed Central, 
CENTRAL, Google 

Scholar, ScienceDirect, 
DOAJ

January 2010–
February 2022 RCTs

Both MB-mediated PDT and 
corticosteroids are effective. 
MB-mediated PDT is a safe 

alternative with similar 
outcomes.

ALA – aminolevulinic acid; aPDT – antimicrobial photodynamic therapy; AR – any response; CENTRAL – Cochrane Central Register of Controlled Trials; 
CI – confidence interval; CINAHL – Cumulative Index to Nursing and Allied Health Literature; CIS – carcinoma in situ; CNKI – China National Knowledge 
Infrastructure; CR – complete response; CTRI – Clinical Trials Registry – India; DOAJ – Directory of Open Access Journals; HILT – high-intensity laser therapy; 
LED – light-emitting diode; LILACS – Latin American and Caribbean Health Sciences Literature; M – meta-analysis; MB – methylene blue; MD – mean 
difference; OEL – oral erythroleukoplakia; OLP – oral lichen planus; PBMT – photobiomodulation therapy; PDT – photodynamic therapy; PR – partial response; 
RCTs – randomized controlled trials; SR – systematic review; TBO – toluidine blue O; TCS – topical corticosteroids.
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Discussion

Rationale behind laser therapy 

Topical corticosteroids remain the first-line therapy for 
symptomatic OLP due to their well-established effective-
ness.66–68 However, recurrence rates after corticosteroid 
therapy often reach 30–60% within 3–6 months, and 
long-term remission is infrequent.66–69 This has prompted 
interest in laser-based therapies as adjuncts or alternatives, 
particularly for patients with corticosteroid intolerance, 
mucosal atrophy, recurrent candidiasis, or refractory dis
ease.70–81 Across multiple systematic reviews, PBMT and 
HILT demonstrate analgesic and anti-inflammatory 
effects comparable to topical corticosteroids, while PBMT 
offers an  excellent safety profile when energy density 
remains below 120  J/cm2.70–74,79,81 High-intensity laser 
therapy may provide stronger short-term pain relief but 
carries a  higher risk of  thermal injury, emphasizing the 
importance of operator experience and appropriate param
eter selection.70,79,81 Photodynamic therapy also achieves 
clinically meaningful symptom reduction and, in some 
studies, lower recurrence rates than corticosteroids, 
although heterogeneity across protocols limits direct com
parison.75–78,80 CO2 laser vaporization appears beneficial 
in selected refractory lesions, with some studies reporting 
markedly reduced recurrence rates and durable symptom 
resolution.82 Long-term data further supports the efficacy 
of  the CO2 laser. A  study reported that 85% of  patients 
remained pain-free after a  mean follow-up of  8 years.83 
Recurrences were successfully managed by retreatment.83 
Nevertheless, ablative approaches require advanced 

clinical training and careful case selection. Photobiomodula
tion therapy and HILT have shown durable symptom con
trol and sustained efficacy, with meta-analyses reporting 
reduced recurrence rates compared to corticosteroids 
(relative risk for recurrence: 0.43 (PBMT), 0.33 (HILT)) 
and higher cure rates at 3–6 months.70–74,79,81 For refrac-
tory or steroid-resistant OLP, both PDT and PBMT have 
achieved lasting lesion healing and minimal side effects in 
case series and clinical trials.80,84,85 Given these findings, 
laser-based therapies are most appropriate for patients 
who do not respond adequately to corticosteroids or for 
whom pharmacologic treatment is contraindicated.70–81 
Patient selection criteria for topical corticosteroids include 
symptomatic, erosive or ulcerative OLP, as these agents are 
considered first-line therapy for most patients due to their 
established efficacy and ease of use.66–68 Treatment choice 
should consider lesion severity, subtype, comorbidities, 
prior response to therapy, and practical factors such as 
equipment availability and clinician expertise.66–87 For 
laser-based modalities, contraindications include photosen
sitivity disorders (especially for PDT), pregnancy (relative) 
and inability to comply with treatment protocols.70,71,75,79,86 
Laser-based therapies, while non-invasive and generally 
safe, require specialized equipment (such as diode lasers 
or PDT kits), operator training and adherence to safety 
protocols, which can limit availability.70,71,73,75,79,86,87 
Photobiomodulation therapy and PDT are particularly 
advantageous owing to their minimal adverse effects and 
favorable safety profiles.70,71,73,75,79,86,87 High-intensity laser 
therapy requires greater expertise due to the higher risk 
of tissue damage if misapplied.79,87 Direct comparative and 
cost-effectiveness data remains limited, but accumulating 

Table 4. Laser parameters and treatment protocols for oral lichen planus (OLP)

Laser type Wavelength  
[nm] Power Energy density Session duration  

[min]
Session 

frequency
Clinical effectiveness and 

additional notes References

PBMT red diode 630 10 mW 1.5 J/cm2 2.5
every 3 days, 
for approx. 
10 sessions

effective in erosive/ulcerative 
OLP; reduces pain, lesion size 
and soreness; no significant 

side effects; may serve as 
an alternative to corticosteroids

9, 34, 35, 
63, 71, 84, 

85, 88

Diode laser 
(980 nm)

980
moderate range 
(varies by study)

variable (low to 
moderate)

2–10
twice per 
week for 
4 weeks

provides symptom relief within 1 
week; lesion disappearance after 
approx. 1 month; no recurrence; 

good safety profile

31, 34, 63, 
85, 89

Nd:YAG laser 1,064 high high 5–10
weekly to 
biweekly

superior to topical 
corticosteroids for pain relief; 
some side effects may occur; 

reduces recurrence

31, 52, 63, 
85

CO2 laser 10,600 moderate–high
adjusted to tissue 

type and lesion 
thickness

5–15

variable 
(typically 

a few 
sessions)

useful for ablative vaporization 
in severe or refractory cases; 

requires professional use; 
associated with a risk of mucosal 

damage

32, 81–83

Er:YAG laser 2,940 moderate–high
similar to CO2 

laser
5–10 variable

used for mucosal ablation; 
causes less thermal damage 

than CO2 lasers; less commonly 
used for OLP

31, 52, 63, 
85

Er:YAG – erbium-doped yttrium aluminium garnet; Nd:YAG – neodymium-doped yttrium aluminium garnet.
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evidence demonstrates that laser-based therapies (PDT, 
PBMT, HILT, CO2 laser ablation) offer at least equivalent, 
and in some studies superior, long-term efficacy and lower 
recurrence rates compared to topical corticosteroids, with 
fewer adverse effects and improved patient tolerance.70–83 
These modalities are particularly valuable for patients 
who cannot tolerate or do not respond to corticosteroids. 
In summary, topical corticosteroids remain the first-line 
treatment for symptomatic OLP due to established effi-
cacy, while laser-based therapies represent effective, safe 
and durable alternatives for selected patients, particularly 
those with contraindications or refractory disease. Indi-
vidualized therapy selection should be based on lesion 
characteristics, prior treatment response, comorbidities, 
and available resources.66–87 While corticosteroids remain 
the standard of care, laser modalities provide safe, effective 
and adaptable options that complement or extend tradi-
tional management strategies (Fig. 2).

Secondary infection of oral lichen planus 

Secondary infection can exacerbate the inflammatory 
burden of OLP, intensifying pain and delaying healing.88,89 
Although topical or intralesional corticosteroids remain 
the standard management, recurrent or refractory cases 
may benefit from laser-based interventions.88–90 Photo-
biomodulation therapy and HILT have shown meaning-
ful symptom reduction in infected or highly inflamed 
lesions, with PBMT providing predictable clinical 
improvement and an excellent safety profile at standard 
parameters. CO2 laser vaporization may also achieve effec
tive lesion removal and reduced recurrence in persistent 
cases, though its use should be restricted to trained 
clinicians due to the ablative nature and risk of mucosal 
injury. Photodynamic therapy likewise offers an alternative 
for steroid-intolerant patients, improving lesion control 
with minimal adverse effects when delivered according to 
established protocols. Overall, laser modalities represent 
well-tolerated options that may help restore symptom 

stability and promote healing in OLP complicated by sec-
ondary infection, particularly when conventional therapy 
is insufficient or contraindicated.

Parameters for each laser type 

Table 4 reflects diverse laser modalities with typical 
parameters and clinical outcomes reported in the cur-
rent literature for OLP management. Photobiomodula-
tion therapy (red diode ~630 nm) is widely supported for 
safe, effective pain reduction in erosive OLP. Diode lasers 
with a wavelength of approx. 980 nm show similar posi-
tive results. High-intensity laser therapy and CO2 laser 
ablation provide more aggressive treatment options, 
often reserved for refractory or severe lesions. Treatment 
frequency generally spans 3–4 weeks and encompasses 
multiple sessions tailored to lesion response and patient 
tolerance. These laser therapies offer promising adjunct 
or alternative options to conventional corticosteroid 
treatment with fewer side effects.88

From evidence limitations to clinical 
decision-making 

Although the available evidence supports the clinical 
effectiveness and safety of  laser-based therapies in OLP, 
several limitations must be considered when translating 
these findings into routine practice. Substantial hetero-
geneity in laser parameters, treatment protocols and out-
come measures limits direct comparison between modal-
ities and restricts the strength of long-term conclusions. 
Reporting of  clinical outcomes was also inconsistent: 
while pain reduction was commonly assessed with the 
visual analogue scale (VAS), lesion size, clinical severity 
indices, healing dynamics, and recurrence rates were not 
uniformly measured or standardized. Follow-up periods 
were short in most studies (4–12 weeks), and the sample 
sizes were frequently small (often <50 participants), 
reducing generalizability. This limitation raises uncertainty as 
to whether reported outcomes reflect sustained disease 
control or only short-term symptomatic improvement. 
In this context, laser therapies should be interpreted pre-
dominantly as symptom-oriented interventions, unless 
long-term remission data is demonstrated. In addi
tion, inconsistent reporting of adverse effects and 
malignant transformation further limits the interpretability 
and clinical applicability of the available evidence. Most 
included studies did not stratify patients according to 
systemic manifestations of lichen planus or associated 
autoimmune conditions, which may influence treatment 
response. Another major limitation is the substantial 
heterogeneity in laser parameters (wavelength, fluence, 
power density), treatment protocols (session frequency, 
duration) and outcome measures across studies. This pre-
cludes quantitative comparison between modalities and 
limits the validity of any hierarchy of effectiveness. Fig. 2. Laser irradiation in oral lichen planus (OLP)
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Despite these limitations, the consistency of  findings 
across systematic reviews allows for the formulation 
of  cautious, evidence-informed clinical recommenda
tions. Rather than defining a  single universal protocol, 
current evidence supports a  stepwise, indication-driven 
approach, in which laser modalities are selected based on 
the response to corticosteroids, disease severity, patient 
tolerance, and safety considerations. This approach 
enables clinicians to integrate laser therapies into OLP 
management while acknowledging existing evidence gaps 
and the need for individualized treatment planning.

These findings indicate that laser-based therapies 
should be integrated within a structured, stepwise treat-
ment framework rather than used as universal replace-
ments for pharmacologic management. In this context, 
corticosteroids remain the reference first-line therapy, 
while laser modalities may be integrated as adjunctive or 
alternative options in selected clinical scenarios.

Future research should prioritize well-designed ran
domized controlled trials that directly compare laser 
modalities with topical corticosteroids using standardized 
dosimetry and harmonized outcome measures, including 
pain scores, lesion severity, recurrence at 6–12 months, 
and patient-reported quality of life. Longer follow-up and 
cost-effectiveness analyses are essential to refine clinical 
pathways and support personalized treatment strategies.

Conclusions
This structured review and recommendations demon-

strate that laser-based therapies, including PBMT, PDT 
and HILT, are effective and safe adjuncts or alternatives to 
conventional corticosteroid treatment for OLP. Across sys-
tematic reviews and meta-analyses, these modalities consis-
tently achieved clinically meaningful reductions in pain and 
lesion severity, with safety profiles comparable to or better 
than topical corticosteroids. Photobiomodulation therapy 
showed the most favorable balance of  efficacy and safety 
and was associated with lower recurrence rates, particularly 
in erosive or steroid-resistant disease. Despite these prom-
ising outcomes, substantial heterogeneity in laser param-
eters, treatment protocols and outcome measures, together 
with short follow-up periods, limits definitive conclusions 
regarding long-term efficacy and direct modality compari-
son. As a result, topical corticosteroids remain the first-line 
therapy for symptomatic OLP. However, laser-based 
approaches represent valuable complementary or alternative 
options for patients with contraindications, intolerance or 
inadequate response to pharmacologic treatment. Future 
research should focus on standardized laser protocols, lon-
ger follow-up and well-designed randomized controlled tri-
als directly comparing laser modalities with corticosteroids. 
Such efforts are essential to refine clinical guidelines, sup-
port personalized treatment strategies and optimize long-
term outcomes for patients with OLP.

Consensus-based clinical guidance from 
the Polish Society for Laser Dentistry

The Polish Society for Laser Dentistry presents the fol-
lowing evidence-based clinical guidance regarding laser 
therapy in the management of symptomatic OLP. These 
recommendations integrate findings from systematic 
reviews, meta-analyses and clinical trials published 
between 2015 and 2025 and reflect current best practices 
in oral medicine and laser dentistry.

General therapeutic principles 

Subtype-guided selection of  PBMT, PDT or ablative 
lasers is recommended, as different clinical subtypes 
of OLP respond differently to laser therapy:
•	 reticular and papular forms typically do not require 

laser intervention;
•	 atrophic and erosive lesions benefit most from PBMT 

due to its analgesic and anti-inflammatory effects, 
whereas ulcerative lesions may require extended PBMT 
or PDT protocols;

•	 bullous OLP is generally less suitable for laser treatment 
due to fragile, blistering epithelium and the higher risk 
of tissue disruption.
Topical corticosteroids remain the first-line treatment 

for symptomatic, erosive or ulcerative OLP due to their 
established effectiveness, accessibility and predictable 
short-term outcomes.

Laser-assisted therapies may be used as adjunctive or 
alternative treatments in the following clinical scenarios:
•	 inadequate response to topical corticosteroids (steroid-

refractory OLP);
•	 contraindications or intolerance to corticosteroids 

(e.g.,  mucosal atrophy, recurrent candidiasis, hyper
sensitivity);

•	 patient preference for non-pharmacologic or minimally 
invasive interventions.
Additionally, treatment selection should be individual-

ized based on:
•	 clinical presentation (atrophic, erosive, ulcerative lesions);
•	 lesion extent and localization;
•	 comorbidities and contraindications;
•	 previous therapeutic response;
•	 availability of equipment and operator experience.

Preferred laser modalities

Photobiomodulation therapy 

Photobiomodulation therapy is recommended among 
laser-based approaches as a  first-choice alternative or 
adjunct. The method is most effective when applied with 
energy densities below 120 J/cm2 and delivered in mul-
tiple sessions (2–3 treatments per week over 2–4 weeks), 
as supported by recent meta-analyses.
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Treatment parameters
The following parameters of PBMT are recommended:

•	 wavelength: red (630–660  nm) for superficial muco-
sal lesions or near-infrared (808–980  nm) for deeper 
inflammatory components or symptomatic erosive 
lesions;

•	 power output: 50–120 mW (for contact or near-contact 
delivery);

•	 energy density (fluence): 4–8 J/cm2 for mild erythema-
tous lesions or 8–12 J/cm2 for erosive or symptomatic 
lesions (delivered per point);

•	 application technique: contact or near-contact; perpen-
dicular orientation to the mucosal surface; point-by-
point technique, spacing points by ~1 cm;

•	 exposure time: typically 20–40 s per point, adjusted to 
reach the target dose;

•	 treatment frequency: 2–3 sessions per week for 4–6 
weeks or until clinical improvement stabilizes;

•	 total number of  sessions: usually 8–12 sessions for 
initial therapy, with additional sessions scheduled as 
needed for symptom recurrence.
Photobiomodulation therapy has demonstrated con

sistent pain reduction and improvement in lesion sever
ity, particularly in erosive or ulcerative forms of  OLP, 
while maintaining an  excellent safety profile with no 
documented adverse events when energy densities 
remained below 120 J/cm2. These characteristics support 
its preferential use as the first-choice laser-based modality 
in appropriate clinical scenarios. 

Photobiomodulation parameters in OLP must be care-
fully individualized. The selection of  dose, wavelength 
and application technique depends on several factors, 
including tissue characteristics (such as thickness, sen-
sitivity and vascularity), anatomical location (e.g., lateral 
tongue vs. palate), severity and morphology of  lesions 
(erythematous, erosive or ulcerative), and the patient’s 
response during the course of  therapy. The anatomical 
site plays a  significant role in protocol adjustment. 
Lesions of  the buccal mucosa and inner lips are typically 
flat or mildly erythematous, located in well-tolerated 
tissue where standard PBMT parameters can be applied. 
In contrast, lesions on the lateral borders or dorsal 
surface of  the tongue require reduced energy densities 
due to the thin, highly innervated, and more reactive 
nature of  the lingual mucosa. Similarly, lesions on the 
floor of the mouth and sublingual area – regions char
acterized by delicate, highly vascular tissues – neces
sitate conservative dosing and shorter exposure times. 
Conversely, the palatal mucosa, being thicker and less 
sensitive, can tolerate higher energy densities. Gingival 
and marginal periodontal lesions often require moder-
ate parameters because of their sensitivity and variable 
inflammatory burden.

The severity of  the disease further influences PBMT 
adjustment. Erythematous lesions, representing mild 
inflammatory activity, generally respond well to lower 

energy densities aimed at modulating surface inflammation. 
Erosive lesions of  moderate severity are typically symp-
tomatic and demand more robust anti-inflammatory and 
analgesic dosing. Chronic, ulcerative or extensive lesions, 
which are often fragile, long-standing and highly reactive, 
require the most cautious approach, beginning with con-
servative energy densities and progressively increasing 
them based on tissue tolerance and clinical response.

Malignant transformation considerations

Oral lichen planus is recognized as an oral potentially 
malignant disorder, with an  estimated malignant trans-
formation rate of  0.5–1.4%. Current evidence does not 
demonstrate an  increased risk of dysplasia or malignant 
transformation associated with PBMT, PDT, HILT, or 
CO2 laser ablation. Photobiomodulation therapy oper-
ates at non-thermal energy levels that do not induce DNA 
damage, while PDT selectively targets dysplastic epithelium 
and may theoretically reduce malignant risk by eliminating 
atypical keratinocytes.

However, long-term surveillance remains essential, and 
any OLP lesion, whether treated with corticosteroids or 
lasers, should undergo periodic clinical follow-up and 
biopsy when changes in appearance occur.

Current evidence does not indicate an  increased risk 
of  malignant transformation related to laser therapy. 
Photobiomodulation therapy operates at low energy lev-
els that modulate cellular activity without causing DNA-
damaging effects, and clinical studies using PBMT for 
OLP have reported symptomatic improvement without 
signs of  increased oncogenic potential. However, due to 
limited long-term data, the possibility cannot be com-
pletely excluded.

Photodynamic therapy 

Photodynamic therapy is recommended as a  strong 
alternative for symptomatic, steroid-intolerant, or 
steroid-resistant OLP. The method offers favorable safety, 
low recurrence and minimal systemic effects. ALA- and 
MB-mediated PDT demonstrate efficacy comparable to 
topical corticosteroids in many studies. However, patient 
photosensitivity and adherence to light-avoidance proto
cols must be considered.

Treatment parameters
Pre-treatment procedures include clinical assessment 

(documentation of  lesion morphology (reticular, ery-
thematous, erosive), pain scoring and photographic eval-
uation), mucosal preparation, removal of surface debris, 
and gentle drying of the lesion.

A typical research-grade protocol of the photosensitizer 
phase using ALA-mediated PDT includes the following 
elements:
•	 photosensitizer form: 5-ALA gel or cream (commonly 

5% formulations);
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•	 application: a  thin, uniform layer over the affected 
mucosa;

•	 incubation period: tens of  minutes to a  few hours, 
depending on the formulation, allowing conversion 
of ALA to protoporphyrin IX (PpIX) within epithelial 
cells;

•	 occlusion: in some studies, lesions are covered with a light-
shielding dressing to prevent premature activation.
A protocol for MB-mediated PDT is as follows:

•	 photosensitizer form: MB aqueous solution or gargle 
(commonly 1–5%, often 5%);

•	 application: direct application via a microbrush;
•	 pre-irradiation time: a  short-defined interval to allow 

tissue binding (3–10 min);
•	 excess removal: gentle blotting to prevent pooling.

Additional parameters encompass the following factors:
•	 light source: approx. 630–660 nm for MB and for acti-

vation of PpIX (ALA → PpIX);
•	 illumination technique: direct, perpendicular exposure 

to the lesion, fixed distance from the mucosal surface 
based on device specifications, using uniform scanning 
or a point-by-point technique;

•	 energy density (fluence): typical clinical PDT studies 
report the use of  high light doses (many MB studies 
report ~100–120 J/cm2 per session). Aminolevulinic 
acid protocols in recent series have used session-based 
dosing tailored to deliver the desired effect;

•	 treatment schedule: multiple sessions (weekly or several 
sessions over 1–3 weeks for MB, or longer series such as 
8–10 weekly sessions for ALA).

High-intensity laser therapy 

High-intensity laser therapy is recommended for 
selective use in steroid-resistant cases requiring rapid pain 
relief. Due to the thermal nature of HILT, inappropriate 
parameter settings may cause mucosal overheating or 
tissue damage, making operator experience essential 
for safe use. This method provides significant analgesic 
effects and may reduce recurrence risk. However, its higher 
thermal potential requires experienced operators, careful 
parameter selection and strict safety monitoring.

CO2 laser ablation 

CO2 laser ablation is recommended for localized, severe 
or refractory lesions. It should only be performed by clini-
cians with advanced training in ablative laser procedures. 
The method is effective for long-term symptom control 
and for reducing recurrence. However, CO2 laser ablation 
is not intended as a  first-line therapy due to the risk of 
mucosal damage and the need for specialized equipment.

Key conceptual aspects (principles) for HILT or CO2 
laser ablation include:
•	 superficial removal of  affected epithelium only (mini-

mal thermal penetration);

•	 controlled ablation while avoiding deep stromal injury;
•	 use of  a  non-contact or near-contact technique, 

depending on system design;
•	 use of local anesthesia due to the ablative nature of the 

procedures;
•	 protection of adjacent mucosa with shields or barriers;
•	 the aim to produce a clean, uniform superficial wound 

bed.

Safety, documentation and procedural 
standards 

The following procedural standards were formulated: 
•	 all laser procedures require appropriate ocular and tis-

sue protection according to device manufacturer guide-
lines;

•	 clinicians must document all treatment parameters, 
including wavelength, power, energy density (fluence), 
exposure time, spot size, and the number of sessions89;

•	 PDT requires additional precautions for photosensitive 
individuals;

•	 HILT necessitates heightened attention to avoid over-
heating and collateral tissue injury.

Research and standardization needs 

The Polish Society for Laser Dentistry emphasizes the 
need for:
1.	 Large, multicenter, long-term randomized controlled 

trials directly comparing PBMT, PDT, HILT, CO2 laser 
ablation, and corticosteroids using standardized set-
tings;

2.	 Uniform outcome measures, including:
•	 VAS/numeric rating scale (NRS) pain score,
•	 validated clinical severity indices (e.g., Thongprasom 

score),
•	 lesion dimensions,
•	 recurrence rates at 6 and 12 months,
•	 patient-reported quality of  life (Oral Health Impact 

Profile-14 (OHIP-14) or equivalent);
3.	 Cost-effectiveness analyses of  laser modalities com-

pared to corticosteroid regimens;
4.	 Assessment of biological response markers (cytokine 

modulation, oxidative stress markers, microbiome 
composition) to aid personalized treatment selection.

Summary of key recommendations 

•	 Corticosteroids remain the first-line therapy for symp-
tomatic OLP.

•	 PBMT is recommended as the safest and most broadly 
applicable laser modality.

•	 PDT is an effective alternative for patients unable or 
unwilling to use steroids.

•	 HILT is reserved for experienced operators managing 
steroid-resistant disease.
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•	 CO2 laser ablation is appropriate for localized, recalci-
trant lesions in specialist settings.

•	 Laser therapies should be used with clear documentation, 
appropriate safety measures and clinical justification.

Practical clinical protocol for laser use in OLP 

Laser therapy may be initiated in symptomatic erosive 
or ulcerative OLP when (1) symptoms persist despite opti-
mized topical corticosteroid therapy, (2) corticosteroids are 
contraindicated or (3) the patient prefers a non-pharmaco-
logic alternative. The following approach is recommended: 
•	 PBMT should be the first-choice modality, applied with 

red (630–660 nm) or near-infrared (808–980, 1,064 nm) 
wavelengths, using energy densities of 4–12 J/cm2 deliv-
ered 2–3 times per week for 2–4 weeks;

•	 ALA- or MB-mediated PDT may be applied weekly 
in steroid-intolerant or steroid-refractory cases, with 
standard illumination at 630–660 nm;

•	 HILT and CO2 laser ablation should be restricted to 
refractory lesions and performed only by experienced 
operators due to the high thermal risk.
All procedures require documentation of  wavelength, 

power, energy density (fluence), exposure time, spot size, 
and the number of  sessions, according to the standards 
of the Polish Society for Laser Dentistry.

Stepwise practice-oriented clinical 
recommendations 

Based on the synthesized evidence from this structured 
literature review, laser-based therapies for OLP should be 
implemented using a structured, stepwise clinical strategy 
rather than as standalone or empirical interventions.

Step 1 – First-line management 

In patients with symptomatic erosive or ulcerative OLP, 
topical corticosteroids remain the first-line therapy due to 
their established efficacy and accessibility.

Step 2 – Second-line therapy 

The effectiveness and optimal selection of laser modali-
ties may vary depending on disease phenotype. In local-
ized oral disease, PBMT and PDT may provide mean-
ingful symptomatic control. In contrast, in patients with 
multi-organ involvement or strong autoimmune back
ground, these modalities should be considered adjunc
tive, as they do not address the underlying systemic 
immune dysregulation.

Step 3 – Alternative or adjunctive therapy 

In patients with steroid intolerance, recurrent disease 
or partial response to PBMT, PDT, particularly ALA- or 

MB-mediated protocols, may be used as an  alternative 
or adjunctive modality, provided that appropriate photo
sensitivity precautions are observed.

Step 4 – Refractory disease management 

High-intensity laser therapy may be considered in 
selected steroid-resistant cases requiring rapid analgesia 
but should be restricted to experienced operators due to 
its higher thermal risk profile.

Step 5 – Localized refractory lesions 

CO2 laser ablation should be reserved for localized, 
severe or treatment-refractory lesions and should not 
be used as a first-line approach.

Step 6 – Surveillance 

Regardless of  the therapeutic modality used, all patients 
with OLP require regular clinical follow-up, with vigilance for 
lesion progression and potential malignant transformation.

Trial registration 

The study was registered in PROSPERO (registration 
No. CRD420251172714).

Ethics approval and consent to participate 

Not applicable.

Data availability 

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on 
reasonable request.

Consent for publication 

Not applicable.

Use of AI and AI-assisted technologies 

AI-assisted tools were used exclusively for language 
editing and improvement of readability. No AI tools 
were used for data analysis, interpretation or generation 
of scientific conclusions. All content was reviewed and 
approved by the authors.
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Abstract
This systematic review and meta-analysis aimed to evaluate the association between periodontitis and 
rheumatoid arthritis (RA) in middle-aged populations.

The study followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 
2020 guidelines. A  comprehensive search of  major electronic databases was conducted for studies 
published between 2013 and 2023. In addition, a  manual search was performed to identify relevant 
studies examining an association between these 2 conditions. The Newcastle–Ottawa scale was used to 
assess the risk of bias for the included cross-sectional and case–control studies. The certainty of evidence 
was evaluated using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 
analysis, and a meta-analysis of eligible studies was conducted. 

A total of 11 articles were included in the systematic review, with 9 incorporated into the meta-analysis. 
A  statistically significant positive association was observed between periodontitis and RA for clinical 
attachment loss (CAL). The GRADE assessment indicated low to moderate level of certainty across studies, 
indicating strong evidence regarding clinical parameters. The meta-analysis showed a high overall odds 
ratio (OR) (OR  =  11.37; 95% confidence interval (95% CI): 4.22–30.61; p  <  0.01), suggesting that 
patients with RA have a significantly higher risk of developing periodontitis. 

In conclusion, this systematic review and meta-analysis identified a  positive association between 
periodontitis and RA. However, the GRADE analysis highlights the need for clinical and longitudinal studies 
with extended follow-up periods to further clarify this relationship and account for potential confounding 
factors.

Keywords: periodontitis, meta-analysis, rheumatoid arthritis, rheumatoid factors, GRADE analysis
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Introduction
Periodontitis is a chronic inflammatory disease result­

ing from a bacterial infection that can potentially initiate 
and increase  systemic levels of  various cytokines.1 
Recent advancements in periodontology have discovered 
an association between periodontitis and systemic diseases 
such as diabetes, myocardial infarction, stroke, arterio­
sclerosis, Alzheimer’s disease, osteoporosis, and rheuma­
toid arthritis (RA) in adults.

Rheumatoid arthritis and periodontitis are  chronic 
inflammatory conditions that share similar  inflammatory 
mediators, including interleukin (IL)-1β, IL-6 and tumor 
necrosis factor-alpha (TNF-α).2 Moreover, both diseases 
are known to impact connective tissue degradation. 
Rheumatoid arthritis is a systemic autoimmune condition 
characterized by persistent joint inflammation, result­
ing in joint destruction and functional loss. Studies have 
reported that globally, around 1.0% of adults suffer from 
this condition, with a higher predisposition observed in  
females (male:female ratio of  1:3). In the United States, 
around 2% of adults suffer from RA.3–5 Studies have sug­
gested 3 types of  disease manifestation among RA 
patients: self-limited – patients with self-diagnosed RA who 
do not have symptoms 2–3 years after diagnosis6; easily 
controlled – conditions managed with non-steroidal anti-
inflammatory drugs (NSAIDs)7; and progressive – condi­
tions that typically require second-line therapy and may 
not fully resolve despite treatment.8 

Numerous hypotheses have been developed regarding 
the correlation between periodontitis and systemic dis­
eases. An  intriguing one centers around paraoxonase-1 
(PON1), an enzyme with established antiatherogenic and 
antioxidant activities. Current research investigates the 
potential role of PON1 in mitigating both dental biofilm 
formation and periodontitis.9 Many studies have investi­
gated the association between periodontitis and RA.10–12 
While some studies have indicated that periodontitis 
could be a  potential risk factor for RA, others have 

demonstrated a  notable increase in  tooth and alveolar 
bone loss in individuals with longstanding RA.1,13–15 
Patients diagnosed with periodontitis exhibit a four-fold 
increase in the likelihood of self-reported RA, which may 
be related to the beneficial outcomes of  non-surgical 
periodontal therapy (NSPT) in reducing the severity 
of RA.2,16,17 In RA, the synovial membrane produces pro­
inflammatory mediators due to systemic immunological 
failure, leading to synovitis, joint pain and bone dam­
age.18,19 The correlation between RA and periodontitis 
may be attributed to the association of  both conditions 
with environmental and genetic risk factors, as well as 
comparable pathobiology.

Periodontitis and RA are characterized by chronic 
inflammation that leads to increased infiltration of  lym­
phocytes of  the T and B cell types, neutrophils, and 
monocytes.8,12 The elevated production of proinflamma­
tory cytokines leads to the destruction of joint and alveo­
lar bone tissues in RA and periodontitis, respectively.1,14 
Fibroblasts and lymphocytes increase the expression 
of receptor activator of nuclear factor-κB ligand (RANKL) 
during osteoclast formation in both conditions. Auto­
immunity to citrullinated proteins has been suggested to 
contribute to the relationship between RA and inflamma­
tion.20 Porphyromonas gingivalis is a significant periodonto­
pathogen found in the subgingival plaque. It demon­
strates the distinctive capability of citrullinating proteins, 
thereby accelerating the autoimmune response in RA.21,22

Both conditions share a  common etiology, pathology, 
immunogenetic background, and pathways of bone car­
tilage destruction. Additionally, RA and severe periodon­
tal disease are associated with lower oral health-related 
quality of  life (OHRQoL) scores.23 Various studies have 
also proposed NSPT for these conditions.16,18,19 This may 
be evidenced by the ability of  NSPT to reduce disease 
activity score-28 with C-reactive protein (DAS28-CRP), 
erythrocyte sedimentation rate (ESR) and anticitrulli­
nated protein antibody (ACPA) levels in serum.24 None­
theless, very limited literature shows this bidirectional 

Highlights

	• This systematic review and meta-analysis demonstrate a strong positive association between periodontitis and 
rheumatoid arthritis (RA), with RA patients showing an approx. 11-fold higher risk of periodontitis (OR = 11.37; 
95% CI: 4.22–30.61; p < 0.01).

	• Clinical attachment loss (CAL) was the most consistently affected periodontal parameter, and the majority of the 
included studies reported an association between RA and moderate-to-severe periodontitis.

	• Shared risk factors, including smoking, vitamin D deficiency, female sex, advancing age, and elevated 
anti-Porphyromonas gingivalis antibody titers, may contribute to the relationship between both conditions.

	• The certainty of evidence was rated as low to moderate (GRADE), highlighting the need for well-designed 
longitudinal and population-based studies using standardized diagnostic criteria.

	• The findings support integrated dental–rheumatologic care, with routine periodontal screening in patients with 
RA potentially enabling earlier identification of at-risk individuals and improved disease management.
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association, especially in middle-aged adults. The National 
Health and Nutrition Examination Survey-I (NHANES-I) 
showed that individuals with periodontitis or missing 
teeth presented increased odds of  prevalent or incident 
RA.25 However, most of the results were not statistically 
significant and lacked dose–response relationships. The 
observed variations may stem from inconsistent criteria 
for defining the 2 illnesses. The association between 
these 2 conditions can be explained in various forms: 1) 
the role of periodontal pathogens (P. gingivalis, anticyclic 
citrullinated peptide (anti-CCP)); 2) common immuno­
genetics; 3) common risk factors (smoking, age-related 
factors, psychological issues).1,12,13,26 

Several studies have reported discrepancies regarding 
the correlation between periodontitis and RA. However, 
recent reports indicate a  significant link (biological and 
immunological) between these prevalent chronic inflam­
matory conditions.8,11,15 Nonetheless, a potential correla­
tion between the severity of RA and periodontitis cannot 
be established due to inconclusive evidence. Hence, this 
systematic review aims to evaluate an association between 
periodontitis and RA among middle-aged populations. 

Material and methods

Focus question 

Based on the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) guidelines 2020, 
a specific question was structured according to the PECOS 
(Participants, Exposure, Control, Outcomes, and Study 
design) framework. The focus question for this systematic 
review was as follows: Among middle-aged populations 
(P), is there an association between periodontitis (E) and 
rheumatoid arthritis (O), compared to healthy individuals 
(C), in observational studies (S)? 

Protocol and registration 

The research problem, focus question and criteria for 
inclusion and exclusion were identified after a  prelimi­
nary literature review. A protocol was prepared and reg­
istered prospectively with PROSPERO (registration No. 
CRD42023490679). 

Eligibility criteria 

Studies fulfilling the following criteria were included: 
participants aged ≥30 years; observational studies; stud­
ies reporting risk estimates as odds ratios (ORs) or hazard 
ratios (HRs) with corresponding 95% confidence intervals 
(95% CIs) for the association between RA and periodon­
titis; inclusion of  a  control group (healthy individuals); 
diagnosis of periodontitis and RA according to accepted 
diagnostic criteria; adjustment for potential confounding 

factors; studies with ≥15 patients per group; mean RA 
duration of ≥5 years; articles published between 2013 and 
2023.

The exclusion criteria were as follows: letters to the 
editor; commentaries; reviews; case reports; case series; 
animal studies; in vitro studies; and articles published in 
languages other than English. If more than 1 paper from 
the same study was retrieved, both were included when 
different outcomes were reported. However, if the same 
result was reported in different studies, the one with the 
larger sample size and/or non-overlapping cohort analy­
ses was selected for the meta-analysis.

Literature search protocol 

The search strategy included published and unpub­
lished articles, and this review employed a two-step proce­
dure for selecting studies. An initial search of PubMed®/
MEDLINE was conducted, followed by screening of titles, 
abstracts and keywords. 

The second search utilized keywords and index 
terms across different databases. PubMed®/MEDLINE, 
Embase, Scopus, Web of  Science, and ProQuest were 
searched from 2013 to 2023 using various combinations 
of keywords and Medical Subject Headings (MeSH) terms 
related to periodontitis and RA. Unpublished articles were 
searched in the OpenGrey database. Moreover, a manual 
search and citation chasing were performed in various 
dental and medical journals. The PubMed® search strat­
egy is available from the corresponding author upon rea­
sonable request. 

Selection of articles 

The retrieved articles were imported into EndNote 20 
(Clarivate, Philadelphia, USA), and duplicates were 
removed. The relevant articles were entered into a Microsoft 
Excel (Microsoft Corp., Redmond, USA) sheet, and the 
final articles were selected by 2 independent reviewers 
(SeA, BJ), who examined the titles, abstracts and full 
texts according to the eligibility criteria. Disagreements 
between the reviewers were resolved through discussion 
with a third reviewer (SuA). Intraobserver reliability was 
assessed, and the value of K-alpha between the reviewers 
was 0.9. 

Data extraction 

The data was extracted using tools predesigned for 
research questions. The following details were extracted: 1) 
authors/year/country; 2) number of  males and females 
included in the test and control groups; 3) mean age 
of participants; 4) exposure assessment of periodontitis; 
5) outcome assessment of RA; 6) RA clinical parameters; 
7) periodontal clinical measures; 8) risk estimates (crude 
and adjusted): ORs, relative risks and HRs with 95% CIs 
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and p-values, if available; 9) number of RA patients with 
a history of periodontitis; 10) factors adjusted for in the 
analysis, e.g., age, smoking status and other inflammatory 
conditions; and 11) conclusions. The reviewers resolved 
discrepancies through discussion, and the authors were 
contacted if any data from the primary study was missing. 

Assessment of methodological quality 

The methodological quality of the included articles was 
assessed using the Newcastle–Ottawa quality assessment 
scale for case–control27 and cross-sectional studies.28 
A scoring system was used to evaluate the quality of arti­
cles, with 17–18 points indicating high, 12–16 indicating 
moderate, and <12 suggesting low quality. Eligible studies 
were assessed for quality by 2 reviewers, and any disagree­
ments were resolved through discussion or by the third 
reviewer.

Data synthesis and assessment of the 
quality of evidence 

A meta-analysis of the included case–control and cross-
sectional articles was conducted, as the included studies 
possessed similar designs, and the pooling of  statistical 
data yielded a  concise outcome. Moreover, the quality 
of  evidence was assessed using the GRADE (Grading 
of  Recommendations Assessment, Development and 
Evaluation) system.29 

Results

Study selection 

The primary search identified 15,982 relevant articles, 
out of which 15,778 papers were found to be duplicates 
and were removed. The titles and abstracts of the remain­
ing 204 articles were screened based on the eligibility 
criteria, and 166 were excluded after careful evaluation. 
The full texts of the remaining 38 articles were examined, 
and 27 articles were removed based on their objectives 
or eligibility criteria. Finally, 11 articles were considered 
eligible for this systematic review. Figure 1 illustrates the 
study selection process. 

Characteristics of the included studies 

This review included 11 primary studies, consisting 
of 5 case–control and 6 cross-sectional studies compris­
ing 4,055 participants (1,396 males and 2,659 females) 
(Table 1). The included papers were published between 
2013 and 2023 and, originating from different countries 
(India, USA, China, South Korea, Sweden, Spain, Brazil, 
and Lithuania), represented various ethnic backgrounds. 
In most of  the included studies, the majority of  the 

participants were females aged ≥40 years. Out of  the 
11 studies, only 2 studies excluded smokers,11,30 and 
1 study did not mention this criterion.17 Only 5 included 
studies reported medications used by the patients.17,31–34 
Most of  the studies evaluated periodontal health using 
validated indices, and RA was diagnosed based on the 
1987 (revised) American Rheumatism Association (ARA) 
criteria and 2010 American College of  Rheumatology 
(ACR)/European League Against Rheumatism (EULAR) 
criteria for RA.

Clinical parameters defining periodontitis 

Ten of the 11 included studies evaluated 
CAL,11,12,17,30,31,33–37 either alone or in combination with 
other periodontal indices; 1 study did not assess CAL and 
recorded only PPD and BOP.32 Five studies evaluated PPD 
and BOP in combination with CAL.11,12,30,34,35 The odds 
of developing periodontitis were higher in patients with 
RA. However, no significant differences were reported 
regarding the severity of periodontitis in relation to RA. 
Secondary parameters recorded included the plaque 
index, the gingival index, tooth loss, and tooth mobility. 
Only 5 studies evaluated interexaminer calibration 
reports.12,30,32,34,35

Clinical parameters defining rheumatoid 
arthritis 

All the included articles diagnosed RA clinically based 
on the DAS28 criteria as low, moderate or high. Eight 
papers reported RA treatment, while others did not 

Fig. 1. Study selection process
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Table 2. Risk estimates of the included studies

Study Inclusion 
of smokers

Exposure 
(definition and assessment 

of periodontitis)

Outcome (definition and 
assessment of RA) RA clinical parameters w Periodontal clinical measures Risk estimates and adjusted risk 

estimates
RA patients with a history 

of periodontitis, n
Factors adjusted for in the 

analysis

Posada-López et al.37 yes
2 or more non-adjacent 

interdental sites with loss 
of CAL, PPD ≥ 4 mm and BOP

ACR; DAS28-CRP ≥ 3.2

ACPA [U/mL]: 
PD (Me (IQR)): 0.5 (0.5–0.65) 
PD+RA: 98.6 (10.9–200.0) 

non-PD+RA: 45.8 (8.2–507.4) (p < 0.001) 
 

RF [U/mL]: 
PD: 15.0 (0.0–0.0)  

PD+RA: 72.6 (9.0–144.2)  
non-PD+RA: 157.9 (16.0–268.0) (p < 0.001)

PD (stage III): 
PD: 5 (23.8%) 

PD+RA: 19 (57.6%) 
 

PD (stage IV): 
PD: 16 (76.2%) 

PD+RA: 12 (36.4%)

crude OR: 0.078 (0.1–0.3) 31

sex, age, P. gingivalis, diabetes, 
smoking, osteoporosis, NSAIDs, 

corticosteroids, antihypertensive 
medication

Moura et al.36 yes
stage II: ≥2 interproximal sites 
with CAL of 3–4 mm and PPD 

≤5 mm
ACR; DAS28 N/A

CAL [mm]: 
test: 4.8 ±1.8 

control: 4.0 ±1.5

crude OR: 2.64 (1.78–3.94); p < 0.0001 
aOR: 3.12 (1.47–4.26)

84
older age, female sex, smoking, 
protective effect of alcohol use

Punceviciene et al.31 yes 2018 AAP/EFP classification ACR/EULAR; DAS28-CRP

DAS28: 
total: 4.19 ±1.43 

RA+PD: 4.37 ±1.28 
RA only: 3.82 ±1.65 (p = 0.08) 

 
CRP [mg/L]: 

total: 12.08 ±21.5 
RA+PD: 13.82 ±24.44 

RA only: 8.44 ±12.99 (p = 0.98)

severe PD (stages III–IV): 27 (29.0%) not mentioned 27 not mentioned

Renvert et al.32 yes
PPD and BOP; CAL not 

assessed
ACR; DAS28-ESR N/A

RA (n = 126): 61 patients with PD (48%) 
controls (n = 249): 96 patients with PD (38.6%); 

p = 0.001

crude OR (PD: composite index): 2.5 
(1.5–4.2); p < 0.001

61 not mentioned

Rodríguez-Lozano et al.33 yes
CAL and PPD (based on Tonetti 

and Claffey criteria, 2005)
DAS28-ESR or DAS28-CRP N/A

CAL [mm]: 
RA: 3.99 ±1.27 

controls: 3.34 ±1.03

crude OR (periodontitis): 14.75 
(5.66–34.4); p < 0.001 

aOR: 20.57 (6.02–70.27); p < 0.001
182

sex, smoking, socioeconomic 
status, annual dental prophylaxis, 

osteoporosis

Eriksson et al.12

yes (no 
current 
smokers 

but former 
smokers)

PPD, CAL and BOP at 6 sites 
per tooth

DAS28-CRP

DAS28:  
RA without PD: 2.7 ±1.5 

RA+PD: 3.3 ±1.4 
 

ACPA-positive: 
RA without PD: 5 ±50 

RA+PD: 25 ±86

CAL ≥ 4 mm: 
RA without PD: 0.5 ±0.5 

RA+PD: 10 ±6.7
not mentioned 30 sex, age, smoking habits

Zhao et al.17 not 
mentioned

AAP (Armitage et al., 
2003 classification)

DAS28-ESR

DAS28-ESR: 
RA+PD: 4.03 ±1.38 

RA without PD: 3.64 ±1.46 (p = 0.148) 
 

DAS28-CRP: 
RA+PD: 12.95 ±15.13 

RA without PD: 9.29 ±8.13 (p = 0.149)

CAL [mm]: 
RA: 3.57 ±1.59 

controls: 2.11 ±1.13; p < 0.001

crude OR: 4.68 (2.70–8.11) 
aOR: 10.26 (4.67–22.58)

87 age, education, BMI

Kim et al.35 yes CAL (AAP, 1999) DAS28

DAS28: 
RA: 3.62 ±1.35 

 
ACPA [U/mL]: 

RA: 67.5

CAL [mm]: 
RA: 3.25 ±0.74 

controls: 2.91 ±0.52
not mentioned not mentioned not mentioned

Choi et al.34 yes CAL (AAP, 1999) DAS28-ESR

DAS28: 
RA: 3.3 ±1.4 

 
ACPA [U/mL]: 

RA: 69.1

CAL [mm]: 
RA: 3.25 ±0.73 

controls: 2.90 ±0.51
crude OR: 3.38 (2.50–4.57) not mentioned not mentioned

Joseph et al.30 no CAL (AAP, 1999) DAS28-ESR not mentioned
CAL [mm]: 

RA: 2.88 ±1.10 
controls: 0.98 ±1.04

rOR: 3.05 58 not mentioned

Dev et al.11 no
CPI with CAL based on the 

WHO guidelines (1997)
ARA, 1988 not mentioned not mentioned not mentioned 572 not mentioned

AAP – American Academy of Periodontology; ACR – American College of Rheumatology; ARA – American Rheumatism Association;  
EFP – European Federation of Periodontology; EULAR – European League Against Rheumatism; IQR – interquartile range; Me – median;  
NSAIDs – non-steroidal anti-inflammatory drugs; RF – rheumatoid factor; rOR – reporting odds ratio; WHO – World Health Organization.
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mention the therapy. Disease duration was evaluated 
as a  factor associated with the outcome in 6 publica­
tions, whereas 5 did not assess disease incidence. Eight 
studies examined ESR and posterior-anterior hand and 
wrist radiographs,17,30–33,35–37 4 reports assessed visual 
analog scores and tender joint counts to measure the 
occurrence of RA,12,30,34,35 and 5 studies recorded the CRP 
levels.12,30,34–36 All the included papers utilized validated 
measures to record RA clinical parameters.

Association between rheumatoid arthritis 
and periodontitis 

Case–control studies 

Moura et al. reported a high frequency of periodonti­
tis among individuals with high DAS28 scores (adjusted 
odds ratio (aOR): 3.12; 95% CI: 1.47–4.26).36 Additionally, 
a  significant correlation between periodontitis, RA 
and smoking was noted (p  <  0.01).36 Adjusted risk esti­
mates considered older age, female sex, smoking, and 
the protective effect of alcohol use. Renvert et al. found 
that high DAS28-ESR was linked to a  composite index 

for periodontitis (OR: 2.5; 95% CI: 1.5–4.2; p < 0.001).32 
Rodríguez-Lozano et al. demonstrated that the DAS28-ESR 
and DAS28-CRP scores were significantly associated 
with periodontal clinical measures (aOR: 20.57; 
95%  CI:  6.02–70.27; p  <  0.001) when adjusted for sex, 
smoking status, socioeconomic status, annual dental 
prophylaxis, and osteoporosis.33 Zhao et al. also found 
DAS28-ESR outcomes to be associated with periodontal 
clinical measures, revealing significant results (aOR: 10.26; 
95% CI: 4.67–22.58).17 Similarly, Joseph et al. found that the 
DAS28-ESR scores were correlated with CAL, with a rela­
tively significant OR when smokers were excluded.30

Cross-sectional studies 

Posada-López et al. reported that periodontitis was not 
associated with RA.37 This study adjusted for confounders 
such as sex, age, P. gingivalis, diabetes, smoking, osteo­
porosis, NSAIDs, corticosteroids, and antihypertensive 
medication. All periodontal variables and P. gingivalis 
were negatively correlated with RA biochemical markers 
(p < 0.05). However, Punceviciene et al. reported a high 
prevalence of  severe periodontitis in RA patients.31 

Table 4. Assessment of the risk of bias for cross-sectional studies (Newcastle–Ottawa scale)27

Domain Item
Study

Dev et al.11 Choi et al.34 Kim et al.35 Eriksson et al.12 Punceviciene et al.31 Posada-López et al.37

Selection

representativeness of cases ** ** ** ** ** **

sample size * * * * * *

non-response rate _ _ _ * * _

ascertainment of the 
screening/surveillance tool

_ _ _ _ _ _

Comparability 
assessment of potential 

confounders (subgroup or 
multivariable analysis)

_ ** ** ** ** **

Outcome
assessment of the outcome * ** ** ** ** **

statistical test ** ** ** ** ** **

Quality poor moderate good good good moderate

Table 3. Assessment of the risk of bias for case–control studies (Newcastle–Ottawa scale)27

Domain Item
Study

Joseph et al.30 Zhao et al.17 Rodríguez-Lozano et al.33 Renvert et al.32 Moura et al.36

Selection

adequacy of case definition ** ** ** * **

representativeness of cases ** ** ** * **

selection of controls ** ** ** * **

definition of controls ** ** ** * **

Comparability
comparability of cases and controls 

based on design or analysis
** ** ** ** **

Exposure

ascertainment of exposure ** ** ** * **

same method of ascertainment for case 
and control groups

_ _ _ _ _

non-response rate * _ _ * *

Quality good good good poor good
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This  relationship was significantly associated with higher 
RA disease activity and lower vitamin D levels in the RA–
periodontitis group.31 Similarly, Eriksson et al. found that RA 
parameters correlated with periodontal clinical measures in 
a study that included non-smokers.12 Kim et al. reported that 
DAS28 outcomes were associated with CAL in a cohort that 
included individuals who smoked.35 Furthermore, Choi et al. 
noted that DAS28-ESR outcomes were correlated with CAL 
and significantly elevated ORs.34 Dev et al. also documented 
that the American Rheumatism Association (ARA) 1988 
criteria were associated with periodontal clinical measures in 
a study in non-smokers, where periodontitis was evaluated 
using the community periodontal index (CPI) and CAL was 
assessed based on the World Health Organization (WHO) 
guidelines.11

To summarize, the increased risk of periodontitis was 
observed in RA patients in 10 studies, and 1 study showed 
no correlation between the 2 conditions.37 Additionally, 
10 studies demonstrated an association between moderate 
to severe forms of periodontitis in RA patients. Six papers 
mentioned smoking, vitamin D deficiency and alcohol 
consumption as risk factors associated with periodontal 
health and RA.17,32,33,35–37 Three studies demonstrated 
anti-P. gingivalis antibody titers and reported a  positive 
association with CAL, PPD and BOP in patients with 
RA.12,30,35 One study noted a  significantly higher risk 
of  periodontitis (p  =  0.01) among obese females with 
RA.36 However, 1 report showed no association between 
the severity of periodontitis in RA patients.37 Tables 1 and 
2 illustrate the relevant findings of the included studies.

Risk of bias analysis 

The Newcastle–Ottawa scale was employed to evaluate 
the risk of bias in the included case–control (Table 3) and 
cross-sectional studies (Table 4), analyzing case selection, 
comparison and outcome criteria. Out of  the 5 case–
control studies, the case and control selection domains 
scored low, while the comparison and outcome domains 
achieved higher scores. Accordingly, 1 study was identi­
fied as having a high risk of bias,32 and 4 studies had a low 
risk of  bias.17,30,33,36 Similarly, in cross-sectional studies, 
one study was of poor quality,11 2 were of moderate qual­
ity,34,37 and 3 studies were classified as having a  low risk 
of bias.12,31,35 

GRADE evaluation

The GRADE analysis reported low certainty of  evi­
dence in the analyzed case–control studies on the associa­
tion between periodontitis and RA (Table 5). Meanwhile, 
cross-sectional studies demonstrated moderate certainty 
of evidence. The findings of the GRADE analysis indicate 
that more clinical and longitudinal studies are required to 
establish an association between both conditions. Ta
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Meta-analysis results

The results of the meta-analysis revealed high het­
erogeneity among the included studies (I2 = 95%), and 
a  high overall OR between the groups (OR  =  22.76, 
95% CI: 6.26–82.70; p < 0.001) (Fig. 2A). Sensitivity 
analysis of  the included studies also showed a  high 
OR for the development of  periodontitis in RA 
patients (OR = 11.37, 95% CI: 4.22–30.61) (Fig. 2B). 
Figure 3A represents the overall analysis of  cross-
sectional studies, which revealed high heterogeneity 
(I2  =  91%). The overall OR between the groups was 
5.34 (95%  CI: 2.28–12.51), which was statistically 
significant (p  <  0.001). Overall, sensitivity analysis 
of  the included cross-sectional studies yielded 
an  OR of  7.52 (95% CI: 2.95–19.14), demonstrating 
a  3 times higher risk of  developing periodontitis 
in patients with RA (Fig. 3B). In the context of  the 
5  studies that were considered in this analysis, only 
1 study37 concluded that the effect in question was 
not significant. The subgroup analysis was not 
performed, as the authors’ primary focus was on 
assessing the overall association.

Discussion
To the best of our knowledge, this is the first systematic 

review to critically analyze and synthesize the available 
literature on the association between periodontal dis­
ease and RA. The results of this study indicate a statisti­
cally significant positive association between periodontal 
disease and RA. According to the results of  the meta-
analysis, there is an 11.37-fold higher risk of developing 
periodontitis in patients with RA. However, the GRADE 
analysis reported low to moderate certainty of evidence, 
suggesting that more research is needed on this association.

Previous studies have systematically evaluated the 
association between periodontitis and RA.1,10,11,38,39 Based 
on the selection criteria, 11 articles (5 case–control and 
6 cross-sectional studies) were included in this systematic 
review, with 9 articles being incorporated into the meta-
analysis. The studies showed a  positive association 
between periodontitis and RA, as 10 out of  11  papers 
demonstrated a  strong correlation. The meta-analysis 
of  cross-sectional studies revealed similar findings. 
A  systematic review and meta-analysis by Kaur  et  al. 
showed a significant association between the conditions 
in 17 out of  19 studies (examining various RA-related 

Fig. 2. Forest plot of the effect size for the association between periodontitis and rheumatoid arthritis (RA) in the included studies

A. Overall analysis; B. Sensitivity analysis. 
95% CI – 95% confidence interval; df – degrees of freedom; M–H – Mantel–Haenszel.
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factors and periodontitis).40 Another systematic review 
conducted by Kriauciunas et al. found a link between oral 
bacterial growth and RA.41 Agnihotri and Gaur reported 
significantly more severe CAL in their systematic review 
of elderly patients with RA.42 In a recent scoping review, 
Nik-Azis et al. found that seropositive RA patients had 
higher odds of developing chronic periodontitis than the 
control group.43

The meta-analysis of  cross-sectional studies indicated 
that there is a 5-fold increased risk for RA in patients with 
moderate to severe periodontitis (95% CI: 2.28–12.35; 
p = 0.01). The results also indicate that an inverse relationship 
may exist between the risk ratio of  RA and periodontitis. 
The results of this review support the relationship between 
these 2 variables. However, given the small number of point 
estimates available in this analysis, there was a lack of statistical 
significance rather than an absence of an association. Similarly, 
in their meta-analysis, Del Rei Daltro Rosa  et  al. reported 
a reduction in the RA score index (mean difference = −1.81) 
in patients treated for periodontitis.44 The risk estimate was 
lower than that reported in the current study. In the present 
review, we considered the studies included in the paper of Del 
Rei Daltro Rosa et al., although some of them could not be 
quantitatively synthesized. Moreover, the mentioned review 
included prospective and cross-sectional studies, whereas 

the current review focused primarily on cross-sectional 
evidence.

Rheumatoid arthritis is a risk factor for periodontal dis­
ease.40 This relationship can be attributed to a  possible 
link between systemic and concurrent alveolar bone 
resorption in RA and periodontitis. As systemic bone min­
eral density declines, for instance in RA, a simultaneous 
decrease occurs in the density of the maxillary and man­
dibular arches.43 This increases bone fragility, inflamma­
tion and fracture risk. The majority of studies conducted 
on middle-aged adults have shown a positive association 
between RA and periodontal disease, which could be 
attributed to estrogen-related bone remodeling that 
increases with age.42 Additionally, estrogen deficiency plays 
a  mediating role in this association, contributing to 
inflammation and increasing the risk of  both periodontitis 
and RA.12,44 

The clinical presentation of  periodontitis may not 
accurately indicate the presence of P. gingivalis, as not all 
cases are associated with this bacterium. In some instances, 
the administration of  antibiotics in conjunction with 
mechanical debridement does not result in substantial 
improvement for the treatment of chronic periodontitis.45 
The presence of various periodontal pathogens, such as 
Aggregatibacter actinomycetemcomitans, highlights the 

Fig. 3. Forest plot of the effect size for the association between periodontitis and rheumatoid arthritis (RA) in the included cross-sectional studies

A. Overall analysis; B. Sensitivity analysis.
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need for improved study designs that consider the specific 
bacteria present in the subgingival microbiota.20,26,39,46 
Using an objective measurement of periodontal disease, 
such as quantifying the percentage of inflamed or ulcer­
ated surface area, would address the issue of inconsistent 
definitions of periodontitis.15,47,48 

Despite promising results, heterogeneity was observed 
among the included studies regarding the prevalence and 
severity of  periodontal disease in RA-positive patients. 
In a  cohort study of  US veterans, periodontitis patients 
with RA were associated with the presence of ACPAs.49 
However, no significant association was found between 
periodontal disease, ACPA-positive RA patients and 
healthy controls.50 In a Korean study, the authors indicated 
a positive association between periodontal inflammation 
and ACPA levels.35 In a  Japanese population cohort 
study designed to investigate this association, increased 
periodontal inflammation was reported in patients with 
seropositive RA as the level of ACPA rose above 2.34.51,52 
Choi et al. reported increased ACPA levels in patients with 
severe periodontitis.34 By contrast, 2 studies on cohorts 
from Sweden and Malaysia found no association between 
ACPA levels and periodontal health in RA patients.39,50

The fundamental involvement of  periodontal disease 
with the presence of salivary biomarkers is the basis for 
the hypothesized relationship between periodontitis and 
RA. Similar relationships have been studied using novel 
salivary adipokine levels (e.g., omentin-1). These mol­
ecules have the potential to serve as diagnostic tools to 
assess the progression of  periodontal disease and treat­
ment effectiveness.53 However, the epidemiological evi­
dence supporting this association is currently equivocal. 
These conflicts could be attributed to differences in study 
design and the selection of  comparison groups (healthy 
controls, osteoporosis, osteoarthritis patients). Most 
of the included studies investigating this relationship did 
not specify the type and subsets of RA, even though these 
are important criteria for establishing an  association 
between both conditions. The need for more specific and 
standardized criteria for defining periodontal disease 
and RA, inadequate information on confounding factors, 
and differences in eligibility criteria can also contribute 
to the conflicting evidence. Three included studies used 
data from hospital-based registries, while 2 studies 
employed national registries as the sample population. 
Such data provides concrete results due to larger sample 
sizes but may lack detailed information on confounding 
factors and associated diseases.

Limitations 

The validity of the meta-analysis reported in this review 
is contingent upon the strength of the association between 
the 2 conditions – periodontitis and RA. Some studies 
have noted statistically significant associations between 
these 2 conditions, while others showed no significant 

correlations. Including such studies in our meta-analysis 
increases the validity of the findings and provides a more 
robust estimate of  the association. However, the results 
of  the meta-analysis should be interpreted carefully, 
as the inclusion of  observational studies increases the 
risk of  bias. The studies included in our review varied 
in methodological quality, resulting in differences in 
the strength of  evidence. Well-controlled, population-
based and clinical (molecular epidemiology) studies are 
needed to confirm the immunological and biological 
links between RA and periodontal disease. Future studies 
on this topic should follow the STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) 
guidelines to facilitate the assessment of study strengths 
and limitations, as well as the generalizability of findings. 
Secondly, the review did not specifically consider severe 
periodontitis, as it is challenging to recruit patients with 
this condition. The majority of the included studies used 
convenience sampling methods, which pose a  high risk 
of bias. Furthermore, although sex, age, smoking status, 
and RA treatment were considered in many studies, these 
parameters were not reported in detail. Hence, it was 
challenging to draw definitive conclusions on the role 
of potential confounding factors.

Conclusions
The current systematic review and meta-analysis found 

a  positive association between periodontitis and RA. 
Moreover, some studies reported that patients diagnosed 
with RA present higher levels of salivary biomarkers and 
microbial load than healthy controls. The results of  the 
GRADE analysis indicate the need for longitudinal clini­
cal studies with longer follow-up durations to compre­
hensively evaluate this association and elucidate the 
potential role of confounding factors. Overall, the findings 
indicate that individuals diagnosed with RA demonstrate 
an increased risk of developing periodontal disease when 
compared to the general population. However, significant 
heterogeneity was observed across the included studies 
with respect to study populations, definitions of  peri­
odontal disease and RA assessments. Further research 
using standardized disease criteria and measurements is 
warranted. Understanding the interrelationship between 
periodontitis and RA may facilitate the identification 
of shared risk factors and disease mechanisms. Ultimately, 
clarifying this association has implications for the early 
identification of at-risk patients, preventive strategies and 
integrated treatment approaches that bridge oral health 
and chronic inflammatory disease management. The 
results of  this review must be interpreted with caution, 
given the high heterogeneity among the included studies. 
Further research is necessary to clarify the extent and 
underlying nature of  the periodontitis–RA relationship, 
as suggested by this initial evidence synthesis.
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Abstract
Orthodontically induced inflammatory root resorption (OIIRR) is a common complication of orthodontic 
treatment. Clear aligners (CA) are thought to deliver lighter, intermittent forces than fixed appliances 
(FA), potentially reducing the extent of root resorption. However, comparative evidence remains limited, 
particularly from studies using cone-beam computed tomography (CBCT).

This meta-analysis aimed to compare anterior tooth root resorption following treatment with CA vs. FA in 
patients with similar malocclusions, using CBCT-based linear measurements.

A systematic search of MEDLINE/PubMed, Embase and the Cochrane Library was conducted in accordance 
with the PRISMA guidelines. Studies were eligible if they included patients older than 14 years with fully 
developed anterior roots and comparable malocclusion severity, and if they used CBCT to assess changes 
in the root length before and after treatment with either CA or FA. The random-effects meta-regression 
model was used to estimate the weighted mean difference (WMD) in root resorption. Subgroup analyses 
were performed according to tooth type and extraction status.

Four high-quality cohort studies, comprising a total of 1,204 anterior teeth, met the inclusion criteria. Root 
resorption was significantly lower in the CA group than in the FA group (WMD: –0.47 mm; 95% CI: –0.55 
to –0.40 vs. WMD: –0.54 mm; 95% CI: –0.75 to –0.33; p < 0.01). The difference was most pronounced 
in non-extraction cases involving the maxillary central incisors.

Clear aligners are associated with significantly less anterior root resorption than FA in patients with 
comparable malocclusions. Although the absolute difference is modest, CA may represent a  favorable 
treatment option for patients at increased risk of OIIRR.

Keywords: orthodontic treatment, root resorption, fixed appliances, clear aligners, orthodontically 
induced inflammatory root resorption
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Introduction
Orthodontically induced inflammatory root resorp-

tion (OIIRR) is one of  the most common complications 
of  orthodontic treatment, posing risks to tooth vitality 
and long-term periodontal health. As the global demand 
for orthodontic treatment continues to rise – particularly 
among adults – understanding and minimizing OIIRR has 
become increasingly important. Mild to moderate root re-
sorption affects approx. 40–60% of patients, whereas se-
vere resorption (>5 mm) occurs in 1–5% of cases and may 
compromise tooth stability and function.1–3 Orthodonti-
cally induced inflammatory root resorption most com-
monly affects the maxillary and mandibular incisors, as 
well as the maxillary canines, due to the extensive tooth 
movement often required during treatment.4,5

Orthodontically induced inflammatory root resorption 
results from the breakdown of cementum and dentin, typ-
ically initiated when excessive orthodontic forces exceed 
capillary pressure within the periodontal ligament, lead-
ing to localized ischemia and necrosis.5,6 When reparative 
processes are insufficient to counteract tissue damage, ir-
reversible root resorption may occur. Several factors have 
been associated with increased susceptibility to OIIRR, 
including force magnitude and duration, root morphol-
ogy, occlusal trauma, pre-existing conditions, and genetic 
predisposition, particularly polymorphisms in the IL-1β 
gene.3–7 Teeth with incomplete root formation or a histo-
ry of endodontic treatment are generally considered more 
resistant to resorption.3–7 Importantly, the loss of 3 mm 
of the apical root structure is estimated to correspond to 
1 mm of marginal bone loss in terms of periodontal sup-
port, while root loss exceeding 6 mm is regarded as a sign 
of severe structural compromise.6–8

Contemporary orthodontic treatment modalities in-
clude both fixed appliances (FA), which remain the stan-
dard for managing complex malocclusions, and clear 
aligners (CA), which are increasingly favored for their 
esthetics and patient comfort. Although CA therapy has 
been associated with reduced root resorption, likely due 
to lighter forces and shorter periods of force application,9 
direct comparisons with FA must account for malocclu-
sion severity to avoid biased conclusions.10

The radiographic assessment of  root resorption re-
mains challenging. Traditional two-dimensional (2D) 
imaging modalities, including panoramic and periapical 
radiographs, are limited by image distortion, magnifica-
tion errors, and an inability to adequately detect buccal or 
lingual resorption.11,12 In contrast, cone-beam computed 
tomography (CBCT), with its three-dimensional (3D) 
imaging capabilities, provides greater accuracy, repeat-
ability and sensitivity for detecting subtle changes in root 
morphology.4,5,13,14 Nevertheless, CBCT is associated with 
a  substantially higher radiation dose, reported to be up 
to 33 times greater than that of panoramic radiography, 
depending on the field of view used.10

Previous meta-analyses comparing CA and FA have 
often lacked standardized imaging protocols and did not 
adequately control for differences in malocclusion sever-
ity.4,9,15–17 The present study aimed to directly compare 
the extent of root resorption associated with CA and FA 
using CBCT in cohorts matched for baseline malocclu-
sion severity, thereby providing more robust and clinically 
relevant evidence.

Objectives 

This meta-analysis aimed to determine whether the 
root resorption of  the maxillary and mandibular ante-
rior teeth in patients treated with CA is comparable to 
that observed in patients treated with FA, as assessed by 
CBCT in cases with similar malocclusions. The analysis 
was based on the root length measurements obtained 
from CBCT performed before and after active orthodon-
tic treatment.

The null hypothesis was that no statistically significant 
difference exists in root resorption between the maxillary 
and mandibular anterior teeth treated with CA and those 
treated with FA, as measured by CBCT.

Methodology
The study was registered in The International 

Prospective Register of Systematic Reviews – PROSPERO 
(CRD42023471622), and conducted in accordance with 

Highlights

	• In patients with completed root apex development, undergoing treatment for comparable malocclusions over 
a similar treatment duration, the root resorption of anterior teeth was slightly but statistically significantly lower 
with clear aligner therapy (CAT) than with fixed appliance therapy (FAT).

	• The risk of root resorption may be minimized through the application of light forces, precise tooth movements 
and the avoidance of jiggling movements, all of which are facilitated by the use of clear aligners.

	• Regardless of the treatment modality used, the application of light forces and longer intervals between appliance 
activations is recommended.

	• The choice of treatment modality should not be based solely on the potential extent of root apex resorption.
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the guidelines outlined in the Cochrane Handbook for 
Systematic Reviews of  Interventions. The preparation 
of  the systematic review and meta-analysis followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) framework, and included a sys-
tematic literature search, removal of duplicates, screening 
of titles and abstracts, and full-text assessment of selected 
studies.

Eligibility criteria (PICO framework) 

To address the question of which treatment modality is 
associated with greater root resorption of anterior teeth, 
a search strategy based on the PICO framework was ap-
plied:
–	Population: patients undergoing orthodontic treatment 

with fully developed anterior tooth roots;
–	Intervention: treatment with CA;
–	Comparison: treatment with FA;
–	Outcome: root resorption measured in millimetres on 

CBCT images as the difference in the root length before 
and after the completion of orthodontic treatment.
Studies were considered eligible if they included pa-

tients older than 14 years with fully developed anterior 
tooth roots and comparable malocclusion severity. Eligi-
ble studies were required to use CBCT to assess changes 
in the root length before and after orthodontic treatment 
with either CA or FA.

The exclusion criteria were as follows: animal stud-
ies; study designs other than randomized controlled tri-
als (RCTs), prospective or retrospective clinical studies, 
or single-group studies; the assessment of the root length 
using 2D radiographic methods (panoramic or periapical 
imaging); measurements performed before the completion 
of  orthodontic treatment; studies involving patients with 
incomplete development of anterior tooth roots; the lack 
of comparability between groups in terms of malocclusion 
type or severity; patients with a history of dental trauma; 
and patients with endodontically treated anterior teeth.

Literature search and study selection 

The MEDLINE/PubMed, Embase and Cochrane Library 
databases were searched (Table 1). The search was further 

expanded to include gray literature and reference lists. All 
publications were independently screened, selected and 
assessed by two authors (RS and MM). Following title 
and abstract screening, full-text articles were retrieved 
and evaluated for eligibility based on the inclusion crite-
ria. Studies meeting the criteria were included in the final 
analysis. Any disagreement was resolved through consul-
tation with a third author (BG).

Assessment of study quality and risk of bias 

The quality of non-randomized studies was assessed us-
ing the Newcastle–Ottawa Scale (NOS), which evaluates 
3 domains: the selection of study groups (case and control 
representativeness); the comparability of groups at base-
line; and outcome assessment with adequate follow-up 
and independent or blinded evaluation. One point was 
awarded for each criterion indicating high methodologi-
cal quality.18 The overall score was interpreted as follows: 
7–9 points indicated grade A (good quality); 4–6 points 
indicated grade B (satisfactory quality); and 3 points or 
fewer indicated grade C (poor quality).19

The risk of bias was additionally evaluated using the 
ROBINS-I (Risk Of Bias In Non-randomized Studies 
– of  Interventions) tool, which provides a  structured 
framework for assessing bias across 7 domains that may 
occur before, during or after intervention implementa-
tion. These include: confounding (baseline differences 
between groups); the selection of participants; the clas-
sification of interventions; deviations from the intended 
interventions; missing outcome data; outcome mea-
surement; and selective reporting. The ROBINS-I tool 
classifies studies into 4 levels of overall risk of bias: low; 
moderate; serious; and critical. A  low risk of bias indi-
cates that all or nearly all domains are at low risk, with 
only minor concerns regarding confounding. A moder-
ate risk of bias is assigned when at least one domain rais-
es moderate concerns, but none are serious or critical. 
A serious risk of bias indicates at least one domain with 
serious concerns or multiple domains with moderate 
concerns. A critical risk of bias reflects at least one do-
main with critical concerns, or multiple serious issues, 
and such studies are generally not recommended for in-
clusion in evidence syntheses.20

Table 1. Search strategy

Database Search strategy

MEDLINE/PubMed

("root resorption"[MeSH Terms] OR ("root"[All Fields] AND "resorption"[All Fields]) OR "root resorption"[All Fields]) AND (("clear"[All 
Fields] OR "cleared"[All Fields] OR "clearing"[All Fields] OR "clearings"[All Fields] OR "clears"[All Fields]) AND ("align"[All Fields] OR 

"alignability"[All Fields] OR "alignable"[All Fields] OR "aligned"[All Fields] OR "alignement"[All Fields] OR "aligner"[All Fields] OR 
"aligners"[All Fields] OR "aligning"[All Fields] OR "alignment"[All Fields] OR "alignments"[All Fields] OR "aligns"[All Fields])) AND 

("orthodontic appliances, fixed"[MeSH Terms] OR ("orthodontic"[All Fields] AND "appliances"[All Fields] AND "fixed"[All Fields]) OR 
"fixed orthodontic appliances"[All Fields] OR ("fixed"[All Fields] AND "appliances"[All Fields]) OR "fixed appliances"[All Fields])

Embase
('orthodontic root resorption' OR (('orthodontic'/exp OR orthodontic) AND ('root'/exp OR root) AND ('resorption'/exp OR resorption))) 

AND ('clear aligner'/exp OR 'clear aligner' OR (clear AND aligner)) AND ('fixed appliances' OR (fixed AND appliances))

Cochrane Library ("root resorption"):ti,ab,kw AND (clear aligner):ti,ab,kw AND ("fixed appliance"):ti,ab,kw
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The risk of  bias and methodological quality of  all in-
cluded studies were independently assessed by two au-
thors (RS and MM). Any disagreement was resolved 
through discussion, and unresolved cases were adjudi-
cated by a third author (BG).

Statistical analysis

Statistical analysis was performed using the R software, 
v. 3.6.1 (R Core Team, 2021; https://www.r-project.org). 
To evaluate differences in anterior tooth root resorption 
between the patients treated with FA and CA, the ran-
dom-effects meta-regression model was applied. This ap-
proach combines meta-analysis and linear regression to 
assess the potential influence of study-level covariates on 
the effect size.

The treatment effect was expressed as a weighted mean 
difference (WMD) in millimetres, with corresponding 
95%  confidence intervals (CIs). Study weights were as-
signed using the inverse-variance method, thereby giving 
greater influence to studies with more precise estimates. 
The random-effects model was chosen a priori due to the 
anticipated clinical and methodological heterogeneity 
across the included studies.

Heterogeneity was assessed using the I2 statistic, with 
values above 50% considered indicative of substantial het-
erogeneity and prompting additional subgroup analyses. 
Subgroup analyses were performed to compare extraction 
vs. non-extraction cases, as well as according to tooth type 
and location (incisors, canines, the maxilla, and the man-
dible), which were considered potential effect modifiers.

In contrast, malocclusion severity and treatment dura-
tion were not included in the meta-regression model, as 
these variables were comparable across the included stud-
ies, and therefore unlikely to account for between-study 
differences in the effect size.

Given the limited number of included studies, sensitiv-
ity analyses and the formal assessment of publication bias 
(e.g., funnel plots or Egger’s test) were not performed, in 
accordance with methodological recommendations for 
low-powered datasets. A  p-value <0.05 was considered 
statistically significant for all analyses.

Results

PRISMA flow of study selection 

A total of 41 records were initially identified. After the 
removal of  duplicates and the registered ongoing stud-
ies, 31 publications remained. Following title and abstract 
screening, 17 studies were excluded as review articles, or 
due to irrelevance to the topic, case report design, animal 
studies, or short observation periods. This resulted in 14 
publications eligible for full-text assessment. Of these, 8 
studies were included in the systematic review. Studies 

were excluded at this stage due to the absence of CBCT 
analysis,21–24 the lack of  specification of  malocclusion 
type,25 or exclusive focus on molar root resorption.26 Ul-
timately, 4 studies qualified for the meta-analysis.10,27–29 
Additional exclusions were made for studies lacking 
a control group,8,13 those involving teeth with incomplete 
root development,30 and to ensure a more homogeneous 
study population. Specifically, only cases of crowding in 
Class I malocclusion with comparable discrepancy index 
(DI) scores according to the American Board of Ortho-
dontics (ABO) were retained, leading to the exclusion 
of a further 3 studies (Fig. 1).8,13,31

Included studies 

Eight studies were included in the qualitative synthesis 
(Table 2),8,10,13,27–31 all of which were classified as high qual-
ity according to NOS (Table 3). However, the risk of bias 
varied among the included studies (Table 4). The majority 
were rated as having a moderate risk of bias,8,10,28–31 while 
2 studies were judged to have a  low risk of  bias.13,27 In 
contrast, the study by Wang et al. was assessed as having 
a serious risk of bias, mainly due to the concerns related 
to confounding and outcome measurement.30 Important-
ly, only studies with a low27 or moderate risk of bias10,28,29 
were included in the meta-analysis to ensure the validity 
and reliability of the quantitative synthesis.

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flowchart of the study

https://www.r-project.org
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Regarding outcome assessment, most studies mea-
sured root resorption using linear CBCT measurements 
comparing the root length before and after orthodontic 

treatment. However, Liu  et  al.13 and Chen  et  al.31 em-
ployed volumetric CBCT analysis, reporting changes in 
the root volume [mm3] rather than the linear root length. 

Table 2. Characteristics of the included studies

Study Type 
of study 

Number 
of participants 

(age [years])

Test group 
(CAT)

Control group 
(FAT)

Analyzed 
teeth

Type 
of malocclusion and 

DI (acc. to ABO)

Treatment 
duration 
[months]

Outcomes 
(root resorption in 
all teeth, measured 
on CBCT scans [mm])

Aman et al.8 
2018 
USA

cohort 
study

CAT:160 
(34 ±16)

Invisalign no FAT group
maxillary 
incisors

Class I, Class II, Class III, 
crowding, spacing, 

open bite, cross bite, 
extraction cases, 
previous trauma, 

previous orthodontic 
treatment

CAT: 
2.19 ±0.81 years

CAT: 
central incisors: 

0.53 ±0.59 
lateral incisors: 

0.49 ±0.57 
p = 0.550

Li et al.10 
2020 
China

cohort 
study

CAT:35 
(24.71 ±7.48) 

 
FAT: 35 

(22.51 ±7.48)

Invisalign Victory Series

maxillary and 
mandibular 
incisors and 

canines

malocclusion not 
specified, yet DI 

calculated: 
CAT: 18.80 ±7.74 
FAT: 17.14 ±10.14 

p = 0.445

CAT: 
21.54 ±5.55 

FAT: 
23.31 ±6.25

CAT: 0.13 ±0.47 
FAT: 1.12 ±1.34 

p < 0.001 

Liu et al.13 
2021 
China

cohort 
study

CAT: 40 
(24.1 ±5.8)

Invisalign no FAT group
maxillary and 
mandibular 

incisors
Class II, crowding

CAT: 
21.45 ±7.24

CAT: 11.48 ±6.70 mm3  
p < 0.010

Almagrami et al.27 
2023 
China

cohort 
study

CAT: 20 
(25.15 ±6.67) 

 
FAT: 20 

(22.33 ±4.33)

Invisalign Victory Series
maxillary 
incisors

mild–moderate 
crowding 

 
CAT: 12.69 ±0.52 
FAT: 14.38 ±0.89 

p = 0.610

CAT: 
25.85 ±8.00 

FAT: 
29.67 ±7.71

CAT: 0.31 ±0.42 
FAT: 0.62 ±0.78 

p < 0.005

Eissa et al.28 
2018 
Canada

cohort 
study

CAT: 11 
(18.35 ±2.83) 

 
FAT-DQ: 11 

(17.71 ±2.22) 
 

FAT-VS: 11 
(17.44 ±2.39)

SmartTrack
Damon Q 

Victory Series
maxillary 
incisors

Class I malocclusion 
with 4–6 mm 

crowding 
no DI, yet crowding 
severity measured: 

CAT: 5.13 ±0.59 
FAT-DQ: 5.10 ±0.68 
FAT-VS: 5.30 ±0.66 

p = 0.730

CAT: 
15.14 ±1.94 

FAT-DQ: 
15.75 ±1.94 

FAT-VS: 
16.27 ±2.74

CAT: 0.44 ±0.35 
p < 0.050 

FAT-DQ: 0.55 ±0.38 
p < 0.050 

FAT-VS: 1.04 ±0.67 
p < 0.050

Jyotirmay et al.29 
2021 
India

cohort 
study

CAT: 55 
(21.62 ±3.58) 

 
FAT: 55 

(23.71 ±6.37)

In-line 
aligners

Victory Series

maxillary and 
mandibular 
incisors and 

canines

malocclusion not 
specified, yet DI 

calculated: 
CAT: 17.10 ±12.34 
FAT: 16.13 ±11.23 

p = 0.561

CAT: 
22.23 ±7.34 

FAT: 
22.45 ±6.54

CAT: 1.12 ±1.34 
p = 0.002 

FAT: 1.51 ±1.34 
p < 0.001

Wang et al.30 
2017 
China

cohort 
study

CAT: 28 
(16 ±3.5) 

 
FAT: 28 

(15 ±2.3)

Invisalign Victory Series
maxillary and 
mandibular 

incisors

Class I, 
mild–moderate 

crowding 
 

CAT: 11.72 ±0.41 
FAT: 12.19 ±3.26 

p > 0.050

CAT: 
1.5 ±0.3 years 

FAT: 
1.7 ±0.4 years

prevalence of root 
resorption: 
CAT: 68.3% 
FAT: 85.3% 

p < 0.05 
percentage of teeth 

with >3 mm 
resorption: 

CAT: 0% 
FAT: 23.21%

Chen et al.31 
2023 
China

cohort 
study

CAT: 
22.71 ±3.44 

 
FAT: 

23.60 ±3.19 
 

SL: 23.71 ±3.44

Invisalign
FAT: Victory 

Series 
SL: Damon Q

maxillary 
central 
incisors

Class II Division 2 
DI: 

CAT: 12.00 ±3.38 
FAT: 13.70 ±2.99 
SL: 13.48 ±3.12 

p = 0.211

CAT: 
30.94 ±4.32 

FAT: 
28.30 ±5.08 

SL: 27.67 ±4.72

CAT: 23.68 ±4.82 mm3  
FAT: 28.24 ±6.44 mm3 
SL: 28.17 ±6.07 mm3 

p < 0.050

CAT –clean aligner therapy; FAT – fixed appliance therapy; DQ – Damon Q; VS – Victory Series; SL – self-ligating bracket group; DI – discrepancy 
index; ABO – American Board of Orthodontics.
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Although volumetric measurements may provide a more 
comprehensive representation of  root resorption, only 
studies using linear CBCT measurements were included 
in the meta-analysis. This was not defined as a standalone 
inclusion criterion; rather, the studies applying volumet-
ric analysis were excluded, as they did not meet other 
essential eligibility requirements, including the need for 
comparable malocclusion severity,13,31 and the presence 
of both treatment and control groups.13

The study groups consisted of patients treated with CA, 
including Invisalign®, SmartTrack™ and Inman/In-line 
aligners, while the control groups comprised patients treated 
with FA, such as Victory Series™ and Damon Q™ systems. 
Notably, 2 studies did not include a FA control group.8,13

With regard to malocclusion characteristics, the study 
by Aman  et  al. included a  heterogeneous range of  mal-
occlusion types,8 whereas Liu  et  al.13 and Chen  et  al.31 

focused specifically on Class II malocclusion treatment. In 
contrast, Almagrami et al.,27 Eissa et al.28 and Wang et al.30 
and investigated patients with Class I malocclusion pre-
senting anterior crowding. In the studies by Li et al.10 and 
Jyotirmay et al.,29 the specific malocclusion type was not 
explicitly stated; however, DI was reported to characterize 
baseline severity.

Most studies assessed the root length changes of  the 
maxillary incisors8,10,13,27,28,30,31 and the mandibular inci-
sors.10,13,29,30 Additionally, Li et al.10 and Jyotirmay et al.29 
included canines in their analyses.

Meta-analysis 

Four cohort studies were included in the meta-
analysis.10,27–29 These studies evaluated patients older 
than 14 years with fully developed anterior tooth roots. 

Table 4. Risk of bias in the included non-randomized studies according to the ROBINS-I tool

Study Confounding Selection 
of participants

Classification 
of interventions

Deviations from 
the intended 
interventions

Missing 
outcome data

Outcome 
measurement

Selective 
reporting Total

Aman et al.8 
2018

low low low moderate low low low moderate

Li et al.10 
2020

moderate moderate moderate low low low low moderate

Liu et al.13 
2021

low low low low low low low low

Almagrami et al.27 
2023

low low low low low low low low

Eissa et al.28 
2018

low low low moderate low low low moderate

Jyotirmay et al.29 
2021

moderate low low low low low low moderate

Wang et al.30 
2017

serious low low low low serious low serious

Chen et al.31 
2023

moderate low low moderate low low low moderate

Table 3. Quality evaluation of the included non-randomized studies according to the Newcastle–Ottawa Scale (NOS)

Study Selection Comparability Outcomes Total Level of quality

Aman et al.8 
2018

3 1 3 7 A

Li et al.10 
2020

4 1 3 8 A

Liu et al.13 
2021

3 1 3 7 A

Almagrami et al.27 
2023

4 1 3 8 A

Eissa et al.28 
2018

4 1 3 8 A

Jyotirmay et al.29 
2021

4 1 3 8 A

Wang et al.30 
2017

4 1 3 8 A

Chen et al.31 
2023

4 1 3 8 A
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In  total, 1,204 teeth were assessed, including 602 in the 
CA group and 602 in the FA group.

The studies included in the meta-analysis used matched 
groups based on the type of  treated malocclusion. In 
2 studies, patients presented with moderate anterior 
crowding,27,28 whereas in the remaining studies, maloc-
clusion was not explicitly defined10,29; however, the DI, 
assessed according to ABO, was reported. No signifi-
cant differences in the DI values were observed between 

groups. Neither DI nor treatment duration differentiated 
the study groups (Fig. 2–4).

All included studies performed blinded CBCT-based 
assessments of root resorption, ensuring that evaluators 
were unaware of  treatment allocation. In the study by 
Eissa et al., radiographic measurements were performed 
by a single blinded investigator,28 whereas in the remain-
ing studies, assessments were conducted independently 
by two blinded examiners.10,27,29 To evaluate measure-

Fig. 3. Differences in the American Board of Orthodontics (ABO) discrepancy index (DI) in the included studies

Fig. 2. Primary results for tooth root resorption in the clear aligner (CA) and fixed appliance (FA) groups

M – mean; SD – standard deviation; MD – mean difference; CI – confidence interval.

Fig. 4. Differences in treatment duration in the included studies
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ment reproducibility and reliability, Eissa et al. repeated 
assessments after a 4-week interval and analyzed agree-
ment using the κ statistic for the systematic error and 
the Dahlberg formula for the random error, both con-
firming acceptable measurement accuracy.28 Li  et  al.10 
and Almagrami  et  al.27 assessed inter- and intra-oper-
ator reliability using intra-class correlation coefficients 
(ICCs) based on repeated measurements performed at 
2–4-week intervals. Both studies demonstrated excel-
lent agreement, with the ICC values exceeding 0.97.10,27 
Among the 4 studies, the report by Jyotirmay et al. pro-
vided the least detailed methodology regarding reliabili-
ty assessment.29 Although concordance between the two 
investigators was reported, the study did not describe 
the statistical approach or provide a quantitative analysis 
to support this claim.29

Root resorption in meta-analysis 

Root resorption was statistically significantly lower 
in the CA group as compared to the FA group (WMD: 
–0.47 mm; 95% CI: –0.55 to –0.40 vs. WMD: –0.54 mm; 
95% CI: –0.75 to –0.33; p < 0.01).

Subgroup analyses demonstrated that, in non-extrac-
tion cases,27,28 the root resorption of  the maxillary cen-
tral incisors was significantly lower in patients treated 
with CA. In contrast, no statistically significant differ-
ences between the treatment modalities were observed 
for the maxillary lateral incisors. Similarly, in extraction 
cases,10,29 significantly lower root resorption of the maxil-
lary central incisors was observed in the CA group. No 
statistically significant differences between the treatment 
modalities were identified for the lateral incisors or ca-
nines (Table 5).

The WMD values further confirmed a  statistically 
significant reduction in root apex resorption in the CA 
group as compared to the FA group. The greatest reduc-
tion was observed for the maxillary central incisors in 
non-extraction cases (p < 0.01).

Discussion
The present meta-analysis evaluated differences in the 

extent of anterior tooth root apex resorption between clear 
aligner therapy (CAT) and fixed appliance therapy (FAT) 
in comparable malocclusions, using CBCT examinations 
performed before and after treatment. Both CAT and FAT 
were associated with apical root resorption. However, 
the mean root loss was slightly lower in the CAT group 
(−0.47 mm) than in the FAT group (−0.54 mm). The confi-
dence intervals for CAT (95% CI: −0.55 to −0.40) were nar-
rower than those for FAT (95% CI: −0.75 to −0.33), which 
may indicate greater homogeneity of  results within the 
CA group. The limited overlap between CIs suggests a po-
tentially meaningful difference between the 2 treatment 
modalities. Although the inter-group difference reached 
statistical significance (p  <  0.01), its absolute magnitude 
(0.07 mm) was small. Consequently, the clinical relevance 
of this difference may be limited, particularly if it remains 
within the range considered biologically harmless to tooth 
vitality. Nevertheless, these findings suggest that CAT may 
constitute a more conservative alternative with respect to 
the risk of root resorption, which could be particularly rel-
evant in patients predisposed to OIIRR.

Both extraction and non-extraction cases were includ-
ed in the analysis. In all studies included in the meta-
analysis,10,27–29 root resorption in the CA group was sta-
tistically significantly lower than in the FA group. The 
greatest difference in root apex resorption observed in 
this meta-analysis concerned the central incisors, which 
was consistent with the findings reported in 3 of  the 
included studies.27–29 In contrast, Li et al. reported the 
greatest degree of  resorption in the maxillary canines 
and lateral incisors.10 Previous literature has identified 
the maxillary lateral incisors as the teeth most suscepti-
ble to OIIRR, with an average root loss ranging from 1.2 
to 1.6 mm. This increased vulnerability may be associat-
ed with the damage caused by the erupting canines. Both 
the maxillary lateral and central incisors appear particu-

Table 5.  Subgroup analysis – root resorption in individual tooth groups in non-extraction and extraction treatment with clear aligners (CA) vs. fixed appliances (FA)

Studies Tooth group n MD SE
95% CI

Z score p-value
lower bound upper bound

Non-extraction 
cases included27,28

UI1 + UI1r 102 –0.47 0.13 –0.73 –0.22 –3.60 0.0003*

UI1 + UI1l 102 –0.44 0.13 –0.69 –0.18 –3.32 0.0009*

UI2 + UI2r 102 –0.37 0.20 –0.76 0.01 –1.89 0.060

UI2 + UI2l 102 –0.36 0.22 –0.79 0.07 –1.66 0.100

Extraction cases 
included10,29

UI1 360 –0.89 0.12 –1.13 –0.65 –7.40 <0.00001*

UI2 360 –0.59 0.50 –1.56 0.38 –1.19 0.235

UC 360 –0.79 0.60 –1.97 0.40 –1.30 0.192

LI1 360 –0.27 0.17 –0.07 0.07 –1.56 0.119

LI2 360 –0.44 0.54 –1.50 0.62 –0.81 0.415

LC 360 –0.39 0.57 –1.51 0.74 –0.67 0.502

SE – standard error; U – upper; L – lower; I – incisor; C – canine; 1 – central; 2 – lateral; r – right; l – left;* statistically significant.
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larly predisposed to resorption, likely because of  their 
root morphology. Teeth with short, pointed, pipette-
shaped, dilacerated, distorted, or curved roots are con-
sidered to be at greater risk.32,33 Root resorption is gen-
erally more pronounced in the maxillary incisors than 
in the mandibular incisors, primarily due to the greater 
extent of tooth movement and overjet reduction during 
space closure, particularly in extraction cases. There-
fore, carefully controlled orthodontic tooth movement 
remains essential for minimizing the risk of resorption.13

The type of malocclusion influences the extent of tooth 
movement, treatment mechanics, and, consequently, the 
risk of root resorption. Class II malocclusions and open 
bites are associated with a higher risk, as they often re-
quire greater ranges of  tooth movement.3,5 Accordingly, 
extraction cases appear to be particularly susceptible to 
this complication.5 In contrast, the influence of crowding 
correction on root resorption remains unclear.3,8 Root re-
sorption has been most strongly associated with intrusive 
movements, retraction,5 translation, lingual root torque,6 
round tipping, and the use of interarch elastics.3 Increased 
resorption has also been reported when the root apex 
comes into contact with the palatal cortical plate, high-
lighting the importance of  sagittal root positioning and 
careful radiographic monitoring throughout treatment. 
Proper torque control and carefully managed retraction 
mechanics are particularly important in Class II cases to 
minimize excessive root displacement.8,13 A multivariate 
analysis conducted by Liu  et  al. demonstrated that ap-
prox. 51% of the variability in root resorption could be ex-
plained by factors such as the tooth type, the sagittal root 
position, extraction treatment, and the extent of intrusion 
and extrusion movements.13

Age is generally not considered a significant risk factor 
for root resorption,5,13 with the exception that teeth with 
incomplete root development appear to be more resistant 
to this process.3 Longer treatment duration and the ap-
plication of  high orthodontic forces are associated with 
an  increased risk of  resorption.5,6 However, treatment 
duration should be interpreted in relation to the active 
phases of  orthodontic mechanics. The prolonged over-
all treatment time resulting from the extended intervals 
between appointments or poor patient compliance does 
not necessarily increase the risk of root resorption.5 The 
more favorable resorption outcomes observed in CAT 
may be related to the fact that CA are most commonly 
used in less complex malocclusions, which typically re-
quire shorter treatment times and allow for more con-
trolled tooth movements.5,13 Since root resorption has 
been reported to be greater in Class II malocclusions than 
in Class I malocclusions,5,9 the studies by Liu et al.13 and 
by Chen  et  al.31 were excluded from the meta-analysis. 
Similarly, as teeth with incomplete root development are 
considered more resistant to resorption,5 the study by 
Wang  et  al., which included patients aged 11 years and 
older, was also excluded.30

In the present meta-analysis, the potential influence 
of malocclusion type and treatment duration on root re-
sorption was minimized, as the included studies demon-
strated statistical comparability for these parameters. To 
account for anatomical variability and differences in the 
tooth position within the dental arch, subgroup analyses 
were performed for individual teeth.

The radiographic assessment of  root resorption using 
2D imaging techniques is considered less reliable because 
of  image distortion and superimposition. More accurate 
evaluation can be achieved using CBCT; therefore, stud-
ies employing imaging methods other than CBCT were 
excluded from the analysis.21–24 Since the assessment 
of root resorption should ideally be performed after the  
completion of  orthodontic treatment, studies evaluat-
ing resorption before the end of treatment were also ex-
cluded.24,34 Additionally, studies were excluded if the type 
of  malocclusion was not specified25 or if only CAT was 
evaluated without a control group.8,13,22,25

This meta-analysis demonstrated that root resorp-
tion in CAT is statistically significantly lower than in 
FAT when assessed using CBCT imaging. Neverthe-
less, root resorption was observed in both the CAT and 
FAT groups across all analyzed studies, indicating that 
treatment with CA does not eliminate the risk of  re-
sorption, but rather significantly reduces its extent. Our 
findings support the hypothesis that the relatively lower 
and more intermittent forces generated by CA reduce 
ischemic pressure within PDL, thereby limiting osteo-
clast and odontoclast activity.35 Clear aligners apply in-
termittent forces that activate receptor activator of nu-
clear factor kappa-B ligand (RANKL) activity through 
interleukin-1 beta (IL-1β) expression, while minimizing 
damage to PDL cells.36 The magnitude of  orthodontic 
force is influenced by the elastic modulus of  the appli-
ance material. Steel archwires are highly rigid and pos-
sess a  high elastic modulus, whereas nickel-titanium 
archwires exhibit substantially lower stiffness. In com-
parison, aligners demonstrate an  elastic modulus ap-
prox. 40–50 times lower than that of  nickel-titanium 
archwires.37 Consequently, aligners generate lower orth-
odontic forces. Higher orthodontic forces may induce 
ischemia within the periodontal capillaries, contribut-
ing to root resorption.22 Fixed appliances typically exert 
continuous forces of greater magnitude over prolonged 
periods, potentially intensifying the local inflammatory 
response and leading to more pronounced root resorp-
tion.38–40 In contrast, the forces applied during CAT are 
inherently lower, as tooth movement occurs at an aver-
age rate of  approx. 0.2  mm every 10–14 days as com-
pared to about 1 mm per month during FAT.9

Despite its recognized advantages, CAT remains sub-
ject to biomechanical limitations that may restrict its ef-
fectiveness in the treatment of complex malocclusions. In 
particular, CAT has demonstrated reduced predictability 
in achieving certain types of tooth movement, including 
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significant root torque, bodily translation, extrusion, and 
the derotation of  cylindrical teeth. Unlike FAT, which 
benefits from the fixed anchorage provided by brackets 
and archwires, CAT offers less precise control over the 
application of  multidirectional orthodontic forces. As 
a result, treatment outcomes with CA may be less predict-
able in more demanding clinical situations. Consequently, 
cases involving severe crowding, deep bite, anterior open 
bite, impacted teeth, skeletal discrepancies, or significant 
transverse deficiencies often require the use of auxiliary 
devices or hybrid treatment approaches to achieve satis-
factory clinical results. Furthermore, CAT in extraction-
based treatment should be undertaken with caution, and 
is generally considered unsuitable for patients with severe 
skeletal malocclusions or pronounced craniofacial anom-
alies.41,42

The design of  CA considerably influences the risk 
of OIIRR. Key factors such as staging protocols, attach-
ment design, aligner thickness, and trimline morphol-
ogy determine both the magnitude and direction of the 
forces applied to the teeth. Small incremental move-
ments (0.2–0.3  mm per aligner) generate lighter, in-
termittent forces, thereby reducing PDL stress and the 
risk of  resorption, whereas accelerated staging proto-
cols may increase apical loading.43 Attachments further 
modify aligner biomechanics. Optimized attachment 
design intended to facilitate torque, intrusion and rota-
tional movements may improve movement control, but 
attachments can also concentrate stress at the root apex, 
particularly when improperly designed or positioned. 
For example, horizontal rectangular attachments have 
been associated with greater root stress than beveled or 
ellipsoidal forms.44,45 Trimline morphology also affects 
force delivery. Straight and extended trimlines enhance 
aligner retention and improve force transmission, es-
pecially during intrusive and torque movements.46 In 
addition, excessive aligner thickness (>0.95  mm) may 
increase force magnitude, and consequently elevate the 
risk of root resorption.47 Therefore, individualized align-
er protocols based on digital treatment planning and the 
careful evaluation of  the root-to-bone relationship are 
essential for minimizing OIIRR and optimizing treat-
ment outcomes.

Another important advantage of CAT is the precise dig-
ital pre-programming of tooth movements, which enables 
clinicians to sequence individual tooth displacements in 
a  controlled and predictable manner. This approach re-
duces the need for repeated or overlapping movements, 
and limits undesirable jiggling forces that may exacer-
bate apical stress. Furthermore, the intermittent force 
application characteristic of CAT, resulting from regular 
appliance removal and reinsertion, may facilitate repara-
tive processes within PDL and cementum, thereby con-
tributing to a lower risk of root resorption.44,45 Moreover, 
aligners are digitally engineered to optimize force deliv-
ery, including force distribution at the root apex, allowing 

for more biologically compatible orthodontic mechanics 
that may support the preservation and healing of the root 
structure during treatment.9,10,29

From a clinical perspective, these findings highlight the 
potential advantages of selecting CAT for patients at in-
creased risk of root resorption, such as individuals with 
a thin periodontal biotype or a history of dental trauma. 
The ability to individualize force application and stage 
tooth movements more gradually may reduce mechanical 
stress at the root apex and help preserve long-term tooth 
integrity. Furthermore, digital workflows and 3D treat-
ment planning enable more precise control of force vec-
tors and tooth movement patterns, thereby minimizing 
undesirable jiggling or uncontrolled tipping forces that 
may contribute to root resorption.

Our findings are consistent with those of  the meta-
analysis conducted by Fang et al., who reported signif-
icantly lower root resorption in the CAT group (stan-
dardized mean difference (SMD): −0.65, 95% CI: −0.74 
to −0.55; p  <  0.01).9 In contrast to our results, which 
demonstrated the greatest root loss in the maxillary cen-
tral incisors, Fang et  al. identified the maxillary lateral 
incisors as the teeth most affected by resorption. Never-
theless, both analyses consistently showed lower levels 
of  resorption in all anterior teeth treated with CAT as 
compared to FAT. The authors attributed these find-
ings to the intermittent nature of  orthodontic forces 
and the digitally planned, controlled tooth movements 
characteristic of  CAT, which reduce undesirable jig-
gling effects – mechanisms that are also supported by 
our interpretation. Conversely, Gandhi  et  al. reported 
no statistically significant differences between CAT and 
FAT in their meta-analysis, except for the right maxil-
lary lateral incisor.4 However, their analysis included 
studies based on both 2D and 3D imaging modalities, 
which may have introduced measurement variability. 
Indeed, their subgroup analysis demonstrated that the 
root resorption values obtained from 2D imaging were, 
on average, 0.2 mm greater than those measured using 
CBCT.4 By including exclusively CBCT-based studies, 
the present meta-analysis provides a more standardized 
and accurate assessment of root resorption. In a meta-
analysis focusing exclusively on cases treated with CAT, 
Butsabul  et  al. reported that the least resorption oc-
curred in the anterior teeth, with the greatest resorp-
tion observed in the maxillary central incisors,15 which 
is consistent with our findings. Collectively, these results 
highlight the clinical relevance of anatomical variability 
and imaging methodology in the assessment of root re-
sorption, as well as the importance of using standardized 
CBCT protocols in future research.

A key strength of this meta-analysis is its explicit focus 
on patients older than 14 years with fully formed root api-
ces and matched malocclusion severity, thereby reducing 
a major potential source of bias in comparisons between 
CAT and FAT.
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Limitations 

This meta-analysis has several limitations:
–	the small number of included studies, which limited the 

ability to perform robust publication bias analyses, such 
as the funnel plot assessment;

–	the absence of RCTs, as studies evaluating root resorp-
tion are predominantly retrospective in design;

–	the inclusion of  relatively uncomplicated malocclu-
sions, with no assessment of more complex cases;

–	the use of linear measurements of root resorption, despite 
the spatial nature of this phenomenon, whereas volumetric 
assessment of the lost root structure (e.g., in cubic millime-
tres) would provide a more accurate evaluation;

–	the overall moderate risk of  bias among the included 
studies.
Looking ahead, well-designed RCTs incorporating stan-

dardized CBCT imaging, uniform force application proto-
cols and a  broader range of  outcome measures, including 
the volumetric assessment of  root changes and biomarker 
analyses, are needed to provide more definitive evidence. In 
addition, the inclusion of patient-centered outcomes, such as 
treatment satisfaction, pain and discomfort, and long-term 
periodontal health, would enable a  more comprehensive 
evaluation of CAT vs. FAT, allowing clinicians to balance po-
tential benefits and risks in a more holistic manner.

Conclusions
This meta-analysis demonstrates that, for comparable 

malocclusion severity and treatment duration, the use 
of CA is associated with a statistically significantly lower 
extent of  root resorption in anterior teeth as compared 
with FA. However, given the small absolute difference in 
resorption between the treatment modalities, it is not ap-
propriate to stratify or preferentially select CAT based 
on this parameter alone. Further studies are required to 
confirm these findings across broader and more diverse 
populations and treatment contexts.

While both CAT and FAT are capable of achieving ef-
fective orthodontic outcomes, the ability of  aligners to 
deliver lighter and more intermittent forces may confer 
a protective effect on the integrity of the root apex. Ac-
cordingly, clinicians may consider CAT particularly in 
patients presenting with increased risk factors for OIIRR. 
Future research incorporating standardized imaging pro-
tocols and comprehensive biological markers will be es-
sential for refining these observations and further sup-
porting evidence-based orthodontic treatment planning.
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Abstract
This systematic review aimed to assess the effectiveness of  stabilization splints in the treatment 
of myogenous temporomandibular disorders (TMD).

The review was performed according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. An electronic search was conducted in 2 databases – MEDLINE via 
PubMed and the Web of Science. The final search was conducted in May 2022.

Ten randomized clinical trials (RCTs) were included. The total sample size was 539 participants, with 
a  mean follow-up of  6 months. Four outcomes were assessed: pain reduction (10 studies); mouth 
opening improvement (5 studies); headache reduction (2 studies); and quality-of-life (QoL) improvement 
(4  studies). Most trials reported improvement in TMD symptoms in comparison with the baseline 
measures. Nevertheless, the overall quality of evidence was low due to moderate to high risk of bias and 
the small sample sizes.

Given the limitations of the systematic review, occlusal stabilization splint therapy appeared to be effective 
in reducing the signs and symptoms of TMD. However, further large-scale prospective studies are needed 
to evaluate its long-term effectiveness.
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Introduction
Temporomandibular disorders (TMD) comprise a group 

of  neuromuscular and musculoskeletal conditions affect-
ing the masticatory muscles, temporomandibular joints 
(TMJs), and/or associated structures.1,2 The prevalence 
of TMD is estimated to range from 5% to 12% in the gener-
al population, with rates reaching up to 30% among young 
adults.3 This dysfunction is commonly characterized by 
pain in the TMJs or masticatory muscles, restricted or de-
viated mandibular movement, and joint sounds, such as 
clicking or crepitus, during mandibular function. Addition-
al symptoms may include headaches, earaches, poor sleep 
quality, and depression.4 The etiology of TMD is complex 
and multifactorial. Contributing factors include trauma, 
parafunctional habits, stress, postural abnormalities, neu-
romuscular dysfunction, and psychosocial factors.5–7

Temporomandibular disorders represent a  prevalent 
condition with substantial effects on quality of life (QoL), 
often characterized by chronic pain and limitations in dai-
ly activities.8–10 Given the multifactorial nature of TMD, 
a wide range of treatment approaches has been proposed. 
Current evidence supports prioritizing the most con-
servative and reversible interventions aimed at relieving 
pain, restoring normal function, and improving the pa-
tient’s physical and psychological well-being.6 Accord-
ingly, therapeutic approaches are generally classified into 
3 categories: non-invasive; semi-invasive; and invasive.

Non-invasive and reversible treatment, also referred 
to as conservative therapies, may be applied alone or in 
combination. These include splint therapy, manual thera-
py, pharmacotherapy, counseling, therapeutic education, 
postural training, acupuncture, LED therapy, low-level 
laser therapy (LLLT), and therapeutic ultrasound. More 
advanced categories involve semi-invasive and surgical 
interventions.6,11,12

There are 2 main categories of  dental splints used in 
splint therapy: occluding splints; and non-occluding 
splints.13 The most commonly used types include stabili-
zation splints, anterior repositioning splints and anterior 
occlusal splints.14 Each type is intended to address spe-
cific clinical symptoms. Stabilization splints, also referred 
to as hard acrylic splints, are fabricated from rigid acrylic 
resin.13,15 These appliances present a flat and smooth oc-

clusal surface that allows the opposing teeth to contact 
evenly and simultaneously in centric relation.16,17 In maxi-
mum intercuspation, occlusal contacts are designed to be 
simultaneous and symmetrical. During lateral mandibular 
movements, canine guidance is maintained. When neces-
sary, additional occlusal adjustments may be performed 
during follow-up visits.13 Although the exact mechanism 
of action of stabilization splints remains unclear, they are 
believed to reduce masticatory muscle fatigue, promote 
stable occlusion, minimize occlusal interferences, and de-
crease neuromuscular activity.

The effectiveness of occlusal stabilization splints in re-
ducing the signs and symptoms of myofascial pain, par-
ticularly masticatory muscle pain, has been reported by 
numerous authors. However, the mechanisms underlying 
these effects have not been fully elucidated. The literature 
reports inconsistent findings, which may be attributed to 
sample heterogeneity, the absence of  standardized diag-
nostic criteria, such as the Research Diagnostic Criteria 
(RDC) for TMD, and differences in follow-up duration. 
Only a  limited number of  studies have demonstrated 
superior clinical outcomes associated with stabilization 
splint therapy in the management of TMD.11 In addition, 
few investigations have examined the role of  stabiliza-
tion splints in reducing temporalis and masseter muscle 
activity. Several studies have also reported that the ef-
fects of  stabilization splints on TMD are comparable to 
those achieved with non-occluding control splints. Con-
sequently, the literature presents conflicting evidence re-
garding the effectiveness of  stabilization splint therapy, 
despite promising results reported for muscle energy 
techniques in the management of TMD.11,18

Therefore, this systematic review aimed to evaluate pub-
lished randomized controlled trials (RCTs) investigating 
the efficacy of occlusal stabilization splints in the manage-
ment of orofacial myalgia and myofascial pain in compari-
son with no treatment or alternative interventions.

The objective of this study was to assess the effective-
ness of  stabilization splints in reducing the most com-
mon myogenic symptoms associated with TMD, includ-
ing pain, limitation in mouth opening, headaches, and 
impaired QoL. The null hypothesis was that stabilization 
splints promote muscle relaxation and are effective in 
managing these symptoms.

Highlights

	• The stabilization splint represents an effective short-term conservative approach in the management of myogeneous 
temporomandibular disorders (TMD), demonstrating a clinically significant reduction in pain and functional 
improvement.

	• The long-term superiority of the stabilization splint over other conservative therapies has not been demonstrated.
	• Further randomized clinical trials based on standardized diagnostic criteria and assessment parameters are 

needed to better clarify long-term efficacy of the stabilization splint, optimize therapeutic protocols, and develop 
individualized approaches based on the underlying ethiopathogenic and pathophysiological mechanisms.
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Methodology

Protocol and focused question 

This systematic review was conducted according to the 
guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA 2020) statement.19

The main objective of this research was to answer the 
following question: Are stabilization splints effective at 
treating myogenous TMD?

Criteria for considering studies for the 
systematic review 

The review included trials involving participants diag-
nosed with myogenous TMD according to the Research 
Diagnostic Criteria for Temporomandibular Disorders 
(RDC/TMD) or the updated Diagnostic Criteria for Tem-
poromandibular Disorders (DC/TMD).20 Participants 
were eligible if they were older than 18 years, had no his-
tory of  TMJ surgery, and had no significant comorbidi-
ties, such as neurological, rheumatologic or malignant 
diseases. Individuals with bruxism or sleep apnea were 
excluded.

The review included clinical trials in which participants 
received a specific type of occlusal splint – namely stabili-
zation splints – and were compared or not with a control 
group.

Four outcomes were assessed: (1) pain reduction; (2) 
mouth opening improvement; (3) headache reduction, 
and (4) QoL improvement. The maximum follow-up du-
ration was 6 months, and only studies with a minimum 
follow-up of at least 1 month were included.

Only RCTs were included in this systematic review.

Study selection 

An electronic search was carried out in the MED-
LINE/PubMed and Web of Science databases, using the 
following search formula: (((hard flat splint) OR (stabi-
lization splint) OR (occlusal splint) OR (occlusal splint 
therapy) OR (occlusal appliance)) AND ((effectiveness) 
OR (efficacy) OR (efficiency))). Randomized clinical tri-
als published between January 2012 and May 2022 were 
identified. The final electronic search was conducted in 
May 2022.

The search strategy is presented in Table 1.

Data screening 

Article selection was performed by consensus between 
2 authors (YB and HBM), based on the predefined and 
mutually agreed inclusion and exclusion criteria. Both 
reviewers independently screened the titles and abstracts 
of all identified studies. When the title or abstract did not 
provide sufficient information to determine eligibility, the 

full text was retrieved and assessed prior to making a final 
decision on inclusion or exclusion. Only studies that ful-
filled all eligibility criteria of this systematic review were 
included.

Inter-rater reliability was assessed using percent agree-
ment between the 2 reviewers, and was estimated at ap-
prox. 82%.

Data extraction and management 

Data extraction was performed independently by the 
2 previously mentioned reviewers. The extracted infor-
mation included study characteristics such as authors’ 
names, study design (sample size, sex distribution, mean 
age, and study protocol), TMD diagnostic criteria used, 
type of  intervention, total follow-up duration, compari-
son, outcomes assessed, and main results. Any discrepan-
cies in data extraction were resolved through consensus 
between the reviewers.

Inclusion and exclusion criteria 

Only studies meeting the following inclusion criteria 
were considered eligible:
–	randomized prospective clinical trials evaluating the ef-

ficacy of stabilization splints, with or without compari-
son to a control group;

–	participants were predominantly patients diagnosed 
with myogenous TMD, aged over 18 years, with no his-
tory of prior TMJ surgery or significant comorbidities, 
including neurological, rheumatologic or malignant 
diseases, and without bruxism or sleep apnea.
The exclusion criteria were as follows:

–	non-randomized or other study designs, including co-
hort studies, observational studies, and case reports;

–	articles not available in English full text;
–	inadequate or imprecise diagnostic criteria, where 

TMD classification was not based on either RDC/TMD 
or the updated DC/TMD20;

–	studies with unreliable or inadequately reported out-
come measurements;

–	combination of stabilization splint therapy with another 
conservative therapy in the treatment group.

Table 1. Search strategy

Systematic search strategy

Focused question
Are stabilization splints effective at treating 

myogenous TMD?

Search formula 
terms

1 – hard flat splint OR stabilization splint OR 
occlusal splint OR occlusal splint therapy OR 

occlusal appliance  
2 – effectiveness OR efficacy OR efficiency

Search combination 1 AND 2

Electronic databases MEDLINE/PubMed, Web of Science

TMD – temporomandibular disorders.
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Quality of studies 

Version 2 of the Cochrane Risk of Bias tool (RoB 2) was 
used to evaluate the reliability of the results of the includ-
ed studies.21 Risk-of-bias and quality assessments were 
conducted independently by the 2 previously mentioned 
reviewers as part of the data extraction process. Any dis-
crepancies or disagreement were resolved through dis-
cussion with a third reviewer (HB).

Results

Study selection and description 

From the initial electronic search conducted in May 
2022, 321 articles were identified, of which 10 were ulti-
mately included in this systematic review, as illustrated in 
the PRISMA flow diagram (Fig. 1).

The main characteristics of  the included studies are 
presented in Table 2. Data extraction and analysis re-
vealed considerable heterogeneity among the RCT sam-
ples. In total, 539 patients were included across the stud-
ies. Eligible participants were diagnosed with TMD based 
on RDC/TMD or the updated DC/TMD, including either 
Axis I or Axis II assessments. Not all clinical trials report-
ed sex distribution. The maximum follow-up duration 
across the included studies was 6 months.

Risk-of-bias assessment 

Risk-of-bias assessment using the Cochrane criteria in-
dicated a  moderate risk of  bias in most of  the included 
studies, while 2 studies were judged to have a  high risk 
of bias (Fig. 2).

Effectiveness of stabilization splints 

The effectiveness of  stabilization splints was assessed 
through four outcomes: improvement in pain, mouth 
opening, quality of  life, and headaches. The findings 
of this systematic review were presented below.

Pain reduction 

Pain is the most prevalent symptom reported by pa-
tients with TMD.1,22 It is commonly described as a dull, 
persistent pain that may be aggravated by jaw function, 
particularly chewing. In the present systematic review, 10 
studies evaluated pain-related outcomes.4,16,17,23–29 Pain 
severity was primarily assessed using the visual analog 
scale (VAS),16,23–25,29 the numerical rating scale (NRS)27,28 
and/or the Graded Chronic Pain Scale (GCPS).16,17 In 
one study, surface electromyography (sEMG) was used.26 
The pain outcomes assessed varied among the included 
studies. Although pain intensity was the most frequently 
evaluated parameter, some clinical trials also assessed 
spontaneous pain, pain during chewing, muscle tender-
ness, average pain, and the worst pain. Most studies re-
ported that stabilization splints were effective in reducing 
pain, with significant decreases in the VAS or NRS scores 
as compared to the baseline values. Michelotti  et  al. 

Fig. 2. Risk of bias in the included studies

Cochrane Risk of Bias tool (RoB 2): D1 – randomization process; D2 – deviations 
from the intended interventions; D3 – missing outcome data; D4 – outcome 
measurement; D5 – outcome reporting. 

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flowchart of the study
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reported significant improvement in pain during chewing.23 
Kostrzewa-Janicka  et  al. observed that, after a  2-month 
follow-up period, the NRS scores for orofacial pain de-
creased below 3 points in 77.5% of patients.28 According 
to Giannakopoulos et al., chronic pain intensity decreased 
by 40% after 3 months of  splint therapy.27 In addition, 
Alajbeg et al. demonstrated a significant reduction in the 
worst pain scores.17 Vrbanović et al.16 and Dordević et al.24 
in 2019, followed by Ram and Shah4 and Melo et al.,25 also 
concluded that stabilization splints were effective in re-
ducing pain. However, despite the general trend toward 
pain reduction, Deregibus et al. concluded that stabiliza-
tion splints were not significantly effective in reducing 
pain over a  6-month period, regardless of  whether the 
splints were applied to the maxillary or mandibular arch.26

Mouth opening improvement 

Temporomandibular disorders are frequently associated 
with impaired jaw function. Patients commonly report 
restricted or asymmetric mandibular movements, includ-
ing limitations in mouth opening. This systematic review 
sought to evaluate the evidence regarding the effectiveness 
of  stabilization splints in improving mouth opening. Five 
studies assessed improvement in mouth opening.16,17,23,26,29 
Various measurement methods were used, the most com-
mon being maximum comfortable mouth opening (MCO) 
or pain-free maximum mouth opening (MMO).16,17,23,29 
This parameter corresponds to the maximum distance 
a patient can open their mouth without experiencing ad-
ditional pain or discomfort. The measurement is obtained 
between the maxillary and mandibular incisal edges, with 
the overbite value added.17,23,29 All included studies, except 
that of Deregibus et al.,26 reported that stabilization splint 
produced significantly greater improvement in mouth 
opening. Most measurements, particularly pain-free 
MMO, showed significant increases when post-treatment 
outcomes were compared with the baseline values.

Headache reduction 

In addition to pain and impaired jaw function, headaches 
are among the most common conditions associated with 
TMD.1,30,31 Headaches related to TMD are typically local-
ized in the temporal region, preauricular area, and/or mas-
seter muscles.30,31 Although these headaches may be unilat-
eral, they are often bilateral when both TMJs are involved. 
Two studies evaluated headache reduction.23,28 The assess-
ment methods varied, and included VAS, NRS and head-
ache frequency. Overall, stabilization splints appeared to 
contribute to headache reduction. Kostrzewa-Janicka et al. 
reported a 3-point reduction in headache intensity in 61.8% 
of  patients after 6 months of  treatment.28 Furthermore, 
patients suffering from recurrent tension-type headaches 
reported a significant decrease in headache frequency fol-
lowing stabilization splint therapy.28 

Quality of life improvement 

Chronic TMD may significantly impair the patient’s 
QoL.29 They can affect social and emotional function-
ing, and may contribute to various psychological disor-
ders.9,25,29 In addition, chronic pain may reduce indepen-
dence in activities of  daily living and negatively impact 
overall health-related quality of  life (HRQoL).16 Conse-
quently, one of the objectives of occlusal splint therapy in 
TMD management is to improve oral health-related qual-
ity of life (OHRQoL). Four studies evaluated this outcome 
using different questionnaires.16,17,25,29 Vrbanović  et  al.16 
and Alajbeg et al.29 assessed QoL using the Oral Health 
Impact Profile-14 (OHIP-14) questionnaire, and reported 
significant improvement following stabilization splint 
therapy. Improvement in QoL also involves reducing the 
psychological symptoms associated with TMD. Two clini-
cal trials evaluated changes in anxiety and depression us-
ing various instruments, including the Generalized Anxi-
ety Disorder-7 (GAD-7) questionnaire, the Patient Health 
Questionnaire-9 (PHQ-9),17 the Hospital Anxiety and 
Depression Scale (HADS), the Beck Anxiety Inventory 
(BAI), and the State-Trait Anxiety Inventory (STAI).25 
According to these reports, stabilization splint therapy was 
effective in reducing depressive symptoms associated with 
TMD. Finally, the effectiveness of stabilization splints in 
improving QoL was also investigated through stress re-
duction. Alajbeg  et  al. assessed stress-related biochemi-
cal markers, including the uric acid levels, and reported 
a  significant reduction in salivary oxidative stress index 
ratios among patients treated with stabilization splints.17

Discussion
Occlusal splints are among the most widely used conserva-

tive therapies for alleviating symptoms associated with my-
ogenous TMD. The findings of this review suggest that sta-
bilization splints represent a valuable and effective treatment 
option for the management of TMD symptoms.

Although the precise mechanism of  action of  stabiliza-
tion splints remains unclear, their therapeutic effectiveness 
is thought to result from several factors. Stabilization splints 
may reduce electromyographic activity, modify the condy-
lar position or increase the vertical dimension of occlusion. 
These changes may promote muscle relaxation and reduce 
stress on TMJS.26,32 In addition, the adjustment of the splint 
surface to eliminate occlusal interferences may decrease sen-
sory input to periodontal receptors and relieve pressure on 
the compromised retrodiscal tissues.

Despite its effectiveness, splint therapy presents sev-
eral limitations. First, the fabrication of  occlusal splints 
is a time-consuming and costly process for dental techni-
cians, clinicians and patients, which may delay the initia-
tion of treatment.13,14,23,33 In addition, splints must possess 
adequate mechanical properties, particularly hardness 
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and flexural resistance, to withstand excessive occlusal 
forces.13,34 They must also demonstrate sufficient resis-
tance to degradation within the oral environment. Al-
though the conventional fabrication method remains the 
gold standard for achieving successful clinical outcomes, 
especially for long-term splint use, there is increasing de-
mand for more efficient manufacturing techniques that 
reduce fabrication and management time. Advances such 
as tree-dimensional (3D) printing and thermoforming 
technologies have made this possible. However, further 
research is still required to improve the properties of the 
materials used in these techniques and to ensure long-
term clinical success.34

The additional drawbacks of  splint therapy include 
higher treatment costs and potential complications, such 
as caries and gingivitis.24 Moreover, several studies sug-
gest that the effectiveness of  stabilization splints is pri-
marily limited to short-term outcomes. Alajbeg  et  al. 
found that stabilization splints demonstrated superior-
ity over amitriptyline and placebo splints in improv-
ing limited mouth opening during the first 2 weeks.17,29 
Kostrzewa-Janicka  et  al. suggested that a  2-month ob-
servation period was generally sufficient to evaluate the 
effectiveness of occlusal splint therapy; if satisfactory im-
provement is not achieved within this timeframe, other 
contributing factors, such as stress or the underlying sys-
temic conditions, should be investigated.28 In this regard, 
Olchowy  et  al. reported that patients who failed to im-
prove were affected by tetany.32

The findings of the present review suggest that occlu-
sal splints mainly provide symptomatic relief. Once TMD 
symptoms are alleviated, it is essential to identify the un-
derlying etiological factors in order to establish and im-
plement appropriate etiological treatment strategies.

Limitations 

Several limitations of  the present systematic review 
should be acknowledged, including heterogeneity among 
study samples, variability in follow-up periods and dif-
ferences in the objectives of  the included clinical trials. 
In addition, the absence of an untreated control group in 
several studies may have limited the ability to more pre-
cisely isolate the effects of  stabilization splints. Further-
more, the findings cannot be considered definitive or fully 
generalizable due to the moderate to low methodological 
quality of the included studies. Most results should there-
fore be interpreted with caution, as outcome measures 
are partly subjective and may be influenced by individual 
pain tolerance thresholds. Consequently, further studies 
including non-treatment control groups are needed to al-
low a more rigorous evaluation of treatment effects.

Taking these limitations into account, the possibility 
that stabilization splints may have a superior therapeutic 
effect as compared to other treatment modalities cannot 
be excluded. Larger-scale studies with longer follow-up 

periods are required to clarify this uncertainty. In the in-
cluded trials, the maximum overall follow-up duration 
was 6 months, which is insufficient to draw conclusions 
regarding the long-term effects of  stabilization splint 
therapy.

Conclusions
This systematic review concluded that occlusal stabi-

lization splint therapy met expectations in terms of  ef-
fectiveness in reducing signs and symptoms in patients 
with myogenous TMD. Further large-scale, long-term 
prospective studies are needed to clarify these findings. 
Evidence-based conclusions are essential to improve the 
understanding and management of these and other com-
mon orofacial pain disorders.
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Abstract
Untreated sleep bruxism (SB) can cause damage to the stomatognathic system, potentially reducing 
academic performance in children and negatively affecting their quality of  life. Occlusal splints are 
considered the gold standard for the treatment of  bruxism in children; however, they present many 
limitations, prompting the search for alternative therapies. Laser therapy has been proposed as a more 
favorable, painless and cost-effective treatment option for pediatric patients. Therefore, the aim of  this 
study was to evaluate the effectiveness of photobiomodulation therapy (PBMT) and occlusal splints in the 
treatment of bruxism in children.

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 guidelines. Studies were identified through searches of the 
following databases: MEDLINE (PubMed®); Google Scholar; and the Cochrane Library. The review included 
articles published between January 2010 and June 2023. Studies evaluating the treatment of  bruxism 
using occlusal splints and/or PBMT in participants under 18 years of age were included.

A total of 67 articles published in English were identified. After applying the eligibility criteria and assessing 
study quality using the Cochrane risk-of-bias tool, 6 studies were included in the final analysis. Of these, 
4 investigated various types of occlusal splints, while 2 compared PBMT with occlusal splints. The papers 
also examined diagnostic methods, treatment outcomes, salivary cortisol levels, and dopamine levels. 

Occlusal splints have limited effectiveness in managing the signs and symptoms of  bruxism. 
Photobiomodulation therapy shows potential as a  treatment method, but its effectiveness remains 
inconclusive. Due to the limited number of available studies, definitive conclusions cannot be drawn, and 
further research is necessary.
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Introduction
Bruxism is a repetitive, non-functional activity of the jaw 

muscles characterized by clenching or grinding of the teeth 
and/or by thrusting or bracing the mandible.1,2 Two types 
of bruxism are distinguished based on the state of occur-
rence. When it occurs during wakefulness, it is referred 
to as awake bruxism, also known as secondary bruxism 
or daytime bruxism, whereas when it occurs during sleep, 
it is termed sleep bruxism (SB), also known as primary 
or nighttime bruxism.1,2 The type of  bruxism is typically 
determined through patient history and physical exami-
nation. Diagnostic tools such as the Diagnostic Criteria 
for Temporomandibular Disorders (DC/TMD), Oral 
Behaviors Checklist (OBC), can be used for the assessment 
of bruxism.3 Additionally, polysomnography is considered 
a reliable method for diagnosing sleep-related conditions.4

Sleep bruxism is common among children and adoles-
cents, with reported prevalence rates ranging from 3.5% 
to 40.6%.5 Individuals who experience SB during child-
hood are more likely to continue experiencing it in adult-
hood.6 Although early management of bruxism is impor-
tant to prevent its negative consequences, establishing 
a definitive diagnosis remains challening.7,8 Untreated SB 
may cause teeth attrition, headaches, muscle pain, tem-
poromandibular disorders (TMD), periodontal diseases, 
and damage to the stomatognathic system. Moreover, it 
may negatively affect academic performance and overall 
quality of life in children and adolescents.8

The exact etiology of SB in children remains unknown.9 
However, bruxism is considered a  multifactorial 
condition that may be associated with certain behavioral 
and psychological factors.10 Other contributing factors 
include genetic predisposition, malocclusion, occlusal 
factors, arterial hypertension, nutritional deficiencies 
(e.g., 25-hydroxyvitamin D deficiency), oral habits, sleeping 
habits, allergies, respiratory problems (apnea, snoring), 
alterations in neurotransmitters (e.g., dopamine), and 
overall sleep quality.11–16

Awake bruxism is often associated with other parafunc-
tional habits, such as excessive gum chewing, biting pens 
or pencils, or nail biting. These behaviors may begin in 

early childhood and persist throughout life, often inten-
sifying during periods of stress and being associated with 
increased muscle tension.17

Various treatment approaches for bruxism have been 
suggested, including dental, psychobehavioral and pharma
cological interventions. Pharmacological methods 
involve the use of  medications such as beta-blockers, 
anticonvulsants, antidepressants, dopamine agents, and 
muscular relaxants.18,19 Although drugs such as buspi-
rone, fluoxetine and diazepam have been investigated, 
they have not demonstrated effectiveness in the treat-
ment of bruxism, and concerns have been raised regard-
ing their potential adverse effects.20–22 

Botulinum toxin has also been proposed as a treatment 
for SB; however, it has not demonstrated short-term effi-
cacy.23 Biofeedback has been used to manage masticatory 
muscle activity, with studies showing a significant reduc-
tion in muscle activity associated with its use.24 Similarly, 
injectable platelet-rich fibrin (I-PRF) has exhibited efficacy 
in alleviating symptoms of  internal temporomandibular 
joint disorders.25

Occlusal splints are considered the gold standard for 
the management of bruxism in both children and adults.26 
Among them, rigid occlusal splints are the most frequently 
used.27 However, these appliances have many limitations, 
which has encouraged the exploration of  alternative 
treatment methods. Recently, photobiomodulation 
therapy (PBMT) has emerged as a non-pharmacological 
approach for the treatment of bruxism, following evidence 
of its effectiveness in patients with TMD.28

According to the American Society of Laser Medicine 
and Surgery (ASLMS), “photobiomodulation therapy is 
a  form of  light therapy that utilizes non-ionizing forms 
of  light sources including lasers, LEDs and broadband 
light, in the visible and near-infrared spectrum”.29 Photo-
biomodulation therapy is used to accelerate the healing 
process by stimulating cells and increasing blood circula-
tion.30,31 Moreover, PBMT exhibits vasodilatory, analgesic 
and anti-inflammatory effects.31

The aim of this study was to evaluate the effectiveness 
of PBMT and occlusal splints in the treatment of bruxism 
in children.

Highlights

	• Occlusal splints, although considered the conventional gold standard, demonstrate limited clinical effectiveness 
in the management of pediatric bruxism.

	• Photobiomodulation therapy (PBMT) represents a promising non-invasive approach with potential therapeutic 
benefits.

	• Current evidence comparing PBMT and occlusal splints remains insufficient to establish clear clinical superiority.
	• The available literature is limited by small sample sizes and methodological heterogeneity.
	• High-quality randomized controlled trials are needed to support the development of evidence-based treatment 

guidelines.
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Material and methods
This study followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 2020 
guidelines for reporting systematic reviews.32 The termi-
nology and definitions used were consistent with the cur-
rent international consensus on bruxism.2

Search strategy 

Studies were identified through searches of  the fol
lowing databases: MEDLINE (PubMed®); Google 
Scholar; and the Cochrane Library. Articles published 
between January 2010 and June 2023 were taken into 
consideration. The following keywords were used: 
[“Bruxism” OR “Teeth Grinding” OR “Teeth Clenching”] 
AND [“child” OR “children” OR “childhood” OR 
“kids” OR/AND “adolescents” OR “teenager”] AND 
[“therapy” OR “therapeutics”] AND [“laser” OR “laser 
biomodulation” OR “laser photo biomodulation” OR 
“splints” OR “occlusal splints”]. 

The search results were screened by reviewing the titles 
and/or abstracts to identify studies that met the inclu-
sion and exclusion criteria. This process was conducted 
independently by 2 reviewers, and the results were then 
matched.

Eligibility criteria 

The review included randomized controlled trials 
and clinical trials published in English that investigated 
the treatment of  bruxism in children and adolescents 
(≤18 years of age) using low-level laser therapy (PBMT) 
and/or occlusal splints. 

Studies involving participants older than 18 years, as 
well as case reports, study protocols and reviews were 
excluded from consideration.

Quality assessment 

The quality of  the included studies was assessed 
using the Grading of  Recommendations Assessment, 
Development, and Evaluation (GRADE) guidelines. 
Furthermore, the risk of  bias was evaluated using the 
Cochrane risk-of-bias tool.33

Results
A total of  67 English-language articles were identi-

fied through searches of MEDLINE (PubMed®), Google 
Scholar and the Cochrane Library. After applying the 
inclusion and exclusion criteria, 6 studies were included 
in the final analysis (Fig. 1, Table 1).

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 flowchart of the study

Table 1. General characteristics of the included studies

Study Treatment Type of study Sample size, n Patient age 
[years]

Salgueiro et al. 
202134

comparison between PBMT and occlusal 
splints

randomized controlled trial 76 6–12

Restrepo et al. 
201127 occlusal splints randomized controlled trial 36 3–6

Giannasi et al. 
201335 occlusal splints

pilot study with short-term 
follow-up

9 6–8

Kolcakoglu et al. 
202236 occlusal splints clinical trial 40 6–11

Bortoletto et al. 
201437 biteplate therapy pilot study 12 6–10

Kobayashi et al. 
202231

comparison between infrared LED-based 
PBMT and rigid occlusal splints

randomized clinical trial 30 6–12

PBMT – photobiomodulation therapy; LED – light-emitting diode.
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Results of studies evaluating the 
effectiveness of occlusal splints 

Four studies evaluated the effectiveness of  occlusal 
splints alone in the treatment of bruxism. Three studies 
included children with mixed dentition,35–37 while 1 study 
included children with primary dentition.27 All 4 studies 
used rigid splints for treatment. Kolcakoglu  et  al. com-
pared soft and rigid splints and found no significant dif-
ferences between the 2 types in terms of masseter muscle 
activity.36 

Restrepo et al. randomly assigned children with brux-
ism into 2 groups: an  experimental group treated with 
rigid splints; and a  control group.27 Although rigid 
splints were used for an extended period (up to 2 years, 
for at least 14 h per day), no significant differences were 
observed between the 2 groups when evaluating anxiety, 
TMD or dental wear. 

The study by Bortoletto  et  al. suggested that bruxism 
may negatively affect craniocervical posture, and that 
a  rigid occlusal splint (biteplate) may help reduce these 
negative effects, but only when the appliance is in place.37 

In a  pilot study by Giannasi  et  al., improvements in 
the bruxism-related symptoms, such as the absence 
of grinding sounds, decreased snoring (requiring further 

investigation) and fewer headaches, were observed after 
90 days of  nocturnal use of  rigid splints.35 The study 
involved 9 participants and had a short follow-up period.35

Results of studies comparing occlusal splint 
therapy and photobiomodulation therapy 

Two randomized clinical trials evaluating PBMT were 
included.31,34 Both studies compared PBMT with occlusal 
splint therapy (OST).

Salgueiro  et  al. compared 4 different approaches and 
evaluated 2 variables, namely bite force, measured using 
a  digital dynamometer, and salivary cortisol levels, 
assessed using enzyme-linked immunosorbent assay 
(ELISA) (Table 2).34

Kobayashi et al. compared 3 approaches and evaluated 
muscle activity using electromyography (EMG), as well as 
salivary dopamine levels measured by ELISA (Table 3).31 
The masseter, anterior temporalis and upper trapezius 
muscles were assessed using EMG.31

Diagnosis of bruxism 

All studies included in this review diagnosed bruxism 
based on parental or guardian reports of tooth grinding 

Table 2. Details of the study by Salgueiro et al.34

Treatment groups Laser type and parameters Characteristics of the occlusal splints Results

Group 1 (n = 19): experimental 
group – LLLT applied to 
acupuncture points 
 
Group 2 (n = 19): positive control 
group – occlusal splint therapy 
 
Group 3 (n = 19): placebo group 
– non-therapeutic laser applied 
to acupoints 
 
Group 4 (n = 19): control group 
– children without bruxism

•	 LLLT 
•	 wavelength: 786.94 nm 
•	 conventional tip 
•	 energy density: 25 J/cm2 
•	 power: 70 mW 
•	 intensity: 1.675 mW/cm2 
•	 spot area: 0.04 cm2 
•	 12 irradiation points 
•	 dose: 1 J per point for 20 s for a total 
of 12 sessions 
•	 frequency: twice per week 
•	 application: direct contact with the skin 
at 6 acupoints on each side

•	 maxillary occlusal splints 
•	 fabricated from transparent acrylic resin 
•	 used on the upper arch with palatal and 
occlusal coverage 
•	 thickness: 3 mm 
•	 occlusal contacts: all teeth in centric 
relation, disocclusion of the posterior 
teeth during lateral and protrusive 
movements 
•	 usage: nighttime use only for 2 months, 
with weekly adjustments (one-quarter 
turn)

Bite force was reduced in 
group 1 compared to the 

other groups. 
 

Salivary cortisol levels 
increased in all groups, with 

the greatest increase observed 
in group 3. 

 
Headache intensity decreased 

in groups 1 and 2, with 
no significant differences 
between these groups.

LLLT – low-level laser therapy.

Table 3. Details of the study by Kobayashi et al.31

Treatment groups Laser type and parameters Characteristics 
of the occlusal splints Results

Group 1 (n = 10): control group 
– participants without SB  
 
Group 2 (n = 10): infrared LED 
therapy 
 
Group 3 (n = 10): treatment 
with rigid occlusal splints

•	 infrared LED 
•	 wavelength: 850 nm 
•	 optical spot size: 5 ±2 mm 
•	 dose: 2.675 J/cm2 
•	 optical output: ~2 mW 
•	 target muscles: masseter and 
temporalis muscles 
•	 protocol: single session, 7 min 
per muscle

•	 standard rigid 
occlusal splints 
•	 usage: at least 12 h 
per day for 30 days

Increased muscle activity at rest after interference was 
observed in the right masseter muscle across all groups. 

 
In group 3, increased muscle activity was observed in the 

right and left temporalis muscles and the left masseter 
muscle (at rest) after interference. 

 
Salivary dopamine levels did not change significantly over time. 

 
At baseline, salivary dopamine levels were higher in group 3 

than in group 1.

SB – sleep bruxism.
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or clenching, combined with clinical signs such as tooth 
wear. In the study by Restrepo  et  al., parents or guard-
ians were instructed to sleep next to their children for at 
least 2 weeks, and bruxism was diagnosed if tooth grind-
ing or clenching occurred on at least 5 nights during this 
period.27 Additionally, the presence of bite marks on the 
buccal mucosa was included as part of the diagnostic cri-
teria.34 Kobayashi et al. reported additional clinical signs, 
including dental marks on the tongue, the linea alba on 
the buccal mucosa, mandibular and/or maxillary tori, gin-
gival recession, and fractures or cracks in the teeth.31 

Inclusion and exclusion criteria across studies 

The majority of  the evaluated studies applied similar 
inclusion criteria, such as a confirmed diagnosis of brux
ism, healthy pediatric participants, class I molar and 
canine relationships according to Angle’s classification, no 
prior treatment for bruxism, and the ability to cooperate 
during study procedures. 

Additionally, the criteria for exclusion encompassed the 
presence of  dental caries, physical or psychiatric condi-
tions, malocclusions, and the use of medications such as 
antidepressants, analgesics, anti-inflammatory drugs, and 
muscle relaxants. Kolcakoglu et al. also excluded patients 
with intestinal parasites,36 while Restrepo et al. excluded 
participants with skeletal malocclusions confirmed by 
cephalometric radiographs.37 

Discussion
According to the International Classification of  Sleep 

Disorders (ICSD), the minimum criteria for diagnos-
ing bruxism include parental reports of  tooth grinding 
or clenching during sleep.38 Consequently, such reports 
are considered a  reliable diagnostic method. Although 
polysomnography is regarded as the most reliable diag-
nostic tool, with an accuracy of 83.3% for nocturnal brux-
ism,39,40 it is also considered the gold standard for diag-
nosing SB in adults.2 However, its use is limited by high 
cost, reduced practicality in pediatric populations, and its 
potential impact on sleep quality.41 Additionally, there is 
no standardized protocol for polysomnography in chil-
dren.42 Kolcakoglu et al. introduced the BiteStrip® device 
as an  alternative method for measuring muscle activity 
before and after treatment, demonstrating its usefulness 
in both diagnosis and evaluation.36

The adverse effects of  bruxism are not limited to the 
stomatognathic system but may also involve the postural 
system and muscles of  the craniofacial–neck–shoulder 
complex.43,44 Therefore, early diagnosis is essential to pre-
vent further complications. The ICSD states that 85–90% 
of  the general population experience tooth grinding to 
varying degrees at some point in their lives; however, only 
5% develop a clinically significant condition.45

In general, occlusal splints were ineffective in managing 
all signs and symptoms of bruxism, although some ben-
efits were observed, such as reductions in pain, headache 
and deviations during mouth opening.27,36 Prolonged 
use of  splints did not appear to increase their effective-
ness. Importantly, careful monitoring and follow-up are 
required when using occlusal splints in children due to 
ongoing growth, development and tooth eruption.

The only study reporting significant improvement in 
bruxism symptoms with occlusal splints was a pilot study 
with a small sample size of 9 participants.35 In some cases, 
occlusal splints produced immediate effects that persisted 
only when the appliance was worn and disappeared upon 
removal.37 This may be explained by the increase in verti-
cal dimension during splint use, which promotes muscle 
relaxation and contributes to a more stable and functional 
joint position. Consequently, occlusal splints may help 
protect teeth, improve the function of  the temporo
mandibular joint, and reduce abnormal muscle activity.43,46

All included studies used conventional methods for 
manufacturing occlusal splints, involving traditional 
impressions and acrylic materials. Recent studies have intro
duced 3D-printed materials, including rigid and flexible 
resins with favorable mechanical properties and resis-
tance.47,48 Although they may offer advantages over tra-
ditional materials, further research is needed to confirm 
their clinical effectiveness.

In the present review, all studies investigating PBMT 
compared it with OST, as OST remains the gold standard 
and most widely used treatment approach. A major limi-
tation of occlusal splints is the need for consistent coop-
eration from both children and their parents or guardians 
to ensure proper use.

Bruxism, as a  repetitive motor activity, causes muscle 
contractions that can be measured by bite force. Bite force 
indicates the magnitude of masticatory muscle strength; 
a reduction in bite force following treatment may indicate 
muscle relaxation and diminished damage to anatomical 
structures.34 Low-level laser therapy demonstrated 
effectiveness in reducing bite force and showed superiority 
over occlusal splints in this parameter.34 

Salivary cortisol levels were included as a variable to eval
uate the effectiveness of bruxism treatment.49 Cortisol lev
els have been employed to assess stress-related responses in 
individuals with muscle disorders.50 An increase in salivary 
cortisol reflects an acute response to a stressor. However, 
the included studies found PBMT to be ineffective in 
reducing salivary cortisol levels. Therefore, Salgueiro et al. 
proposed that future studies should analyze hair cortisol 
instead of  salivary cortisol, as salivary cortisol indicates 
acute responses to stressors, whereas hair cortisol is 
indicative of cumulative exposure to stress.34 

Kobayashi  et  al. introduced salivary dopamine lev-
els as a  parameter for evaluating treatment effective-
ness.31 Although their findings showed unfavorable and 
unexpected results when using occlusal splints, which 
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manifested as an increase in the activity of the right and 
left temporal muscles and the left masseter muscles at rest 
after interference, the study did not clearly demonstrate 
whether PBMT had produced beneficial outcomes in SB 
treatment.31

Dopamine is a  key neurotransmitter mediated by the 
central nervous system.51 An association has been iden
tified between dopamine levels and neuromuscular 
disorders, including Parkinson’s disease, where a decrease 
in the concentration of  dopamine was detected.52 
Furthermore, dopamine can be analyzed from saliva swab 
samples, and an  increase in its concentration has been 
observed in individuals with bruxism compared to con
trols.10,31

Photobiomodulation therapy is considered a promising 
treatment method due to its ability to stimulate or inhibit 
cellular processes.53 It is particularly suitable for pediatric 
patients, as it is a painless, non-invasive and cost-effecitve 
procedure with a brief exposure time.49 

Cerón et al. found that medications such as clonazepam 
and clonidine showed efficacy in reducing SB23; however, 
their use is limited by potential adverse effects. Similarly, 
treatments such as botulinum toxin and biofeedback have 
not demonstrated short-term efficacy and require longer 
follow-up periods.23

The findings of  this review are consistent with previ-
ous literature indicating that no treatment provides a per-
manent solution for bruxism.54 Therefore, management 
strategies primarily focus on symptom reduction, protec-
tion of  dental structures, pain relief, and improvement 
of sleep quality.18,55

Due to the limited number of  studies investigating 
PBMT in pediatric populations, no definitive conclusions 
can be drawn. Further studies are required to evaluate the 
effectiveness of PBMT in the treatment of bruxism among 
children. Additionally, restricting this review to English-
language publications constitutes a limitation.

Conclusions
The adverse effects of  bruxism are not limited to the 

stomatognathic system but extend to the postural system 
and the muscles of the craniofacial–neck–shoulder com-
plex. Therefore, early diagnosis is essential to prevent fur-
ther complications.

Based on the results of  the analyzed studies, occlusal 
splints are not effective in managing all signs and symp-
toms of bruxism. However, they demonstrate some ben-
efits, particularly in reducing pain, headaches and devia-
tions during mouth opening. 

There is a  limited number of  studies investigating the 
use of  PBMT in the treatment of  bruxism in children, 
which precludes definitive conclusions. Further research 
is needed to evaluate its clinical effectiveness in this 
population.
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Abstract
Background. Temporomandibular disorders (TMD) are the most common cause of non-dental orofacial 
pain, affecting about 1/3 of  the population worldwide. The Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) Axis  I is recognized as the international gold standard for the clinical and research 
diagnosis of TMD; however, no validated Romanian version has been available to date.

Objectives. The aim of the present study was to translate and culturally adapt the DC/TMD Axis  I into 
Romanian, and to evaluate its criterion validity and inter- and intra-examiner reliability. 

Material and methods. This cross-sectional methodological study followed the Beaton et al. and DC/TMD 
translation guidelines. The process included forward–backward translation, an expert panel review, and pre-testing 
on 20 patients to ensure semantic and conceptual equivalence. A total of 140 Romanian-speaking adults (mean age: 
34.7 ±12.1 years; 70.7% women) were examined by 2 calibrated clinicians. Criterion validity was assessed against 
an expert-consensus reference diagnosis. Inter- and intra-examiner reliability for categorical variables was analyzed 
using Cohen’s κ, and for continuous measurements using intraclass correlation coefficients (ICCs). The Bland–Altman 
plots and demographic analyses further evaluated measurement consistency.

Results. The Romanian DC/TMD Axis I showed excellent diagnostic performance, with sensitivity ranging 
from 85.7% (for disc displacement without reduction) to 91.2% (for myalgia), specificity of 93.5–98.2%, 
and AUC (the area under the receiver operating characteristic (ROC) curve) ≥ 0.91 for all diagnostic 
categories. Inter-examiner agreement was substantial to almost perfect (κ = 0.78–0.94), and intra-examiner 
agreement similarly high (κ = 0.80–0.95). Continuous mandibular measurements demonstrated excellent 
reproducibility (ICC  =  0.89–0.96). Slightly lower sensitivity for disc displacement without reduction 
indicates an area for further refinement of diagnostic criteria.

Conclusions. The Romanian version of  the DC/TMD Axis  I is a  valid, reliable and culturally equivalent 
tool for diagnosing TMD. Its adoption will standardize clinical assessment, enhance interdisciplinary 
communication, and enable Romanian participation in multicenter and educational initiatives across 
Central and Eastern Europe.

Keywords: Romania, reproducibility of  results, temporomandibular disorders, validation study, cross-
cultural comparison
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Introduction
Temporomandibular disorders (TMD) comprise 

a  heterogenous group of  musculoskeletal and neuro­
muscular conditions that affect the temporomandibular 
joints (TMJs), masticatory muscles, and related structures.1,2 
They are the most common cause of non-dental orofacial 
pain, affecting approx. 34% of  the population world­
wide, with geographical variations.3 They are frequently 
associated with pain, functional limitation and reduced 
quality of  life (QoL).4,5 Since TMD have a multifactorial 
etiology involving biological, psychological and social 
components, their manifestations often overlap and vary 
between individuals. Factors such as occlusal and musculo­
skeletal dysfunctions, emotional stress, parafunctional 
behaviors, and central sensitization have all been impli­
cated in TMD pathophysiology.6–13 Therefore, standard­
ized diagnostic criteria are essential to ensure accurate 
classification, facilitate interdisciplinary management, 
and enable meaningful comparisons across clinical and 
research settings.

The Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) published in 2014 are considered 
the international gold standard for the clinical and re­
search diagnosis of TMD.6 They comprise 2 complement­
ary axes: Axis  I, which provides standardized clinical 
assessment procedures and decision rules for the most 
common TMD subtypes (e.g., myalgia, arthralgia, disc 
displacement); and Axis II, which evaluates psychosocial 
factors and pain-related disability. Axis  II includes vali­
dated questionnaires that assess domains such as pain 
intensity (Graded Chronic Pain Scale – GCPS), depressive 
and anxiety symptoms (Patient Health Questionnaire-9 
– PHQ-9, Generalized Anxiety Disorder-7 – GAD-7), and 
pain catastrophizing. The inclusion of  these measures 
enables a  biopsychosocial approach, improving diagnostic 
accuracy and supporting interdisciplinary treatment 
planning. Axis  I has demonstrated robust psychometric 
properties, including high reliability and validity across 
multiple populations.14

The cross-cultural adaptation of diagnostic instruments 
is critical to maintain semantic, idiomatic, experiential, 
and conceptual equivalence between the original and 

target versions.15 Proper adaptation enables clinicians 
to accurately capture patient-reported symptoms and 
apply standardized diagnostic procedures in a culturally 
sensitive manner.15 Several validated translations of  the 
DC/TMD Axis I have been published, including Brazilian 
Portuguese, Turkish, and Polish versions, all of which re­
port high inter- and intra-examiner reliability (Cohen’s 
κ > 0.75) and excellent criterion validity (AUC (the area 
under the receiver operating characteristic (ROC) curve) 
≥ 0.85).16–19

However, no validated Romanian version of  the 
DC/TMD Axis I has been available to date, which limits 
standardized clinical practice, hinders multicenter col­
laboration and constrains epidemiological surveillance 
in Romania. Therefore, the present study aims to fill this 
gap by translating and culturally adapting the DC/TMD 
Axis  I into Romanian in accordance with the inter­
nationally accepted guidelines, evaluating its criterion 
validity against an expert-consensus reference diagnosis, 
and determining the inter- and intra-examiner reliability 
of  the clinical examination procedures and continuous 
measurements.

Material and methods

Study design 

This was a  cross-sectional methodological study de­
signed to translate, culturally adapt, and validate the 
DC/TMD Axis I for use in Romanian clinical and research 
settings. The study adhered to the internationally accept­
ed guidelines for the cross-cultural adaptation of clinical 
instruments, including those outlined by Beaton et al.,20 
and the DC/TMD translation project.6

Setting and participants 

Participants were recruited between March and 
September 2024 from the dental clinics and outpatient 
services affiliated with the Osteo Performance Clinic 
in Bucharest, Romania, within the framework of  the 
Doctor of Physical Therapy program at the University 

Highlights

	• The Romanian Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) Axis I demonstrated excellent 
criterion validity across all major TMD diagnoses.

	• Inter- and intra-examiner reliability were substantial to almost perfect.
	• Continuous mandibular measurements showed excellent reproducibility.
	• The validated Romanian version supports standardized TMD diagnosis in both clinical practice and research.
	• This tool facilitates multicenter collaboration and educational initiatives in Central and Eastern Europe.
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of  Medical Sciences Arizona (UMSAZ), Honolulu, 
USA. The eligibility criteria included adults aged 
18  years or older who were fluent in Romanian and 
able to provide written informed consent. The exclu­
sion criteria comprised systemic rheumatic diseases, 
a  history of  maxillofacial surgery, acute trauma, 
cognitive or communication impairment that could 
interfere with the completion of the protocol, alcohol 
and/or drug addiction, severe mental illness, active 
neoplasms, and pregnancy.

The final study group consisted of  140 participants 
(99 women, 41 men; mean age: 34.7 ±12.1 years; range: 
18–65  years), representing a  broad cross-section 
of  Romanian adults seeking dental and orofacial care. 
The pre-test phase included 20 participants who met the 
same eligibility criteria; it was meant to evaluate the com­
prehensibility and applicability of  the adapted version. 
Inter-examiner reliability during this phase demonstrated 
excellent agreement for the diagnostic categories, with 
an  intraclass correlation coefficient (ICC) of  0.91, con­
firming the stability and consistency of  the assessment 
process prior to clinical validation.

The sample size was determined according to methodo­
logical recommendations for the reliability and validity 
studies of clinical diagnostic tools, which suggest that 
at least 100 participants are required to obtain stable 
estimates of  the κ and ICC values with acceptable 
precision.21–23 Accordingly, a cohort of 140 participants 
was considered adequate to ensure sufficient statistical 
power for detecting reliability coefficients ≥0.80 and 
for robust criterion validity analysis across diagnostic 
subgroups. The study protocol was reviewed and ap­
proved by the Research Ethics Committee of  the 
National University of Physical Education and Sports, 
Bucharest, Romania (approval No. 1170/SF/23.09.2025). 
Written informed consent was obtained from all par­
ticipants prior to enrollment, and all procedures were 
conducted in accordance with the ethical principles 
outlined in the Declaration of  Helsinki. The data was 
anonymized prior to analysis to ensure confidential­
ity. Participation was entirely voluntary, and refusal to 
participate did not affect access to care. The University 
of  Medical Sciences Arizona (UMSAZ) reviewed the 
protocol and formally acknowledged the Romanian 
ethics committee approval as sufficient ethical over­
sight for this project.

Translation and cross-cultural adaptation 

The translation and cultural adaptation of the DC/TMD 
Axis  I followed the DC/TMD guidelines,6 and included 
the following steps:
1.	 Forward translation: Two independent bilingual trans­

lators with medical backgrounds translated the original 
English version into Romanian to ensure the accurate 
rendering of clinical terminology.

2.	 Synthesis: The 2 forward translations were reconciled 
into a single synthesized version to resolve discrepancies 
and achieve linguistic consistency.

3.	 Back translation: Two native English speakers, blinded 
to the original version, back-translated the synthesized 
Romanian version into English. This step verified 
semantic and conceptual equivalence between the 
original and translated versions.

4.	 Expert committee review: A  multidisciplinary expert 
panel, consisting of the authors themselves (AM, DGB, 
AP, TS), reviewed all versions to ensure semantic, 
idiomatic, experiential, and conceptual equivalence, 
and to confirm that clinical terms were culturally 
appropriate for Romanian practice.

5.	 Pre-testing: The pre-final version was tested on 
20  patients to evaluate clarity, cultural relevance and 
comprehension. Minor adjustments were made as 
needed, primarily involving phrasing and terminology 
changes to enhance clarity and cultural relevance 
(e.g.,  replacing dental jargon with commonly used 
Romanian equivalents). This stage ensured that the 
adapted version was easily understood by patients and 
consistent with everyday language use.

6.	 Finalization: The expert panel approved the final 
Romanian version after confirming that all adaptations 
preserved the intent and diagnostic meaning of  the 
original DC/TMD Axis I.

Reference standard diagnosis

The reference diagnosis was determined by a consensus 
panel of 3 TMD specialists (AM, MI and AP), who inde­
pendently reviewed all available clinical information and, 
when indicated, imaging findings. The panel members 
were blinded to the Romanian DC/TMD results. Discrep­
ancies were resolved through discussion until consensus 
was reached.

Clinical examination procedures 

Two examiners (DGB and TS) were trained and 
calibrated according to the DC/TMD guidelines prior to 
data collection.6 Calibration included joint training sessions 
involving clinical demonstrations, supervised practice, and 
consensus discussions with a  senior DC/TMD instructor 
(TG) until complete agreement was reached on all 
diagnostic procedures. Inter- and intra-examiner reliability 
was confirmed in pilot assessments before the main study. 
Any diagnostic discrepancies during data collection were 
resolved through re-examination and discussion, with final 
decisions determined by consensus within the expert panel. 
Examinations followed the standardized DC/TMD Axis I 
protocol, including a structured patient history, the clinical 
palpation of the masticatory muscles and TMJs, joint noise 
assessment, and the measurement of the mandibular range 
of motion.
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Reliability assessment 

Inter-examiner reliability was evaluated by having both 
examiners independently assess each participant on the 
same day, with each examiner blinded to the other’s find­
ings. Intra-examiner reliability was determined by having 
one examiner repeat the complete assessment after 
7–10 days under comparable conditions, blinded to their 
initial results.

Statistical analysis 

All data was analyzed using IBM SPSS Statistics for 
Windows, v. 29 (IBM Corp., Armonk, USA). Inter- and 
intra-examiner agreement for categorical diagnostic vari­
ables was evaluated using Cohen’s κ with 95% confidence 
intervals (CIs), interpreted according to the Landis and 
Koch benchmarks (κ  =  0.61–0.80 indicating substantial 
agreement; κ = 0.81–1.00 indicating almost perfect agree­
ment). The reliability of  continuous mandibular mobility 
measurements was assessed using ICCs (two-way mixed-
effects model, absolute agreement) with 95% CI, with ICC 
values greater than 0.75 considered excellent.

To provide a  more comprehensive assessment 
of  measurement consistency, the Bland–Altman plots 
were generated for continuous mandibular movement 
data to visualize agreement and potential systematic 
bias between the examiners. Additionally, the potential 
influence of demographic variables (age and sex) on inter-
examiner agreement was explored using correlation and 
subgroup analyses.

Criterion validity was determined by calculating 
sensitivity, specificity and AUC, comparing Romanian 
DC/TMD diagnoses against the expert-consensus refer­
ence standard.

Results

Participant characteristics 

A total of  140 participants were included (99  women 
(70.7%), 41 men (29.3%)), with a  mean age of 
34.7 ±12.1 years (range: 18–65 years). The mean symptom 
duration was 26.4 ±18.7 months. Myalgia was the most 
frequent diagnosis (38.6%), followed by arthralgia (22.1%) 
and disc displacement with reduction (20.7%). Disc 
displacement without reduction and degenerative joint 
disease were less common (10.7% and 7.9%, respectively).

Criterion validity 

The Romanian DC/TMD Axis I demonstrated excellent 
criterion validity when compared with the expert-consensus 
reference diagnosis. Sensitivity ranged from 85.7% for 
disc displacement without reduction to 91.2% for myalgia, 

with specificity from 93.5% to 98.2% and AUC values 
≥0.91 for all diagnostic categories (Table 1). Although all 
diagnostic values were high, the slightly lower sensitivity 
for disc displacement without reduction suggests poten­
tial variability in the clinical recognition of this condition, 
and indicates an area that may warrant further research 
to optimize diagnostic criteria and examiner calibration.

Inter- and intra-examiner reliability 

Inter-examiner reliability was substantial to almost 
perfect across all diagnostic categories (κ  =  0.78–0.94), 
with similar results for intra-examiner reliability 
(κ = 0.80–0.95) (Table 2).

Reliability of continuous measures 

Mandibular mobility measurements demonstrated 
excellent reproducibility. Inter-examiner ICCs ranged 
from 0.89 for maximum protrusion to 0.94 for maximum 
unassisted mouth opening. Intra-examiner ICCs ranged 
from 0.92 to 0.96, confirming high consistency across the 
repeated measurements.

Discussion
This study translated, culturally adapted, and vali­

dated the DC/TMD Axis  I for use in Romanian clinical 
and research settings. Our findings demonstrate that the 
Romanian version possesses excellent criterion validity 
and high inter- and intra-examiner reliability for all major 
diagnostic categories, confirming that it is a  robust tool 
for diagnosing TMD in Romania.

Table 1. Criterion validity of the Romanian Diagnostic Criteria for 
Temporomandibular Disorders (DC/TMD) Axis I (N = 140)

Diagnosis Sensitivity  
[%]

Specificity  
[%] AUC

Myalgia 91.2 93.5 0.94

Arthralgia 88.6 95.0 0.92

Disc displacement with reduction 90.3 94.1 0.93

Disc displacement without reduction 85.7 97.0 0.91

Degenerative joint disease 87.5 98.2 0.96

AUC – area under the receiver operating characteristic (ROC) curve.

Table 2. Inter- and intra-examiner reliability (Cohen’s κ)

Diagnosis Inter-examiner κ Intra-examiner κ

Myalgia 0.88 0.90

Arthralgia 0.86 0.89

Disc displacement with reduction 0.84 0.87

Disc displacement without reduction 0.78 0.80

Degenerative joint disease 0.94 0.95
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The high sensitivity (85.7–91.2%), specificity (93.5–98.2%) 
and AUC values (≥0.91) observed in this study are con­
sistent with those reported in other validated translations 
of the DC/TMD Axis I.16–18 Antunes Da Cunha et al. (the 
Brazilian Portuguese version) reported similar diagnostic 
accuracy, with AUC values above 0.85 for most categories.18 
Our reliability coefficients (κ = 0.78–0.95) were comparable 
to or slightly higher than those reported in the Brazilian and 
Turkish adaptations,17,18 which also found substantial to al­
most perfect inter- and intra-examiner agreement.

In relation to the Polish study, our findings closely mirror 
those reported by Osiewicz  et  al., who demonstrated 
high criterion validity and substantial to almost perfect 
agreement for the Polish version of the DC/TMD Axis I.16 
In our sample, sensitivity and specificity were slightly higher 
across several diagnostic categories, with AUC values 
consistently ≥0.91 in comparison with their somewhat 
wider range. Similarly, our inter- and intra-examiner 
κ coefficients (0.78–0.94 and 0.80–0.95, respectively) were 
comparable to or marginally higher than those observed 
in the Polish validation, particularly for disc displacement 
categories. These findings suggest that examiner 
calibration and balanced diagnostic representation in 
our cohort may have contributed to the slightly stronger 
reliability estimates. Together with the Brazilian, Turkish 
and Polish validations, our results reinforce the robustness 
of the DC/TMD Axis I, and support its applicability across 
diverse cultural and linguistic contexts.

Our ICC values for continuous measurements (0.89–0.96) 
also align closely with those reported in previous studies, 
including the original English version by Schiffman et al.,6 
indicating excellent reproducibility for mandibular range-
of-motion measurements. Notably, our sample included 
a  balanced distribution of  common TMD diagnoses, 
which likely contributed to the stable reliability estimates 
across categories, even for less prevalent conditions such 
as disc displacement without reduction and degenerative 
joint disease.

Clinical implications 

The availability of  the validated Romanian DC/TMD 
Axis  I enables standardized diagnosis of  TMD in dental, 
physical therapy, and multidisciplinary pain clinics across 
Romania. The use of uniform diagnostic criteria can short­
en diagnostic time by providing clear decision rules, re­
ducing the likelihood of  misdiagnosis through consistent 
clinical definitions, and supporting timely referral decisions 
to appropriate specialists, such as physical therapists, 
orofacial pain experts, or psychologists. This standardiza­
tion will also facilitate better patient stratification, more 
efficient treatment planning and improved communication 
among healthcare providers. Moreover, its integration into 
research will allow Romanian data to be reliably compared 
with international findings, fostering multicenter col­
laboration and epidemiological surveillance.

Limitations 

The study has several limitations. The participants 
were recruited using convenience sampling from a single 
metropolitan area, which may limit the representativeness 
of the findings and their generalizability to other regions 
of  Romania, as well as to individuals from different age 
groups or socioeconomic backgrounds. Although the 
overall sample size was adequate for reliability and 
validity analyses, it may not fully capture the demographic 
diversity of the national population.

Imaging procedures were not systematically applied 
across all the participants, particularly for the suspected 
cases of  degenerative joint disease, which may have re­
duced the precision of the diagnostic reference standard. 
This limitation reflects the pragmatic design of  the 
study, which followed the DC/TMD clinical protocol 
used in routine clinical practice. Future studies should 
incorporate consistent imaging protocols (e.g., magnetic 
resonance imaging (MRI) or cone-beam computed tomo­
graphy (CBCT)) to strengthen diagnostic confirmation, 
especially for joint-related disorders.

Finally, the study was cross-sectional and did not assess 
the instrument’s responsiveness to clinical change over time.

Future directions 

Future studies should aim to improve the representa­
tiveness of  the sample through multicenter recruitment 
across diverse Romanian regions, including both urban 
and rural populations. In addition, longitudinal follow-
up studies are needed to evaluate the responsiveness and 
longitudinal validity of  the Romanian DC/TMD Axis  I, 
assessing its ability to detect clinically meaningful changes 
following treatment. Further research should also examine 
its applicability in pediatric and geriatric populations. 
Moreover, the Romanian version could serve as a standard­
ized tool for multicenter studies across Central and 
Eastern Europe, enhancing regional collaboration and the 
comparability of  diagnostic data. Finally, the translation 
and validation of the Axis II psychosocial assessment into 
Romanian would further support a  comprehensive bio­
psychosocial approach to the management of TMD.

Conclusions
The Romanian version of  the DC/TMD Axis  I is a valid 

and reliable diagnostic tool for TMD. Its implementation 
is recommended for both clinical practice and research in 
Romania, as it will harmonize diagnostic standards and 
facilitate international collaboration. In addition, the availability 
of a standardized and validated instrument provides an im­
portant educational resource for dentists, physical therapists, 
and other healthcare professionals, enabling training to be 
based on uniform, evidence-based diagnostic criteria.
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ment, and all procedures were conducted in accordance 
with the ethical principles outlined in the Declaration 
of  Helsinki. The data was anonymized prior to analysis 
to ensure confidentiality. Participation was entirely 
voluntary, and refusal to participate did not affect access 
to care. The University of  Medical Sciences Arizona 
(UMSAZ), Honolulu, USA, reviewed the protocol and 
formally acknowledged the Romanian ethics committee 
approval as sufficient ethical oversight for this project.
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Abstract
Background. Bruxism, a repetitive masticatory muscle activity, is increasingly recognized as a behavioral 
marker with possible systemic implications. While its association with autonomic dysregulation has been 
proposed, the relationship between bruxism phenotypes and variations in circadian blood pressure (BP) in 
healthy individuals remains unclear.

Objectives. The aim of the study was to explore whether distinct behavioral bruxism phenotypes (sleep 
vs. awake, morning vs. evening) are associated with altered diurnal BP profiles, particularly postprandial 
patterns, in healthy normotensive young adults. 

Material and methods. A total of 59 healthy young adults (mean age: 23.4 ±3.8 years) with probable 
bruxism were classified into 4 phenotypes: sleep bruxism (SB); morning awake bruxism (AB); evening 
AB; and undefined. The participants underwent 3 standardized BP measurements throughout the day 
(morning, postprandial and afternoon), alongside assessment using the Pittsburgh Sleep Quality Index 
(PSQI), the Insomnia Severity Index (ISI) and the Epworth Sleepiness Scale (ESS). Bruxism classification 
was based on self-reports, clinical signs and timing patterns. Data was analyzed using analysis of variance 
(ANOVA) and post hoc tests. Confidence intervals and effect sizes were calculated, and boxplots were used 
to illustrate group differences.

Results. Participants with SB exhibited a significantly steeper postprandial diastolic BP decline compared 
to other phenotypes (p = 0.045), deviating from the expected parasympathetic post-meal dip observed in 
healthy profiles. Sleep bruxism was also associated with poorer sleep quality (higher PSQI scores), greater 
insomnia severity (higher ISI scores) and a lack of significant increase in daytime sleepiness. Individuals 
with morning AB showed a biphasic BP pattern suggestive of autonomic lability, while participants with 
evening AB exhibited a blunted profile. Questionnaire data reinforced a chronic hyperarousal profile among 
SB participants.

Conclusions. Behavioral bruxism phenotypes, particularly SB, may reflect underlying autonomic 
imbalance and altered circadian BP modulation, even in clinically normotensive individuals. These findings 
support the hypothesis that bruxism may serve as a behavioral marker of subclinical cardiovascular risk. 
Further studies incorporating objective autonomic markers and longitudinal data are warranted.
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Introduction
Bruxism is a  repetitive masticatory muscle activity 

involving clenching or grinding of the teeth and/or bracing 
or thrusting of the mandible. It is currently understood as 
a behavior, rather than a disorder, with possible functional 
or dysfunctional consequences depending on its intensity, 
duration and systemic context. A  recent consensus has 
emphasized the importance of  distinguishing between 
awake bruxism (AB) and sleep bruxism (SB).1 Interestingly, 
this classification primarily reflects a  state-dependent 
distinction (i.e., wakefulness vs. sleep) rather than a strict 
circadian division in the physiological sense. While the 
timing of  bruxism expression may be influenced by 
circadian processes, referring to AB and SB as circadian 
profiles may overstate the role of  endogenous circadian 
regulation and should therefore be interpreted cautiously. 
Beyond the partial synchrony observed between some SB 
episodes and transient increases in blood pressure (BP),2 
it is also possible that moment-to-moment variability in 
masticatory muscle activity throughout the 24-hour cycle 
contributes to cardiovascular dynamics. This is particularly 
relevant given the observed high intraindividual variability 
in SB behavior and the absence of  a  consistent correla-
tion between the SB index and total sleep-time masseter 
muscle activity, as reported in recent electromyographic 
studies.3 Such findings suggest that bruxism-related 
motor fluctuations may operate independently of  classic 
circadian markers, yet still exert physiologically signifi
cant effects on autonomic and hemodynamic regulation. 
Moreover, previous studies have proposed that individual 
chronotype may modulate the systemic impact of  brux
ism, particularly through its influence on autonomic tone 
and cardiovascular stress reactivity, further supporting 
the view that bruxism should be interpreted not only 
as a  motor phenomenon, but as a  potential biomarker 
of chronobiological and cardiometabolic dysregulation.4

In recent years, growing interest has emerged regard
ing  non-pathological autonomic markers in youth, par
ticularly those related to BP variability and circadian pat-
terning, as potential indicators of early cardiovascular and 
neuroregulatory disturbances. Even in otherwise healthy 
individuals,  daytime and circadian BP variation  may 
reflect subclinical autonomic imbalance or altered 

sympathetic–vagal tone preceding overt cardiovascular dys
function.5 It is plausible that behavioral and physiological 
cues, including sleep-related behaviors, modulate these 
patterns. Thus, assessing bruxism phenotypes in relation 
to diurnal BP rhythms may offer novel insights into early 
dysautonomia, especially in normotensive young adults. 
Recent investigations have emphasized sex-related and 
behavioral differences in self-reported bruxism and 
obstructive sleep apnea (OSA) symptoms, which may 
further influence the phenotypic expression and clinical 
relevance of bruxism-related cardiovascular outcomes.6

Blood pressure exhibits a predictable circadian rhythm 
in healthy individuals, characterized by a morning surge, 
a parasympathetically driven postprandial dip and after-
noon stabilization.5,7 However, the influence of bruxism 
phenotypes on this physiological BP pattern remains 
unexplored. This pilot study aimed to characterize BP varia
tions in young adults with distinct bruxism profiles and 
to explore whether these variations could reflect behav-
ioral circadian phenotypes (i.e., behavioral expressions 
of bruxism timing) potentially associated with autonomic 
imbalance. We hypothesized that different bruxism sub-
types, particularly SB, would show altered circadian BP 
profiles.

Material and methods 

Study design and participants 

A total of  178 healthy university students (mean age: 
21.3 ±1.5 years; 74.6% female) were evaluated. All partici
pants provided informed consent. The inclusion criteria 
encompassed self-reported tooth grinding or clenching, 
the presence of at least 1 clinical sign (e.g., tongue indentation, 
linea alba), and the absence of  current medical conditions 
or use of medications affecting cardiovascular or sleep 
function. The exclusion criteria included hypertension, 
diabetes, heavy smoking, inflammatory conditions, and 
the use of medications influencing the autonomic nervous 
system.  A cross-sectional analysis was conducted among 
59 participants (mean age: 23.4 ±3.8 years; mean body mass 
index (BMI): 26.07 ±2.72 kg/m2) with probable bruxism, as 
confirmed by diaries and clinical signs.

Highlights

	• This pilot study assessed circadian blood pressure (BP) variation across different bruxism phenotypes in healthy 
young adults.

	• None of the bruxism subgroups exhibited the expected physiological BP rhythm, suggesting altered autonomic 
regulation.

	• Participants with sleep bruxism showed significantly lower postprandial diastolic BP, poorer sleep quality and 
greater insomnia severity.

	• Bruxism phenotyping may serve as a behavioral marker of early cardiovascular risk and autonomic imbalance.



Dent Med Probl. 2026;63(2):533–539 535

Bruxism classification 

Bruxism was assessed using 2 self-report question-
naires translated into Portuguese, based on the studies by 
Winocur et al. and Pintado et al.8,9 In the first question-
naire, bruxism was considered probable when partici-
pants answered affirmatively to question 1 and/or ques-
tion 2 (concerning awareness of  grinding or clenching) 
and reported at least 1 symptom-related item in question 3 
(e.g., jaw discomfort or tooth wear).8 In the second ques
tionnaire, bruxism was classified as present when at least 
2 items received a positive response.9

Participants were then classified according to different 
circadian profiles: AB (morning – reported in the first 3 h 
after awakening; evening – reported in the last 3 h before 
bedtime); SB (bruxism reported during sleep only); and 
undefined (bruxism reported inconsistently throughout 
the day, including overlap among different types or pat-
terns that could not be clearly categorized). 

Blood pressure measurement 

Blood pressure was measured with a validated oscillo
metric device (Physiogard TM 910; SCHILLER AG, Baar, 
Switzerland), according to the European Society of 
Hypertension (ESH) guidelines.10 Each participant under
went 6 seated BP measurements daily (2 readings at each 
of the 3 timepoints: morning, postprandial and afternoon) 
over the course of 3 days. Readings were taken in a quiet, 
temperature-controlled room (22–24°C) by trained per-
sonnel using appropriately sized cuffs after 5 min of rest 
and in the absence of recent caffeine intake or exercise.

Sleep and lifestyle questionnaires 

All participants completed a  battery of  self-report 
questionnaires that had been previously validated in 
Portuguese and widely applied in sleep research and 
clinical practice.

Chronotype was assessed using the morningness–
eveningness questionnaire (MEQ).11 Sleep quality was evalu
ated using the Pittsburgh Sleep Quality Index (PSQI),12 
insomnia symptoms were analyzed with the Insomnia 
Severity Index (ISI),13 and daytime sleepiness was assessed 
with the use of  the Epworth Sleepiness Scale (ESS).14 The 
risk of OSA was evaluated using the Berlin Questionnaire.15 
These instruments were analyzed descriptively and explored 
for associations with BP and bruxism profiles.

Statistical analysis 

Descriptive statistics were computed for all vari-
ables, including mean (M) and standard deviation (SD). 
The Shapiro–Wilk test was applied to assess normality, 
and Levene’s test was used to evaluate the homogeneity 
of variance.

Group comparisons for continuous variables were per-
formed using one-way analysis of  variance (ANOVA) or 
Kruskal–Wallis tests, as appropriate, followed by post hoc 
analyses. Categorical variables were analyzed using the χ2 
test. Effect sizes (Cohen’s d) were calculated for two-group 
comparisons, and 95% confidence intervals (95% CIs) were 
reported to better evaluate the clinical relevance of  the 
findings. A  post hoc power analysis indicated sufficient 
power (0.78) to detect medium effect sizes (f = 0.25).

All statistical analyses were conducted using the IBM 
SPSS Statistics for Windows software, v. 24.0 (IBM Corp., 
Armonk, USA). A two-tailed p-value of <0.05 was consid-
ered statistically significant.

Results 
Among the 59 individuals with probable bruxism, 20 

were classified as having SB, 15 with morning AB, 12 
with evening AB, and 12 as undefined. While none of the 
participants met the criteria for hypertension during the 
standardized BP assessments, distinct BP variation pat-
terns emerged across phenotypes. None of  the bruxism 
subgroups displayed the expected physiological circadian 
BP pattern, characterized by a morning surge, a postpran-
dial dip and afternoon stabilization. Instead, each pheno-
type exhibited a deviant trajectory (Fig. 1).

The SB group showed a significantly lower mean post-
prandial diastolic BP (74.1 ±6.2  mmHg) compared to 
the morning AB group (79.6 ±5.8  mmHg; p  =  0.045), 
with a  Cohen’s d of  0.91  (95%  CI:  0.10–1.72), indicat-
ing a  large effect size (Fig. 2). Morning systolic BP val-
ues were as follows: SB – 113.4 ±9.2  mmHg; morning 
AB – 117.1 ±8.7 mmHg; evening AB – 114.6 ±9.1 mmHg. 
Postprandial systolic BP averaged 110.3 ±8.9 mmHg in SB, 
114.5 ±9.6 mmHg in morning AB and 113.0 ±8.4 mmHg 
in evening AB. Afternoon systolic BP values were 
112.7 ±9.4 mmHg in SB, 118.0 ±10.1 mmHg in morning 
AB and 112.8 ±9.8 mmHg in evening AB.

Fig. 1. Circadian variation in mean blood pressure (BP) according to bruxism 
phenotype

A distinct pattern of postprandial diastolic BP reduction observed in the SB 
group suggests a possible alteration in cardiovascular autonomic regulation 
in this subgroup.  
SB – sleep bruxism; AB – awake bruxism.
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In a  complementary analysis comparing partici-
pants with probable bruxism (n  =  59) to those without 
(n = 119), no significant differences were found in morn-
ing or afternoon systolic and diastolic BP values. How-
ever, participants with probable bruxism showed a non-
significant trend toward lower postprandial diastolic BP 
(76.2 ±6.9 mmHg vs. 78.4 ±6.5 mmHg; p = 0.071, Cohen’s 
d  =  0.33, 95%  CI: −0.5–0.02). No significant differ
ences were observed in systolic BP at any timepoint (all 
p > 0.10). These results support the phenotypic distinc-
tions observed across subgroups rather than a  global 
bruxism-related BP alteration.

Participants with SB also showed significantly higher 
insomnia severity scores (ISI  =  10.4 ±3.3) and poorer 
sleep quality (PSQI  =  7.8 ±2.1), further supporting the 
presence of sleep-related vulnerability.

In terms of  sleep parameters, the SB group exhib-
ited significantly higher scores for insomnia sever-
ity (ISI = 10.4 ±3.3) compared to the morning AB group 
(ISI  =  7.6 ±2.9; p  =  0.021, Cohen’s d  =  0.91, 95%  CI: 
0.12–1.70) and the evening AB group (ISI  =  6.8 ±2.7; 
p  =  0.008, Cohen’s d  =  1.18, 95%  CI: 0.35–2.01). Sleep 
quality assessed using the PSQI was also poorer in 
the SB group (7.8 ±2.1) compared to the morning AB 
group (5.3 ±1.8; p  =  0.009, Cohen’s d  =  1.28, 95%  CI: 
0.40–2.16) and the evening AB group (5.1 ±1.7; p = 0.007, 
Cohen’s d = 1.40, 95% CI: 0.49–2.31). No statistically sig-
nificant differences were observed for excessive daytime 
sleepiness (ESS) or OSA risk (Berlin Questionnaire). The 
SB group tended to show higher risk classifications in the 
Berlin Questionnaire, although without reaching statisti-
cal significance.

Discussion
This pilot study suggests that distinct clinical bruxism 

phenotypes may be associated with altered circadian BP 
variation in healthy normotensive young adults. While 
all participants were clinically normotensive during 
baseline assessment, none of  the bruxism subgroups 

displayed the  expected physiological circadian BP pat-
tern, characterized by a  morning surge, a  postprandial 
dip and afternoon stabilization. The absence of a normal 
rhythmic profile across all phenotypes suggests a  sys-
temic alteration of  autonomic regulation rather than 
isolated or subgroup-specific anomalies, highlighting 
the potential role of  subclinical dysautonomia even in 
healthy individuals.

The lower postprandial BP observed in the SB group, 
when interpreted in conjunction with poor sleep qual-
ity and higher insomnia scores, may point toward a mal-
adaptive autonomic response rather than robust vagal 
tone. Previous studies have shown that SB is associated 
with sympathetic surges during sleep,2 and these noc
turnal events may disrupt daytime vascular regulation 
through impaired baroreflex sensitivity or increased 
arterial stiffness.16 Furthermore, the higher ISI and PSQI 
scores among SB individuals reinforce the hypothesis 
of a chronic hyperarousal state, which could contribute to 
both nocturnal motor activity and diurnal hemodynamic 
rigidity. While one might interpret lower postprandial BP 
as a marker of preserved or even increased parasympa-
thetic tone, the co-occurrence of poor sleep quality and 
elevated insomnia severity supports the view of  a  mal-
adaptive or dysregulated response rather than a protec-
tive physiological adaptation. The lack of  differences in 
daytime sleepiness suggests that these alterations occur 
despite preserved subjective daytime alertness.

The biphasic BP response observed in individuals with 
morning AB may represent a  more labile autonomic 
profile, potentially driven by psychological hyperarousal 
or stress anticipation.17 Individuals with evening AB, in 
turn, showed a rigid BP profile, which may be associated 
with decreased autonomic adaptability, a  phenomenon 
observed in both late chronotypes and individuals at higher 
risk for hypertension and cardiometabolic dysfunction.18 
However, these mechanistic hypotheses, though plau
sible, remain speculative due to the absence of objective 
autonomic or endocrine measures. As such, these inter
pretations should be framed cautiously and validated in 
future studies using physiological or neuroendocrine bio
markers. 

Importantly, however, when comparing all participants 
with probable bruxism to those without, no significant 
differences in overall systolic or diastolic BP were found. 
This suggests that the presence of bruxism per se may not 
be associated with broad alterations in BP profiles. How
ever, the distinct circadian BP patterns observed across 
bruxism phenotypes support the notion that behavioral 
timing and subtype may be more informative than the 
binary classification of  bruxism presence or absence. 
These findings reinforce the need for more granular 
phenotyping in sleep and autonomic research.

The results of  the present study support the notion 
that bruxism, far from being a  purely local orofacial 
activity, may reflect broader autonomic and circadian 

Fig. 2. Comparison of mean postprandial diastolic blood pressure (BP) 
between individuals with sleep bruxism (SB) and morning awake bruxism (AB)
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dysregulation. This is consistent with research reporting 
associations between bruxism, cardiovascular stress 
load and allostatic overload,19 and aligns with evi-
dence indicating that markers of systemic physiological 
rhythm, such as circadian and autonomic indicators, 
are increasingly relevant even in complex critical con-
texts.20 This is not a  diagnostic sign, but rather a  sig-
nal of  altered regulation worthy of  further study. In 
fact, circadian clock disruption has been proposed as 
a  contributor to cardiometabolic dysfunction in both 
acute and chronic settings,21 while bruxism-related 
dysautonomia may represent an early behavioral signal 
of  such disruption.21,22 Beyond the autonomic nervous 
system, other key physiological systems involved in BP 
regulation, such as the  renin–angiotensin–aldosterone 
system (RAAS),  endothelial nitric oxide signaling,  vas-
cular reactivity, and low-grade inflammation, may con-
tribute to the BP variation patterns observed across 
bruxism phenotypes. Although not directly measured 
herein, their relevance is well-established and supports 
a  broader framework for interpreting our findings.23 
Additionally,  external behavioral and environmental 
variables (e.g., caffeine intake, smoking, stress exposure, 
and light–dark cycle alignment) were not controlled for, 
potentially contributing to interindividual BP variability. 
This underscores the  exploratory nature  of the study, 
which is not confirmatory but hypothesis-generating.

Mechanistically,  circadian clock gene dysregulation 
and  sleep fragmentation, which may occur in patients 
with high-frequency SB, can disturb cardiometabolic sta-
tus,24 eventually affecting autonomic sensitivity and the 
expected diurnal BP decline.25 These findings align with 
the broader literature on chronobiology and provide a rel-
evant foundation for future investigations.

On the other hand, the multidimensional nature 
of bruxism, including its potential origins in central sen-
sitization, social context and biopsychosocial vulnerabil-
ity, underscores the relevance of integrated phenotyping 
approaches that go beyond surface-level behavioral clas-
sification. Notably, while self-reported bruxism may lack 
polysomnographic precision, its integration with vali
dated questionnaires can provide valuable behavioral 
insight, particularly in populations with sleep complaints 
or risk factors, as demonstrated in large-scale survey 
studies.6,26

Apart from the cardiovascular and autonomic implica
tions, bruxism phenotypes may also present with associ
ated somatic symptoms, such as headaches, jaw muscle 
pain and dental clenching behaviors, which further reflect 
dysregulated neurosensory processing. Evidence indi
cates that individuals with SB often report tension-type 
or temporomandibular-related headaches, potentially 
mediated by sustained muscle hyperactivity or trigeminal 
sensitization.27 Moreover, behavioral features such as 
diurnal clenching may signify an  expression of  stress-
coping strategies or emotional dysregulation, consistent 

with findings linking bruxism to central sensitization 
and somatization syndromes.28 These overlapping 
mechanisms confirm that bruxism is not solely a  local 
motor event but may represent a systemic neurobehavioral 
condition influenced by affective, neuroendocrine and 
circadian factors.

From a clinical standpoint, recognizing bruxism pheno
types as potential early indicators of abnormal BP regula
tion could inform preventive strategies in sleep medicine 
and cardiovascular care. Patients presenting with brux
ism, particularly SB and evening AB profiles, may benefit 
from additional screening for sleep fragmentation, stress 
exposure and circadian misalignment. Such integrative 
approaches could be further strengthened by considering 
the co-occurrence of bruxism and OSA, especially in light 
of  emerging endotypic models and pathophysiological 
overlaps.29 Still, bruxism may become a  valuable 
behavioral marker in future models of cardiovascular risk 
assessment.

Limitations 

This is a  preliminary study with several limitations. 
The sample size was modest, particularly for subgroup 
analyses. Bruxism was not confirmed with polysomno
graphy or electromyography. Additionally, we did not 
use 24-hour ambulatory BP monitoring, which limits the 
interpretation of  full circadian variation and nocturnal 
dipping profiles. The cross-sectional design prevents 
causal inferences between bruxism phenotypes and BP 
alterations. Moreover, potential confounding factors such 
as perceived stress, anxiety, caffeine consumption, and 
lifestyle-related variables were not assessed. These are 
known to influence both bruxism expression and BP vari-
ability and may have impacted the observed associations. 
Future studies should control for these elements to bet-
ter delineate the specific contribution of bruxism-related 
mechanisms.

Nevertheless, the standardized methodology, repeated 
BP measurements under controlled conditions and the 
use of  validated sleep and chronotype questionnaires 
contribute to the robustness of  our observations. On 
the other hand, although self-reported bruxism showed 
limited correlation with laboratory-based measurements 
of masticatory muscle activity, it should not be dismissed 
outright. Subjective complaints often reflect the patient’s 
perceived burden and may capture broader psycho
physiological disturbances, including stress sensitivity, 
arousal patterns and sleep fragmentation. These 
factors may be omitted when using objective indices 
alone. Thus, incorporating self-reported bruxism 
remains relevant, especially in the assessment of behavioral 
phenotypes with potential cardiovascular implications. 
These findings should serve as a  basis for further 
investigations using larger samples, more standardized 
criteria30 and objective autonomic measures.
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To the best of  our knowledge, this pilot study is one 
of the first to investigate behavioral phenotypes of brux-
ism as potential markers of altered circadian BP profiles in 
a healthy young population. By integrating a multidimen-
sional assessment, including time-specific bruxism sub-
types, structured BP measurements and validated sleep-
related questionnaires, this research presents a  novel 
perspective on how seemingly benign oral behaviors may 
reflect broader autonomic and chronobiological dysregu-
lation. The findings support the growing paradigm that 
bruxism should be evaluated not only in dental or mus-
culoskeletal contexts but also as a systemic indicator with 
potential cardiometabolic implications. When validated 
in larger samples using objective physiological markers, 
this approach could contribute to early screening and pre-
ventive strategies targeting at-risk individuals before the 
onset of overt cardiovascular disease.

Conclusions
Distinct circadian BP patterns across bruxism pheno

types may reflect subtle autonomic differences, even 
in healthy individuals. While these findings are explor
atory and based on a  limited sample without objective 
confirmation of  bruxism, they raise the hypothesis that 
behavioral phenotypes may offer a novel window into cir-
cadian–cardiovascular interactions. These observations 
should be interpreted cautiously but may nonetheless 
support future research using larger cohorts and objective 
physiological methods to clarify whether self-reported 
bruxism can serve as an early marker of autonomic dys-
regulation and cardiovascular risk.
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