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High glucose induced cellular senescence 
in pulp cells 

To evaluate the presence of the senescent cells among 
the pulp cells treated with glucose, the beta-galacto-
sidase assay was performed. The results showed that 
exposure to high concentrations of glucose increased 
SA beta-galactosidase activity in a  dose-dependent 
manner (Fig.  2B,2C). The number of  aging cells in-
creased with the passing time and an  increasing glu-
cose concentration. To further confirm the senescence 
response, the expression of the p21 marker associated 
with cell cycle arrest was assessed. High glucose re-
sulted in an enhanced expression of p21 after 7-, 14-, 
and 21-day exposure (Fig. 3).

Increased beta-catenin and Wnt1 
expression at high glucose 

There was a  significant increase in the expression 
of beta-catenin at 30 mM glucose as compared to control 
5 mM glucose on day 7 (p < 0.001). Exposure to 20 mM 
and 30 mM glucose enhanced Wnt1 expression in the cul-
tured pulp cells (Fig. 4).

High glucose-induced senescence 
response is mediated by beta-catenin 

To evaluate the role of Wnt signaling in the glucose-
induced senescence response, the cells were treated 

with beta-catenin inhibitor – PNU-74654 – and beta-
catenin inducer – LiCl. The results showed that LiCl 
aggravated cellular senescence in the presence of high 
concentrations of glucose (20 mM and 30 mM). Also, 
an  increased percentage of  senescent cells alleviated 
in the presence of PNU-74654 (10 µM) at high glucose 
concentrations (Fig.  5A). Similarly, LiCl induced p21 
expression, while exposure to PNU-74654 reduced the 
p21 level under hyperglycemic conditions, as mea-
sured by qRT-PCR (Fig. 5B).

Fig. 2. Cell proliferation at different concentrations of glucose on days 7, 14 and 21 (A), the corresponding diagram of the percentage of the senescent 
cells increased at high glucose concentrations (B) and senescence-associated (SA) beta-galactosidase staining (the senescent cells with beta-galactosidase 
activity with blue color developed in their cytoplasm) (C)
a significantly different from group 20 mM on a specific day (p < 0.05); á significantly different from group 20 mM on a specific day (p < 0.001);  
b significantly different from control on a specific day (p < 0. 001); # significantly different from control on day 7 (p < 0.001). 
For A and B, data presented as mean (M) ± standard deviation (SD).

Fig. 3. Quantitative real-time polymerase chain reaction (qRT-PCR) analysis 
of gene expression of p21 in the cells exposed to different concentrations 
of glucose on days 7, 14 and 21
b significantly different from control on a specific day (p < 0. 001);  
# significantly different from control on day 7 (p < 0. 001). 
Data presented as M ±SD.
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Discussion
Senescence or cellular aging is a process that irrevers-

ibly ceases the proliferation of  normal cells in response 
to external environmental factors or internal stimuli, such 
as telomere length shortening and oncogene induction. 
While maintaining their metabolic activity, the senescent 
cells undergo phenotypic changes in their structure and 
secretory profile. In this study, we attempted to investi-
gate the influence of high glucose on cells isolated from 
pulp tissue in an in vitro model resembling the hypergly-
cemic condition in diabetic patients.

Considering that the fasting blood glucose of diabetic 
patients rises above 10 mM, in the present study – in or-
der to simulate the diabetic state – the concentrations 
of 20 mM and 30 mM were used, in accordance with the 
concentrations applied in previous studies.18–20 The opti-
mum concentration of 5 mM in the cell culture medium 

was selected as the control group. Our results showed 
that the culture medium enriched with glucose could 
pose an inhibitory effect on the proliferation rate after 2 
and 3 weeks of exposure, indicating the chronic influence 
of the hyperglycemic medium.

The beta-galactosidase staining method is regarded as 
the key test for the evaluation of cellular aging based on the 
level of lysosomal beta-galactosidase activity at pH 6. While 
the optimum activity of the enzyme is at pH 4, only the se-
nescent cells with strong enzyme activity are detectable at 
pH 6.21 Our results showed that the number of beta-galac-
tosidase-positive cells increased at the 20 mM and 30 mM 
glucose concentrations as compared to the control group. 
Along with beta-galactosidase activity, the expression of cy-
clin-dependent kinase (CDK) inhibitor p21 – the marker 
of  cellular senescence – was increased. The data further 
confirmed the induction of senescence and cell cycle arrest 
during long-time exposure to the hyperglycemic condition.

Fig. 5. Beta-galactosidase staining analysis and quantitative real-time polymerase chain reaction (qRT-PCR) analysis of p21 expression after exposing the cells 
to beta-catenin inhibitor (PNU-74654) and beta-catenin inducer (LiCl) at different glucose concentrations

A – percentage of the senescent cells after exposure to beta-catenin inducer or inhibitor at different glucose concentrations; B – expression of p21 
in the cells after exposure to beta-catenin inducer or inhibitor at different glucose concentrations;  
a significantly different from control on a specific day (p < 0.05); b significantly different from control on a specific day (p < 0.001);  
# significantly different from control on day 7 (p < 0.001).  
Data presented as M ±SD.

Fig. 4. Quantitative real-time polymerase chain reaction (qRT-PCR) analysis of gene expression of beta-catenin and Wnt-1 in the cells exposed to different 
concentrations of glucose
a significantly different from control (p < 0.001). The experiment was performed 3 times, each in triplicate. 
Data presented as M ±SD.
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Human pulp tissue has a key role in the maintenance 
and repair of the teeth. It is comprised of the stromal cell 
population with a  high capacity of  differentiation into 
odontoblasts – the main functional cells in dentin regene
ration.22 Previous studies in animal models have shown 
the association between diabetes and reduced pulp heal-
ing capacity.11 Also, few studies are available on bone 
marrow-derived stem cells, and the adverse effect of hy-
perglycemia on their proliferation and differentiation.23,24 
Similarly to our results, Oancea et al.25 and Yan et al.26 also 
revealed the disturbance of dental pulp cell proliferation 
at high glucose. Recent research indicates that the expo-
sure of bone marrow-derived hematopoietic stem cells to 
a high glucose-containing medium induces aging, genetic 
instability and telomere length changes in these cells.27 
However, the precise mechanism of  aging induction in 
these cells remains unclear. There is also further evidence 
on glucose-induced bone marrow-derived stem cell se-
nescence and the causative role of  oxidative-mediated 
autophagy.20 While less has been reported on the senes-
cence response in diabetic pulp tissue or cultured pulp 
cells, our results clearly showed the induction of cellular 
aging in the cultured pulp cells exposed to long-term hy-
perglycemic conditions.

Searching for the underlying molecular mechanism, 
we observed the stimulation of the expression of Wnt1 
and beta-catenin. Thereby, it hinted the involvement 
of  the Wnt signaling pathway in glucose-induced pulp 
cell senescence. Indeed, the Wnt/beta-catenin signal-
ing pathway plays an  important role in various cellular 
processes, such as proliferation, differentiation, migra-
tion, survival, apoptosis, and pluripotency.28,29 The Wnt 
signaling pathway comprises both the canonical-beta-
catenin dependent and the non-canonical-beta-catenin 
independent pathways, and it is believed that the ca-
nonical pathway plays a key role in dentinogenesis and 
dentin regeneration.28 In the presence of Wnt ligand and 
binding to specific cell membrane receptors, cytoplas-
mic beta-catenin protein is transferred to the nucleus 
and activates the transcription of many target genes. In 
the present study, we applied PNU-74564, the binder 
of beta-catenin, to inhibit the Wnt signaling pathway.30 
Lithium chloride is also known for its role in stabilizing 
beta-catenin through the inhibition of glycogen synthase 
kinase 3 beta (GSK3β) activity, and therefore the acti
vation of  canonical Wnt signaling.31 Our results demon
strated that in the presence of beta-catenin inhibitor, the 
percentage of the senescent cells was reduced, while LiCl 
significantly enhanced glucose-induced senescence. The 
data further confirmed the involvement of Wnt signaling, 
particularly beta-catenin, in the progression of diabetic-
induced cellular aging. Regarding the association 
between Wnt signaling and senescence, Liu et al. through 
in vitro and in vivo studies revealed that the activation 
of  canonical Wnt-signaling triggers senescence in pri-
mary mouse embryonic fibroblasts and epithelial cells.32 

Another study on thymocytes showed that the transgenic 
expression of  beta-catenin induces cell growth arrest, 
DNA damage and senescence.33 Also, bone marrow-
derived stem cells from systemic lupus erythematosus 
patients exhibited signs of senescence and showed high 
activity of beta-catenin.34 Although there are some other 
studies which indicate the role of  beta-catenin in the 
induction of cell proliferation.35,36

Further detailed clinical studies are essential to assess 
the pulp tissue proliferation rate and the level of  beta-
catenin in diabetic patients. Based on the current results, 
Wnt signaling might be the potential target for the inhibi-
tion of the senescence response in the hyperglycemic con-
dition, suggesting the development of bioactive materials 
applied in pulp capping that would be specific for diabetic 
patients.

Conclusions
The results of the present study showed that the diabetic 

condition disturbed pulp cell proliferation and induced 
the senescence phenotype, which is mediated by beta-
catenin/Wnt signaling. Such changes might compromise 
the healing and regenerative capacity of  diabetic pulp. 
Based on the results of  the current study and previous 
research, it is suggested that differential approaches in 
endodontic treatment need to be considered for diabetic 
pulp. Knowledge on the molecular mechanism of diabetic-
induced senescence and targeting the key regulatory 
protein will help us find new therapeutic approaches in 
endodontic treatment for diabetic patients. 
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Abstract
Background. Orthodontic tooth movement (OTM) is a  complex phenomenon mediated by cytokines, 
of  which interleukin-1 beta (IL‑1β) is potently involved in the remodeling of  the periodontal ligament 
(PDL) and bone. Whether the pattern of IL‑1β release differs at the sides of tension and compression is not 
yet clarified.

Objectives. The aim of  the present study was to evaluate the level of  IL‑1β and the ratio of  IL‑1β to 
interleukin-1 receptor antagonist (IL‑1RA) in gingival crevicular fluid (GCF) at the tension and compression 
sides during orthodontic canine retraction. 

Material and methods. Seventeen patients scheduled for orthodontic treatment with bilateral extrac-
tion of maxillary first premolars and canine retraction were enrolled. Tooth 2.3 was retracted, teeth 1.3 and 
3.3 served as controls. Gingival crevicular fluid samples were collected from the tension and compression 
sides of each tooth at baseline (before the 1st activation – day 0) and at days 2 and 7, and then again before 
the 2nd activation (day 28) and at days 30 and 35. The levels of IL‑1β and IL‑RA were evaluated with the 
enzyme-linked immunosorbent assay (ELISA).

Results. After the 1st activation, a statistically significant increase in the level of  IL‑1β was observed at 
teeth 2.3 (p < 0.03 mesially and p < 0.05 distally) and 1.3 (p < 0.05 mesially and distally), both at the 
tension and compression sides. The 2nd activation resulted in a gradual increase in the IL‑1β level at both 
canines; however, statistical significance was reached only for tooth 2.3 (p < 0.05 mesially and p < 0.02 
distally). In terms of the IL‑1β/IL‑1RA ratio, a significant increase was observed only at the compression 
side of the experimental tooth (p < 0.01).

Conclusions. An increase in the IL‑1β level in GCF was observed both at the tension and compression 
sides of  the actively retracted canine 2.3 as well as the contralateral canine 1.3; a significant rise in the 
IL‑1β/IL‑1RA ratio was noted only at the compression side of the experimental tooth 2.3, indicating the 
zone of active bone resorption. 

Key words: interleukin-1 beta, orthodontic tooth movement, canine retraction
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Introduction
Orthodontic tooth movement (OTM) is based on the 

periodontal ligament (PDL) and alveolar bone remo­
deling induced by an external force exerted by an orth­
odontic appliance.1 Sterile inflammation is the essence 
of  this biological response.2 Migrating immune cells 
and native cells residing in PDL synthesize and release 
a plethora of cytokines, growth factors, and metabolites 
of  arachidonic acid.3,4 Although not fully elucidated, 
their hypothesized role is to mediate tooth movement by 
promoting the differentiation, maturation and activation 
of cells responsible for bone remodeling.5,6

Many studies have shown elevated levels of  several 
inflammatory cytokines, such as interleukin-1 beta 
(IL‑1β), interleukin-6 (IL‑6), interleukin-8 (IL‑8), and 
tumor necrosis factor alpha (TNF‑α), in gingival crevi­
cular fluid (GCF) upon the application of the orthodontic 
force to the tooth.7–9 Among those, Il-1β, a key media­
tor in a variety of activities in immune and acute-phase 
inflammatory responses,10 seems to be one of the most 
potent mediators in the process of periodontal tissue re­
modeling at the initial stages of OTM.11,12 Its major role 
is to activate osteoclasts and promote their fusion and 
survival.11,12 It has been shown that upon the application 
of the retracting force to the maxillary canine, the level 
of IL‑1β in GCF at the distal aspect of the tooth elevates, 
reaching its peak upon 24–72 h.13,14 Also, a positive cor­
relation between the Il-1β level in GCF and the rate 
of OTM has been described.15,16 In vivo, the biological 
activity of  IL‑1β is controlled by a  naturally occurring 
antagonist of  its receptor, interleukin-1 receptor an­
tagonist (IL‑1RA). The application of mechanical stress 
to the tooth is related not only to an absolute increase 
in IL‑1β secretion, but also to an elevated value of  the 
IL‑1β/IL‑1RA ratio.15 Interleukin-l beta also stimulates 
the production of IL‑6, which, just like IL‑1β, expresses 
synergistic activity.11

It is well documented that pro-inflammatory cyto­
kines are involved in bone resorption and the inhibi­
tion of  bone formation.15 Thus, they facilitate OTM 
by acting particularly at the pressure side.11 Probably, 
a distinct subset of cytokines plays a role in bone appo­
sition at the side of tension. Within these premises, the 
majority of studies on canine retraction evaluated the 
cytokine content of GCF only at the side of compres­
sion.13,17 The pattern of their release and their potential 
role in bone apposition at the tension side are not yet 
clarified. Therefore, the aim of the present study was to 
evaluate the GCF level of IL‑1β and the ratio of IL‑1β 
to IL‑1RA at the compression and tension sides dur­
ing OTM (canine retraction) in adolescents. The null 
hypothesis of the study was that there is no difference 
between the tension and compression sides in terms 
of either the concentration of IL‑1β or the IL‑1β/IL‑1RA 
ratio in GCF.

Material and methods

Study population 

Seventeen patients (8 males and 9 females) aged from 
13 to 18 years (mean age: 16 ±4 years) scheduled to start 
orthodontic treatment at the Department of Orthodon­
tics, Dental University Clinic in Kraków, Poland, were 
enrolled to the study. The participants had to meet the 
following inclusion criteria: 1. no systemic diseases; 2. no 
use of systemic antibiotic therapy within 2 weeks prior to 
inclusion; 3. no use of systemic anti-inflammatory drugs 
within 1  week prior to inclusion; 4.  good periodontal 
health (i.e., the bleeding on probing index (BOP) value 
not exceeding 10%, no probing depths exceeding 2  mm 
and no bone loss in the radiographic examination); and 
5. the necessity for canine retraction in the course of orth­
odontic treatment. Ineligibility with respect to any of the 
inclusion criteria and/or no consent to the enrollment 
to the study, expressed by either the patient and/or the 
parents, constituted the basis for exclusion. Among the 
patients of the study group, the following malocclusions 
were present: maxillary and mandibular crowding (9 pa­
tients); disto-occlusion (1  patient); disto-occlusion with 
maxillary and mandibular crowding (5 patients); an open 
bite (1 patient); and the agenesis of maxillary lateral inci­
sors (1 patient).

The study protocol was reviewed and approved by the 
Bioethical Committee (approval No. KBET/466/B/2003). 
All patients and their parents gave written informed con­
sent to participation upon receiving detailed explanation 
of the aim and course of the study.

Course of orthodontic treatment 

Careful anamnesis, physical examination, analysis 
of cast models, orthopantomograms (OPGs), and cepha­
lometric radiographs were carried out for each patient. 
The treatment plan for the included patients, except for 
the one with the agenesis of lateral incisors, involved the 
extraction of maxillary first premolars. All patients were 
scheduled for maxillary canine retraction. Upon the 
extractions of  premolars, orthodontic separators were 
placed in the maxillary arch. One week later, bands were 
bonded on the maxillary first molars. Metal brackets 
(Victory Series™ MBT .022”; 3M Unitek, Maplewood, 
USA) were bonded onto the teeth in the upper arch. 
Additionally, all patients received transpalatal arch­
es (TPAs) bended from a  0.9-millimeter wire in order 
to prevent the mesial movement of  first molars dur­
ing active canine retraction. The retraction of  canines 
was performed according to an  individual orthodontic 
treatment plan based on a careful examination of each 
patient, and the analysis of OPGs, cephalometric radio­
graphs and plaster models.
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In each patient, the retraction was firstly initiated for 
the upper left canine (tooth 2.3), which was the experi­
mental tooth. The retraction of  the contralateral canine 
(tooth 1.3) was delayed by 2 months, until the end of the 
experimental procedure (GCF collection –  see below). 
Teeth 1.3 and 3.3 served as controls.

All patients received also orthodontic treatment in the 
lower arch by means of fixed orthodontic appliances upon 
the completion of the experimental procedure in order to 
ensure proper occlusal relations. Orthodontic treatment 
lasted around 2 years in each patient. Upon the comple­
tion of the treatment, all patients were provided with a re­
movable splint for the maxillary arch and a  fixed orth­
odontic retainer in the mandibular arch.

Experimental procedure  
– recorded parameters 

In each patient, GCF was collected from the me­
sial and distal aspects of  the experimental tooth 2.3 
and the control teeth (1.3 and 3.3). The GCF collection 
was performed initially before the 1st activation of  the 
appliance (day 0), and 48 h (day 2) and 168 h (day 7) after 
the 1st activation. After 4 weeks, GCF was sampled again 
before the 2nd activation (day 28), and 48 h (day 30) and 
168 h (day 35) after the 2nd activation. The study protocol 
is presented on the flowchart (Fig. 1).

GCF collection 

Each patient received detailed oral hygiene instructions 
prior to the placement of  brackets, and was motivated 
to reinforce oral hygiene throughout the entire experi­
mental period in order to minimize the influence of gin­
gival inflammation on the cytokine levels. Additionally, 
the patients were instructed to rinse their mouth with 
0.1% chlorhexidine mouthwash for 1 min twice a day, for 
2 weeks prior to the GCF collection procedure.

At the appointments for the GCF collection, the sam­
pling teeth were isolated with cotton rolls and suction, 
cleaned with cotton pellets soaked in distilled water and 
gently dried with air from an air syringe. Gingival crevicular 
fluid was collected on sterile absorbent filter-paper strips 
(PerioPaper® GCF Collection Strips; Oraflow, Plainview, 
USA). In brief, the PerioPaper strip was grasped by holding 
the orange handle with pliers and its white portion was gen­
tly inserted to the gingival crevice until a minimum of re­
sistance was felt, and it was kept in situ for 30  s. During 
each appointment, a maximum of 3 strips were inserted at 
each side at 1-minute intervals in order to collect a specified 
volume of  fluid, sufficient for the biochemical analysis. 
In total, a maximum of 3 separate strips were collected from 
the mesial, and 3 from the distal aspect of the experimental 
tooth 2.3. Similar procedures were performed at the control 
teeth (1.3, 3.3) in each patient at each time-point of the study. 
Directly upon collection, the volume of GCF on each strip 
was determined using Periotron 8000® (Oraflow). Prior to 
measurements, the instrument was carefully calibrated, 
and a  standard calibration curve was constructed using 
a range of volumes of human serum of known biochemical 
compounds’ concentrations. Following volume determina­
tion, the strips were placed in sterile cryo-tubes and kept in 
−70°C until the biochemical analysis.

Biochemical analysis 

When the process of GCF collection was completed in 
all patients, the samples were defrosted, and the strips col­
lected from the same aspect (either mesial or distal) of the 
same tooth at the same time-point were pooled together 
in a vial. The fluid was eluted from the strips as follows: 
110 µL of Tris-HCl buffer (pH 7.5) was added to each vial 
and the vials were shaken on an orbital shaker for 10 min; 
subsequently, the vials were centrifuged at 1,500  g for 
5  min. The supernatant was placed in a  fresh vial. This 
procedure was repeated to gather the proper volume, and 
the end volume of the eluate was 200 µL.

The concentration of  IL‑1β and IL‑1RA in the eluates 
was determined by means of the immunochemical method 
– the enzyme-linked immunosorbent assay (ELISA) 
(BioSource, Ottignies-Louvain-la-Neuve, Belgium; R&D 
Systems, Minneapolis, USA, respectively). Additionally, 
the total protein concentration was determined spectro­
photometrically.

Fig. 1. Flowchart of the experimental protocol

M – males; F – females; TPA – transpalatal arch; GCF – gingival crevicular fluid.
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Data analysis 

Patient enrollment, and all the procedures related to 
orthodontic treatment and the GCF collection were per­
formed by one examiner (S.M.).

For each GCF sample, the degree of eluation with Tris-HCl 
buffer was calculated based on the initial sample volume 
(measured by means of  Periotron 8000) and the known 
volume of  the added buffer. This dilution was taken into 
account when calculating the concentrations of cytokines and 
the total protein concentration. The concentrations of cyto­
kines were calculated in relation to the protein concentration 
[pg/µg]. The obtained results were presented as mean  (M) 
±  standard deviation (SD) for the mesial and distal sides 
of each examined tooth. Changes in the cytokine levels for 
each tooth at different time-points were compared by means 
of Student’s t test upon the confirmation of normal distribu­
tion. The level of statistical significance was set at p < 0.05.

Results
All 17 patients completed the study. None of the study 

participants exhibited gingival inflammation during the 
experimental period.

GCF total protein concentration 

Figure  2 presents the total protein concentration in 
GCF at the experimental (2.3) and control (1.3 and 3.3) 

teeth. An  increase in the total protein concentration in 
GCF was observed at all evaluated teeth upon the bond­
ing of  braces, i.e., the 1st application of  the orthodontic 
force and the activation of the experimental canine. This 
increase reached statistical significance with respect to 
baseline at days 2 (p < 0.020) and 7 (p < 0.001) for the me­
sial aspect of  the control tooth 1.3, and at day 7 for the 
mesial aspect of  tooth 2.3 (p < 0.005). Of note, a  rise in 
total protein in GCF was also significant for the control 
tooth 3.3, reflecting the general response within the oral 
cavity to the occurrence of the orthodontic force. Follow­
ing the 2nd activation, the level of  protein dropped, and 
this effect was also noticeable for all evaluated teeth.

GCF concentration of IL‑1β 

The GCF concentration of  IL‑1β at the experimental 
(2.3) and control (1.3 and 3.3) teeth is presented in Fig. 3. 
Upon the 1st activation of the retracted canine 2.3, a statis­
tically significant increase in the level of IL‑1β in relation 
to total protein was observed at day 2, both for the mesial 
and distal aspect of  this tooth (p < 0.030 and p < 0.050, 
respectively). At day 7, a drop in IL‑1β/total protein was ob­
served at both sides; however, it reached statistical signifi­
cance only at the mesial aspect (p < 0.010). Following the 
2nd activation, a significant increase in IL‑1β/total protein 
was observed at day 7 (experimental day 35), mesially and 
distally (p < 0.050 and p < 0.020, respectively).

Similar changes in the amount of IL‑1β in relation to the 
total protein content in GCF were observed at the control 

Fig. 2. Mean total protein concentration at the evaluated teeth [g/L]

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).
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tooth 1.3, i.e., a  rapid and significant increase on day  2 
after the 1st application of the orthodontic force (p < 0.050 
for both the mesial and distal aspect) with a subsequent, 
albeit not significant (except for the mesial aspect, with 
p < 0.001), decrease at day 7, and a tendency to a gradual 
increase throughout the 7-day period upon the 2nd activa­
tion.

No significant changes in IL‑1β/total protein were ob­
served for the control tooth 3.3.

GCF IL‑1β to IL‑1RA ratio 

The ratio of IL‑1β to IL‑1RA in GCF at the experimental 
(2.3) and control (1.3 and 3.3) teeth is presented in Fig.  4. 

Fig. 3. Mean concentration of interleukin-1 beta (IL‑1β) in relation to total protein [pg/µg]

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).

Fig. 4. Mean IL‑1β to interleukin-1 receptor antagonist (IL‑1RA) ratio

Error bars indicate standard deviation (SD); symbols in the upper right frames at each chart represent tooth number (1.3, 2.3, 3.3) and the evaluated side 
(M – mesial, D – distal).
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Interestingly, statistically significant changes in this ratio 
were observed only for the distal aspect, i.e., the com­
pression side, of the experimental tooth. Upon the 1st acti­
vation, a  gradual increase in IL‑1β/IL‑1RA was noted 
throughout the following 7 days, and it reached statistical 
significance at day  7 (p  <  0.01). Following the 2nd acti­
vation, a  rapid rise in IL‑1β/IL‑1RA took place at day 2 
(experimental day 30) (p < 0.005), and the level of this re­
lation remained relatively stable until day 7 (experimental 
day 35). In turn, no significant changes in IL‑1β/IL‑1RA 
were observed at the mesial aspect, i.e., the tension side, 
of  the experimental tooth 2.3 as well as at the control 
teeth (1.3 and 3.3), both mesially and distally.

Discussion
The application of the orthodontic force to a tooth re­

sults in a  series of  orchestrated cellular and molecular 
events, leading to the remodeling of periodontal tissues.18 
Within this remodeling, 2 distinct processes take place si­
multaneously at the opposite sides of  the moved tooth, 
i.e., bone resorption at the pressure side and bone deposi­
tion at the tension side. A bunch of cytokines, of which 
pro-inflammatory IL‑1β is the most potently associated 
with resorption, mediate these phenomena. Indeed, IL‑1β 
induces the expression of  the receptor activator of  the 
nuclear factor in osteoblasts and PDL cells, and stimu­
lates the differentiation of  osteoclast precursors as well 
as the fusion, survival and activation of  matured osteo­
clasts.2,16,19 Hence, its role seems of particular importance 
at the compressed areas of PDL, rather than at the sides 
where tension occurs. Thus, IL‑1β has been proposed as 
a biological marker of  tissue remodeling. The biological 
effects of  IL‑1β are, however, controlled by a  naturally 
occurring antagonist of  its receptor, IL‑1RA.20 Thus, 
monitoring the IL‑1β/IL‑1RA ratio gives the most cred­
ible view on the intensification of  resorptive processes. 
Based on this premise, the aim of the present study was 
to evaluate the level of IL‑1β and the IL‑1β/IL‑1RA ratio 
in GCF at the initial stages of OTM (canine retraction), at 
the sides of compression and tension.

An increase in the total protein content in GCF was ob­
served within the 1st week upon the 1st application of the 
orthodontic force at the experimental tooth as well as at 
the control teeth. This is an  interesting observation and 
suggests that the introduction of  an  orthodontic appli­
ance to the oral cavity, although initially bonded only in 
one dental arch, induces a generalized cascade of events 
in terms of upregulation of gene expression and protein 
synthesis in periodontal tissues.

At the sides around the retracted canine 2.3, an  in­
crease in the IL‑1β concentration was observed both me­
sially and distally, following the 1st (a rapid rise within the 
first 48 h, with a drop toward a  level similar to baseline 
at day 7) and the 2nd activation (a gradual increase over 

the following 7 days). Interestingly, a significant increase 
in the IL‑1β/IL‑1RA ratio was noted only at the distal 
aspect of tooth 2.3, indicating that the compression side 
of the retracted canine is characterized by the highest po­
tential of bone resorption. Although at the mesial aspect 
of  the retracted canine, the level of  IL‑1β was elevated 
after the activations, the IL‑1β/IL‑1RA ratio exhibited 
stable values, indicating controlled bone metabolism with­
out a tendency toward resorption.

An increase in the IL‑1β concentration was observed 
also at the control canine 1.3. This can be attributed to 
the fact that the orthodontic force was distributed within 
the whole upper dental arch due to the presence of a fixed 
orthodontic appliance and the retraction of  tooth 2.3, 
eliciting a biologic response at all the teeth incorporated 
to the appliance. However, no significant alterations of the 
IL‑1β/IL‑1RA ratio were noted at this tooth.

No significant changes in either the IL‑1β concentra­
tion or the 1β/IL‑1RA ratio were noted at the control 
tooth 3.3.

A similar pattern of the upregulation of this cytokine at 
the side of compression in the course of canine retraction 
has been reported in other studies.13,14,21,22 Researchers de­
scribed an elevation of the IL‑1β concentration in GCF in 
the early phases of canine distalization, with peaks at either 
24 h13,21,22 or 72 h,14 and with a subsequent decrease toward 
baseline levels at 168 h. Among the above-mentioned stu­
dies, only Uematsu et al. used both the contralateral and 
antagonist canines as controls,21 whereas in the other inves­
tigations, only the tooth contralateral to the retracted one 
served as a  control.13,14,22 Of note, Uematsu et al. did not 
observe an elevation of the IL‑1β concentration for the con­
tralateral canine,21 which was instead shown in our study. In 
all those studies, the concentration of Il-1β was measured 
either exclusively at the compression side13 or without side 
specification,14,21,22 contrarily to our study, in which the cyto­
kine level was specifically assessed both at the compression 
and tension sides. In turn, Iwasaki et al. compared the IL‑1β 
level at the mesial and distal sides of the retracted canines 
and reported a higher increase at the compression side.15 
The activity of IL‑1β remains under the control of IL‑1RA. 
It has been shown that lower values of the IL‑1RA concen­
tration and higher values of the IL‑1β/IL‑1RA ratio are as­
sociated with a higher velocity of tooth movement during 
orthodontic treatment.23 An investigation described higher 
values of IL‑1β/IL‑1RA at the distal aspect of the retracted 
canine than at its mesial aspect,9 which is in accordance 
with the outcomes of the present study.

Based on the current knowledge on the effects of the IL‑1β 
upregulation on the velocity of  tooth movement, attempts 
have been made to further increase the synthesis of IL‑1β in 
order to accelerate OTM. Varella et al. showed that the appli­
cation of low-level laser therapy with a gallium-aluminium-
arsenide semiconductor laser during orthodontic treatment 
contributes to increasing the level of IL‑1β in GCF and sig­
nificantly accelerates tooth translation.16
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The application of  the orthodontic force induces the 
upregulation of  a  plethora of  pro-inflammatory cyto­
kines and enzymes, which act synergistically in the pro­
cess of tooth movement. Ren et al. pointed that also IL‑6, 
IL‑8 and TNF‑α play a significant role at the early stages 
of tooth movement.9 Grant et al. compared cytokine pro­
files at the compression and tension sides during maxil­
lary canine retraction and noted that while both sides 
were characterized by increases in the concentration 
of  IL‑1β, IL‑8, TNF‑α, and matrix metallopeptidase-9 
(MMP-9), they differed in terms of tissue inhibitor of matrix 
metalloproteinase-1 (TIMP‑1) and tissue inhibitor of ma­
trix metalloproteinase-2 (TIMP‑2) (expressed in higher 
values at the tension side), and receptor activator of nuclear 
factor kappa-Β ligand (RANKL) (expressed in a  higher 
value on the compression side).24 The distal movement 
of the canine has also been related to the rise in the activity 
of alkaline phosphatase at the initial stages of treatment.25

To the best of the authors’ knowledge, this is the only 
study in which the GCF concentration of IL‑1β as well as 
IL‑1β/IL‑1RA were evaluated at both sides, i.e., compres­
sion and tension, and compared to the contralateral and 
antagonist canines. Although increased IL‑1β synthesis 
was observed at the compression and tension sides of the 
retracted and contralateral canines, a  significant imba­
lance between the concentration of this cytokine and its 
antagonist was observed exclusively at the compressed 
side of the retracted tooth.

With respect to the clinical relevance of the presented 
research findings, it should be noted that measuring the 
levels of  IL‑1β and IL‑1RA could potentially be applied 
for the determination of  proper levels of  orthodontic 
forces in order to obtain desirable velocity of tooth move­
ment. Predicting OTM requires controlled bone resorp­
tion, so the rate of the IL‑1β and IL‑1RA synthesis might 
be an  important indicator of this phenomenon. To this 
end, future studies may focus on determining the relation 
between IL‑1β/IL‑1RA and the rate of OTM.

Limitations 

The results of this study should, however, be carefully 
considered in the light of  several limitations. The main 
shortcoming is a  relatively small study group. The fact 
that the number of participants was low might have in­
fluenced the magnitude of significance for the observed 
associations. Consequently, the findings of  this research 
should be interpreted cautiously. Secondly, we did not 
measure the rate of  canine retraction upon the appli­
cation of  the orthodontic force, so we were not able to 
determine whether an increase in the IL‑1β level and in 
the IL‑1β/IL‑1RA ratio indeed correlated with the velo­
city of this process. It may also be debatable if differences 
on the biochemical level between the pressure and ten­
sion sides of  a  single tooth can be precisely shown due 
to close proximity. Therefore, further clinical studies on 

larger populations and with well-designed protocols are 
essential to elucidate the molecular mechanisms respon­
sible for OTM.

Conclusions
Based on the obtained results, it can be concluded that 

the protein content in GCF increases in response to the 
introduction of  the orthodontic force and this response 
takes place in the arch incorporated to the orthodontic 
appliance as well as in the opposite arch. The application 
of the orthodontic force to a tooth leads to a rapid increase 
in the IL‑1β level in GCF at the early stages of treatment, 
at both compression and tension sides, with the subse­
quent normalization of its concentration. The application 
of the distalizing force to a tooth is related to a rise in the 
IL‑1β/IL‑1RA ratio at the compression side, indicating 
active bone resorption. 
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Abstract
Background. Heat generation is considered a decisive factor in the occurrence of bone necrosis during 
implant placement, which can happen when the temperature exceeds a  threshold of  47°C for 1  min. 
The use of a surgical guide to aid implant placement has gained popularity in the last few years. Whether 
it increases the risk of bone necrosis is still debatable.

Objectives. The aim of the present study was to compare heat generation during implant placement with 
and without the use of a surgical guide. 

Material and methods. The study sample consisted of  80 measurement sites placed near 40 dental 
implant sockets, which were prepared on 10 bone-like dental models. These models were divided into 
5 models for the conventional method group and 5 models for the surgical guide group. Each model had 
4 implant sockets prepared, and then two 1-millimeter-wide holes were drilled <1 mm away from the 
socket on the opposite sides of the implant socket to be used as temperature measurement sites. The diameter 
of the drill was standardized to 2.2 mm, and 4 different drill lengths were used (6, 8, 10, and 12 mm). 
The data was analyzed using the SPSS for Windows software, v. 13.0. A p-value of <0.05 was deemed 
statistically significant.

Results. Significant differences were found in heat generation between the conventional group (41.07°C) 
and the surgical guide group (42.97°C) (p < 0.05). Significant changes in temperature were recorded after 
drilling, regardless of the method used (p < 0.05). Moreover, the length of the drill was associated with 
temperature changes, with longer drills generating more heat (p < 0.05).

Conclusions. Within the limitations of this study, the use of a surgical guide resulted in higher tempera-
tures as compared to the conventional method of implant placement. However, the highest recorded tem-
perature was far below the threshold for bone necrosis. 

Key words: dental implants, bone, temperatureCite as
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Introduction
Dental implants have become an essential part of rou-

tine dental treatment to replace lost teeth. The conven-
tional dental implant placement procedure involves mak-
ing a surgical incision into the gingiva on the crest of the 
alveolus and elevating a mucoperiosteal flap to access the 
bone underneath it, then placing the dental implants, re-
placing the flap, and finally suturing the wound.1,2

Recently, flapless dental implant placement has gained 
popularity as an alternative to the conventional dental im-
plant placement procedure with many advantages, such 
as being less invasive, possibly causing less postsurgical 
discomfort, shortening the duration of the surgical proce-
dure, and minimizing changes that occur in the alveolar 
crest. This might be attributed to a relatively small surgi-
cal incision and not raising a mucoperiosteal flap.3–5

Moreover, various computer-guided systems are now 
available to help in making a precise three-dimensional 
(3D) diagnosis, and the programs included in these sys-
tems aid in accurately transferring the locations of virtual 
implants from the computer to appropriate sites in the pa-
tient’s mouth. The necessity for this accuracy has become 
more prominent, especially after the adoption of computer-
guided systems in flapless implantation procedures.6

The effectiveness of surgical guides remains a topic for 
scientific research, especially given what some studies sug-
gest regarding the effectiveness of  using surgical guides 
with irrigation cooling. This is a crucial point, as exposing 
bone tissue to a  temperature of  47°C for a  full minute is 
considered a threshold for causing irreversible osteonecro-
sis, which necessitates taking measures to avoid subjecting 
the bone to mechanical or thermal damage.7,8

Therefore, the aim of our study was to compare changes 
in bone temperature while preparing the implant site with 
the use of a surgical guide and by means of the conven-
tional method of implantation. Moreover, we assessed the 
effects of using various drill lengths on heat generation.

Material and methods
A comparative laboratory study was conducted to as-

sess an increase in temperature when using either the con-
ventional method or a  surgical guide for dental implant 
placement. The study was carried out between December 
2019 and March 2020.

The study sample consisted of  80 measurement sites 
placed near 40 dental implant sockets, which were prepared 
on 10 artificial-bone blocks similar to human D2 bone (solid 
rigid polyurethane foam; Alexandria Industries, Taipei, 
Taiwan). These models were divided into 5 models for the 
conventional method group and 5 models for the surgical 
guide group (Fig. 1). Each model had 4 implant sockets 
prepared, and then two 1-millimeter-wide holes were 
drilled 1 mm away from the socket on the opposite sides  

of  the  implant socket to be used as temperature measure-
ment sites (Fig. 2). The holes were drilled using Peeso ream-
ers (Rogin Dental, Shenzhen, China) on a  contra-angle 
handpiece (NSK, Tokyo, Japan) (Fig. 3).

Each bone block was placed in an  aqueous medium 
of  a  temperature similar to body temperature (37°C),9 
then a  thermometer (Thermocouple Type K device; 
Danoplus, Hong Kong, China) was placed inside the mea-
surement sites and the temperature was recorded (Fig. 4). 
The implant motor (X-Cube implant motor system; 
Dentis, Daegu, South Korea) was set to 1,200 rpm, 30 N 
and 85% irrigation for the preparation of all implant sites.

Drilling was started for the implant socket with a 6-milli
meter-long bur of a diameter of 2.2 mm (Dentis) and the 
temperature was recorded immediately after drilling in 
the temperature measurement sites. The temperature was 
also recorded before and immediately after drilling with 
the use of 8-, 10- and 12-millimeter-long drills. The same 
procedure was applied in the surgical guide group, follow-
ing the insertion of the customized surgical guide.

Having collected the data, it was entered and analyzed 
using the SPSS for Windows software, v. 13.0 (SPSS, Inc., 
Chicago, USA). The statistical analysis was conducted 

Fig. 1. Bone model with the surgical guide mounted

Fig. 2. Bone model showing the implant sockets and the temperature 
measurement sites
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at the significance level set at 0.05 (p < 0.05). The analysis 
of variance (ANOVA) was used to determine the existence 
of statistically significant differences when comparing more 
than 2 independent variables, and the Bonferroni correc-
tion was used to perform multiple comparisons. The mean 
temperature of all measurement sites was used to study the 
different variables, except for the temperature differences 
between the 2 measurement sites, where the comparison 
was made between the means of the opposite sides.

Results
The study sample consisted of 80 measurement sites for 

40 dental implant locations (orthopedic pits), which were 
prepared on 10 artificial-bone blocks.

Table 1 shows the sample temperature before and im-
mediately after drilling with regard to the following vari-
ables: implant placement method; drill length; and mea-
surement site.

The mean temperature in the surgical guide group was 
38.14°C before drilling and became 42.49°C after drill-
ing whereas in the conventional method group, the mean 
temperature was 37.64°C before drilling and 41.07°C after 
drilling.

Table 1. Descriptive statistics of the variables in terms of temperature [°C] before and after drilling

Variable Status Counts M SD Min Max

Implantation method

surgical guide
before drilling

40 38.14 1.14 35.3 39.8

conventional 40 37.64 0.88 34.9 38.9

surgical guide
after drilling

40 42.49 1.87 39.5 45.4

conventional 40 41.07 1.98 37.1 43.8

Drill length

6-millimeter

before drilling

20 36.47 0.89 34.9 38.5

8-millimeter 20 38.09 0.43 37.2 38.9

10-millimeter 20 38.39 0.48 37.4 39.3

12-millimeter 20 38.61 0.60 37.6 39.8

6-millimeter

after drilling

20 39.19 1.29 37.1 41.3

8-millimeter 20 41.22 0.60 40.3 42.2

10-millimeter 20 42.81 0.83 41.3 44.0

12-millimeter 20 43.91 1.14 41.5 45.4

Measurement site

site A
before drilling

40 37.84 1.03 35.3 39.6

site B 40 37.94 1.07 34.9 39.8

site A
after drilling

40 41.65 2.12 37.1 45.4

site B 40 41.91 1.98 37.2 45.3

M – mean; SD – standard deviation; min – minimum; max – maximum.

Fig. 4. Temperature recorded in 2 measurement sites

Fig. 3. Laboratory materials (from left to right): a battery, Peeso reamers, 
a contra-angle handpiece, cords, a thermometer, bone blocks, water, 
and a surgical guide
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It was also noted that the temperature increased with 
an  increasing drilling depth, with the average tempera-
ture after drilling of 39.19°C following the use of a 6-milli
meter drill as compared to 43.91°C following the use 
of a 12-millimeter drill.

No significant differences in temperature were ob-
served between the opposite sides of  the implant 
socket.

The ANOVA test was performed to study the effects 
of the pre-drilling temperature, the implantation method, 
the length of the drill, and the measurement site on the 
temperature recorded after drilling (Table 2).

Table 2 highlights that no statistically significant differ-
ence was found between the temperature measurement 
sites on both sides of the implant socket (p = 0.113).

As for the remaining independent variables, significant 
differences in the temperature after drilling were found 
between all of them.

Table 3 shows the mean (M) and standard error (SE) 
values for the temperature recorded following the 
use of the 2 surgical implant placement methods and 
different length drills, on both sides of  the implant 
socket.

The multiple comparison test was conducted using 
the Bonferroni method on the mean temperature values 
after drilling to compare various drill lengths, as shown 
in Table 4.

Significant differences in heat generation were found 
between any 2 drill lengths used.

Discussion
The amount of  heat generated by and transmitted 

from burs to the bone during drilling while prepar-
ing the implant socket depends on several factors, in-
cluding the speed of  rotation of  the drill, the number 
of  drills used, the design and shape of  the drill, the 
depth of drilling, the cutting edge of the drill, and the 
use of internal or external irrigation. To sum up, what is 
important with regard to heat generation are the cool-
ing mechanisms and the forces applied during the drill-
ing process.9 Therefore, if a surgical guide is to be used, 
it should have cooling channels to reduce an increase in 
bone temperature. This is particularly important when 
drilling is performed in harder bone, such as D1 or D2, 
since the use of a surgical guide may reduce the effec-
tiveness of irrigation.10

The results of this study showed that there was a statis-
tically significant effect of each of the implant placement 
method and drill length as well as of  the temperature 
before drilling on the temperature values after drilling. 
The fact that a surgical guide hampers the access of the 
irrigation fluid to the drilling site may explain a significant 
increase in temperature in case a surgical guide is used for 
dental implant placement.7 The rise in temperature which 
occurs when the first 2.2-millimeter bur is used is due to 
the need to remove a large amount of bone, which causes 
friction to the bone during drilling.11 The clinical tempera
ture values recorded after the bone drilling process are 
usually lower and safer than those recorded in laboratory 
studies; this might be due to the fact that the blood circu-
lation within bone tissue dissipates a slight amount of the 
heat generated during the drilling process.12

A slight difference in the mean pre-drilling tempera-
ture of 0.5°C was noted. All bone blocks were placed in 
an  aqueous medium of  a  temperature of  37°C in an  at-
tempt to standardize the pre-drilling temperature. How-
ever, slight differences can be expected, as the tempera-
ture of the medium can be 37 ±0.5°C.

The highest temperature recorded in our study did not 
reach the threshold for osteonecrosis.

Table 3. Estimated mean (M) and standard error (SE) temperature values [°C] 
for each variable

Variable M SE

Implantation method
surgical guide 42.38 0.10

conventional 41.18 0.10

Drill length

6-millimeter 39.76 0.22

8-millimeter 41.13 0.14

10-millimeter 42.60 0.15

12-millimeter 43.62 0.16

Measurement site
buccal 41.67 0.09

lingual 41.89 0.09

Table 2. Association between the variables and the recorded temperature 
(ANOVA)

Variable F-value p-value η2-value Severity 
of effect

Implantation method 66.25 0.001* 0.513 mild

Drill length 64.63 0.001* 0.755 strong

Measurement site 2.59 0.113 – –

Pre-drilling temperature 10.09 0.002* 0.138 weak

* statistically significant.

Table 4. Multiple comparison between different drill lengths using 
the Bonferroni correction

Hole depth  
[mm]

Difference between 
the groups SE p-value

6

8 −1.37 0.28 0.001*

10 −2.84 0.31 0.001*

12 −3.86 0.33 0.001*

8
10 −1.47 0.19 0.001*

12 −2.49 0.20 0.001*

10 12 −1.02 1.19 0.001*

* statistically significant.
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These results align with the results obtained by 
Misir et al., who conducted their study on bone-like dental 
models using the Thermocouple Type K device with a drill-
ing speed of 1,500 rpm.13 The researchers used 2 different 
systems of drilling burs: in the 1st group, an external irriga-
tion system was used, and in the 2nd group, both internal 
and external irrigation systems were applied. The authors 
concluded that drilling the implant socket with the use 
of a surgical guide resulted in a greater increase in tempera-
ture in comparison with the conventional method.13

Moreover, the results of  the present study are in line 
with a study by Strbac et al., where it was found that the 
highest increase in bone temperature was obtained after 
reaching the deepest point in the hole, and that heat gene
ration was a result of friction between the bone and the 
drill surface.14

Our results are also consistent with those of Kim et al., 
who conducted their study on models of  artificial bone 
using the Thermocouple Type K device, and made mea-
surements at depths of  1, 5 and 10 mm.15 The authors 
showed that the highest internal temperature of the bone 
was at a depth of 10 mm (44 ±1.09°C).15

One of the limitations of this study was that it was done 
in a  laboratory setting, where the recorded temperature 
may not be identical to that achieved in clinical conditions. 
Such studies are hard to perform in vivo; there would be 
some ethical concerns with regard to drilling 2 tempera-
ture holes in the patient’s mouth, and also there would be 
anatomical difficulties with placing the probes intraorally. 
With that said, the highest temperature achieved in the 
current study was still lower that the threshold for bone 
necrosis. Therefore, it is the authors’ belief that when us-
ing a good irrigation system in clinical conditions, lower 
and safe temperatures are expected due to the added bene
fit of the blood circulation. Another limitation is measur-
ing the temperature in the temperature holes rather than 
the implant socket itself, although the closeness of  the 
hole to the implant socket may reduce the amount of tem-
perature discrepancies that might occur.

Conclusions
Within the limitations of  this study, we can conclude 

that using a  surgical guide results in a  higher tempera-
ture as compared to the conventional method of implant 
placement, as a  surgical guide can impede irrigation. 
However, the observed increase was not statistically sig-
nificant and the highest recorded temperature was below 
the threshold for bone necrosis. 
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Abstract
Background. In the past 20 years, several studies and clinical trials have reported similar results for trans-
mucosal implants as compared to submerged implants. Several advantages of  immediate loading have 
been pointed out, such as the reduction of treatment time, trauma reduction, and immediate esthetic and 
functional improvements.

Objectives. The main objective of this study was to clinically evaluate the implant survival rate in patients 
with total rehabilitation via implants that underwent immediate loading in the past 5 years. 

Material and methods. A cross-sectional, descriptive, observational analysis was conducted. The im-
plant survival rate for an edentulous maxilla or mandible was assessed with regard to the loading protocol 
by means of a questionnaire and clinical observation. The study included 103 patients with edentulous 
jaws rehabilitated with fixed prostheses on implants. Each patient received 4–6 implants. In total, 474 im-
plants were placed. Factors such as the implant survival rate as well as biological and prosthetic complica-
tions were evaluated and analyzed statistically.

Results. Of the 474 implants initially placed, 458 were considered osteointegrated and 16 were consi
dered lost, which corresponds to a 96.62% implant survival rate. The most common types of failure were 
prosthetic fractures (46.2%), peri-implantitis (23.1%) and unscrewing (11.5%) in the first 5 years.

Conclusions. The rate of osseointegration for implants placed under immediate loading was extremely 
high, in accordance with the previously published studies, which led us to conclude that currently, this is 
a surgical procedure with a high rate of success and high predictability. 
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Introduction
In recent decades, dentistry has undergone enormous and 

continuous evolution. More than 45 years ago, Brånemark 
demonstrated the ability of  natural bone to accept tita-
nium during the period of bone remodeling, thus giving 
rise to the concept of osteointegration.1–5

Classical protocols proposed that implants should not 
support loads during osteointegration to avoid micro-
movements, which are considered one of  the main risk 
factors for osteointegration. Thus, the rehabilitation 
of  edentulous patients was performed through a  two-
stage surgical system. The implants were submerged in 
soft tissue for a period of 3 months for the mandible and 
5–6 months for the maxilla, allowing healing without any 
occlusal load. The main disadvantages of  this technique 
were the need for a second surgery to expose the implant 
and place the prosthetic or healing abutment, and a longer 
period of edentulousness.6 

In the past 20 years, several studies and clinical trials 
have reported similar results for transmucosal implants 
as compared to submerged implants. According to the 
researchers, it is not necessary to submerge implants 
under the mucosa during the healing period, which creates 
an opportunity for an immediate loading protocol.7

The definition of an  immediate load has evolved, and 
the most current one was established in 2008 by Eposi-
to et al.7 According to this definition, a load is applied to 
the implant up to 1 week after surgery through a provi-
sional restoration, anatomically similar to the final resto-
ration, which is placed later.8

Several advantages of  immediate loading have been 
pointed out, such as immediate esthetic and functional 
improvements, the exclusion of  temporary removable 
prostheses, the prevention of  second surgeries, the pre
servation of  soft tissue anatomy, the reduction of  treat-
ment costs, easier hygiene due to the reduced number 
of  implants used, and minimizing the need for grafts, 
since the patient’s bone base is used to the maximum 
extent possible due to the inclination of implants.9–11

On the other hand, greater care is needed in patient 
selection. Therefore, there are contraindications: cases 
of  uncontrolled diabetes; a  weakened immune status; 
blood dyscrasia; and insufficient bone.10,12

According to recent studies, implants placed with 
an  immediate load with fixed full-arch prostheses reach 
very high success rates after several years of  follow-up, 
both in the post-extraction and healed bone, and both in 
the maxilla and the mandible.13

However, Esposito et  al., in their latest Cochrane sys-
tematic review of  loading protocols, concluded that 
although in selected patients, immediate loading can be 
performed successfully, trends indicate that the immedi-
ately loaded implants fail more often than those following 
a  conventional protocol.7 In addition, the authors con-
cluded that the topic of  immediate loading in toothless 

jaws is well documented, unlike in the case of dentulous 
jaws, for which there is less evidence available.7

It is well known that good primary stability of the im-
plant is a key condition for the success of immediate load-
ing. This primary stability is influenced by many factors, 
including local bone quality and quantity, the macro-
design of the implant and the surgical technique. To assess 
primary stability, it is sufficient to measure the implant 
insertion torque value; this parameter is easily accessible 
and is a determinant of success in osteointegration.14

Micromovements are one of the main risks that might 
prevent successful osteointegration. Micromovements 
greater than 150 μm can compromise the entire process, 
resulting in the fibrous encapsulation of the implant.15

There is a critical micromotion threshold above which 
fibrous encapsulation prevails over osteointegration. This 
critical level, however, is not 0 μm, as might be expected. 
The tolerated micromotion threshold was defined be-
tween 50 and 150 μm. In this range of  tolerated micro-
movements, an  initial load on the implant surface can 
even stimulate the newly formed bone to remodel, accele
rating the osteointegration process.15

Torque values of 30–40 N·cm were generally chosen as 
the minimum acceptable values for immediate loading. 
This minimum torque level is important both to guaran-
tee the osteointegration process and to fix the implant–
abutment connections through the union screw.16

According to Eliasson et al.17 and Fisher et al.,18 techni-
cal complications often arise when applying an immediate 
loading protocol. The most common ones are the fracture 
of  the prosthesis, the loosening of  the abutment screws 
and the adjustments of the contour of the prosthesis.17,18

The latter can be explained by gingival healing after 
surgery, resulting in a  space around the pillars. In turn, 
in the case of a conventional load, impressions are made 
after the healing period, preventing the appearance of this 
space.11

All these complications are solved by adjusting the 
prostheses without affecting the results of the procedures. 
All the variables mentioned above are of high importance 
to reduce the risk of peri-implantitis.13

In view of the above, there is a need to clinically evalu-
ate the implant survival rate in patients with total rehabili-
tation via implants that underwent immediate loading in 
the last 5 years.

Material and methods

Study characteristics

This was a  cross-sectional, descriptive, observational 
study based on the completion of a questionnaire, carried 
out by a single dentist calibrated and approved by the ethics 
committee of  the University Institute of  Health Sciences 
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(Instituto Universitário de Ciências da Saúde – IUCS) in 
Gandra, Portugal, with the aim of analyzing the osteointegra-
tion of the implants loaded immediately on toothless jaws.

Sample characteristics 

The target population consisted of patients with eden-
tulous jaws rehabilitated with fixed implant-supported 
prostheses.

Data collection 

A questionnaire was developed. It was administered by 
a single dentist to avoid the calibration of several stake-
holders, between November 2018 and March 2019, with 
the patients’ clinical and formal consent.

The questionnaire was divided into 4 sections:
–	participants’ personal data – sociodemographic data 

was acquired for patient characterization; the section 
included details such as gender, age, risk factors, and 
the reason(s) for tooth loss;

–	characteristics of the rehabilitated area – the obtained 
information allowed identifying which jaw was reha-
bilitated and detecting the presence or absence of bone 
defects;

–	surgical characteristics – the parameters covered in 
this part allowed for the description of  factors that 
were most relevant for treatment in the present study 
(whether there was a need to perform grafts, the tech-
nique used, and the length, diameter and brand of the 
implants); the osteointegration of the implants was also 
addressed, identifying how many of them were lost;

–	complications – in this section, it was checked whether 
there were any complications, what they were and when 
they occurred.

Inclusion and exclusion criteria 

The analysis embraced edentulous patients rehabilitat-
ed by means of fixed implant-supported prostheses with 
immediate loading, with a follow-up of up to 5 years.

All patients with incomplete or non-existent clinical in-
formation were excluded from the questionnaire.

Statistical analysis 

The data obtained in the questionnaire was grouped 
in MS Excel® (Microsoft Corporation, Redmond, USA) 
before proceeding to the statistical analysis. All the results 
were statistically analyzed using IBM SPSS Statistics for 
Windows, v. 24.0 (IBM Corp., Armonk, USA). Descriptive 
statistics, appropriate for each variable, were used as well as 
the analysis of absolute and relative frequencies. The ques-
tionnaire referred to qualitative variables; accordingly, the 
χ2 test of independence was used. In all the tests, a signifi-
cance level (α) of 5% was used, i.e., α = 0.05. There are some 

requirements regarding the χ2 test, without which it cannot 
be applied. It is assumed that the expected frequencies are 
higher than 1 and that at most 20% of them are lower than 
5. This test presents as a null hypothesis (H0) that the vari-
ables are independent; as an  alternative hypothesis (H1), 
the variables are not independent, thus they are related. 
There is statistical evidence showing that the variables are 
related when the p-value associated with the test is below 
the determined significance level, i.e., when the p-value is 
<0.05. In cases where the χ2 test of independence could not 
be applied, classes were grouped so that the test verified the 
respective assumptions.

Results
To perform this study, a  questionnaire was admini

stered. Therefore, this section presents its results.

Sample description 

Of a  total of 103 participants, 50 (48.5%) were female 
and 53 (52.5%) were male. Thus, there was a  homoge-
neous distribution of both genders.

Regarding the age distribution (Table 1), the group aged 
56–65 years was the largest in the sample with a percentage 
of 54.4% (n = 56), followed by the group aged 46–55 with 
a corresponding percentage of 21.4% (n = 22) and the group 
of participants over 65 years old with a percentage of 19.4% 
(n = 20). Only 5 persons (4.9%) were under 45 years of age.

Regarding the risk factors, more than half of the sample 
declared to be healthy with a  matching lifestyle. Thus, 
64.1% (n = 66) did not declare any of the risk factors. Only 
19.4% (n = 20) were diabetic. Twelve participants (11.7%) 
were smokers. A very small percentage of the participants 
(4.9%) had bruxism (Table 2).

As to the reasons for tooth loss, the most common an-
swers were periodontitis (40.8%) and caries + periodontitis 
(41.7%). Only 5 persons (4.9%) reported having lost teeth 
due to trauma and 13 others (12.6%) referred to caries as 
the main cause.

Of the total sample, 58.3% (n  =  60) rehabilitated the 
maxilla and 41.7% (n = 43) rehabilitated the mandible.

Table 1. Distribution by participant age

Age 
[years]

Frequency 
n

Valid 
percentage 

[%]

Aggregate 
percentage 

[%]

≤35 1 1.0 1.0

36–45 4 3.9 4.9

46–55 22 21.4 26.3

56–65 56 54.4 80.6

>65 20 19.4 100.0

Total 103 100.0 –
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The dentists responsible for maxillary rehabilitation 
were questioned about the possible interference of a bone 
deformity in the process. The vast majority of the patients 
did not present any bone deformities, corresponding to 
91.3% (n = 94) of the sample.

Oral rehabilitation data 

The dentists were asked about some aspects of the rehabili-
tation they had performed. The vast majority did not find it 
necessary to perform bone grafts prior to implant placement. 

Accomplishment 

The dentists were asked about the success of rehabilita-
tion. Approximately 70.9% (n  =  73) reported successful 
procedures and 29.1% (n = 30) admitted treatment failure.

For those who were successful, the questionnaire ended 
here.

Failure 

The authors of the present study wished to learn what 
caused failed cases.

Four out of  the 30 previously presented unsuccessful 
cases did not include information about what had caused 
the failure. Therefore, they were excluded from the analy-
sis of this item.

The failure with the highest incidence, with 46.2% 
(n = 12) of the answers, was the fracture of the prosthetic 
part. The second most recurrent cause, but with a signifi-
cantly lower percentage, was peri-implantitis, comprising 
23.1% (n = 6) of the answers, followed by secondary sta-
bility (15.4%) and unscrewing (11.5%). Primary stability 
failed in only 1 (3.8%) of the studied cases.

We also wanted to know the length of time between re-
habilitation and failure. The most frequent answer (88.5%) 
indicated that failure occurred 6 months after rehabilita-
tion. In only 3 cases of rehabilitation, failure occurred in 
a period of time shorter than or equal to 6 months.

In 91 out of the 103 study cases, no implants were lost. 
However, we wanted to know how many failed. Among 
12  rehabilitation cases in which implants failed, there 
were 2  reported cases of 3 lost implants (16.7%). In the 
remaining cases there was 1 failed implant (83.3%).

Variable cross-checking 

To verify whether there were any significant relation-
ships between the variables, we used the χ2 test of inde-
pendence.

In this test, the null hypothesis (H0) assumes that 
there is no association between the variables – they 
are independent; therefore, this hypothesis must be 
rejected.

It is concluded that the variables may be associated if 
the resulting p-value is under 5%. However, the use of this 
test depends on the validation of  2 assumptions – that 
a maximum of 20% of  the cross-table cells have the ex-
pected values lower than 5 and that the expected mini-
mum value is greater than 1.

Relationship between maxillary and 
mandibular rehabilitation and success 

Of the 60 persons with implants in the upper jaw, 
40 (66.7%) were successful. That success percentage rose 
to 76.7% for mandibular rehabilitation.

The resulting p-value was 0.267 (>0.05). Therefore, the 
type of rehabilitation and the rate of success were not sig-
nificantly related issues (Table 3).

Relationship between the risk factors and 
success 

In this case, the χ2 test could not be applied; thus, brux-
ism and smoking habits were grouped. The results of the 
new data crossing are presented below (Table 4).

Of the 17 smokers with bruxism, 13 (76.5%) had suc-
cessful rehabilitation and 4 (23.5%) did not.

Of the 20 diabetic persons, 18 (90%) had successful re-
habilitation.

Of the 66 persons with no risk factors, 42 (63.6%) were 
successfully rehabilitated and 24 (36.4%) were not.

The resulting p-value was 0.065 (>0.05). Therefore, the 
risk factors and the rate of success were not significantly 
related (Table 5).

Table 2. Distribution by risk factors

Risk factor Frequency 
n

Valid 
percentage 

[%]

Aggregate 
percentage 

[%]

Bruxism 5 4.9 4.9

Smoking habit 12 11.7 16.6

Diabetes 20 19.4 35.9

None 66 64.1 100.0

Total 103 100.0 –

Table 3. Distribution according to the relationship between maxillary and 
mandibular rehabilitation and success 

Jaw

Success Total

yes no

n (%)
success  

rate  
[%]n (%)

success 
rate  
[%]

n (%)
success 

rate  
[%]

Maxilla
40 

(66.7)
54.8

20 
(33.3)

66.7
60 

(100.0)
58.3

Mandible
33 

(76.7)
45.2

10 
(23.3)

33.3
43 

(100.0)
41.7

Total
73 

(70.9)
100.0

30 
(29.1)

100.0
103 

(100.0)
100.0
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Relationship between the technique used 
and the success rate 

In the All-on-4 technique, of  the 68 cases, 48 were suc-
cessful and 20 were not. In the All-on-5 technique, 5 (62.5%) 
of the 8 cases were successful and 3 (37.5%) were not. Finally, 
in the All-on-6 technique, 74.1% of cases were successful.

Among the successful cases, the most commonly used 
technique was All-on-4 (65.8%), followed by All-on-6 
(27.4%), and finally All-on-5 (6.8%).

The resulting p-value was 0.815 (>0.05). Therefore, the 
technique used and the success rate were not significantly 
related (Table 6).

Implant data 

The applied techniques were classified according to the 
number of  implants used for maxillary and mandibular 
rehabilitation. A total of 66.0% (n = 68) implants under-
went the All-on-4 procedure, while 26.2% (n = 27) under
went the All-on-6 procedure and a minority – 7.8% (n = 8) 
– utilized the All-on-5 procedure.

Regarding the brand of  the implants used, in 46.6% 
of cases (n = 48), Nobel was chosen. Mis and Strauman 
were chosen by a minority of the inquired dentists – only 
8.7% (n  =  9). MegaGen was the choice of  26 dentists 
(25.2%) (Table 7).

The length and diameter of  the implants used also 
varied.

Most of the surveyed dentists – 83.5% (n = 86) – opted 
for implants of  a  length between 10 and 13 mm. The 
options ‘less than 10 mm’ – 1.9% (n = 2) – and ‘more than 
13 mm’ – 14.6% (n = 15) – were not frequently chosen.

Most dentists – 77.7% (n = 80) – used implants whose 
diameter varied between 3 and 4 mm. Only 22.3% (n = 23) 
opted for diameters greater than 4 mm.

Osteointegration 

Then, the binomial test was performed to assess the 
proportion of osteointegration. The null hypothesis to 
be tested was that the non-osteointegration ratio was 
3%, i.e., the osteointegration rate was 97%. The test 
yielded a  p-value of  0.351 (>0.05). At a  significance 
level of 5%, it could not be concluded that non-osteo
integration was greater than 3% and osteointegration 
was not less than 97%.

Table 7. Distribution according to the implant brand

Brand Frequency 
n

Valid 
percentage 

[%]

Aggregate 
percentage 

[%]

Nobel 48 46.6 46.6

Mis 7 6.8 53.4

Strauman 2 1.9 55.3

MegaGen 26 25.2 80.6

Other 20 19.4 100.0

Total 103 100.0 –

Table 4. Distribution of the correlation between the risk factors and the 
success rate

Risk factor

Success Total

yes no

n (%)
success  

rate  
[%]n (%)

success 
rate  
[%]

n (%)
success 

rate  
[%]

Bruxism
3 

(60.0)
4.1

2 
(40.0)

6.7
5 

(100.0)
4.9

Smoking  
habit

10 
(83.3)

13.7
2 

(16.7)
6.7

12 
(100.0)

11.7

Diabetes
18 

(90.0)
24.7

2 
(10.0)

6.7
20 

(100.0)
19.4

None
42 

(63.6)
57.5

24 
(36.4)

80.0
66 

(100.0)
64.1

Total
73 

(70.9)
100.0

30 
(29.1)

100.0
103 

(100.0)
100.0

Table 5. Distribution according to the relationship between the risk factors 
and rehabilitation success with bruxism and smoking groups

Risk factor

Success Total

yes no

n (%)
success  

rate  
[%]n (%)

success 
rate  
[%]

n (%)
success 

rate  
[%]

Bruxism/ 
Smoking 
habit

13 
(76.5)

17.8
4 

(23.5)
13.3

17 
(100.0)

16.5

Diabetes
18 

(90.0)
24.7

2 
(10.0)

6.7
20 

(100.0)
19.4

None
42 

(63.6)
57.5

24 
(36.4)

80.0
66 

(100.0)
64.1

Total
73 

(70.9)
100.0

30 
(29.1)

100.0
103 

(100.0)
100.0

Table 6. Distribution of the correlation between the technique used and 
the success rate

Technique

Success Total

yes no

n (%)
success  

rate 
[%]n (%)

success 
rate  
[%]

n (%)
success 

rate  
[%]

All-on-4
48 

(70.6)
65.8

20 
(29.4)

66.7
68 

(100.0)
66.0

All-on-5
5 

(62.5)
6.8

3 
(37.5)

10.0
8 

(100.0)
7.8

All-on-6
20 

(74.1)
27.4

7 
(25.9)

23.3
27 

(100.0)
26.2

Total
73 

(70.9)
100.0

30 
(29.1)

100.0
103 

(100.0)
100.0
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Differences in osteointegration between 
the jaws 

To verify whether there were significant differences in 
osteointegration between the jaws, the t test was used. 
This test led to a p-value of 0.443 (>0.05). Therefore, de-
spite the differences observed in the previous description, 
these differences were not significant. That is, there were 
no significant differences in osteointegration between the 
2 jaws. The χ2 test led to a p-value of 0.442 (>0.05), so the 
variables were not related, and the jaw and osteointegra-
tion were independent of one another (Table 8).

Discussion
The present study comprised a sample of 474 implants 

placed in 103 patients. It can be considered a very satis
factory sample size, since the work in question can be 
categorized as a cross-sectional, observational study, and 
similar studies can be found in the literature that have 
an identical or lower sample size in comparison with the 
present one. The traditional method of distribution of the 
questionnaire (filling in paper) proved to be ideal for ob-
taining a greater number of responses. The questionnaires 
were completed by the author in the presence of patients, 
providing greater answer reliability. The choice of  the 
region for the application of  the questionnaire (Porto, 
Portugal) was conditioned by the researcher’s easier access 
and communication to the potential participants in this 
particular area.

Due to the use of the traditional method for dissemi-
nating the questionnaire, data processing and the statisti-
cal analysis required a greater amount of time on the part 
of the researcher, since it was necessary to manually en-
ter all the responses/results into the computer program. 
This manual process of filling in/inserting data can lead to 
an error associated with manual transposition. The main 
objective of the present investigation was to evaluate the 
success rate of  immediate-load rehabilitation in edentu-
lous jaws. This assessment was carried out based on the 
patients’ responses to the questionnaire and the review of 
clinical records, so the existence of a response bias should 
be considered. This may be particularly evident in ques-
tions regarding the reason(s) for tooth loss and the pre
sence of  risk factors, where participants may have been 
influenced to respond according to what is most accepted 

or considered most correct. It is known that to use an im-
mediate loading protocol, certain patient selection criteria 
must be followed.18 It was found that the presented sam-
ple was mostly healthy; however, we had 19.4% diabetics, 
11.4% smokers and 4.9% bruxism patients. When these 
variables were correlated, it was found that the risk factors 
and the occurrence of complications were not significantly 
related. The primary reason for tooth loss was periodon-
titis (82.5%), with the remainder divided between caries 
and trauma. More maxillae than mandible jaws were reha
bilitated (58.3% and 41.7%, respectively). The vast major-
ity (91.3%) did not present bone defects and only 12.6% 
required grafts. The most commonly used technique was 
All-on-4, which can be explained by the lower number 
of implants the technique requires; therefore, it becomes 
more economical and easier to sanitize the hybrid den-
ture. The All-on-6 technique was the second choice with 
26.2%, and finally the All-on-5 technique with 7.8%. We 
found that the technique used and rehabilitation success 
were not statistically significantly related, emphasizing 
what was mentioned in 2005 by Balshi et al., who claimed 
to find no relationship between the number of  implants 
and success.19 However, Szmukler-Moncler et al. claimed 
that 6 implants was the appropriate number to achieve 
a  predictable result.15 For Maló  et  al.,10,20 the All-on-4 
technique provided very predictable and successful re-
sults.15 The implants were placed in both jaws. Since more 
maxillae than mandibles were rehabilitated, depending 
on the number of  implants used in each technique, it 
was found that more implants were placed in the upper 
jaw. The implant length chosen in this study was mostly 
between 10 and 13 mm (83.5%). These values are within 
what is considered an implant length (≥10 mm) adequate 
to predictably perform total rehabilitation via an immedi-
ate load. However, Balshi et al. say they prefer to use longer 
implants, whenever possible, stating that the lengths 
between 13 and 15 mm are frequently used.19,21 In situa-
tions of low bone height, the inclination of implants may 
be a  solution for posterior regions.19 Regarding the dia
meter, Balshi et al. state that 4-millimeter-wide implants 
are generally the first choice.21 Accordingly, in this study, 
the diameter oscillated between 3 and 4 mm, making up 
77.7% of the implants placed. Only 22.3% of the implants 
placed had a  diameter greater than 4 mm. Maló  et  al.20 
and Javed et al.14 reported higher failure rates in implants 
of larger diameters, which was associated with implanta-
tion in bone types III and IV.21

The existence of some complications was verified in this 
study. The most frequent one was the fracture of the pros-
thesis (46.2%), followed by peri-implantitis (23.1%), and 
finally unscrewing (11.5%). Most cases occurred 6 months 
after surgery (88.5%). Only 11.5% of cases occurred in the 
first 6 months after surgery.

We found that the type of  jaw and the occurrence 
of  complications were not statistically significantly re-
lated.

Table 8. Distribution of upper and lower jaw osteointegration  
(total number of implants N = 474)

Osteointegration Upper jaw 
n (%)

Lower jaw 
n (%)

Yes 273 (97.2) 185 (95.9)

No 8 (2.8) 8 (4.1)

Total 281 (100.0) 193 (100.0)
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Both biological and prosthetic complications are rare 
in studies of immediate loading with complete-arch pros-
theses. Pain and edema are common.19

According to Gallucci et al.,22 the survival rate of the 
temporary prostheses used in their study, in immedi-
ate loading, was 100%.23 Balshi  et  al. reported a  rate 
of  99.0%.19 On the other hand, Jaffin  et  al. replaced 
a  fixed temporary prosthesis with a  removable pros-
thesis during osteointegration due to the loss of seve
ral implants.24

In this study, of  the 474 implants placed, 16 did not 
osteointegrate, with an osteointegration rate of 97%. We 
found that there were no significant differences in osteo-
integration between the 2 jaws, and that the technique 
used and osteointegration were independent.

In 2014, Balshi et al. proved a higher success rate of the 
All-on-4 technique in edentulous jaws as compared to 
dentulous jaws.21 However, in 2011, Maló et al. studied the 
viability of the All-on-4 technique in a medium and long 
term in edentulous jaws, obtaining an  implant survival 
rate of 98% in a sample of 968 immediate-load implants.20 
They concluded, therefore, that it was a viable technique 
that worked as a good medium- and long-term treatment 
alternative.20 However, in 2015, Lopes et al., in a study with 
a sample of 92 implants placed according to the All-on-4 
concept, obtained survival rates of implants and prosthe-
ses of 96.6% and 100%, respectively, at 5 years of follow-
up.25 They concluded, therefore, that the technique was 
safe and predictable.25 According to Gallucci et al.,22 2 ar-
ticles published by Grunder26 and Cooper et al.27 reported 
a survival rate of 97 implants placed in 15 patients, which 
ranged from 97.7% to 100%. One of the articles reported 
non-prosthetic failure, with the prosthesis survival rate 
being 100%.22

In a  prospective study, Balshi  et  al. suggested that 
an immediate loading protocol was suitable for all types 
of patients who needed oral rehabilitation.19 Tarnow et al. 
immediately loaded 36 implants and obtained a  97.4% 
survival rate.28

Jaffin  et  al. reported a  93% osteointegration rate in 
236  implants placed to rehabilitate 34 patients.24 The 
main causes of  failure were identified as an  inadequate 
prosthesis and the chewing of hard foods, which resulted 
in the micromotions of dental implants, interferring with 
the process of osteointegration.24

Conclusions
Within the limitations of this study and considering the 

proposed objectives, we can conclude the following:
The rate of osteointegration of the 474 implants placed 

with an  immediate loading protocol was 97%. This rate 
is in agreement with the rate described in the literature. 
This outcome indicates that this is a predictable alterna-
tive to a conventional cargo.

It was found that the type of  jaw and the occurrence 
of complications were not related. Therefore, the rehabili-
tation of the mandible or the maxilla will not necessarily 
bring associated complications.

The risk factors and the occurrence of  complications 
were also unrelated. In other words, it was possible to suc-
cessfully rehabilitate patients with risk factors, just as the 
healthy ones.

The rate of osteointegration did not vary depending on 
the rehabilitated jaw. These variables were independent.

The technique used and osteointegration proved to be 
independent as well. 
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Abstract
Background. The choice between 2 or 3 implants to support a 3-unit implant-supported fixed dental 
prosthesis (FDP) still generates doubt in clinical practice.

Objectives. The aim of this study was to evaluate stress distribution in 3-unit implant-supported FDPs 
according to the implant number and load direction. 

Material and methods. A numerical simulation was performed to analyze stress and strain according to 
the implant number (2 or 3) and load direction (axial or oblique). A model of a jaw was created by means 
of the modeling software Rhinoceros, v. 5.0 SR8. External hexagon implants, micro-conical abutments and 
screws were also modeled. The final geometries were exported to the computer-aided engineering (CAE) 
software Ansys, v. 17.2, and all materials were considered homogeneous, isotropic and elastic. Different 
load directions were applied for each model (300 N) at the center of the prosthesis.

Results. The von Mises stress and strain values were obtained for the titanium structures and the bone, 
respectively. The implant number influenced the prosthesis biomechanics, with higher stress and strain 
concentrations when 2 implants were simulated. The oblique load also affected the mechanical response, 
showing higher stress and strain in comparison with the axial load, regardless of the implant number.

Conclusions. It was concluded that for a 3-unit implant-supported FDP, a greater number of  implants 
associated with axial loads can result in a better mechanical response during chewing.

Key words: dental implants, finite element analysis, biomechanics, stress distribution, fixed dentures
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Introduction
Currently, implant-supported rehabilitation can be 

applied as predictable treatment.1 The literature af-
firms that implant-supported fixed dental prostheses 
(FDPs) increase the life quality of edentulous patients.2 
However, some factors can affect the FDP longevity, 
e.g., the stress concentration, bone quality, or the di-
mensions and position of the implants.3

Considering the biomechanical response of an implant-
supported FDP, the implant number is an  important 
factor, since it may have an  influence on how the 
masticatory load will be transmitted to the bone tis-
sue.4 A large number of implants have a decisive effect 
on the mechanical response to prosthetic treatment.5 
Placing an  implant for each missing tooth is contro-
versial and requires careful consideration in the most 
complex clinical situations.6

For a 3-unit implant-supported FDP, the choice be-
tween the use of 2 or 3 implants is related to the mas-
ticatory load and bone availability.7 When 3 implants 
are used, it is expected that less load will be transferred 
to the bone–implant interface.8 When more implants 
are used, the mechanical response from the central im-
plant can be improved.9 However, it has been reported 
that the load direction also can modify the stress con-
centration in an implant-supported FDP.10 The biome-
chanical behavior of abutments, prosthetic screws and 
dental implants have not been investigated yet by com-
paring 2 or 3 implants with different load directions.

During chewing, the prosthetic components are 
constantly subjected to the combination of horizontal, 
vertical and oblique forces.11 The axial forces exerted 
on the implant are compressive in nature; however, 
horizontal or oblique resultant forces can increase 
lateral displacement, and consequently cause the 
formation of  torsional forces and lever points, which 
– when excessive – can lead to failure in the prosthesis 
structure and at the bone–implant interface.12 Non-
axial loads in dental implant mechanical systems leave 
the prosthetic components at higher risk of failure due 
to fatigue.13

The number of implants depends on the type of re-
habilitation that is to be performed. To improve the 
stability and support of an overdenture, 2–4 implants 
are recommended.14,15 In the literature, one can find 
studies which show implant survival data ranging 
from 95% to 100% for cases with 2 and 4 implants, and 
81.8–96.1% for 1 and 2 implants with immediate load
ing.16,17 A 3-unit FDP can resist a  load of 500–600 N 
in  the posterior region, regardless of  the load condi-
tion.17 However, for a  3-unit implant-supported FDP, 
the literature is still scarce.

The finite element analysis (FEA) is an  effective 
methodology for the in silico investigation of  the 
mechanical response of FDPs.9–11 The finite element 

analysis can be used to analyze the mechanical behav-
ior, the stress distribution and the direction of forces. 
When studying the longevity of prosthetic rehabilita-
tion, biomechanics is of great importance in predicting 
failure in implants, since occlusal overload is a major 
cause of bone loss around implants, and consequently 
leads to the loss of  prosthetic restorations and im-
plants.18 Therefore, the aim of the present study was to 
investigate the biomechanical behavior and stress dis-
tribution of FDPs supported by 2 or 3 implants, sub-
mitted to different masticatory loads, using FEA. The 
null hypothesis was that there would be no difference 
in stress and strain according to the implant number 
and load direction.

Material and methods
The three-dimensional (3D) models consisted 

of a section of the maxilla and the following elements: 
external hexagon implants (4.1  mm in diameter, 
9  mm in length), mini-conical abutments (4.0  mm 
in diameter, 1.5 mm in length), abutment screws, pros-
thetic screws (Titamax Ti; Neodent, Curitiba, Brazil), 
and a  prosthesis. The models were created using the 
computer-aided design (CAD) software Rhinoceros, 
v. 5.0 SR8 (McNeel North America, Seattle, USA). The 
bone tissue was modeled as well; it contained the cor-
tical bone of a thickness of 1.0 mm and the cancellous 
bone. The FDPs were created using a database from the 
Institute of Science and Technology at São Paulo State 
University (UNESP) in São José dos Campos, Brazil. 
They contained a maxillary first premolar, second pre-
molar and first molar.18 The models were duplicated 
in 2 groups: the 1st group received 2 implants at the 
ends of  the prosthesis; and the 2nd group received 
3 implants, 1 for each tooth, according to Fig. 1. All volu
metric solids were assumed to have the same number 
of faces connected to each other.

All the models were exported to the computer-
aided engineering (CAE) software Ansys, v.  17.2 
(ANSYS  Inc., Houston, USA) in the STEP format, 
and the tetrahedral elements formed the mesh. The 
properties of each material are summarized in Table 1; 
the models were considered homogeneous, isotropic 
and elastic.

Table 1. Mechanical properties of the materials used in the finite element 
analysis (FEA)

Structure Elastic modulus  
[GPa] Poisson’s ratio

Titanium 110 0.3

Zirconia 220 0.3

Cortical bone 14 0.3

Trabecular bone 1.4 0.3
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The models were restricted in all directions on the cor-
tical bone surface. The zones of non-linear contact were 
defined in 4 critical interfaces: implant–bone; implant 
–abutment; implant–screw; and abutment–screw. The 
contact analysis defined the load transfer and deforma-
tion between different components. The friction coeffi-
cient was defined as 0.3 for all titanium–titanium inter-
faces,19 0.65 for the cortical bone–implant interface20 and 
0.77 for the cancellous bone–implant interface.21

For the masticatory force simulation, a load of 300 N22,23 
was applied to the center of the prosthesis in 2 different 
directions: axial to the central implant; and obliquely 
at 45° in relation to the long axis of the central implant.

The results were required as the von Mises stress cri-
teria for ductile solids. For the peri-implant tissue, the 
required result was expressed as the microstrain value 
based on a previous study, which correlated this criterion 
with bone reabsorption.24 Results that presented a differ-
ence in stress peaks between the same regions which was 
higher than 10% were defined as significant based on the 
mesh convergence test.21–23

Results
Regarding the implant number and load direction, the 

strain values in the bone were plotted in colorimetric 
graphs (Fig.  2). It could be observed that the larger the 
number of  implants to support the FDP was, the less 
strain was concentrated in the bone tissue (Fig. 2A,2C 
and Fig. 2B,2D). One can notice that strain was homoge-
neously concentrated in the cervical region between all 
the implants. The oblique load increased the strain mag-
nitude, regardless of the implant number (Fig. 2B,2D).

With regard to von Mises stress in the dental implants, 
it could be observed that the external hexagon region was 
the most involved in the stress concentration, regardless 
of the model (Fig. 3). However, using the central implant 

may reduce the stress magnitude, even for the oblique 
load. The same behavior can be noted for the micro-
conical abutment (Fig. 4) and the prosthetic screw (Fig. 5).  

Fig. 1. Three-dimensional (3D) modeling for the numerical simulation

A – external hexagon implant model; B – posterior 3-unit fixed dental prosthesis (FDP); C – edentulous jaw; D – cutting plane for the section model;  
E – hemi-jaw model; F – 2-implant model; G – 2-implant model with the FDP; H – 3-implant model; I – 3-implant model with the FDP.

Fig. 3. von Mises stress maps in the implants for 3 implants with  
the axial load (A), 3 implants with the oblique load (B), 2 implants  
with the axial load (C), and 2 implants with the oblique load (D)

Fig. 2. Bone microstrain maps for 3 implants with the axial load (A),  
3 implants with the oblique load (B), 2 implants with the axial load (C),  
and 2 implants with the oblique load (D)
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The microstrain peaks and stress peaks were recorded for 
each tooth and are summarized in Table 2.

According to Wolff’s law,24 strain values below 50 mm/mm 
are able to promote bone remodeling due to disuse, and 
values above 3,000  mm/mm are able to promote bone 
remodeling by microdamage. There was no simulated 
model which could prevent or promote bone remodeling; 
however, the use of  3 implants with the axial load may 
reduce the risk of bone remodeling.

Discussion
This study evaluated the influence of the implant num-

ber and load direction in an  implant-supported FDP on 
the bone strain and von Mises stress. The results showed 
that there was a direct relationship between the implant 
number and the calculated strain. It was also possible to 
observe that the axial load promoted less stress and strain. 
Based on the results, the null hypothesis was rejected, 
because there was an  influence of  the load and implant 
number on the mechanical response.

A previous study evaluated the influence of the num-
ber of implants on the biomechanical behavior of over
dentures, using the FEA method.25 In overdentures 
retained by 2 implants, the level of  stress in the peri-
implant bone and on the abutment was higher in com-
parison with a  situation when 3 implants were used. 
According to the authors, the stress generated around 
the central implant was reduced, which was beneficial for 
the peri-implant bone.25 The present study corroborates 
this statement, since the use of 3 implants reduced the 
risk of bone remodeling and damage to the abutments, 
screws and implants.

Another investigation evaluated the effect of  the dia
meter, length and number of implants on stress distribution 
in the peri-implant bone of  a  3-unit implant-supported 
FDP.26 The authors concluded that the use of only 2 im-
plants of  a  diameter of  4.1 mm was sufficient to retain 
partial prostheses without causing damage to the corti-
cal bone. In addition, the researchers reported that when 
using the central implant in the case of  the prostheses 
supported by 3 implants, the magnitude of the generated 
stress could be reduced, which did not occur in the case 
of  the prostheses supported by only 2 implants.26 The 
present study corroborates those observations, since the 
use of  the central implant in the case of  the prosthesis 
supported by 3 implants reduced the magnitude of stress, 
even for the oblique load. In addition, the present study 
complements this previous report, showing that the 
micro-conical abutment and also the prosthetic screw 
may present a  reduced stress concentration when 3 im-
plants are used.

Table 2. Results in terms of bone microstrain [με] and stress [MPa] peak values according to the load direction and implant number

Region

Axial load Oblique load

2 implants 3 implants 2 implants 3 implants

molar first 
premolar

second 
premolar molar first 

premolar
second 

premolar molar first 
premolar

second 
premolar molar first 

premolar
second 

premolar

Bone  
[με]

2,202 215 1,954 1,916 641 544 4,189 278 3,967 2,991 2,789 2,836

Implant  
[MPa]

21.5 – 21.3 18.3 11.8 4.9 66.6 – 61.7 30.3 30.4 28.8

Micro-conical abutment  
[MPa]

31.7 – 24.8 25.5 15.5 14.7 40.2 – 44.3 37.8 36.8 38.1

Prosthetic screw  
[MPa]

24.3 – 24.7 16.7 15.4 15.3 64.5 – 55.9 39.6 44.3 45.1

Fig. 4. von Mises stress maps in the micro-conical abutment for 3 implants 
with the axial load (A), 3 implants with the oblique load (B), 2 implants 
with the axial load (C), and 2 implants with the oblique load (D)

Fig. 5. von Mises stress maps in the prosthetic screw for 3 implants  
with the axial load (A), 3 implants with the oblique load (B), 2 implants  
with the axial load (C), and 2 implants with the oblique load (D)
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The literature shows that the larger the number of im-
plants is, the less stress is generated in the peri-implant 
bone.27,28 In the present study, the results suggest that the 
use of 3 implants may help reduce the possible strain in 
the cortical bone, thus reducing the risk of causing bone 
damage and bone remodeling; however, axial loads should 
be planned.

This study simulated a 300-newton load for the test,29 
with 2 different directions – oblique at 45° in relation to 
the long axis of  the implants and axial. In previous stu
dies, one can find different load magnitude used, yet in 
similar directions.30,31

Araki  et  al. simulated an  occlusal load with different 
directions.29 However, their results were similar, since it 
was possible to verify that the highest stress concentra-
tion was located in the cervical area of the cortical bone. 
In this way, the present study corroborates those results, 
stating that the cervical region is the most affected bone 
region.32

The present study also showed that the use of the cen-
tral implant decreased the stress concentration, even for 
the oblique load. The analysis of previous studies shows 
that the implant design and different lengths also can af-
fect stress distribution.10,29–32 This must be considered 
relevant in the surgical planning, focusing on reducing 
the stress concentration and the cervical bone resorption.

Another research, a clinical study performed on unitary 
implants, reported the development of  some problems 
before the catastrophic fracture of an implant, e.g., the loos
ening of  the screw, peri-implantitis and the peri-implant 
bone resorption.33 Problems such as the peri-implant 
bone resorption can be noticed in unit rehabilitation, with 
crowns of an inadequate height or unsuitable for the pa-
tient’s occlusal function. Due to the dissipation of  axial 
and oblique loads, the larger the number of  implants in 
rehabilitation, the lower the stress concentration that can 
generate bone resorption around the implants. In this way, 
the present study suggests that the load direction should 
be possibly the most axial to reduce the failure risk.

Over the last decades, the FEA method has become 
an increasingly useful tool to predict the effects of the gene
rated stress on implants and the peri-implant bone.34,35 
This method allows the analytical assessment of load dis-
tribution on the implant structure, controlling the pos-
sible microstrain as well as identifying the load direction 
and understanding the impact of the implant number.36

In implantology, FEA has been widely used to study 
the stress patterns of  the implant components and also 
in the peri-implant bone. The success of FEA depends on 
precision in the simulation of  the implant surface geo
metry and structure, according to the characteristics of the 
implant material, the load and support conditions as well 
as the biomechanical and interface conditions. Since it 
was an in silico study, clinical conditions might have not 
been fully replicated.37,38 The stress analysis is normally 
performed under static load, and the mechanical properties 

of  the materials are defined as isotropic and linearly 
elastic, although this is not the case in reality.39 Thus, this 
analysis allows predicting biomechanical behavior in dif-
ferent situations; still, the results must also be considered 
qualitatively.

It is important to note that the absence of a microgap 
in the present model should be considered as a limitation 
of this study, since it is reported to be a factor that could 
affect the bone response as well as the implant structure, 
types of surfaces, shapes, and materials used in the pros-
thetic system.40

In this study, it can be noticed that the use of a greater 
number of  implants reduced the stress concentration 
under oblique load. However, another way to achieve better 
load distribution could be the manufacturing of prosthetic 
crowns that would conform with the patient’s occlusal 
reality, of sizes and shapes adequate to the chewing func-
tion. Digital protocol and chairside can assist in achieving 
the optimal implant placement and crown design.

Conclusions
Considering the limitations of this study, it can be con-

cluded that for a 3-unit implant-supported FDP, a greater 
number of implants associated with axial loads can result 
in a better mechanical response during chewing.
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Abstract
Background. Extractions of  third molars constitute about 90% of  the scheduled surgical procedures 
performed by oral surgeons. Wisdom tooth surgery is associated with complications, such as the lingual 
and inferior alveolar nerve damage, bleeding, tooth/jaw fractures, tooth displacement into the adjacent 
anatomical spaces, trismus, infections, and other.

Objectives. The aim of the study was to analyze complications after wisdom tooth extraction in patients 
treated at the Department of Oral Surgery of Jagiellonian University Medical College in Kraków, Poland, 
in the years 2016–2018. 

Material and methods. A retrospective analysis of the medical records of 339 patients treated in the 
outpatient setting was performed. The inclusion criterion comprised a single extraction of a third molar. 
The exclusion criteria were multiple extractions, comorbidities and pregnancy. No antibiotic prophylaxis 
was used. The incidence of post-extraction complications, such as oroantral communication, postoperative 
hematoma, acute inflammation of the surrounding tissues, trismus, and transient paresthesia in relation 
to patient gender and age, the developmental stage and location of the removed tooth as well as the type 
of surgery were studied.

Results. Perioperative complications occurred in 51 (15.0%) cases, and comprised the acute inflamma-
tion of the surrounding tissues in 31 patients, trismus after the removal of 13 lower third molars, oroantral 
communication after the extraction of 5 upper wisdom teeth, and hematoma as well as a transient sensory 
alteration of  the lingual nerve in 1 case each. Complications were more common in patients who had 
a surgical extraction of a wisdom tooth with root separation and in cases of lower third molar extractions. 
No statistically significant correlation was found between the patients’ age or gender, the developmental 
stage of the extracted tooth and the number of observed complications.

Conclusions. Lower third molars and the necessity of  surgical extraction with root separation are risk 
factors for postoperative complications in patients who require wisdom tooth removal. Complications after 
the removal of third molars are most often inflammatory.

Key words: molar, third, tooth extraction, risk factors, postoperative complications
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Introduction
Extractions of third molars constitute about 90% of the 

scheduled surgical procedures performed by oral surgeons, 
and on average 37% of all procedures performed annually.1 
Among the indications for wisdom tooth removal, one can 
distinguish therapeutic indications, most often associated 
with problems with the eruption of impacted third molars, 
especially in the case of recurrent acute or chronic pericoro­
nitis, orthodontic indications, mainly dental arch changes 
and anterior crowding, and also non-restorable caries le­
sions, periodontal diseases, neuralgic ailments, cysts, and 
tumors, when the tooth is removed along with a  patho­
logical lesion. It is often necessary to remove a mandibular 
wisdom tooth from the fracture line. This procedure, com­
bined with the reduction and osteosynthesis of  fractures, 
is performed under hospital conditions and general anes­
thesia. Prophylactic extractions of  retained third molars 
are performed for example before prosthetic treatment in 
order to prevent these teeth from eruption under the den­
ture plate.2 The main local contraindication for the removal 
of  lower third molars is acute inflammation, often com­
bined with trismus, which prevents proper local anesthesia 
and extraction, usually surgical.

The location of wisdom teeth in the posterior part of the 
oral cavity as well as the variability of  the anatomy and 
location of these teeth make the percentage of complica­
tions during and after their extraction higher than that 
observed after the removal of  teeth from other groups. 
Complications associated with wisdom tooth extraction 
are estimated at about 3–30%.3–10 They are favored by 
the vicinity of  important anatomical structures, such as 
the lingual and inferior alveolar nerves, facial and infe­
rior alveolar arteries, masticatory muscles, and anatomi­
cal spaces, including pterygomandibular, parapharyngeal, 
retro- and submandibular spaces, and in the case of upper 
teeth – the maxillary sinus, and the pterygopalatine and 
infratemporal fossae. Intraoperative complications asso­
ciated with the removal of third molars may include dam­
age to the inferior alveolar nerve both during anesthesia 
and extraction.11,12 The fracture of  a  wisdom tooth  or 
damage to the adjacent teeth as well as the fracture or luxa­
tion of the mandible or the fracture of maxillary tubero­
sity are usually associated with the use of excessive force by 
the surgeon. Injuries to the surrounding soft tissues and 
vascular damage, leading to bleeding during or after sur­
gery, usually result from careless handling of instruments. 
Particularly unpleasant complications associated with the 
removal of third molars include the displacement of the 
entire tooth or its root into the maxillary sinus or the 
pterygopalatine fossa in the case of upper teeth, and into 
the mandibular canal or the soft tissues of the floor of the 
mouth in the case of lower teeth. The most serious, life-
threatening complication during wisdom tooth extraction 
is tooth aspiration to the upper respiratory tract with the 
subsequent spasm of the laryngeal muscles.13–17

Oroantral communication found after the extraction 
of  upper third molars may result from anatomical rea­
sons; it is important to diagnose and treat it according 
to the indications.18 Bleeding from the injured bones or 
soft tissues can be observed in the early postoperative pe­
riod, with less frequent bleeding from the inferior alveo­
lar artery. The formation of hematomas in the postopera­
tive period is related to damage to the pterygoid venous 
plexus after the removal of third upper molars and a tight 
suture of the wound after the surgical extraction of third 
lower molars. Hemorrhagic complications often result 
from the general condition of the patient (arterial hyper­
tension, diabetes) and the medications taken, which affect 
the condition of the haemostatic system.8,19 After wisdom 
tooth surgery, inflammatory complications often develop, 
e.g., dry socket and inflammation of  the submandibular 
lymph nodes with the subsequent formation of a subman­
dibular abscess. The inflammatory process spreading to 
the surrounding anatomical spaces may include the para­
pharyngeal space, the skull base and the mediastinum. 
In immunocompromised patients, phlegmon or bacterial 
osteomyelitis may develop. The postoperative course 
after the removal of third molars is often complicated by 
transient trismus and reversible sensory alterations of the 
lingual and inferior alveolar nerves.12,20–22

Objectives 

The aim of  the study was to analyze the complica­
tions after wisdom tooth extraction in patients treated 
at the Department of  Oral Surgery of  Jagiellonian Uni­
versity Medical College in Kraków, Poland, in the years 
2016–2018.

Material and methods
A retrospective analysis of  the medical records of pa­

tients treated in the outpatient setting within 2 years was 
performed. The inclusion criterion comprised a  single 
extraction of  an  upper or lower third molar in a  patient, 
regardless of the stage of tooth development. The exclusion 
criteria were multiple extractions, general comorbidities 
and pregnancy in women. The type of procedure included 
simple extractions, surgical extractions with root separa­
tion and surgical extractions with flap formation (with 
an angular incision). No antibiotic prophylaxis was used. 
In 339 patients, the incidence of post-extraction compli­
cations, such as oroantral communication, postopera­
tive hematoma, acute inflammation of  the surrounding 
tissues, trismus, and transient paresthesia in relation to 
patient gender and age, the developmental stage and loca­
tion of the removed tooth as well as the method of extrac­
tion were studied.

The statistical analysis was performed using the sta­
tistics package PQStat, v. 1.8.0.392 (PQStat Software, 
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Poznań/Plewiska, Poland). Associations between catego­
rical variables were analyzed with the χ2 test or Fisher’s 
exact test for small samples. The rank correlation coefficient 
between age and the number of complications was calcu­
lated with Kendall’s τ test and the χ2 test (for trend assess­
ment). Results were statistically significant for p‑values 
below 0.05.

Results
Extraction of third molars was performed in 178 (52.5%) 

women and 161 (47.5%) men aged 15–69 years. The aver­
age age of patients was 32 years. People under 18 years 
of  age constituted 16.5% of  the respondents. Wisdom 
tooth extraction was most commonly performed in pa­
tients aged 18–38 years. Demographic data is presented 
in Table 1.

In the studied group of  patients, the main indication 
for third molar surgery was recurrent pericoronitis. The 
following were qualified for extraction: 134 (39.5%) com­
pletely erupted teeth; 115 (33.9%) completely impacted 
teeth; 59 (17.4%) partially impacted teeth; and 31 (9.2%) 
eighth tooth buds. The lower teeth were removed more 
often; in own material, it was 178 (52.5%) third molars. 
Detailed data on the developmental stage and position 
of the removed third molars is presented in Table 2.

The method of extraction in 339 patients was analyzed. 
In 205 (60.5%) cases, surgical extractions with flap for­
mation by means of an angular incision were performed. 
This procedure was done while removing 131 lower and 
74 upper third molars. Root separation was performed 

during the extraction of  42 lower third molars. Germe­
ctomy was performed in 9 girls and 22 boys under 18 years 
of  age, slightly more often removing lower tooth buds. 
In other cases, simple extractions were performed. The 
type of procedure depending on the stage of development 
of the removed third molars is presented in Table 3.

Perioperative complications were found in 51 (15.0%) 
cases. The most frequently observed complication after 
the extraction of third molars was the acute inflammation 
of the surrounding tissues, which occurred in 31 patients. 
In these cases, antibiotic therapy was used. Trismus was 
found after the removal of  13 lower third molars, oro­
antral communication was diagnosed after the extraction 
of 5 upper wisdom teeth and hematoma after the extrac­
tion of a lower tooth. A transient sensory alteration in the 
range of innervation by the lingual nerve was observed in 
1 case. Detailed data on the frequency of complications 
depending on the location of the extracted third molars 
is presented in Table 4. Fisher’s exact test gave a p‑value 
of 0.0001, indicating a statistically significant correlation 
between the location of the wisdom tooth in the mandible 
and an increased number of postoperative complications.

Dependence between the age of the patients treated and 
the occurrence of complications is presented in Table 5. 
Kendall’s τ rank correlation coefficient did not reveal 
a significant association between the age of  the patients 

Table 1. Demographic data of the patients

Age 
[years]

Women 
n

Men 
n

Total 
n

15–17 21 35 56

18–38 85 83 168

39–69 72 43 115

Total 
n (%)

178 (52.5) 161 (47.5) 339 (100.0)

Table 3. Type of surgery depending on the stage of development of the 
extracted third molars

Stage 
of development

Type of surgery 
n (%)

flap operation root separation

Tooth buds 31 (15.1) 0 (0.0)

Partially impacted teeth 48 (23.4) 41 (97.6)

Completely impacted teeth 115 (56.1) 0 (0.0)

Completely erupted teeth 11 (5.4) 1 (2.4)

Total 
n (%)

205 (100.0) 42 (100.0)

Table 2. Developmental stage and location of the extracted third molars

Stage 
of development

Upper 
third molars 

n

Lower 
third molars 

n

Total 
n (%)

Tooth buds 12 19 31 (9.2)

Partially impacted teeth 21 38 59 (17.4)

Completely impacted teeth 41 74 115 (33.9)

Completely erupted teeth 87 47 134 (39.5)

Total 
n (%)

161 (47.5) 178 (52.5) 339 (100.0)

Table 4. Location of the tooth and the types of postoperative 
complications in the study group

Complications
Upper 

third molars 
n

Lower 
third molars 

n

Total 
n (%) p-value

Infection 13 18 31 (60.8)

0.0001*

Trismus 0 13 13 (25.5)

Oroantral communication 5 0 5 (9.8)

Hematoma 0 1 1 (1.95)

Transient paresthesia 0 1 1 (1.95)

Total 
n (%)

18 (35.3) 33 (64.7) 339 (100.0)

* statistically significant.
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and the number of complications (τ = 0.3333; p = 0.6015). 
Also the trend assessment did not show any significant 
correlation (χ2 = 0.4027; p = 0.5257).

The relationship between the gender of  the patients 
treated and the incidence of postoperative complications 
was assessed. However, Fisher’s exact test did not reveal 
any statistically significant association (p = 0.2450). The 
results are presented in Table 6.

The influence of the developmental stage of the extract­
ed tooth on the types of postoperative complications was 
statistically insignificant, as presented in Table 7.

The relationship between the method of extraction and 
the incidence of complications was analyzed. Complica­
tions were significantly more frequent in the patients who 
underwent a surgical extraction of a wisdom tooth with 
root separation (χ2 = 53.74; p = 0.0013). The results are 
shown in Table 8.

Discussion
According to the literature, the frequency of complica­

tions associated with the removal of third molars ranges 
from 3.7% to 30.9%, with the majority of authors analyz­
ing mainly postoperative complications regarding surgical 
extractions, whereas, in everyday practice, the non-surgical 
removal of  wisdom teeth is a  more common proce­
dure.3–10,21 The percentage of complications observed in 
our material, 15% (51/339), is within the limits given in 
other studies.5,8,15 In the analyzed group of patients, sim­
ple extractions were also included.

In our study group, complications occurred mainly 
after the extraction of lower third molars (64.7%), which 
is consistent with the observations of  other authors. 

Table 7. Relationship between the developmental stage of the extracted tooth and the types of postoperative complications

Stage of development Infection 
n

Trismus 
n

Oroantral 
communication 

n

Hematoma 
n

Transient 
paresthesia 

n

Total 
n p-value

Tooth buds 0 1 0 0 0 1

0.3724

Partially impacted teeth 8 4 3 0 0 15

Completely impacted teeth 4 0 1 0 0 5

Completely erupted teeth 19 8 1 1 1 30

Total 
n (%)

31 (60.8) 13 (25.5) 5 (9.8) 1 (1.95) 1 (1.95) 51 (100.0)

Table 6. Relationship between patient gender and the types of postoperative complications

Gender Infection 
n

Trismus 
n

Oroantral 
communication 

n

Hematoma 
n

Transient 
paresthesia 

n

Total 
n p-value

Women 17 11 4 1 1 34

0.2450Men 14 2 1 0 0 17

Total 
n (%)

31 (60.8) 13 (25.5) 5 (9.8) 1 (1.95) 1 (1.95) 51 (100.0)

Table 8. Method of extraction and complications in the study group

Method of extraction Number of complications 
n

Percentage of complications 
[%] p-value

Surgical extraction with flap formation 205 3.9

<0.0013*
Surgical extraction with root separation 42 40.5

Simple extraction 92 28.3

Total
339 (100.0) 

n (%)
15.0

* statistically significant.

Table 5. Relationship between patient age and complications in the 
study group

Age 
[years]

Complications 
n (%) p-value

15–17 5 (9.8)

0.6015
18–38 35 (68.6)

39–69 11 (21.6)

Total 
n (%)

51 (100.0)
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According to Sukegawa et al.,4 the percentage was 1.94%, 
while in Sayed et al.’s research, it reaches 80.6%.3 A high 
rate of postoperative complications after mandibular wis­
dom tooth removal is connected with the vicinity of large 
blood vessels and nerves. Moreover, the density of bone as 
well as the limited visibility in the distally placed operat­
ing field should be taken into consideration.3,4,16,18

In several reports, patient age exceeding 30 years, fe­
male gender, and surgical extraction with significant bone 
damage and root separation are defined as risk factors 
for complications after wisdom tooth extraction.3,9,22–25 
Although in the analyzed group, the influence of the age 
and gender of the patients treated as well as the develop­
mental stage of  the tooth on the incidence of complica­
tions was not proven, the method of extraction, especially 
surgical extraction with root separation, was considered 
to be a risk factor. In extractions with flap formation, the 
surgical field was wider, and it was possible to either cut 
off the crown of the tooth or perform a complete extrac­
tion after the cautious removal of the surrounding bone. 
Careful handling of  tissues and instruments prevented 
our patients from such complications as fracture or luxa­
tion of  the mandible, fracture of maxillary tuberosity or 
displacement of the extracted tooth into the adjacent tis­
sues.13,14,16,17

The most common complications associated with the 
removal of third molars include inflammatory reactions, 
estimated at 0.3–26%.4,25–27 In our material, this per­
centage was 9.1% (31/339) for all extractions and 60.8% 
(31/51) for all complications. According to the literature, 
the risk of wound infection and the development of alve­
olar osteitis depends on pre- and postoperative oral hy­
giene, the type of wound closure and previous pericoronal 
infection.4,5,7

The issue of antibiotic prophylaxis in third molar sur­
gery is widely addressed in the literature. Currently, the 
opinion that patients requiring wisdom tooth surgery do 
not benefit from routine antibiotic prescription, as ex­
pressed by Menon et al.,26 predominates. However, there 
are also some studies showing a  slight reduction in the 
incidence of inflammatory complications in patients who 
were given antibiotics in the perioperative period.27 In 
our material, antibiotics were prescribed only in cases 
of acute inflammatory complications.

Damage to the lingual or inferior alveolar nerve after 
the removal of lower wisdom teeth is found in about 5.6% 
of cases3,11,12,20,28; in our study, transient lingual nerve dys­
function was observed in 1 case (1.95%). Despite progress 
in imaging techniques and the availability of cone-beam 
computed tomography (CBCT), it is not possible to com­
pletely prevent nerve damage in wisdom tooth surgery. 
According to Pourmand  et  al., such factors as position 
of  the third molar in relation to the mandibular canal, 
access to piezo surgery as well as influence of  the local 
anesthetic on the degree of sensation disorders should be 
also taken into consideration.29

Complications occur less frequently after the extrac­
tion of upper third molars than lower wisdom teeth.18,29 
Oroantral communication is the most common adverse 
effect.16 The incidence of  oroantral communication 
varies from 3.8% to 18.7%.3,4,16,18,29 In this study, oroantral 
communication was diagnosed in 3.1% (5/161) of  all 
extracted maxillary third molars and constituted 9.8% of all 
postoperative complications. The prediction of oroantral 
communication before surgery is essential both for the 
patient and the surgeon. According to the literature, the 
superimposition of the wisdom tooth roots on the maxil­
lary sinus floor, shown on orthopantomogram or CBCT, 
is one of  the most important risk factors.18,29 Retained 
upper molars, especially with the distal and mesial incli­
nation of  the axis, root fractures and the displacement 
of the tooth present a higher risk of oroantral communi­
cation.3,4,16

Extractions of  third molars are generally more difficult 
than those of  other molars and require certain surgical 
skills. Delicate handling of  soft tissues and bones, main­
taining aseptic conditions of the procedure, proper surgi­
cal technique and choice of equipment (instruments, light, 
suction), and the duration of surgery are related to the ex­
perience of the surgeon and should diminish the incidence 
of peri- and postoperative complications. It is noteworthy 
that while some authors claim a  direct correlation be­
tween the level of training and the likelihood of complica­
tions,10,17,25,29 others indicate that the experience of the sur­
geon has no influence on the incidence of adverse effects.21

It should be emphasized that the complications in the 
analyzed material were mild and transient.

Conclusions
Lower third molars and the necessity of surgical extrac­

tion with root separation are risk factors for postopera­
tive complications in patients who require wisdom tooth 
removal. Complications after the removal of third molars 
are most often inflammatory. 
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Abstract
Background. Temporomandibular joint disorders (TMDs) are widely researched diseases in medical lite­
rature. They are associated with many symptoms, such as pain, limited mouth opening and joint sounds, 
resulting in decreased quality of life for the patient. Both the hyaluronic acid (HA) injection and the platelet-
rich plasma (PRP) injection have a remarkable efficacy in the treatment of TMDs.

Objectives. This study aimed to evaluate the participation of HA with PRP in the treatment of TMDs. 

Material and methods. The sample consisted of 24 patients with unilateral or bilateral TMDs. They were 
divided into 2 groups: HA+PRP was used in the test group (12 patients); and HA alone was used in the 
reference group (12 patients). The injection protocol for both groups was 4 times at 2-week intervals. Pain 
at mastication, masticatory efficiency, joint sounds, maximum mouth opening (MMO), and functional 
limitation in the mandibular movement were evaluated at 2 weeks, 1 month, 3 months, and 6 months after 
the last injection. The outcome variables were the visual analog scale (VAS) evaluations. The Likert-type 
scale was used to evaluate the functional limitation in the mandibular movement.

Results. The mean age was 30.58 years in the reference group, and 23.92 years in the test group. There 
was alleviation of  symptoms in both groups through the follow-up periods. There were significant dif­
ferences between the groups regarding pain at mastication, masticatory efficiency, MMO, and functional 
limitation at the end of the follow-up period (p < 0.05).

Conclusions. The study results suggest that the HA and PRP injection provides greater improvement in 
patients with TMDs as compared to the HA injection alone; this may be due to taking advantage of the 
properties of both HA and PRP.

Key words: hyaluronic acid, platelet-rich plasma, temporomandibular joint disorders 
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Introduction
Temporomandibular joint disorders (TMDs) are an im-

portant problem faced by oral and maxillofacial surgeons 
and patients; TMDs involve the articular capsule and the 
associated structures, and it may be the cause of orofacial 
pain.1

Pain complaints due to TMDs are the second most com-
mon with regard to the human body (about 33% of mus-
culoskeletal pain). Most people aged 20–40 years have at 
least 1 of the symptoms of TMDs.2,3

Temporomandibular joint disorders include disk 
displacements, with or without reduction, that may be 
associated with inflammatory changes, such as capsu-
litis and retrodiscitis, or with degenerative changes, 
such as temporomandibular joint (TMJ) osteoarthri-
tis and osteoarthrosis.3 Common symptoms include 
pain, which is aggravated by the mandibular move-
ment, joints sounds (clicking or crepitus), a  decrease 
in masticatory efficiency, and functional limitation in 
the mandibular movement.4 Medical history, clinical 
examination and radiographic evaluation are essen-
tial methods of diagnosing TMDs.4 Treatment options 
for TMDs include self-management, physical therapy, 
pharmacological management, and TMJ surgery in 
some cases.5

The intra-articular injection of  various substances, 
such as hyaluronic acid (HA) and platelet-rich plasma 
(PRP), is considered as one of  the conservative proce-
dures with high efficacy in the treatment of TMDs.6–11 
The use of intra-articular injections of HA (viscosupple-
mentation), which is a  high-molecular-weight polysac-
charide, provides the lubrication and protection of  the 
joint cartilage.1,12–16 Sodium hyaluronate is the sodium 
salt of hyaluronic acid; it is a physiological component 
of the synovial fluid and it is responsible for the lubrica-
tion of TMJ.1,17,18

Many studies have indicated the significant efficacy 
of the HA injection in the treatment of TMDs.1,6–8,13,16,17 
This is due to its special properties that are similar to 
those of the synovial fluid – viscosity as well as lubricating 
and damping capacity.2 Besides, HA performs mechani-
cal (lubricating the articular elements and reducing their 
wear), biological (blocking different inflammatory media-
tors) and metabolic (providing the necessary components 
of the metabolic process for the articular disk and carti-
lage) functions.19–21

Platelet-rich plasma (PRP) is a concentrated autologous 
solution of  platelets that is obtained by the centrifuga-
tion of a blood sample. It contains many growth factors 
(GFs), such as platelet-derived growth factor (PDGF), 
transforming growth factor (TGF), vascular endothelial 
growth factor (VEGF), epithelial growth factor (EGF), 
insulin-like growth factor-1 (IGF-1), basic fibroblast growth 
factor (bFGF), and 3 blood proteins (fibrin, fibronectin 
and vitronectin).22,23

In recent years, the clinical applications of  PRP have 
been diversified with regard to several therapeutic and 
cosmetic fields.24–26 One of these uses refers to the treat-
ment of  joint disorders, including TMDs. Platelet-rich 
plasma has been shown to decrease signs and symp-
toms of TMDs, and significantly improve the joint func-
tion.11,27,28

Hyaluronic acid injections bring immediate, but un-
sustainable results, unlike PRP injections with their 
gradual effects, increasing in the long term.28 Numerous 
research has lauded the participation of  HA and PRP 
in treating knee problems, such as osteoarthritis and 
traumatic injuries, and has recorded that this treatment 
combination is better than injecting each of  the sub-
stances alone.29–31

This study aimed to evaluate the efficacy of the applica-
tion of HA with PRP in the treatment of TMDs.

Material and methods

Study design and sample 

A prospective observational study was carried out 
with a  6-month follow-up period between December 
2018 and February 2020 at the Department of Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Damascus 
University, Syria. The sample included patients re-
ferred for the evaluation and management of  TMDs. 
The ethics committee consent was obtained (EC ref. 
No. 4887, 28/11/2018), and all participants signed 
an  informed consent agreement for inclusion in the 
study sample.

The sample was randomly divided into 2 groups:
–	group I (reference group): 12 patients who received 

4  intra-articular injection sessions – 1  mL of  HA per 
session with a 14-day interval between sessions;

–	group II (test group): 12 patients treated with an injec-
tion of 0.5 mL of HA in combination with 0.5 mL of PRP 
into TMJ per session for 4 sessions with a 14-day inter-
val between sessions.
A specific information form was filled in for each pa-

tient. The information from medical history, clinical eva
luation (Fig. 1) and radiographic examination (Fig. 2) was 
recorded. The patients were evaluated with the Wilkes 
classification.32

The patients in both groups had a diagnosis of inter-
mediate (III), late intermediate (IV) or late (V) stage. 
The inclusion criteria were as follows: patients suf-
fering from unilateral or bilateral TMDs. The exclu-
sion criteria were patients with systemic diseases (e.g., 
rheumatoid arthritis, psoriatic arthritis or juvenile 
arthritis), those receiving therapy with anticoagulants 
and those who had shown symptoms of hypersensiti
vity to the HA solution.
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Materials 

The following materials were used: 2-milliliter syringes 
of  HA (Hyalgan®; Fidia Farmaceutici, Abano Terme, 
Italy), different sizes of  syringes, laboratory tubes con-
taining sodium citrate, dry tubes, a centrifuge, a camera 
(Sony DSC-W710/B 16 MP; Sony, Tokyo, Japan), and 
a caliper. 

Treatment protocol and injection technique 

Group I (HA alone):
After receiving the patient, recording medical history, 

filling in the patient’s form, and completing the diagnostic 
procedures (clinical, simple radiography, computed tomo
graphy (CT) and magnetic resonance imaging (MRI)), the 
patient was prepared for the 1st injection session, which 
was conducted as follows:
–	an allergy test for HA was performed;
–	the lateral canthus–tragus reference points were used 

(Fig. 3)33; the entry point was 10 mm away from the mid-
dle of the tragus and 2 mm below the line, the mandibu-
lar condyle was forced into the anterior position, with the 
index finger remaining on the condyle as a safety guide;

–	the skin surface was disinfected with povidone-iodine;
–	1 mL of HA was injected into the upper joint space with 

a  19-gauge needle; after removing the needle, the pa-
tient was asked to close their mouth slowly;

–	special instructions were given after injection.
The injection was repeated 4 times, with 14-day inter-

vals between sessions.

Fig. 2. Radiographic examination

A – anterior disk displacement (magnetic resonance imaging – MRI); B – temporomandibular joint (TMJ) osteoarthritis (cone-beam computed tomography – CBCT).

Fig. 1. Mandibular movements during clinical evaluation

Fig. 3. Technique used for injections into the temporomandibular joint (TMJ)
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Group II (HA+PRP):
The patient was informed not to take antibiotics for 

a week before and after the injection because of their nega
tive effects on PRP.

Preparation of platelet-rich plasma 

The Marx protocol was adopted based on the study by 
Sabarish et al.,34 which was preceded by two-step centri
fugation procedures. Firstly, under strictly sterile condi-
tions, 10 mL of peripheral blood was collected from the 
ulnar vein of the patient with a single-use syringe. It was 
placed in a  tube containing sodium citrate as an  anti
coagulant (1/9), and then it was centrifuged for 4 min at 
a speed of 1,000 rpm. In the 2nd step, PRP was separated 
from platelet-poor plasma (PPP) in a  dry tube through 
centrifugation for 9 min at 800 rpm.

As in group I, we followed the same procedure before 
injection.

Then, 0.5 mL of HA was injected into the upper joint 
space, which was immediately followed by an  injection 
of 0.5 mL of PRP.

The patient was asked to close their mouth slowly.
The injection was repeated 4 times, with 14-day inter-

vals between sessions.
In an attempt to achieve a single-blind design, we did 

not inform the patient which of the treatment protocols 
they received.

Outcome variables 

Pain at mastication was assessed using the visual analog 
scale (VAS) from 0 to 10; 0 meant ‘no pain’ and 10 – ‘the 
worst pain the patient has ever experienced’.

Mastication efficiency was assessed with VAS from 0 to 
10, the extremes of which were ‘eating only semi-liquids’ 
and ‘eating solid, hard food’, respectively.

Joint sounds: the scale was anchored with ‘no noise’ 
(score 0) and ‘noise as excessive as it could be’ (score 10).

Maximum mouth opening was measured in millimeters.
Functional limitation in the mandibular movement was 

assessed with the Likert-type scale (0 – absent; 1 – slight; 
2 – moderate; 3 – intense; and 4 – severe).

All outcome variables were evaluated at 2  weeks, 
1 month, 3 months, and 6 months after the last injection.

Statistical analysis 

The results were analyzed with the IBM SPSS Statistics for 
Windows software, v. 24.0 (IBM Corp., Armonk, USA), The 
Wilcoxon and Mann–Whitney U tests were used for intra-
group and intergroup comparisons, respectively. Significance 
was set at a p-value less than 0.05 for all statistical tests.

To achieve a statistical study and to check changes within 
each group, the arithmetic means of each variable were ana-
lyzed separately during the follow-up points in both groups, 
and finally we verified differences between the 2  groups 
before the treatment and after a 6-month follow-up.

Table 1. Intragroup comparisons of the outcome variables over time

Variable Groups Before 
treatment p-value 2 weeks p-value 1 month p-value 3 months p-value 6 months

Pain 
at mastication 
[VAS]

HA
6.500 

±1.648
0.002*

4.479 
±1.568

0.002*
3.313 

±1.716
0.118

2.750 
±1.215

0.026*
3.500 

±1.348

HA+PRP
6.750 

±2.463
0.002*

3.250 
±2.017

0.037*
2.583 

±1.881
0.363

2.375 
±2.090

0.618
2.250 

±2.105

Mastication 
efficiency 
[VAS]

HA
4.708 

±1.824
0.002*

6.417 
±1.276

0.003*
7.458 

±1.389
0.305

7.750 
±1.055

0.040*
7.333 

±1.094

HA+PRP
3.833 

±2.188
0.002*

7.229 
±1.042

0.023*
7.708 

±1.033
0.234

7.875 
±1.264

0.129
7.897 

±1.435

Joint sounds 
[VAS]

HA
5.896 

±1.704
0.002*

3.729 
±0.997

0.004*
2.875 

±0.856
0.719

3.000 
±1.022

0.012*
3.958 

±0.964

HA+PRP
6.917 

±2.076
0.003*

4.333 
±1.600

0.003*
3.042 

±1.437
0.394

2.833 
±2.004

0.340
2.667 

±1.958

MMO 
[mm]

HA
35.083 

±10.544
0.003*

40.875 
±7.139

0.141
41.750 
±6.088

0.011*
39.667 
±5.047

0.506
39.083 
±6.313

HA+PRP
34.708 
±9.418

0.004*
43.583 
±5.518

0.893
43.917 
±6.775

0.178
43.042 
±7.257

0.843
42.875 
±7.155

Functional 
limitation 
[Likert-type scale]

HA
2.042 

±0.964
0.007*

0.875 
±0.433

0.025*
0.458 

±0.498
0.084

0.708 
±0.620

0.014*
1.083 

±0.515

HA+PRP
2.458 

±0.891
0.003*

0.875 
±0.644

0.015*
0.458 

±0.582
0.257

0.333 
±0.492

0.180
0.458 

±0.542

Groups: HA – hyaluronic acid alone; HA+PRP – hyaluronic acid with platelet-rich plasma; VAS – visual analog scale; MMO – maximum mouth opening;  
* statistically significant.
Data presented as mean (M) ± standard deviation (SD).
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Results
The study sample consisted of 24 patients suffering from 

unilateral or bilateral TMDs; the sample was divided into 
2 groups (HA group and HA+PRP group) with a mean age 
of 30.58 and 23.92 years, respectively.

The search variables were studied within each group 
over time by comparing them at each follow-up point 
with their predecessors, and in general, the results 
showed significant improvement in the 2 groups in all 
the variables (Table 1). The particular results were as 
follows:

Pain at mastication 

In both groups, the pain decreased significantly 
through all follow-up points as compared to the pre-
treatment score, with statistically significant differences 
between the periods before treatment–after 2 weeks and 
2 weeks–1 month (p < 0.05). In the HA group, the pain 
returned to increase with a statistically significant differ-
ence between the periods 6  months–3  months, in con-
trast to the HA+PRP group, where it continued to decline 
until the end of the follow-up (Fig. 4).

Mastication efficiency 

For this variable, an  increase was expected; differ-
ences between the means were statistically signifi-
cant when comparing the periods before treatment–
after 2 weeks and 2 weeks–1 month (p < 0.05) in both 
groups.

The mastication efficiency increase in the HA+PRP 
group continued until the end of the follow-up, while it 
decreased in the HA group, with a statistically signifi-
cant difference from the previous period (Fig. 5).

Joint sounds 

Similarly to what happened in the case of the pain vari-
able, a decrease was observed in the first follow-up peri-
ods, the scores in the HA group increased significantly at 
6 months, while in the HA+PRP group, they continued to 
decrease (Fig. 6).

Maximum mouth opening 

Measured in millimeters, there was an increase in the 
MMO values when comparing the periods before treat-
ment–after 2  weeks with statistically significant dif-
ferences. In the HA group, the mean MMO decreased 
when comparing the periods 3 months–1 month, also 
with a  statistically significant difference. This did not 
happen in the HA+PRP group, where the mean MMO 
decreased slightly by about 0.16 at the end of  the 
follow-up (Fig. 7).

Fig. 4. Pain at mastication at the time of the study

* statistically significant.

Fig. 5. Masticatory efficiency at the time of the study

* statistically significant.

Fig. 6. Joint sounds at the time of the study

* statistically significant.
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Functional limitation in the mandibular 
movement 

As other study variables, functional limitation decreased 
with statistically significant differences in the first follow-
up periods, but again increased at the end (at 6 months) 
in both groups. Still, the HA+PRP group recorded a slight 
increase, unlike the HA group, for which p < 0.05 (Fig. 8).

Intergroup comparison 

Before treatment, it was noted that the means of some 
variables (pain, joint sounds and functional limitation) 
were higher in the HA+PRP group than in the HA group; 
they were lower at the end of the follow-up.

On the other hand, for other variables (mastication ef-
ficiency and MMO), the scores before treatment were 
lower in the HA+PRP group and became higher after 
6 months.

The value of the significance level for all the variables 
of the 2 groups (HA and HA+PRP) in the pre-treatment 
period was greater than 0.5. There were statistically 
significant differences in all variables at the end of  the 
follow-up except for the variable of  joint sounds, which 
was similar in both groups (Table 2).

Discussion
The evaluation of  the treatment of  TMDs focuses on 

2 important areas: pain relief and restoring the mandibular 
function without limitation, which results in improve-
ment in mastication efficiency.3

The intra-articular injection of HA provides many thera
peutic benefits in the treatment of TMDs and serves as 
a minimally invasive procedure.6 There is no need for sur-
gical incisions and tissue dissection with this procedure, 
which decreases postoperative complications, such as fa-
cial nerve injuries, infection and severe pain.1,14

The use of PRP is also very beneficial, bringing signifi-
cant and long-term improvement.28

The aim of the present study was to answer the question 
of whether the application of HA with PRP is superior to 
the HA injection alone in the treatment of  TMDs. We 
started from the principle that HA has been commonly 
in use for the last 2 decades and has shown good efficacy; 
in addition to that, many authors have indicated improve-
ment in the mandibular function without side effects as-
sociated to its use in treating TMDs.1,7,8 Therefore, we 
designed our study so that the reference group were the 
patients who received HA alone.

The findings of our study suggest that HA was effective 
in alleviating the symptoms in all of  the follow-up peri-
ods. However, in the long-term, at the 6-month follow-up 
point, HA+PRP provided better results.

The mean pain score decreased significantly in the HA 
group in all follow-up periods as compared to the pre-
treatment period. It was 6.5 before treatment, 2.75 after 
3 months and 3.5 at the end of follow-up, i.e., a significant 
decrease occurred. The HA+PRP group exhibited better 
performance as compared with the HA group, with the 
mean scores being 6.75, 3.25, 2.583, 2.375, and 2.250, con-
secutively in the follow-up periods.

Fig. 7. Maximum mouth opening (MMO) at the time of the study

* statistically significant.

Fig. 8. Functional limitation of the mandibular movement at the time 
of the study

* statistically significant.

Table 2. Intergroup comparisons of the outcome variables (before treatment 
and after 6 months)

Variable
Before treatment After 6 months

Z p-value Z p-value

Pain at mastication −0.465 0.671 −1.655 0.010*

Mastication efficiency −1.072 0.291 −1.106 0.029*

Joint sounds −1.399 0.178 −1.600 0.114

MMO −0.144 0.887 −1.565 0.012*

Functional limitation −1.194 0.266 −2.502 0.014*

* statistically significant.
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Similarly to the previous variable, we found that the 
HA+PRP group had better mastication efficiency out-
comes; the mean score at 6 months was 7.897 and 3.833 
before treatment (p = 0.002), with a significant increase 
occurring in this group. In the HA group, an  increase 
was achieved to a lesser extent and a decrease at the end 
of follow-up gave preference to the HA+PRP injection.

Although there were no statistically significant dif-
ferences between the 2 groups concerning the joint 
sounds variable, the mean score in the HA group was 3 
at 3 months and 3.958 at 6 months, i.e., an  increase oc-
curred, unlike in the HA+PRP group, where improvement 
continued until the end of follow-up.

The expected improvement was achieved in the vari-
ables MMO and functional limitation in both groups; 
however, preference was evident in the HA+PRP group.

At present, the published data about PRP and HA com-
bined in the treatment of  TMDs with which we could 
compare our findings and interpretations are limited.

We can discuss our study with regard to what research-
ers have stated about the use of HA alone or PRP alone. In 
their study, Gencer et al. reported that an injection of HA 
was superior to tenoxicam and betamethasone in relieving 
TMD complaints, including pain, which was reflected in 
an increase in mastication efficacy.1 Kopp et al. reported 
similar findings associated with the clinical symptoms 
and dysfunction presented by patients.15 They found that 
HA was safer and more suitable with regard to the risk 
of  the progression of  joint degeneration in comparison 
with corticosteroids.15 On the other hand, PRP is an auto
logous solution; therefore, this method of  treatment 
appears safe, especially that in recent years, this mixture 
(HA+PRP) has been studied in relation to the disorders 
of other body joints, such as the knee joint.30

Conclusions
The study findings suggest that the HA and PRP in-

jection provides greater improvement in patients with 
TMDs as compared to the HA injection alone. This treat-
ment method is safe enough as well as comfortable, and 
improves the quality of life of patients with TMDs.
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Abstract
Background. The periodontal condition has a  reciprocal relationship with rheumatoid arthritis (RA). 
Rheumatoid arthritis patients are reported to present with more serious periodontal disease (PD) as com-
pared to non-RA patients.

Objectives. This study aimed to evaluate the effects of non-surgical periodontal treatment on Vietnamese 
patients with active RA and PD, where the clinical characteristics and serum indices of the patients were 
of interest. 

Material and methods. We conducted a  randomized clinical trial (RCT) on 82 RA patients with PD. 
The patients were randomly divided into 2 groups: the intervention group, consisting of patients who re-
ceived oral hygiene instructions, scaling and root planing; and the control group, consisting of patients 
who received oral hygiene instructions only. Both groups received the same treatment plan for RA. The 
Disease Activity Score 28 based on C-reactive protein (DAS28-CRP), disease activity classification, rheuma-
toid factor (RF), erythrocyte sedimentation rate (ESR), anti-citrullinated protein autoantibodies (ACPAs), 
and C-reactive protein (CRP) were monitored, with the measurements taken at 3 months and 6 months 
following the treatment.

Results. The 2 groups exhibited similar parameters at baseline. In the intervention group, DAS28-CRP 
and disease activity classification were significantly reduced at 3 months after treatment as compared to 
the baseline data. At 6 months following the treatment there was a significant decrease in ESR, ACPAs and 
DAS28-CRP in the intervention group, while the control group showed a decrease only in ACPAs. Further, 
when comparing the intervention and control groups at 6 months following the treatment, there were no 
differences between the groups in the ACPAs, RF and CRP serum levels. 

Conclusions. Non-surgical periodontal treatment can significantly reduce DAS28-CRP, disease activity 
classification, ESR, and the ACPAs level in serum, and can be applied to reduce RA severity in RA patients 
with PD.

Key words: rheumatoid arthritis, inflammation, periodontitis
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Introduction
Rheumatoid arthritis (RA) patients usually have peri-

odontitis and, in comparison with those without RA, 
also have a worse periodontal condition.1,2 Periodontitis 
is a  common chronic infection, with a  global incidence 
in adults varying from 10% to 60%, depending on differ-
ent diagnostic criteria.3 Reports have indicated a high in-
cidence of diabetes mellitus, atherosclerosis, myocardial 
infarction, stroke, and RA in patients with periodontal 
disease (PD).4–7 In our recent report on the association 
between PD and RA in Vietnamese patients, we found 
that the periodontal condition of RA patients is more se-
rious as compared to non-RA patients.8 There was an as-
sociation between the periodontal condition and clinical 
symptoms, such as the biochemical and immunological 
characteristics of RA.8

Rheumatoid arthritis is a common autoimmune disease; 
its chronic progression includes symptoms at joints and 
other body parts with varying severity, which can lead to 
the weakening of bones and connective tissues.9 Studies 
have shown that patients with RA are at high risk of car-
diovascular diseases and malignancy.10,11 Rheumatoid 
arthritis is prevalent worldwide, with an  incidence rate 
of 0.5–1% in adults. In Vietnam, 0.5% of  the population 
has RA. Among hospitalized patients, the RA rate is as 
high as 20%. In particular, 70–80% of patients are female, 
and 60–70% of  them are over 30 years old. The disease 
is hereditary in some cases.12 Previous clinical studies 
show different results with regard to the role of  non-
surgical periodontal treatment in RA. In their research, 
de Noronha Pinho et al. found that the relationship between 
the  RA and PD disease activities was not clear.13 How-
ever, it is evident that due to periodontal treatment, it is 
possible to control inflammation and avoid tooth extrac-
tion. A recent study by Zhao et al. demonstrated that RA 
patients with PD who received non-surgical treatment 
showed improvement in the clinical outcome for RA.14 
Recently, a new classification for PD has been developed 
based on previous classifications.15,16 Machtei et al.17 de-
fined the term ‘established periodontitis’ with regard to 
‘periodontitis’, which was used in clinical studies,18,19 and 
‘severe periodontitis’, referred to by the Centers for Dis-
ease Control and Prevention (CDC) in partnership with 
the American Academy of Periodontology (AAP).20

In this study, we evaluated the effects of non-surgical 
periodontal treatment on the clinical characteristics and 
serum indices in 82 Vietnamese patients with active RA 
and PD, using Machtei’s classification. The Disease Acti
vity Score 28 based on C-reactive protein (DAS28-CRP), 
disease activity classification, rheumatoid factor (RF), 
erythrocyte sedimentation rate (ESR), anti-citrullinated 
protein autoantibodies (ACPAs), and C-reactive protein 
(CRP) were measured and monitored at baseline, and 
at 3 and 6 months following the periodontal treatment. 

Material and methods

Study design 

We conducted a  clinical intervention study on RA 
patients with periodontitis who were treated at the 
Department of Rheumatology, Cho Ray Hospital, Ho Chi 
Minh City, Vietnam, from August 2013 to March 2015. 
The trial registration number is ISRCTN40789708 
at www.isrctn.org.

Eligibility criteria 

Rheumatoid arthritis patients with PD were re-
cruited in the present trial in the same way as in 
our previous study.8 Rheumatoid arthritis was dia
gnosed using the American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) 
2010 guidelines,21 while the periodontal condition 
was determined according to the criteria specified 
by Machtei  et  al.,17 with more than 4 real teeth (re-
gardless of  the largest third molars). All patients had 
established RA (>12  months), and were treated with 
disease-modifying anti-rheumatic drugs (DMARDs), 
non-steroidal anti-inflammatory drugs (NSAIDs) and 
corticosteroids. The exclusion criteria were as follows: 
patients under the age of  30  years; RA patients with 
other conditions, such as polymyalgia, gout, pseudo
gout, spinal stiffness, Sjögren’s syndrome, diabetes 
mellitus, and malignant diseases; patients who had 
recently received periodontal treatment (3 months or 
less prior to our study); and patients who were preg-
nant or breastfeeding.

Randomization 

Independent staff members randomly assigned pa-
tients into the  intervention or control group, using 
sealed envelopes. Each envelope was marked with a ‘0’ 
or a  ‘1’. A  patient was assigned to the control group 
if their envelope had a  ‘0’; otherwise, the patient was 
assigned to the experimental group. A separate enve-
lope was used for each kind of treatment, and the type 
of treatment for each patient was documented.

Blinding 

Whether a  patient belonged to the intervention or 
control group was fully disclosed to the patient and 
the clinician treating PD (the main investigator). Due 
to the nature of the intervention, blinding was not ap-
plied to the patients and the main investigator. The 
outcome was blinded to the assessing investigators and 
the statistician.
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Interventions

Both the control and intervention group were treated 
with conventional regimens. The control group received 
only oral hygiene instructions, while the treatment group 
received an advanced periodontal treatment intervention 
consisting of supragingival scaling and root planing, the 
effectiveness of which was evaluated after 3 and 6 months, 
which was followed by retreating. The research team con-
sisted of a periodontist, who recorded the periodontal in-
dices, a rheumatologist, who assessed the swollen joints, 
and an assistant, who recorded the information. The re-
searchers who treated the RA patients for periodontitis 
were not involved in the periodontal, joint or other clini-
cal examinations. The team members were trained by ex-
perts before the study, achieving consistency from 80% to 
90.4%.

Outcomes 

Periodontal disease assessment 

The assessment of PD was conducted in a similar man-
ner as described in of our previous study.8 The periodon-
tal indices included the plaque index (PlI), the gingival in-
dex (GI), the percentage of sites with bleeding on probing 
(%BOP), probing pocket depth (PPD), and clinical attach-
ment loss (CAL), evaluated at 6 positions in all teeth.22,23

Rheumatoid arthritis clinical assessment 

Rheumatoid arthritis disease activity was measured as 
in our previous study.8 We assessed RA disease activity 
based on CRP (DAS28-CRP), with the following equation 
(Equation 1):

       (1)

where:
TJC28 – tender joint count (0–28);
SJC28 – swollen joint count (0–28);
CRP – C-reactive protein level [mg/L];
GH –	patient’s global health self-assessment by means 

of the visual analog scale (VAS).24

The determination of  the DAS28-CRP score regards 
the pain and swelling of  28 joints, comprising shoul-
der joints, elbow joints, wrist joints, and knee joints. 
We applied the tool available at http://www.4s-dawn.
com/DAS28 to compute the value of  DAS28-CRP. 
Then, DAS28-CRP was classified as remission 
(DAS28-CRP < 2.3), low (2.3 ≤ DAS28-CRP < 2.7), mode
rate (2.7  ≤  DAS28-CRP  <  4.1), or high disease activity 
(DAS28-CRP ≥ 4.1).

Measurement of ESR, and the RF, ACPAs  
and CRP levels in serum 

We determined the serum concentration of  RF and 
CRP with the use of the latex particle-enhanced method.8 
An RF serum value of <12 IU/mL was defined as normal 
(negative) and >12  IU/mL as positive. The CRP serum 
level was defined as normal if it was <6 mg/L. The serum 
level of ACPAs was determined by means of the sensitive 
enzyme-linked immunosorbent assay (ELISA). The ACPAs 
serum level was defined as normal or negative (<25 IU/mL) 
or positive (≥25  IU/mL). Erythrocyte sedimentation rate 
was measured using the flow through a capillary tube. The 
normal serum ESR was recorded at 5–10 mm/h.

Sample size 

Eighty-two patients with RA were randomly split into 
2 groups: treatment group (n = 41); and control group (n = 41). 
The sample size was calculated as follows (Equation 2):

       (2)

where: 
n – sample size;
σ2 – population variance;
Z(1–α/2) – critical value of normal distribution at α/2;
Z(1–β) – critical value of normal distribution at β;
μ1 and μ0 – means of the 2 groups.

We first derived the value of (µ1 − µ0) from a study by 
Ortiz et al.25 According to them, the average Disease Activity 
Score 28 (DAS28) in RA patients after periodontal treatment 
was 3.51 ±1.11, with a change in DAS28 of 0.6, defined as treat-
ment response.21,25 Thus, we used a value of 0.6 for (µ1 − µ0). 
Using α = 5% and a power of 80% in Equation 2, we obtained 
a sample size of 27 (n = [1.11(1.96 + 0.84)2] / (0.6 − 0)2 = 27) 
patients for each group. According to the internal statistics 
provided by Cho Ray Hospital, 30–35% of  patients can-
cel the re-examination. Therefore, in order to account for 
a sampling error and the potential sample size reduction, 
a sample size of 41 patients was used for our study.

Research ethics 

The study was conducted in full accordance with the World 
Medical Association Declaration of Helsinki from 2008, and 
was approved by the Ethics Committee of  the University 
of Medicine and Pharmacy at Ho Chi Minh City in Vietnam 
(No. 1781/DHYD-HD). Written informed consent was ob-
tained from all participants prior to inclusion. At the end 
of the study, patients from the control group also received the 
same periodontal treatment as the treatment group.
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Statistical analyses 

We reported the mean (M) and standard devia
tion (SD) values for normally distributed data with the 
Shapiro–Wilk test, and the median (Me) and interquartile 
range (IQR) values otherwise. Differences between the 
2 groups were assessed using the independent samples 
t test. The Mann–Whitney U test was applied to Me and 
IQR. For intergroup comparison, the quantitative para
meter values between the groups were assessed with the 
Wilcoxon test. The χ2 test and Fisher’s test were used 
for rate comparison. The odds ratios (ORs) and 95% 
confidence intervals (CIs) were also reported. Statistical 
significance was defined at p  <  0.05. We performed 
statistical analyses using the Stata statistical software, 
v. 13.0 (StataCorp, College Station, USA).

Results

Parameters of the 2 groups at baseline 

The flow diagram of  the study is shown in Fig. 1. Be-
tween the control and treatment groups there were no 
differences in the distributions of  age, gender, place 

of residence, occupation, smoking status, number of teeth 
examined, and duration of  RA. Among the treatment 
group, the average age was 52.9 ±8.2 years and the pro-
portion of  women was 88%. Among the control group, 
the average age was 51.9 ±9.0 years and the proportion 
of women was 93% (Table 1). Besides, DAS28-CRP, ESR, 
and the serum levels of RF, CRP and ACPAs at baseline 
were also similar in the 2 groups. Around 2–3 patients 
per group were lost at 6 months due to not coming back 
(missing data).

Fig. 1. Flow diagram of the study

Around 2–3 patients per group were lost at 6 months due to not coming 
back (missing data).

Table 1. Characteristics of the study groups

Parameter Treatment group 
n = 41

Control group 
n = 41 p-value OR (95% CI)

Gender  
female 
male 
n (%)

 
36 (87.8) 
5 (12.2) 

 
38 (92.7) 

3 (7.3) 
0.712a

 
0.57 (0.13–2.55) 

1  

Age [years]
M ±SD

52.9 ±8.2 51.9 ±9.0 0.590b 1.01 (0.96–1.07)

Age group  
middle age (31–60 years) 
old age (>60 years) 
n (%)

 
34 (82.9) 
7 (17.1) 

 
34 (82.9) 
7 (17.1) 

0.999b

 
1 
1  

Residence  
Ho Chi Minh City 
other 
n (%)

 
1 (2.4) 

40 (97.6) 

 
5 (12.2) 

36 (87.8) 
0.201a

 
0.18 (0.02–1.61) 

1 

Smoking 
yes 
no 
n (%)

 
3 (7.3) 

38 (92.7) 

 
3 (7.3) 

38 (92.7) 
0.999a

 
1.00 (0.19–5.27) 

1 

Occupation 
farmer 
worker 
non-manual worker 
housewife 
n (%)

 
14 (34.1) 

4 (9.8) 
11 (26.8) 
12 (29.3) 

 
15 (36.6) 
8 (19.5) 

12 (29.3) 
6 (14.6) 

0.351a

 
1 

0.54 (0.13–2.18) 
0.98 (0.33–2.94) 
2.14 (0.63–7.27) 

Number of remaining teeth 
Me (IQR)

22 (20–24) 22 (13–25) 0.474c 1.07 (0.98–1.16)

Duration of RA [years] 
Me (IQR)

3.5 (2–9) 3 (2–7) 0.950c 0.98 (0.91–1.05)

OR – odds ratio; CI – confidence interval; M – mean; SD – standard deviation; Me – median; IQR – interquartile range; RA – rheumatoid arthritis; a Fisher’s test;  
b t test; c Wilcoxon test. 95% CI was not applied in case of OR = 1.
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Changes between the groups in the clinical 
parameters of periodontitis after 3 and  
6 months in relation to baseline 

On the 1st day of the examination, both the control and 
treatment groups were similar in terms of PlI, %BOP, 
periodontitis severity, and the CAL level (Table 2). On 
the other hand, GI, PPD and CAL were higher in the 
treatment group than in the control group (p < 0.05). 
Patients with RA in the treatment group tended to 
have more severe soft tissue inflammation than pa-
tients in the control group. After 3 months of  treat-
ment for periodontitis, most of the indices, including 
GI, %BOP, PPD, and CAL, significantly improved in 
the treatment group (p < 0.001). These indices in the 
treatment group continued to decline after 6 months 
(p < 0.001) as compared to baseline. The difference be-
tween the 2 groups became more evident as measured 
at 3 and then at 6 months (p < 0.001). After 6 months, 
the ORs for PlI, GI, %BOP, and PPD between the treat-
ment and control groups were 0.80, 0.06, 0.32, and 
0.02, respectively. The intensive periodontal treatment 
improved the periodontal status in patients with RA. 
Meanwhile, these indices in the control group stayed 
almost unchanged as compared to baseline.

Comparison of the changes in the clinical 
and paraclinical indices of rheumatoid 
arthritis after 3 and 6 months between the 
groups 

After 3 months of periodontitis treatment, the clini-
cal indicator of  RA (DAS28-CRP) decreased in the 
control group; however, the difference was not statisti-
cally significant (p > 0.05). After 6 months, all indica-
tors decreased in the treatment group as compared to 
the control group, and the difference was statistically 
significant (Table  3). The treatment group showed 
reduced DAS28-CRP (p  <  0.001) and disease activity 
level (p  <  0.001) after 3 months, while the reduction 
in the control group was not statistically significant 
(p  >  0.05). No significant difference was found be-
tween the 2 groups. However, after 6 months, both 
the treatment and control groups showed significantly 
decreased DAS28-CRP and disease activity levels 
(p  <  0.001 for the treatment group and p  <  0.05 for 
the control group). In particular, when comparing 
the 2 groups after 6 months, the treatment group sig-
nificantly differed from the control group in terms 
of DAS28-CRP (p = 0.013; OR = 0.60) and disease acti
vity level (p = 0.028). The ORs for the disease activity 

Table 2. Changes between the groups in the clinical parameters of periodontitis at baseline, and after 3 and 6 months of periodontal treatment

Parameter

Baseline Assessment at 3 months Assessment at 6 months

treatment 
group 
n = 41

control 
group 
n = 41

p-value OR 
(95% CI)

treatment 
group 
n = 41

control 
group 
n = 41

p-value OR 
(95% CI)

treatment 
group 
n = 38

control 
group 
n = 38

p-value OR 
(95% CI)

PlI 
Me (IQR)

1.3 
(0.8–1.6)

0.9 
(0.8–1.7)

0.290b 1.41 
(0.68–2.95)

0.6 
(0.3–1.2)

1.0 
(0.6–1.4)

0.064b 0.46 
(0.19–1.08)

0.9 
(0.3–1.3)

1.0 
(0.4–1.3)

0.526b 0.80 
(0.34–1.92)

GI 
Me (IQR)

1.1 
(1.0–1.3)

1.0 
(0.6–1.1)

0.008*b 6.45 
(1.61–25.78)

0.3 
(0.1–0.8)

1.0 
(0.5–1.1)

<0.001*b 0.09 
(0.03–0.29)

0.4 
(0.1–0.8)

1.0 
(0.7–1.1)

<0.001*b 0.06 
(0.02–0.24)

%BOP [%] 
Me (IQR)

0.1 
(0.1–0.2)

0.1 
(0.0–0.1)

0.051b 14.58 
(0.69–307.15)

0.0 
(0.0–0.1)

0.1 
(0.0– 0.1)

<0.001*b 0.0 
(0.00–0.04)

0.0 
(0.0–0.1)

0.1 
(0.0–0.1)

0.056b 0.32 
(0.01–13.72)

PPD [mm] 
Me (IQR)

1.4 
(1.1–1.8)

1.1 
(0.9–1.2)

0.016*b 2.90 
(1.03–8.12)

0.9 
(0.7–1.0)

1.2 
(1.0–1.4)

<0.001*b 0.02 
(0.00–0.16)

0.8 
(0.7–0.9)

1.1 
(0.9–1.4)

<0.001*b 0.02 
(0.00–0.15)

Periodontal category 
non-PD 
moderate PD 
severe PD 
n (%)

 
0 (0) 

24 (58.5) 
17 (41.5)

 
0 (0) 

26 (63.4) 
15 (36.6)

0.651a

 
1 
1 

 
26 (63.4) 
15 (36.6) 

0 (0)

 
0 (0) 

28 (68.3) 
13 (31.7)

<0.001*a NA

 
33 (86.8) 
5 (13.2) 

0 (0)

 
5 (13.2) 

24 (63.1) 
9 (23.7)

<0.001*a

 
1 

0.03 
(0.01–0.14)

CAL [mm] 
Me (IQR)

2.3 
(1.7–2.5)

1.7 
(1.4–2.5)

0.033*b 1.71 
(0.93–3.17)

1.5 
(1.2–1.9)

2.1 
(1.6–2.6)

<0.001*b 0.16 
(0.06–0.45)

1.5 
(1.1–1.8)

1.9 
(1.5–2.8)

0.001*b 0.23 
(0.10–0.54)

CAL level 
<3 mm 
3–5 mm 
>5 mm 
n (%)

 
0 (0) 

20 (48.8) 
21 (51.2)

 
0 (0) 

18 (43.9) 
23 (56.1)

0.658a

 
1.22 

(0.51–2.90) 
1

 
0 (0) 

36 (87.8) 
5 (12.2)

 
0 (0) 

22 (53.7) 
19 (46.3)

0.001*a

 
6.22 

(2.03–19.04) 
1

 
0 (0) 

36 (92.3) 
3 (7.7) 

(n = 39)

 
0 (0) 

23 (60.5) 
15 (39.5)

0.001*a

 
7.83 

(2.04–30.05) 
1

PlI – plaque index; GI – gingival index; %BOP – percentage of sites with bleeding on probing; PPD – probing pocket depth; PD – periodontal disease;  
CAL – clinical attachment loss; NA – not applicable; a Fisher’s test; b Wilcoxon test; * statistically significant. 95% CI was not applied in case of OR = 1. 
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level with regard to the treatment and control groups 
were 0.35, 0.16 and 0.13, respectively. Thus, the inten-
sive periodontal treatment led to a  significant reduc-
tion in the disease activity indices in patients with RA 
as compared to those receiving only basic treatment.

Changes in the immunohistochemical 
features of rheumatoid arthritis after 3 
and 6 months of periodontal treatment 

The comparison of  the RA immunohistochemical fea-
tures between the treatment and control groups after 3 and 
6 months is presented in Table 4. Some patients were not 
able to complete immunohistochemical tests (missing data). 

The results of  periodontal treatment showed that the 
immunohistochemical indices decreased in both groups; 
these changes became more evident in the treatment 
group, but no statistically significant difference was found 
(p > 0.05). In particular, the RA patients who were treated 
for advanced periodontitis showed the ACPAs level (Me) 
decreasing from 156 to 42.7 (p < 0.001), while the ACPAs 
level (Me) in the control group decreased from 186 to 102.3 
(p = 0.032). After 6 months, the treatment group showed 
significant reductions in serum ESR (p  <  0.001), ACPAs 
(p < 0.001) and the ACPAs positive test (p = 0.014), while 
the control group showed a reduction only in the ACPAs 
concentration (p  =  0.032). As the 2 groups were treated 
with the standard regimens performed at Cho Ray Hospi
tal, the clinical and paraclinical parameters decreased, 

Table 3. Changes between the groups in the clinical parameters of rheumatoid arthritis (RA) after 3 and 6 months of periodontal treatment

Parameter

Baseline Assessment at 3 months Assessment at 6 months

treatment 
group 
n = 41

control 
group 
n = 41

p-value OR 
(95% CI)

treatment 
group 
n = 41

control 
group 
n = 41

p-value OR 
(95% CI)

treatment 
group 
n = 38

control 
group 
n = 38

p-value OR 
(95% CI)

DAS28-CRP 
Me (IQR)

4.2 
(3.5–5.8)

4.1 
(3.7–5.4)

0.461b 1.12 
(0.83–1.52)

3.5 
(3.0–4.7)

4.0 
(3.5–4.7)

0.206b 0.80 
(0.53–1.21)

3.2 
(2.5–4.0)

3.6 
(3.3–4.5)

0.013*b 0.60 
(0.37–0.97)

RA disease activity 
level 

remission 
low 
moderate 
high 
n (%)

 
 

1 (2.4) 
3 (7.3) 

22 (53.7) 
15 (36.6)

 
 

2 (4.9) 
5 (12.2) 

22 (53.6) 
12 (29.3)

0.756a

1 
1.20 

(0.07–19.63) 
2.00 

(0.17–23.70) 
2.50 

(0.20–31.00)

 
 

9 (21.9) 
8 (19.5) 

17 (41.5) 
7 (17.1)

 
 

2 (4.9) 
5 (12.2) 

28 (68.3) 
6 (14.6)

0.051a

1 
0.36 

(0.05–2.37) 
0.13 

(0.03–0.70) 
0.26 

(0.04–1.70)

 
 

12 (31.6) 
7 (18.4) 

18 (47.4) 
1 (2.6) 

 
 

3 (7.9) 
5 (13.1) 

28 (73.7) 
2 (5.3) 

0.028*a

1 
0.35 

(0.06–1.93) 
0.16 

(0.04–0.65) 
0.13 

(0.01–1.89)

DAS28-CRP – Disease Activity Score 28 based on C-reactive protein; a Fisher’s test; b Wilcoxon test; * statistically significant. 95% CI was not applied in case of OR = 1. 

Table 4. Changes between the groups in the immunohistochemical features of rheumatoid arthritis (RA) after 3 and 6 months of periodontal treatment

Parameter
Baseline Assessment at 3 months Assessment at 6 months

treatment 
group

control 
group p-value OR 

(95% CI)
treatment 

group
control 
group p-value OR 

(95% CI)
treatment 

group
control 
group p-value OR 

(95% CI)

CRP [mg/L] 
Me (IQR) 
n = 78

5.8 
(1.5–13.0)

3.4 
(0.9–8.1)

0.158b 1.01 
(0.99–1.03)

3.9 
(1.5–12.9)

4.4 
(1.2–15.2)

0.969b 1.01 
(0.98–1.03)

3.5 
(0.7–9.9)

4.4 
(1.1–11.8)

0.511b 0.99 
(0.96–1.02)

RF [IU/mL] 
Me (IQR) 
n = 74

19.6 
(8.0–96.7)

8.8 
(8.0–96.0)

0.848b 1
8.0 

(8.0–50.8)
8 

(8.0–49.2)
0.867b 1.00 

(0.99–1.00)
12.1 

(8.0–65.9)
13.6 

(7.9–57.0)
0.932b 1.00 

(0.99–1.00)

RF level 
positive 
negative 
n (%)

18 (47.4) 
20 (52.6)

14 (38.9) 
22 (61.1)

0.462a
1.41 

(0.56–3.56) 
1

14 (36.8) 
24 (63.2)

12 (33.3) 
24 (66.7)

0.752a
1.17 

(0.45–3.04) 
1

17 (44.7) 
21 (55.3)

16 (45.7) 
19 (54.3)

0.933a
0.96 

(0.38–2.42) 
1

ACPAs [IU/mL] 
Me (IQR) 
n = 80

156 
(14.0–614.0)

186 
(8.0–702.0)

0.889b 1 NA NA – –
42.7 

(7.1–185.0)
102.3 

(9.6–794.0)
0.189b 1

ACPAs level 
positive 
negative 
n (%) 

27 (69.2) 
12 (30.8)

29 (70.7) 
12 (29.3)

0.884a
0.93 

(0.36–2.42) 
1

NA 
NA

NA 
NA

– 
–

– 
–

23 (59.0) 
16 (41.0)

25 (65.8) 
13 (34.2)

0.537a
0.75 

(0.30–1.89) 
1

ESR [mm/h] 
Me (IQR) 
n = 73

30 
(21–65)

30.5 
(15–51)

0.436b 1.01 
(0.99–1.03)

28 
(17–41)

24 
(14.5–40.5)

0.633b 1.00 
(0.98–1.02)

20.5 
(11–28)

20.5 
(11–32)

0.917b 1.00 
(0.98–1.02)

Serum levels of: CRP – C-reactive protein; RF – rheumatoid factor; ACPAs – anti-citrullinated protein autoantibodies; and ESR – erythrocyte sedimentation 
rate; NA – not applicable; a Fisher’s test; b Wilcoxon test; * statistically significant. 95% CI was not applied in case of OR = 1. Some patients were not able to 
complete immunohistochemical tests (missing data).
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but the treatment group showed a more significant reduction 
than the control group. The ORs of RF, CRP and ACPAs 
between the treatment group and the control group were 
0.96, 0.99 and 0.75, respectively. However, when comparing 
the 2 groups, this difference was not statistically significant. 
There was no reduction in the serum levels of RF and CRP 
during the treatment in either group. 

Discussion
Clinical studies show different results regarding the role 

of non-surgical periodontal treatment in RA. Our study is 
the first to investigate comprehensively the effect of  non-
surgical periodontal treatment on the clinical characteristics 
and serum indices in Vietnamese patients with active RA 
and PD. The present RCT was performed on a large number 
of patients and with a long follow-up period (Table 5), with 
the full assessment of  the RA condition, considering dis-
ease severity and immunohistochemical features. The study 
showed that after 6 months of treatment for RA and peri-
odontitis, all RA clinical parameters decreased. Meanwhile, 
in the control group, only a few clinical parameters decreased, 
which is consistent with the results of Al-Katma et al.26 and 
Okada et al.27 In a study by Zhao et al., the authors divided 
patients into 4 groups: PD+/RA+; PD−/RA+; PD+/RA−; 
and PD−/RA−.14 In the PD+/RA+ group, the levels of all RA 
markers (DAS28, high-sensitivity CRP – hsCRP, ESR, and 
ACAPs) decreased significantly after non-surgical periodon-
titis treatment within 1 month.14

Most of  the studies report no decrease in the serum 
CRP levels after reassessment. The CRP level increases 
in systemic inflammatory diseases, such as RA, or infec-
tions, such as PD. In our study, there was a  statistically 
significant reduction in the CRP levels in the treatment 
group, while in the control group, the reduction was not 
statistically significant, which is consistent with 2  other 
studies.14,28 Addressing the inflammation of the periodon-
tal tissue after non-surgical treatment can be very impor-
tant for reducing the CRP levels. In their study evaluat-
ing the serum ACPAs levels, Okada et al. did not find any 
difference after treatment, which could potentially be at-
tributed to the small sample size and the short follow-up 
period.27 On the other hand, Lappin et al. found a slight 
difference.29 However, this study had no control group 
and the participants were not RA patients.29 In a  study 
by Kaushal  et  al.,30 the value of  the ACCP index, when 
evaluated for each group, showed no significant differ-
ence before and after the intervention, which is similar to 
the results of Okada et al.27 This may be due to the insuf-
ficient sample size or the mild severity of PD in the study 
group. However, the CRP levels in the treatment group at 
2 months after treatment were significantly different from 
baseline.30 Our study showed that after the combined 
treatment of PD and RA, ACPAs and the rate of ACPA 
positive tests significantly decreased (p < 0.01) (Table 5).

In their study, Cosgarea  et  al. assessed the impact 
of  non-surgical treatment on the clinical periodontal 
indicators, the inflammation index and quantified peri-
odontal bacteria in the gingival fluid of patients with PD 

Table 5. Comparison of the results of other studies with regard to changes in the anti-citrullinated protein autoantibodies (ACPAs) after treatment

Serum ACPAs level [IU/mL]

treatment group control group

baseline reassessment p-value baseline reassessment p-value

Okada et al.27 
2013

control: n = 29 
treatment: n = 26 

(2 months) 
(range)

183.5–24.1 197.2–24.1 0.070 291.3–26.1 219.9–25.6 0.990

Lappin et al.29 
2013

treatment: n = 2 
(6 months) 

Me (IQR)

0.79 
(0.37–6.11)

0.17 
(0.00–12.68)

0.010* NA NA –

Kaushal et al.30 
2019

control: n = 20 
treatment: n = 20 

(2 months) 
M ±SD

161.78 ±12.71 161.89 ±12.73 0.140 153.18 ±16.05 153.39 ±16.09 0.346

Zhao et al.14 
2018

treatment: n = 18 
(1 month) 

M ±SD
102.24 ±97.70 57.46 ±47.96 <0.001* NA NA –

Present study

control: n = 41 
treatment: n = 41 

(6 months) 
Me (IQR)

156 
(14.0–614.0)

42.7 
(7.1–185.0)

<0.001*
186 

(8.0–702.0)
102.3 

(9.6–794.0)
0.032*

ACPAs (+) 
n (%)

27 (69.2) 23 (59.0)
0.014*

29 (70.7) 25 (65.8)
0.564

ACPAs (−) 
n (%)

12 (30.8) 16 (41.0) 12 (29.3) 13 (34.2)

NA – not applicable; * statistically significant. 
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and RA, in comparison with patients suffering from PD 
only.28 Their results showed that in both groups there 
was improvement in the clinical periodontal indicators. 
In the RA group, DAS28, CRP and ESR were decreased; 
however, only the reduction in CRP was statistically sig-
nificant at 3 months. The DAS28 change was positively 
correlated with the amount of Porphyromonas gingivalis 
and was inversely correlated with PlI. The authors con-
cluded that non-surgical treatment helped to improve 
the periodontal status of  PD patients, with or without 
RA. Non-surgical treatment not only improved the peri-
odontal status, but also reduced CRP in the group with 
both PD and RA.28 However, in a study by Mariette et al., 
the results showed that these interventions effectively re-
duced bacteria, but did not improve the status of  RA.31 
In patients with ACPAs(+), such treatment was not effec-
tive for RA.31 Our study showed that the treatment of RA 
in combination with non-surgical periodontal treatment 
improved the RA condition. After 6 months of advanced 
periodontal treatment, the Me value of DAS28-CRP de-
creased from 4.2 to 3.2. The effect on the treatment group 
was more significant as compared to the control group. 
After the intervention, the Me value of the serum ACPAs 
level decreased from 156 to 42.7. Furthermore, the rate 
of ACPAs positive test also decreased from 69.2% to 59%.

Limitations 

The limitation of  our study is that RA treatment 
methods may have affected the efficiency of  PD treat-
ment.18,25,30 However, all RA patients had established RA 
(>12 months), and were treated with DMARDs, NSAIDs 
and corticosteroids. It is important to keep in mind that 
RA is a chronic condition, which requires from patients 
changing their medications upon the recommendations 
of doctors. Hence, it is difficult to obtain exactly homo-
geneous study groups. Moreover, the combination of lo-
cal treatment (periodontal sites) and a systemic interven-
tion (RA treatment) may decrease the RA severity score 
and the PD condition synergistically. Previous studies 
also failed to obtain RA patient groups that were treated 
identically.27,30,32 Although we were not able to control 
RA treatment methods, our previous cross-sectional, 
descriptive study found that the incidence of periodonti-
tis cases in the RA group was significantly higher than 
in the control group (67% and 28%, respectively), while 
severe and moderate periodontitis were common in the 
RA group.8 Therefore, we suggested that interdisciplinary 
and simultaneous treatment for both diseases be neces-
sary to ensure overall efficiency. Finally, we mentioned 
that by the end of the study, all patients were to receive 
advanced periodontal treatment, including supragingival 
scaling and root planing. There was no risk of participat-
ing in the study, as after finishing the study, the patients 
from the control group received the same non-surgical 
periodontal treatment as the study group.

Conclusions
In conclusion, our study provided comprehensive evi-

dence of the effect of non-surgical periodontal treatment 
on the clinical characteristics and serum indices in patients 
with active RA and PD. Non-surgical periodontal treat-
ment can help decrease RA severity by significantly re-
ducing DAS28-CRP, disease activity classification, the 
serum ACPAs levels, and ESR in patients. Dentists and 
rheumatologists should provide care as well as the treat-
ment and prevention of dental diseases for RA patients 
in order to achieve better outcomes for both RA and PD.
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Abstract
Since the first report on it in December 2019 in Wuhan, China, the novel coronavirus disease 2019 
(COVID-19) has rapidly spread throughout the world. Due to the lack of  effective therapy available for 
COVID-19 patients, the identification of  risk factors for the severe course of  the disease is a  matter of  urgency. 
Therefore, the aim of this review was to report on evidence-based risk factors affecting the severity and 
prognosis of COVID-19. We searched the PubMed database for current literature to identify relevant pub-
lications concerning risk factors for COVID-19 severity. Demographic and social factors (age, gender, race, 
in-center communities/nursing homes), clinical factors (smoking, hypertension, obesity, diabetes, chronic 
lung diseases, cardiovascular diseases – CVD, chronic kidney disease – CKD, malignancies, dementia, cardio
myopathies, immunocompromised state), laboratory markers (C-reactive protein – CRP, leukocytosis, 
ferritin, interleukin (IL)-6, D-dimer, lactate dehydrogenase – LDH, aspartate aminotransferase – AST, pro-
calcitonin, creatinine, lymphopenia, IL-2, IL-7, IL-10, granulocyte colony-stimulating factor – G-CSF, also 
known as colony-stimulating factor 3  – CSF 3, interferon gamma-inducible protein-10 – IP-10, monocyte 
chemoattractant protein-1 – MCP-1, macrophage inflammatory protein-1alpha – MIP1A, tumor necrosis 
factor alpha – TNF-α), and genetic factors related to both the virus and the host were discussed. The iden
tification of the potential risk factors affecting the severity and prognosis of COVID-19 may provide a chance 
for earlier and more effective management of COVID-19.

Key words: risk factors, severity, demographics, COVID-19, SARS-CoV-2
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Introduction
Coronavirus disease 2019 (COVID-19) is a  viral dis-

ease caused by severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2). Currently, the outbreak of  the 
COVID-19 pandemic has become a major clinical threat 
all over the world. The World Health Organization 
(WHO) declared the outbreak of COVID-19 as a world-
wide pandemic in March 2020. Globally, as of November 
19, 2020, there have been 55,928,327 confirmed cases 
of  COVID-19, including 1,344,003 deaths, reported to 
WHO.1 Based on genomic and phylogenetic studies, 
SARS-CoV-2 might originate from bat coronaviruses, 
although its exact origin remains unknown.2–4

The novel coronavirus is believed to be contagious dur-
ing its incubation period, commonly observed as 3–7 days 
and being reported as up to 14 days.5 The transmission 
of SARS-CoV-2 from patients who have not yet developed 
symptoms has been reported in numerous studies.6–8 
Coronavirus disease 2019 presents a wide variety of clini-
cal manifestations. The most common symptoms of the 
disease which have been reported repeatedly include fe-
ver, cough, fatigue, muscle pain, headache, and dyspnea. 
Some other symptoms, such as diarrhea, expectoration, 
loss of taste and/or smell, hemoptysis, nasal obstruction, 
or runny nose, have been reported less frequently.9,10 Re-
cently, the immune system has been recognized to play 
a critical role in providing preexisting immunity to SARS-
CoV-2.11–13 Lymphopenia has been commonly observed 
in COVID-19, with levels more profound in more severe 
cases,14,15 while peripheral bilateral ground-glass opacity 
or consolidation in chest computed tomography (CT) 
scans have been reported as the most common radiologi-
cal finding.16

The spectrum of  COVID-19 symptoms ranges from 
asymptomatic and mild symptomatic cases to a  severe 
hyperinflammatory state, followed by acute respiratory 
distress syndrome (ARDS) and death.14,17 The severity 
of the disease has been categorized as a mild, moderate, 
severe, and critical condition.18,19 Fortunately, up to 40% 
of  SARS-CoV-2 infections may be asymptomatic, sug-
gesting that some people could be protected from the 
disease.20 More than 80% of the infected patients present 
no more than mild symptoms, resembling a common cold 
with a dry cough, fatigue and fever.10,21 In mild cases, dys-
pnea, the clinical evidence of pneumonia and respiratory 
insufficiency have not been observed, while resting blood 
oxygen saturation (SpO2) remained usually above 93%.22,23 
Patients with moderate disease suffer from fever, respira-
tory symptoms or pneumonia. In severe disease, dyspnea 
and hypoxemia occur, with the respiratory rate reaching 
30 breaths/min or more and SpO2 ≤ 93% under resting 
conditions.24 In the most severe COVID-19 cases, ARDS, 
multiple organ dysfunction syndrome (MODS), shock, 
and coagulation abnormalities have been observed.25–27 
Severe cases of  COVID-19 presenting with respiratory 

failure require early and prolonged support with mecha
nical ventilation.28

Risk factors for COVID-19 severity are complex and 
comprise demographic, clinical, laboratory, and genetic 
factors, concerning both the host and the virus variabi
lity. Until now, apart from symptomatic treatment, there 
is no evidence known for the effective causative therapy 
of  COVID-19.29,30 Therefore, identifying the main risk 
factors affecting the severity and prognosis of COVID-19 
seems to be of  particular importance. Hence, the aim 
of  this narrative review was to report on evidence-
based risk factors affecting the severity and prognosis 
of COVID-19.

Methods
The authors searched the PubMed database to identify 

relevant publications published between January 2020 
and November 2020, and presenting demographic, clini-
cal, laboratory, and genetic COVID-19 risk factors. The 
following inclusion criteria were used: original and review 
articles that discussed risk factors for the severity and out-
come of COVID-19; the availability of the full text of the 
article; and papers published in the English language.

Demographic, social  
and clinical factors

Numerous studies have demonstrated that elderly pa-
tients are more likely to experience severe COVID-19 
manifestation than their younger counterparts.31 Older 
age (>65 years), male gender and obesity have been 
stated as the most common risk factors,32,33 with age re
ported so far as the strongest determinant of  the seve
rity of the disease.9,34,35 Also, social risk factors, typically 
inconducive to social distancing, have been reported to 
be of great importance. Thus, the COVID-19 pandemic 
has affected a large proportion of nursing home residents, 
with higher prevalence in the in-center dialysis commu-
nity.35,36 The Epidemiology Working Group for NCIP 
Epidemic Response has demonstrated comorbidities to 
be an important risk factor as well.34 Cardiovascular dis-
eases (CVD), arterial hypertension (HTA), diabetes,37–39 
chronic lung diseases,40–42 severe asthma,43 neoplasms,44,45 
and chronic kidney disease (CKD), especially under 
dialysis treatment, have been reported to increase the risk 
of COVID-19 severity and morbidity.32,35,46–48 It has been 
recently reported that even a  younger age of  ≥60  years 
is associated with a  major risk.31,49 It has been calcu
lated that the risk of  COVID-19 unsuccessful outcome 
in people aged >80 years is increased more than twenty-
fold when compared to 50–59-year-old individuals.43 Pre-
sumably, the age-related diminishing of the physiological 
activity of  both respiratory and cardiovascular systems 
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provides a  good explanation for the impaired clearance 
of  pathogens.50,51 Taking into account the dysfunction 
of  arterial endothelium, nitric oxide (NO) availability 
– the main intracellular antiviral defense – decreases sig-
nificantly in the elderly.52 Zhou et al. showed that older 
age, the initial Sequential Organ Failure Assessment 
(SOFA) score >2, D-dimer >1 µg/1 mL, and the respira-
tory rate >24 breaths/min were independent risk factors 
for COVID-19 mortality in the Chinese population.53 
Also dementia was described as associated with a higher 
mortality rate in a  study of  16,749 patients hospitalized 
for COVID-19.54 Among symptoms, dyspnea has been 
recognized as an  independent risk factor for the seve
rity of the disease. Furthermore, a significant association 
between COVID-19 severity and the smoking status has 
been demonstated.48,55

Another significant risk factor for COVID-19 severity 
which has been noted is race. Black, South Asian and mi-
nority ethnic groups have been reported to be at higher 
risk of  the poor outcome of COVID-19 as compared to 
Caucasians, even after the adjustment for other fac-
tors.43,56,57

In an  observation of  1,289 oncological patients with 
solid tumors, age and the use of  corticosteroids before 
COVID-19 diagnosis, together with thoracic primary tu-
mor site, were independently associated with COVID-19 
severity.58 Except cytotoxic chemotherapy, associated 
with a slight increase in the risk of death, none of the anti
cancer drug protocols administered during the 3 months 
preceding COVID-19 had a significant effect on its mor-
tality or severity. It is worth emphasizing that 39% of pa-
tients had their systemic anticancer treatment interrupted 
or stopped following COVID-19 diagnosis.58

According to the Center for Disease Control and Pre-
vention (CDC), the most important risk factors for 
COVID-19 severity are cancer, CKD, chronic obstruc-
tive pulmonary disease (COPD), heart failure, coronary 
artery disease, cardiomyopathies, immunocompromised 
state from solid-organ transplant, obesity, Down syn-
drome, pregnancy, sickle-cell disease, smoking, and 
type  2 diabetes.59 Regarding the pathophysiological im-
portance of endocrine-immune-vascular interactions for 
the clinical course of  COVID-19, metabolic syndrome 
has also been suspected to increase the risk of the severe 
course of COVID-19.60 However, some data is inconsis-
tent, which might be caused by the limited samples size 
or the presence of  multiple confounding factors.61–63 In 
the Chinese population, hypertension, diabetes and CVD 
were independently associated with COVID-19 severity, 
which was confirmed in a recent meta-analysis.64 Despite 
initial controversies at the early stage of the pandemic, the 
use of angiotensin-converting enzyme inhibitors (ACEIs) 
and angiotensin II type 1 receptor blockers (ARBs) could 
contribute to the improvement of COVID-19 outcome in 
hypertensive patients.65 Recently, a prospective observa-
tional cohort study based on the data collected in the Risk 

stratification in COVID-19 patients in the ICU (RISC-
19-ICU) registry showed that the main mortality predic-
tors in critically ill COVID-19 patients were oxygenation 
deficit, and renal and microvascular dysfunction, together 
with coagulatory activation.66

The severity of COVID-19 might also be related to the 
amount of viral load, which has been observed to be higher 
in patients with severe COVID-19 than those with mild 
COVID-19.67

Laboratory risk factors
The monitoring of laboratory markers serves as a sen-

sitive indicator of  the severity of  the disease, important 
for clinicians. Elevated levels of C-reactive protein (CRP), 
ferritin, interleukin (IL)-6, and plasma D-dimer are usually 
observed during infection. Hypercoagulability marked as 
elevated D-dimer concentration has been described to 
be indicative of poor COVID-19 prognosis.68,69 Recently, 
IL-6 has been identified as the key predictor of mortality 
in COVID-19.53 As SARS-CoV-2 originates from China, 
most of former studies regarding COVID-19 severity re-
fer to the Chinese population. Huang et al. showed higher 
plasma levels of  IL-2, IL-7, IL-10, granulocyte colony-
stimulating factor (G-CSF), interferon gamma-inducible 
protein-10 (IP-10), monocyte chemoattractant protein-1 
(MCP-1), macrophage inflammatory protein-1alpha 
(MIP1A), and tumor necrosis factor alpha (TNF-α) in 
COVID-19 intensive care units (ICU) patients.10 It has 
also been demonstrated that leukocytosis, high scores 
on the modified quick SOFA, an  elevated serum level 
of aspartate aminotransferase (AST) (more than 3 times), 
and a  serum level of creatinine of 2 mg/dL or more are 
markers of  a  significantly higher risk of  ICU admission 
and mortality in COVID-19 patients.70 The neutrophil-
to-lymphocyte ratio has also been reported to be one 
of the major predictors of COVID-19 severity.71

A recent meta-analysis confirmed that reduced levels 
of  lymphocytes and hemoglobin, elevated leukocytosis, 
AST, alanine aminotransferase (ALT), blood creatinine, 
blood urea nitrogen, high-sensitivity troponin, creatine 
kinase, high-sensitivity CRP, IL-6, D-dimer, ferritin, lac-
tate dehydrogenase (LDH), and procalcitonin, and a high 
erythrocyte sedimentation rate were risk factors for severe 
COVID-19.72 In the Chinese population, total protein and 
albumin concentrations have also been identified as in-
dependent risk factors for severe disease.48 Lactate dehy-
drogenase and prealbumin have been demonstrated to be 
associated with the severity of the disease. The mortality 
risk is associated with age, LDH, CRP, D-dimer, and lym-
phopenia in patients with comorbidities.73,74 An indepen-
dent association between glycated hemoglobin (HbA1c) 
and COVID-19 death rate has been also revealed.75–77 
Based on the secure health analytics platform which 
covers 40% of  all patients in England (OpenSAFELY),  
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it has been shown that a HbA1c level of at least 58 mmol/mol  
is associated with a  higher risk of  COVID‑19-related 
death.43 Recently, IP-10 and MCP-1 have been demon-
strated to be novel biomarkers of  COVID-19 severity, 
which may be related to the risk of patients’ death from 
COVID-19.78

Genetic factors

SARS-CoV-2 genetic diversity 

Coronaviruses are RNA viruses that belong to order 
Nidovirales, family Coronaviridae and subfamily Corona
virinae.79 The genome of  one strain of  SARS-CoV-2 is 
29.9 kilo-bases (kb) in size, with 29,891 nucleotides80 encod-
ing 9,860 amino acids.81 There are 2 types of SARS-CoV-2 
(L and S), which are defined by means of 2 different single 
nucleotide polymorphisms (SNPs).82 In a study comparing 
SARS-CoV-2 genetic diversity in mild and severe cases, 
it was demonstrated that the consensus sequences of  all 
viruses were very similar, showing more than 99.8% sequence 
identity, regardless of the severity of the disease.83 However, 
patients with severe symptoms exhibited a  significantly 
higher number of variants in coding and non-coding re-
gions as compared to mild cases, and it was concluded that 
within-host diversity might play a role in the development 
of severe disease outcomes in COVID-19 patients, parti
cularly among the older ones.83 Shikov et al. demonstrated 
that  several rare ACE2 variants, including rs146598386, 
rs73195521, rs755766792, and others, were likely to affect 
the outcome of COVID-19.84 Among the accessory SARS-
CoV-2 proteins, ORF3a is the largest one, containing 
274 amino acids.85 The potential role of ORF3a mutations 
in an elevated mortality rate for the SARS-CoV-2 infection 
through host immune evasion and immoderate cytokine 
storm has been recently shown. Majumdar and Niyogi 
revealed a  decent association between SARS-CoV-2 
ORF3a mutations and a higher mortality rate.86

Human genetic diversity 

Recently, ABO blood groups have been implicated in 
susceptibility to the SARS-CoV-2 infection. Blood group 
A has been found to be associated with a minimally in-
creased risk of  acquiring COVID-19 in comparison 
with non-A groups; moreover, blood group O has been 
associated with a  minimally decreased risk of  acquiring 
COVID-19 in comparison with non-O groups.25,87,88 
The Rh(D) positive blood type was associated with the 
SARS-CoV-2 infection and death.89

The renin-angiotensin-aldosterone system (RAAS) is 
of  great importance in COVID-19,90 having considered 
the fact that angiotensin-converting enzyme 2 (ACE2) is 
the major receptor for SARS-CoV-2 on alveolar epithe-
lial cells.91 Transmembrane protease serine 2 (TMPRSS2) 

– a  molecule that is necessary for spike protein (S pro-
tein) priming – and ACE2 are expressed, except alveoli, 
also in blood vessels, olfactory epithelium, the brain, the 
heart, the kidneys, the bladder, and the intestine, thus 
explaining the varied symptoms observed in COVID-19 
patients.92,93 Together with ACE2, TMPRSS2 and dipepti-
dyl peptidase-4 (DPP4) have been reported to play an im-
portant role in the severity of  the disease.94 It has been 
established that SARS-CoV-2 uses the receptor ACE2 for 
entry and TMPRSS2 for S protein priming.91 The ACE2 or 
TMPRSS2 DNA polymorphisms are likely associated with 
genetic susceptibility to COVID-19.95

The gene ApoE, located on 19q13.32, is one of the highly 
co-expressed genes in type II alveolar cells in the lungs, 
which has been investigated in regard to COVID-19 pro
gnosis.96 Kuo et al. showed that the ApoE e4 genotype pre-
dicted severe COVID-19 in the UK Biobank community 
cohort independently of the pre-existing CVD, dementia 
and type 2 diabetes.97 Variations in human leukocyte 
antigen (HLA) have also been determined concerning the 
identification of individuals at higher risk of the disease.98 
HLA-B*46:01 had the fewest predicted binding peptides 
for SARS-CoV-2, suggesting that individuals with this 
allele could be particularly vulnerable to COVID-19. 
Conversely, HLA-B*15:03 showed the greatest capacity 
to present highly conserved SARS-CoV-2 peptides, which 
are shared among common human coronaviruses.98 The 
3p21.31 gene cluster has been identified as a genetic sus-
ceptibility locus in patients with COVID-19-dependent 
respiratory failure. The potential involvement of the ABO 
blood group system was confirmed in a  study involving 
1,980 patients with COVID-19 and a  severe disease 
course, defined as respiratory failure.87

Recently, there has been much interest in interferon 
(IFN) research in regard to the SARS-CoV-2 infection. 
Available data implicates the importance of  type I IFN 
(IFN-I) signaling, including defects in IFN-I gene expres-
sion in defense against the SARS-CoV-2 infection, and 
suggests that the inherited deleterious variants may ex-
plain the subset of severe COVID-19.99 Zhang et al. and 
Bastard et al. revealed mutations in genes that belong to 
the Toll-like receptor 3 (TLR3) and IFN-I signaling path-
ways, leading to undetectable levels of  interferon alpha 
(IFN-α) in blood plasma during coronavirus infection, 
thus linking the mutations to defective IFN-α production 
and COVID-19 severity.99,100 It has been shown that the 
degree of  an  increase of  uracil in SARS-CoV-2 variants 
correlates with the enhanced production of  TNF-α and 
IL-6 when compared with stimulation with the single-
stranded RNA (ssRNA) sequence of the virus isolated in 
Wuhan. Thus, RNA editing has been stated a  factor for 
mutation bias in SARS-CoV-2 variants, which could affect 
the production of host inflammatory cytokines and influ-
ence SARS-CoV-2 overreactivity.101

The COVID-19 risk factors discussed in this paper are 
presented comprehensively in Table 1.
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Conclusions
Coronaviruses, including SARS-CoV-2, are character-

ized by fewer gene mutations than other RNA viruses. 
Although differences in within-host diversity between 
mild and severe COVID-19 cases have been revealed, 
direct factors determining COVID-19 severity are not 
yet fully described. Therefore, the accurate evaluation 
of  the role of SARS-CoV-2 variant-dependent and host-
dependent risk factors for COVID-19 severity and fatality 
may help to identify potential drug target candidates 
for further study and bring hope for a  breakthrough in 
COVID-19 treatment. 
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Abstract
The infection with a new type of virus – severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
– called coronavirus disease 2019 (COVID-19) was first described in December 2019, in Wuhan, China. Due 
to the gastrointestinal mucosa tropism of the virus, an attempt was made to describe the oral manifesta-
tions of the SARS-CoV-2 infection. Angiotensin-converting enzyme 2 (ACE2), which permits the attach-
ment of the virus, is present also in the oral cavity. There are many symptoms in the oral cavity; among 
them, the most prevalent ones are dysgeusia (taste disorders), oral pain, the exacerbation of autoimmune 
diseases as well as the herpes simplex virus (HSV) and varicella zoster virus (VZV) infections. Ulcerations 
and aphthous stomatitis are also often mentioned. The research shows that there are many oral symptoms 
in COVID-19, but the coexistence with the main disease has not been fully stated and understood. There is 
still no clearance on whether the oral symptoms are the manifestations of the disease or occur due to the 
loss of the immune response. Therefore, further studies on this subject should be conducted.
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Introduction
The novel coronavirus pneumonia was first observed 

in December 2019 in Wuhan, in the Hubei Province 
of  China. World Health Organization (WHO) named 
the virus severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) and the disease – coronavirus disease 
2019 (COVID-19). The most common symptoms are fe-
ver, cough, shortness of breath or difficulty in breathing, 
fatigue, and muscle or body aches. Less common features, 
such as headache, the loss of taste or smell, a sore throat, 
diarrhea, and nausea or vomiting, may be present. The 
severity of symptoms depends on the time of exposure to 
the virus, the patient’s age and gender as well as the coex-
isting diseases. The contact and droplet modes of trans-
mission of the virus are well known. The gastrointestinal 
mucosa tropism of SARS-CoV-2 has been proven by bio
psies. Due to the presence of the virus in stool, gastrointes
tinal transmission is also possible.1–4

The COVID-19 virus binds to 2 main host cell recep-
tors – angiotensin-converting enzyme 2 (ACE2) and 
transmembrane protease serine 2 (also called transmem-
brane serine protease or TMPRSS2).2 The severity of the 
coronavirus infection depends on many interactions, i.e., 
virus attachment, ACE2 receptor recognition, protease 
cleaving, and membrane fusion. The ACE2 receptor is 
highly expressed in the lung alveolar type 2 (AT2) cells, 
the esophagus, and the epithelial cells of the ileum and the 
colon. Apart from the above, ACE2 can also be found in 
the absorptive enterocytes from the ileum and the colon.1

In the oral cavity, those receptors are present mostly on 
the tongue and in the salivary glands.3 They also occur 
in the nasopharynx, oral and nasal mucosa.4 The course 
of infection is based on viral coagulopathy, which includes 
the consumption of platelets, thrombin and increased fi-
brin degradation products. The specific mechanism(s) 
of this phenomenon has not been fully understood. The 
treatment modalities have not been stated either.2 It is 
also a  well-known fact that patients with autoimmune 
diseases are predisposed to the SARS-CoV-2 infection.5

Nostril and throat swab are the most common diagnos-
tic tools. The molecular polymerase chain reaction (PCR) 
tests enable finding the SARS-CoV-2 genes. In 42.9–81.8% 
of patients with a negative throat swab, the result might 
be positive when the probe is taken from the stool.6

The aim of this review was to briefly present the pos-
sible symptoms of COVID-19 in the oral cavity.

Material and methods
The PubMed database was searched to achieve the re-

cent information, dating from December 2019 to October 
2020. The key words were: ‘COVID-19’ and ‘oral cavity 
manifestations’. Eighty-nine articles were found; among 
them, only 68 were full-text articles and referred to the 

studied topic. The chosen articles were in English only 
and were peer-reviewed. Twenty-one articles were writ-
ten in a language other than English and were not taken 
into consideration. In the last step, the papers without 
clear background were excluded.

Oral manifestations
During the infection, SARS-CoV-2 is detected in saliva, 

so the salivary gland transmission of the virus is also pos-
sible.1 The oral cavity, as part of the gastrointestinal duct, 
is also rich in ACE2 receptors, especially in the salivary 
glands and the dorsum of the tongue. Most of the symp-
toms present in the oral cavity are due to the impaired 
immune system and/or susceptible oral mucosa.3

The frequency of  oral manifestations of  COVID-19 
is not known, but a  huge study of  666 patients suggests 
that oral cavity findings are present in 25.65% of cases.7,8 
It is hypothesized that mild severity of disease is related 
to no symptoms or minor symptoms of the disease.7,8 The 
common symptoms are blisters, ulcerations and desqua-
mative gingivitis.9 The ulcerations of  the tongue occur 
quite often. The observations show that most of them are 
non-bleeding, but painful. They are always present on the 
dorsum or side of  the tongue. Only in 15% of  patients, 
tongue ulcerations develop on the ventral surface.10 All the 
ulcerations and wounds may also result from the forma-
tion of thrombi and vasculitis in the oral cavity.11 Doctors 
reported white plaque on the dorsum of the tongue dur-
ing the SARS-CoV-2 infection as well.2 The plaque did not 
react to antifungal treatment. It was retrospectively reco
gnized as geographic tongue with an  exacerbation dur-
ing COVID-19. Additionally, multiple pinpoint yellowish 
ulcers on the dorsum of  the tongue were present; those 
were probably the late-stage ulcers of the herpetic infec-
tion.2 Herpes simplex virus (HSV) ulcerations are usually 
associated with stress due to presence of the disease and 
are not a specific symptom of the SARS-CoV-2 infection.12 
Frequently, ulcerations are combined with swelling.13 
Herpes zoster (HZ) disease might also be manifested.10  
Other oral symptoms might be explained through the 
aggravation of  immune/defense mechanisms toward the 
present lesions. The most commonly observed are pemphi-
gus, lichen planus, pemphigoid, and Sjögren’s syndrome.4 
A  specific set of  symptoms, called Kawasaki-like symp-
toms, is the most severe oral manifestation. This includes 
erythema, dryness, the fissuring, peeling, cracking, and 
bleeding of  mucosa and the lips, and strawberry tongue. 
Apart from oral manifestations, cervical lymphadenopa-
thy is also observed.14 In the case of COVID-19, the mimic 
of  Kawasaki syndrome is called multisystem inflamma-
tory syndrome in children (MIS-C) or hyperinflammatory 
shock. It is observed mainly in children. A  sore throat, 
malaise, diarrhea and abdominal sensations, anorexia, rash 
skin, and conjunctivitis are other symptoms.15
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Fungal infections are also one of the common oral mani-
festations of SARS-CoV-2, probably caused by lower immu-
nity.16 It has to be mentioned that a case of a neonate with 
COVID-19 and oral cavity candidiasis has been described.17

The most frequent locations of  the COVID-19 symp-
toms are the palate and the tongue, followed by the gums 
and the lips. Patients report pain in 75% of cases.18 Oral 
lesions heal within 3–21 days, either spontaneously or 
through topical treatment and oral hygiene.19

Most of  the lesions in the oral cavity are prior to 
COVID-19 infection or result from the applied treatment.3 
Some patients may present with problems regarding soft 
tissues, saliva production and neurologically based oral 
sensations, even after a  full recovery from COVID-19.4 
It is stated that olfactory and taste disturbances are the 
only oral symptoms of COVID-19. Dysgeusia and the loss 
of scent are caused by the edema of the respiratory epi-
thelium.12 Most of the patients (91%) report taste changes 
before other symptoms occur.20,21 As many as 33.9% of pa-
tients present taste or olfactory disorders (e.g., anosmia)20 
and 18.6% – both of these.21 Other researches show that 
25% of patients reported impaired taste, 15% had burn-
ing sensations and 20% difficulty in swallowing.22 Ageu-
sia is observed in 24% of patients, hypogeusia in 35% and 
dysgeusia in 38%.19 Taste disorders are more common in 
women than men.19 It has also been reported that instead 
of the loss of taste, metallic taste was felt.14

A strong correlation between oral cavity manifesta-
tions and COVID-19 has also been shown. The appear-
ance of oral lesions depends on the severity of the main 
disease. During the treatment of the viral infection, oral 
symptoms recede as well.23

All the symptoms mentioned above are collected in 
Table 1.

The recent research by Emodi-Perlman et al. shows that 
also the temporomandibular joint and muscles are involved 
in COVID-19.24 The authors proved that the worldwide situa
tion had increased the frequency of anxiety and resulted in 
the rise of temporomandibular disorders and bruxism.24

Conclusions
It has neither been confirmed nor disproven that the 

oral cavity is a place of manifestation of the SARS-CoV-2 
infection and COVID-19. We still have to remember that 
oral–fecal transmission is possible, especially that the virus 
is detected in stool months after the beginning of the in-
fection, even after the respiratory symptoms disappear.25,26 
A conclusion that oral manifestations may not be symp-
tomatic of SARS-CoV-2, but may result from the exacer-
bation of other diseases, should be made.27 It also has to be 
remembered that the oral cavity is full of ACE2 receptors, 
which have a strong affinity to the COVID-19 virus.

ORCID iDs
Anna Maria Paradowska-Stolarz  https://orcid.org/0000-0003-2817-1445

References
1.	 Gu J, Han B, Wang J. COVID-19: Gastrointestinal manifesta-

tions and potential fecal–oral transmission. Gastroenterology. 
2020;158(6):1518–1519. doi:10.1053/j.gastro.2020.02.054

2.	 Kipshidze N, Dangas G, White CJ, et al. Viral coagulopathy in patients 
with COVID-19: Treatment and care. Clin Appl Thromb Hemost. 
2020;26:1076029620936776. doi:10.1177/1076029620936776

3.	 Amorim dos Santos J, Costa Normando AG, Carvalho da Silva RL, 
et  al. Oral mucosal lesions in a  COVID-19 patient: New signs 
or secondary manifestations? Int J Infect Dis. 2020;97:326–328. 
doi:10.1016/j.ijid.2020.06.012

4.	 Dziedzic A, Wojtyczka R. The impact of  coronavirus infectious 
disease 19 (COVID-19) on oral health. Oral Dis. 2020. doi:10.1111/
odi.13359

5.	 Ferri C, Giuggioli D, Raimondo V, et  al.; COVID-19 & ASD Italian 
Study Group. COVID-19 and rheumatic autoimmune systemic 
diseases: Report of  a  large Italian patients series. Clin Rheumatol. 
2020;39(11):3195–3204. doi:10.1007/s10067-020-05334-7

6.	 Cha MH, Regueiro M, Sandhu DS. Gastrointestinal and hepatic 
manifestations of COVID-19: A comprehensive review. World J Gas-
troenterol. 2020;26(19):2323–2332. doi:10.3748/wjg.v26.i19.2323

7.	 Vieira AR. Oral manifestations in coronavirus disease 2019 (COVID-19). 
Oral Dis. 2020. doi:10.1111/odi.13463

8.	 Nuno-Gonzalez A, Martin-Carrillo P, Magaletsky K, et al. Prevalence 
of mucocutaneous manifestations in 666 patients with COVID-19 in 
a field hospital in Spain: Oral and palmoplantar findings. Br J Der-
matol. 2021;184(1):184–185. doi:10.1111/bjd.19564

9.	 Sinadinos A, Shelswell J. Oral ulceration and blistering in patients 
with COVID-19. Evid Based Dent. 2020;21(2):49. doi:10.1038/s41432-
020-0100-z

10.	 Riad A, Kassem I, Hockova B, Badrah M, Klugar M. Tongue ulcers 
associated with SARS-CoV-2 infection: A case series. Oral Dis. 2020. 
doi:10.1111/odi.13635

11.	 Cruz Tapia RO, Peraza Labrador AJ, Guimaraes DM, Matos Valdez LH. 
Oral mucosal lesions in patients with SARS-CoV-2 infection. Report 
of four cases. Are they a true sign of COVID-19 disease? Spec Care 
Dentist. 2020. doi:10.1111/scd.12520

12.	 Al-Khatib A. Oral manifestations in COVID-19 patients. Oral Dis. 2020. 
doi:10.1111/odi.13477

13.	 Kitakawa D, Oliveira FE, Neves de Castro P, Carvalho LFCS. Short 
report – herpes simplex lesion in the lip semimucosa in a COVID-19 
patient. Eur Rev Med Pharmacol Sci. 2020;24(17):9151–9153. 
doi:10.26355/eurrev_202009_22863

14.	 Capocasale G, Nocini R, Faccioni P, et al. How to deal with coronavirus 
disease 2019: A  comprehensive narrative review about oral involve-
ment of the disease. Clin Exp Dent Res. 2020. doi:10.1002/cre2.332

15.	 Al Ameer HH, AlKadhem SM, Busaleh F, AlKhwaitm S, Llaguno  MBB. 
Multisystem inflammatory syndrome in children temporally 
related to COVID-19: A  case report from Saudi Arabia. Cureus. 
2020;12(9):e10589. doi:10.7759/cureus.10589

Table 1. Oral manifestations of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection2,3,7,8,13,14,19

Region  
of the oral cavity Symptoms

Tongue dorsum

white plaque and erythematous plaque, yellowish 
ulcerations (HSV), exacerbation of geographic tongue, 
candidiasis, thrush, ulcers, transient lingual papillitis, 

glossitis, lateral indentations, patch depapillation

Oral mucosa
ulcerations, petechiae, stomatitis (specifically 

aphthous stomatitis), exacerbation of autoimmune 
disorders, blisters, macules, mucositis

Gingivae gingivitis, desquamative gingivitis

Other

dysgeusia (taste disorders), xerostomia, oral pain, 
erythematous surface in the oropharynx  

and on the hard palate, oral petechiae, a sore throat, 
Kawasaki-like disease, pruritus

HSV – herpes simplex virus.



A.M. Paradowska-Stolarz. Oral manifestations of COVID-19126

16.	 Riad A, Gad A, Hockova B, Klugar M. Oral candidiasis in non-severe 
COVID-19 patients: Call for antibiotic stewardship. Oral Surg. 2020. 
doi:10.1111/ors.12561

17.	 Dima M, Enatescu I, Craina M, Petre I, Iacob ER, Iacob D. First neo-
nates with severe acute respiratory syndrome coronavirus 2 
infection in Romania: Three case reports. Medicine (Baltimore). 
2020;99(33):e21284. doi:10.1097/MD.0000000000021284

18.	 Garcia de Sousa FAC, Paradella TC. Considerations on oral 
manifestations of  COVID-19. J Med Virol. 2021;93(2):667–668. 
doi:10.1002/jmv.26451

19.	 Amorim Dos Santos J, Normando AGC, Carvalho da Silva RL, et al. Oral 
manifestations in patients with COVID-19: A living systematic review. 
J Dent Res. 2021;100(2):141–154. doi:10.1177/0022034520957289

20.	 Odeh ND, Babkair H, Abu-Hammad S, Borzangy S, Abu-Hammad A, 
Abu-Hammad O. COVID-19: Present and future challenges for 
dental practice. Int J Environ Res Public Health. 2020;17(9):3151. 
doi:10.3390/ijerph17093151

21.	 Giacomelli A, Pezzati L, Conti F, et al. Self-reported olfactory and taste 
disorders in patients with severe acute respiratory coronavirus  2 
infection: A cross-sectional study. Clin Infect Dis. 2020;71(15):889–890. 
doi:10.1093/cid/ciaa330

22.	 Sinjari B, D’Ardes D, Santilli M, et al. SARS-CoV-2 and oral manifes-
tation: An observational, human study. J Clin Med. 2020;9(10):3218. 
doi:10.3390/jcm9103218

23.	 Brandão TB, Gueiros LA, Melo TS, et al. Oral lesions in patients with 
SARS-CoV-2 infection: Could the oral cavity be a  target organ? 
Oral Surg Oral Med Oral Pathol Oral Radiol. 2021;131(2):e45–e51. 
doi:10.1016/j.oooo.2020.07.014

24.	 Emodi-Perlman A, Eli I, Smardz J, et  al. Temporomandibular disor-
ders and bruxism outbreak as a  possible factor of  orofacial pain 
worsening during the COVID-19 pandemic – concomitant research 
in two countries. J Clin Med. 2020;9(10):3250. doi:10.3390/jcm9103250

25.	 Su S, Shen J, Zhu L, et  al. Involvement of  digestive system in 
COVID-19: Manifestations, pathology, management and chal-
lenges. Therap Adv Gastroenterol. 2020;13:1756284820934626. 
doi:10.1177/1756284820934626

26.	 Cheung KS, Hung IFN, Chan PPY, et al. Gastrointestinal manifesta-
tions of SARS-CoV-2 infection and virus load in fecal samples from 
a Hong Kong cohort: Systematic review and meta-analysis. Gastro-
enterology. 2020;159(1):81–95. doi:10.1053/j.gastro.2020.03.065

27.	 Ponce JB, Tjioe KC. Overlapping findings or oral manifestations in 
new SARS-CoV-2 infection. Oral Dis. 2020. doi:10.1111/odi.13478



Address for correspondence
Wojciech Florjański
E-mail: wojtek.florjanski@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Received on December 5, 2020
Reviewed on December 14, 2020
Accepted on February 1, 2021

Published online on March 22, 2021

Abstract
Temporomandibular disorders (TMD) constitute a heterogeneous group of disorders concerning temporo-
mandibular joints (TMJ) and the surrounding structures. The etiology is multifactorial, and comprises bio-
logical factors (e.g., internal derangements in TMJ), psychological factors (e.g., depression, anxiety and 
stress) and social factors (e.g., a learned response to pain). In accordance with the biopsychosocial model 
of health and illness, psychological factors are recognized as highly significant in the development of TMD.

The aim of this review was to present the role of chosen mental disorders (depression, anxiety) in TMD 
and their significance for dental practitioners in the light of current knowledge. The PubMed, Scopus and 
Web of Science databases were searched for relevant studies. Finally, 22 studies were included in this review. 
The gathered literature shows convincing evidence that mental derangements play a significant role in TMD 
by influencing the onset of the disorder, the course of the condition and the patient’s response to treatment. 
However, the precise role of each mental disorder still requires further clarification.
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Introduction
‘Temporomandibular disorders’ (TMD) is an  um­

brella term for a  heterogeneous group of  disorders 
concerning temporomandibular joints (TMJ) and the 
surrounding structures. Temporomandibular disor­
ders are the second most common cause of  pain in 
the orofacial region after toothache.1 The prevalence 
of  TMD in the general population is estimated at 
around 40%.2 In young adults, the prevalence of TMD 
symptoms varies from 42.9% up to 60%.3–7 The most 
common symptoms are: pain of  the masticatory 
muscle or in the joint area; headache; reduced mobi­
lity of  the mandible, and joint sounds.8 The etiology 
of TMD is multifactorial,9–11 and comprises biological 
factors (e.g., internal derangements in TMJ), psycho­
logical factors (e.g., depression, anxiety and stress) and 
social factors (e.g., a  learned response to pain).12 The 
Research Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD) introduced by Dworkin and 
LeResche in 1992,13 later updated to Diagnostic Cri­
teria for Temporomandibular Disorders (DC/TMD), is 
an  internationally accepted tool for diagnosing TMD 
based on the biopsychosocial model of health and ill­
ness. The RDC/TMD and the latest DC/TMD func­
tion as a two-axis system. Axis I focuses on diagnosing 
biological factors based on physical examination, and 
Axis II refers to psychosocial factors, studied by means 
of a series of questionnaires.13 The two-axis structure 
proposed in this diagnostic tool brings out the impor­
tance of psychosocial factors in TMD, which are still 
often underestimated or unknown by various clini­
cians working in the field of dentistry.

The aim of this review was to present the role of chosen 
mental disorders (depression, anxiety) in TMD and their 
significance for dental practitioners in the light of current 
knowledge.

Material and methods
The authors searched 3 electronic databases – PubMed, 

Scopus and Web of Science – for articles describing the re­
lationship between anxiety or depression and TMD. Only 
original, English-language articles were included. Also 
the bibliography of the obtained studies was searched for 
relevant articles. Then, the retrieved papers underwent 
a qualitative analysis. Finally, 22 articles were included in 
this review.

Results and discussion
Mental disorders, such as depression or anxiety, are con­

sidered by some authors as the potential causes of TMD 
symptoms.14,15 They play an  important role in the onset 

of TMD and its perpetuation.16–18 Some authors consider 
psychosocial comorbid conditions as predictors of a less 
favorable response to classical therapy.19

The precise mechanisms linking psyche and TMD 
are unknown. Potentially, stress may alter the threshold 
of pain perception in the central nervous system, increase 
the intensity of parafunctional habits as well as mastica­
tory muscle fatigue and tightness, and initiate the disor­
der.14,15 Or the other way round – pain (especially chronic), 
through the constant input of  painful stimuli, induces 
central sensitization and causes permanent changes in the 
central nervous system.20 Pain and psychological distress 
seem to create a dynamic vicious circle, in which mental 
disorders intensify the perceived pain and the perceived 
pain worsens the course of  mental disorders. In  many 
cases, it is hard to distinguish the cause from the effect.21 
The mechanism may also be associated with the dys­
regulation of  the hypothalamic–pituitary–adrenal axis, 
leading to the production of excessive amounts of stress 
hormones, such as cortisol and catecholamines. The axis 
hormones are associated with mental disorders, such as 
depression, and other somatic illnesses, such as diabetes, 
hypertension or facial pain.22–24 Other studies confirmed 
that patients diagnosed with TMD presented with 
statistically significantly higher levels of stress hormones 
in comparison with healthy controls.25,26

Depression 

A depressive episode is characterized by subsequent 
symptoms: low mood; loss of interest or no sense of plea­
sure; psychomotor agitation or retardation; fatigue or loss 
of energy; significant changes in weight; strong belief in 
own worthlessness or a sense of guilt; impaired concen­
tration; and hypersomnia or insomnia.27–29 Patients suf­
fering from depression are at higher risk of  committing 
suicide.30

In the last 20 years, the prevalence of depression has in­
creased by 49.86% and it is estimated that during lifetime, 
20% of the society will develop this illness.31–33

The most commonly used questionnaires diagnosing 
depression are: the Hospital Anxiety and Depression Scale 
(HADS)1; the Patient Health Questionnaire-9 (PHQ-9)34; 
the Symptom Checklist-90-Revised (SCL-90R)35,36; 
and the Beck Depression Inventory (BDI).37 The usage 
of those questionnaires as diagnostic tools is very con­
venient and time-saving from the point of view of the 
doctor. Still, it has to be marked that questionnaires 
can only serve as screening tools for certain psycho­
logical disorders, and indicate patients that need a de­
finitive diagnosis and treatment provided by the psy­
chiatrist.1,38

Patients with TMD present with higher levels of de­
pression as compared to healthy controls.29,39,40 Some 
studies divided TMD patients based on pain, report­
ing significantly higher levels of depression in patients 
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with painful TMD than in the case of  non-painful 
TMD.36,41,42 What is worth noticing in those studies is 
the fact that the precise localization of  pain (diagno­
sis from Axis I) was not significant.36,41,42 Others di­
vided patients based on the duration of the symptoms, 
reporting significantly higher levels of  depression in 
patients with chronic TMD than those with acute 
TMD.20,38 In  the above-mentioned studies, chronic 
TMD was defined as lasting at least 3 months. One 
of  the studies focused on changes in the perceived 
symptoms of  TMD at the time of  higher and lower 
levels of depression and anxiety.43 A significant difference 
was found only in the maximum mouth opening with­
out pain and the level of self-estimated mandibular im­
pairment. The maximum mouth opening without pain 
was decreased and the level of self-estimated man­
dibular impairment was increased at the time of a high 
level of depression. On the other hand, non-significant 
differences were found in the number of tender points 
or the electromyographic activity of  the masticatory 
muscle, which seemed not to depend on  the level 
of anxiety and depression.43

Korszun  et  al. conducted an  interesting study, in 
which patients with chronic facial pain underwent 
full medical and psychiatric assessment according 
to the Diagnostic and Statistical Manual of  Mental 
Disorders  IV (DSM-IV) criteria.26 The percentage of 
patients diagnosed with depression or symptoms charac­
teristic of depression was statistically significantly 
higher among patients with chronic facial pain than 
in healthy controls. Interestingly, fatigue and insomnia 
were the most common symptoms, reported by 92% 
of  patients with a  diagnosis of  depression and 50% 
of patients presenting with only some depressive symp­
toms. By comparison, 38% of controls reported those 
symptoms. An important issue is that 50% of patients 
fulfilling the DSM-IV criteria for depression received 
this diagnosis for the first time, despite various pre­
vious consultations. This fact might indicate that the 
number of  patients with TMD requiring a  specialist 
psychiatric consultation is underestimated by various 
practitioners. No statistically significant differences in 
the occurrence of  depression between TMD patients 
and chronic facial pain patients of different origin was 
found, either. Thus, the significant variable correlated 
with depression could be pain, not TMD.26,44 Several 
studies suggest that depression and chronic pain syn­
dromes share the same neurological pathways and 
neurotransmitters (such as norepinephrine, glutamate 
and serotonin), and involve the same brain structures 
(such as the anterior cingulate cortex, the prefrontal 
cortex, the amygdala, and the hippocampus).45–47 Fur­
thermore, both chronic pain and depression aggravate 
each other, and cause maladaptive changes in the brain 
function and structure.46,47 Chronic pain intensifies 
depressive symptoms by causing distress.46 Depression 

on the other hand may be a result of monoamine neu­
rotransmitter deficiency, which leads to increased 
sensitivity to painful stimuli.45 It is also suggested that 
depression may be considered as an  inflammatory 
process in the brain due to increased levels of  pro-
inflammatory cytokines, which results in higher pain 
sensitivity.46 Therefore, early diagnosis and proper 
treatment are crucial.

Another interesting finding is that young children who 
had contact with adults with depression are at increased 
risk of  the development of  painful TMD in their early 
adulthood.48

Table 1 presents a summary of data regarding depres­
sion from the most important studies included in the re­
view.

Anxiety 

Anxiety is characterized by a  sense of  worry, diffi­
cult to control and causing a  feeling of  restlessness, 
fatigue, a sense of tension, nervousness, and sleep dis­
turbance.27,49 In some studies, in which the Spielberger 
State-Trait Anxiety Inventory (STAI) was used, 2 types 
of  anxiety were distinguished: state-anxiety, which is 
associated with the current level of anxiety and is tran­
sitory; and trait-anxiety, which expresses one’s persona­
lity and is more stable during lifetime.50 Anxiety is 
recognized as the most common mental disorder in 
the European Union and it is 3 times more frequently 
diagnosed in women than men.51

Studies employ various questionnaires to diagnose anx­
iety. These are: HADS1,37; STAI15,37,52,53; the Beck Anxiety 
Inventory (BAI)37,52; the Generalized Anxiety Disorder-7 
(GAD-7)34; and SCL-90R.35,36

The role of  anxiety in TMD is still rather controver­
sial. Many studies suggest the existence of  a  correlation 
between TMD and anxiety,3,37,54–56 but other researchers 
present contradictory results,1,20,57–59 seeing anxiety as 
a less important factor in the case of TMD patients than 
depression.1,20 The different results of the presented stu­
dies may be explained by differences in many important 
variables, such as the population under study, the study 
design and the questionnaire used.

Those authors who managed to find a correlation be­
tween TMD and anxiety reported significantly higher 
levels of  anxiety in patients with TMD as compared to 
healthy controls. The individuals affected by anxiety were 
up to 5 times more prone to develop TMD than non-
TMD patients.48 A correlation was found in both acute60 
and chronic TMD.61 Severe anxiety levels increased by 
twice the probability of  chronic pain, disability and de­
pression,53 and the level of anxiety correlated with the du­
ration of the disorder.20

Regarding one of the subtypes of anxiety, the analyzed 
articles were consistent. Trait-anxiety occurred more 
often in patients with TMD than healthy controls.15,53 
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The odds of  TMD correlated with the level of  trait-
anxiety, regardless of age, gender or the level of educa­
tion. Patients suffering from trait-anxiety at a moderate 
level were at higher risk of  TMD, while severe trait-
anxiety doubled the risk.53

In one of  the analyzed articles, higher state-anxiety 
levels correlated with an increased risk of painful TMD53 
whereas in another study, they did not.15 This inconsis­
tency can be easily explained, because, as mentioned 
before, state-anxiety concerns the momentarily perceived 
anxiety, which can be influenced by other psychosocial 
factors, not taken into consideration in either of the pre­
sented articles.

Similarly to depression, anxiety does not show any cor­
relation with Axis I diagnosis, leading to the conclusion 
that the localization of the symptoms is insignificant.35,50,53

There is weak evidence that the level of anxiety tends to 
decrease significantly after 1 month of treatment, regard­
less of  the type of  therapy used (occlusal splint therapy, 
manual therapy, counseling, or the combination of occlu­
sal splint therapy and counseling).52

Table  2 presents a  summary of  data regarding an­
xiety from the most important studies included in the 
review.

Limitations
The usage of questionnaires as the only diagnostic tools 

for mental disorders is an  important limitation of  the 
included studies. The lack of  further psychiatric confir­
mation may lead to misdiagnosis, biasing the presented 
results. Furthermore, questionnaires screen only for cer­
tain symptoms and do not provide a precise psychiatric 
diagnosis.

Conclusions
Evidence supporting a  correlation between men­

tal disorders, such as depression and anxiety, and 
TMD is convincing and numerous. The derangements 

Table 1. Summary of data regarding depression from the most important studies included in the review

Study Population Study  
group

Control  
group

TMD  
diagnosing 

tool

Psychiatric 
diagnosing 

tool
Correlation Conclusion

Giannakopoulos et al. 
(2010)1

N = 222 
61 men 

161 women

chronic, 
painful 
TMD

non-painful TMD, 
patients without 
chronic facial pain

RDC/TMD HADS +
significantly higher levels of depression  

in the study group

Cao et al. 
(2020)20 N = 830

TMD 
subgroups

TMD subgroups RDC/TMD DASS-21 +/−
significantly higher levels of depression 

only in the chronic, painful TMD subgroup

Korszun et al. 
(1996)26 N = 72 TMD

chronic 
facial pain

University of 
Washington 

criteria

psychiatric 
examination

− no significant correlation found

Simoen et al. 
(2020)34

N = 243 
52 men 

191 women

painful 
TMD

non-TMD DC/TMD PSQ-9 +
significantly higher levels of depression  
in the study group, unrelated to gender

De la Torre Canales et al. 
(2020)36

N = 737 
150 men 

587 women

painful 
TMD

non-painful TMD RDC/TMD SCL-90R +
significantly higher levels of depression  

in the study group

Reiter et al. 
(2015)38 N = 207

chronic 
TMD

acute TMD RDC/TMD SCL-90R +
significantly higher levels of depression  

in the study group, additionally,  
more severe pain and disability

Fernandes et al. 
(2013)41 N = 224

painful 
TMD

non-painful TMD 
or non-TMD

RDC/TMD SCL-90 +
significantly higher levels of severe 

depression in the study group

Maślak-Bereś et al. 
(2019)42 N = 260

TMD 
subgroups

non-TMD RDC/TMD BDI +
significantly higher levels of depression  

in patients with painful TMD,  
no differences between the study groups

Calixtre et al. 
(2014)43

N = 116 
32 men 

84 women
TMD TMD RDC/TMD HADS +

significant differences found only  
in the maximum mouth opening  
without pain and the level of self-
estimated mandibular impairment  

at the time of higher levels of depression

Manfredini et al. 
(2009)44

N = 96 
21 men 

75 women

TMD 
subgroups

TMD 
subgroups

RDC/TMD SCL-90R − no significant correlation found

TMD – temporomandibular disorders; RDC/TMD – Research Diagnostic Criteria for Temporomandibular Disorders; DC/TMD – Diagnostic Criteria for 
Temporomandibular Disorders; HADS – Hospital Anxiety and Depression Scale; DASS-21 – Depression, Anxiety and Stress Scale-21; PHQ-9 – Patient Health 
Questionnaire-9; SCL-90R – Symptom Checklist-90-Revised; SCL-90 – Symptom Checklist-90; BDI – Beck Depression Inventory.
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influence the onset of  TMD, the course of  the dis­
ease and a  response to treatment. However, the pre­
cise role of each mental disorder still requires further 
clarification.

Screening for mental disorders in TMD patients by 
means of  questionnaires in general dentists’ offices is 
highly recommended. 

Depression correlates with TMD; the presence or ab­
sence of orofacial pain might by a more important factor 
than a diagnosis of TMD.

A correlation between anxiety and TMD is rather 
controversial and depends on various factors, such as 
the study design, the population under study, the con­
trol group, etc. Future studies should focus on inves­
tigating the circumstances in which the correlation is 
significant.

In further research, precise causal relationships should 
be established between depression, anxiety and TMD, 
along with defining the prevalence and coexistence of the 
above-mentioned conditions. A diagnosis of mental dis­
orders should be confirmed by psychiatric examination, 
not only based on questionnaires. 
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