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ABSTRACT: Introduction. Dental fatigue fractures are the result of occlusal overloads occurring because of 

increased intensity of occlusal forces or decreased resistance of dental hard tissues to habitual occlusal forces. In the 
COVID-19 pandemic, occlusal stress has increased significantly, and so has the number of dental fractures. The 
study has the aim to determine if the number of cases of dental fatigue fractures during the pandemic crisis was 
higher than in the immediately preceding period. Methodology. The retrospective study was carried out in a private 
dental clinic, selecting from the case series presented during March 2019-March 2021 the cases of dental fatigue 
fractures presented for diagnosis and treatment. The data collected from the patients included the reason for the 
presentation, the dental and medical history, and results from dental examination and radiological data. The statistical 
analysis was carried out with Microsoft Excel and SPSS software. Results. The study included 644 patients, 
430 women and 214 men, with ages between 25 and 85 years (61±7.4 years). From a total of 2581 visits, 1534 visits 
were made to 383 patients between March 2019 and March 2020, and 1047 visits were made to 261 patients 
between March 2020 and March 2021, the number of visits decreasing by 31.75% during the pandemic. During the 
pandemic, the number of fractured teeth tripled, increasing from 0.53% to 1.53% (p=0.009). The most affected teeth 
were the maxillary premolars and the permanent first molar, both mandibular and maxillary. In most cases, the 
indication for treatment was extraction. Conclusions. The Sars-Cov2 virus pandemic crisis has significantly increased 
the number of teeth with dental fatigue fractures presented to the dental office for diagnosis and treatment. 
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Introduction 

Cracked teeth and vertical root fractures 

became an important part of the dental 

pathology in the late decades, because of their 

growing incidence and because treatment is hard 

to accomplish in a conservatory way. 

These entities are considered a part of 

occlusal disease, triggered by occlusal overload 

[1,2]. 

Repeated excessive occlusal loads generate 

dental stress and microtrauma. Stress results in 

compression, flexion, and tension on teeth. 

It produces microfractures and abfractions in 

teeth as first signs of occlusal disease [1]. 

When Grippo first defined abfraction as a 

non-carious cervical lesion induced by occlusal 

stress, it was universally accepted as a common 

term for occlusal disease [1,3,4,5]. 

In occlusal disease dental lesions appear as 

dental wear, cracked teeth, root fractures, 

occlusal trauma, fremitus [1,2]. 

Occlusal disease with excessive occlusal 

loads can occur in the case of a complete 

dentition by increasing the intensity of occlusal 

forces as in bruxism [6] or in the case of a 

reduced teeth number that support an occlusal 

force abnormally distributed as in partial 

edentulism [7]. 

Cracked teeth aetiology includes the factors 

that increase occlusal overloads by increasing 

the intensity of masticatory muscle contraction 

as in bruxism [6,8] and factors that reduce the 

resistance of teeth to forces (non-iatrogenic and 

iatrogenic) cited by Ellis et al. [9] and Bhanderi 

et al. [10] (Table 1). 
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Table 1. Etiological factors of fatigue tooth fracture (after Ellis et al. [9] and Bhanderi et al. [10]). 

Etiological factors of tooth fracture 

Factors that increase 

occlusal overloads 

-long term unilateral chewing 

-decreased number of teeth 

-rotation and tilting of teeth 

-isolated teeth 

-awake and sleep bruxism 

Factors that decrease 

tooth resistance to 

occlusal forces 

Non-iatrogenic -increased levels of dental fatigue in teeth with age 

-increased number of restored teeth with age 

-loss of dentin elasticity with age 

-the tooth structural defect (hypoplasia, dentinogenesis imperfecta) 

-tooth morphology (steep cusp inclination, deep grooves) 

-thermal cycling eating habits 

-tongue piercing 

Odonto-iatrogenic -excessive removal of tooth tissue in restorative procedures or root 

canal treatment 

-tooth dehydration and collagen depletion (higher concentration of 

sodium hypochlorite in root canal treatment) 

-large tooth restorations without cuspal protection 

-use of restorative materials with different thermal expansion 

coefficient and different mechanical properties compared with the 

tooth 
 

Described over time in the dental literature 

under different names, cracked teeth (fatigue 

tooth fracture) were defined by the American 

Association of Endodontics (AAE) as 5 types of 

tooth lesions: enamel craze line, cusp fractured, 

cracked tooth, split tooth, and vertical root 

fracture [11,12]. 

AAE later returned with other definitions, 

including also abfraction, infraction (craze line), 

fracture, root fracture, longitudinal fracture, split 

root [13,14,15] (Table 2). 
 

Table 2. Tooth fracture definitions [13,14,15]. 

Term Definition 

abfraction a V-shaped lesion in the cervical part of the tooth crown, produced by the flexure of the 

tooth as a result of the biomechanical loading  

craze line (infraction) a crack in the enamel  

cracked tooth a disruption of the structure of the tooth 

root fracture a fracture of the root of the tooth 

longitudinal fracture a fracture that follows the axial plane of the tooth. 

vertical root fracture avertical fracture of the root  

split root avertical fracture of the root with separation of the fractured fragments  

 

Cracked teeth from vital teeth without dental 

treatments were frequently found in the upper 

molars, especially the first molar, but also in the 

lower first molars, followed by the premolars 

[16]. 

The direction of fracture evolution was in 

most cases mesial-distally [16]. 

Fatigue dental fractures are characterized as 

vertical fractures of the crown and/or dental 

roots, which occur especially in nonvital teeth, 

and endodontically treated teeth [17,18], but also 

in vital teeth[18,19,20]. 

For crown fractures of vital teeth, the term 

"cracked tooth syndrome" is used, while for root 

fractures of vital or nonvital teeth, the term 

"vertical root fractures" is used [12,13]. 

Vertical root fracture is a longitudinal 

fracture of the root of the tooth that could 

involve the cementum, dentin, and root canal.  

Although it is commonly found in nonvital 

teeth, this type of fracture can also occur in vital 

teeth. 

Vertical root fracture can be incomplete, in 

this case the fracture involves only partial the 

root, and complete when the fracture is 

extending from one face of the tooth to the other 

[21]. 

The direction in which the fracture 

propagates can be corono-apical or apico-

coronal, to the same extent [22]. 

According to Arx et al., vertical root fractures 

develop especially in the buccal-lingual plane of 

the teeth [23]. 
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The origin of the root fractures would be 

mainly in the cervical or apical part of the root 

[22]. 

When a fracture evolveswith the separation 

of the two parts of the tooth, the situation is 

called split root [13]. 

Because crown-root fractures propagate very 

slowly (they are fatigue fractures) and appear 

without a sign or symptom, their diagnosis is 

very difficult. 

These fractures usually are observed in the 

final stage of the fracture, of separating the 

fragments, in nonvital teeth [17]. 

Unlike traumatic fractures, being unnoticed 

for a long period of time, the moment when they 

become evident is therapeutically overcome, and 

the only treatment is tooth extraction [17,21]. 

Tooth extraction of fractured teeth because of 

chronic stress was encountered in 9.5% of all 

extracted teeth in a general dental office and in 

25.8% of all extracted teeth in an endodontic 

practice, over 5 years [17]. 

In the case of vital teeth, vertical root 

fractures (VRF) are manifested by 

hypersensitivity when they have not affected the 

pulp and by acute pulpitis if the pulp chamber is 

affected [20]. 

Early diagnosis is essential for keeping the 

tooth on the arch in the case of incomplete 

fractures. 

If extraction is necessary, it is very important 

that it be done early, to prevent bone resorption 

that can have a negative impact on the implant-

prosthetic treatment in the edentulous area 

resulting after tooth extraction [17,20]. 

The factors considered for the prevalence of 

catastrophic VRF are age, gender, and tooth. 

Vertical root fractures are more commonly 

associated with nonvital teeth compared to vital 

teeth [17,24]. 

Yoshino et al. observed that 82.1% from all 

teeth had cast posts or screw posts, and the most 

affected tooth was lower first molar [24]. 

In vital teeth, the incidence of chronic fatigue 

root fracture was 0.76% in an asian population.  

Vertical root fractures and horizontal root 

fractures occured mainly in aged men (over 70 

years old), in posterior teeth with attrition, 

without restorations [20]. 

In a romanian population, vertical root 

fractures occured mainly in adult women (over 

40 years old), in nonvital teeth, in upper 

premolars and lower molars [17]. 

Back in 2022, AAE published a paper with 

the theme of increasing number of cracked teeth 

in pandemia with Sars Cov2 [13]. 

The pandemic with the Sars-Cov2 virus had 

the effect in the first instance of the closure of 

dental services worldwide, followed by a period 

of approximately 1 year with restrictions on the 

performance of the dental medical act. 

On the other hand, patients with dental 

problems had an additional stress factor that led 

to postponing the visit to the dentist, namely, the 

fear of contracting the COVID-19 disease 

[25,26]. 

In Romania, the pandemic with the SARS 

CoV2 virus had negative effects on dentistry by 

establishing a state of emergency with the 

closure of dental offices and later the 

introduction of distancing rules that reduced 

patients' access to the office maintained for over 

a year [27]. 

Overall, during the pandemic, the number of 

visits to the dentist decreased, with patients 

presenting mainly for dental emergencies. 

Among the emergencies patients presented for, 

cracked teeth had an alarming increase [26]. 

This phenomenon happened also in other 

countries, such as the USA [28], Saudi Arabia 

[29]. 

Appeared as a rumour in the dental 

environment, this increase in the number of 

cracked teeth began to be documented through 

observational studies and retrospective studies 

carried out in both endodontic and general 

dentistry offices [28,29,30]. 

As it is recognized that the Sars-Cov2 virus 

pandemic was characterized by stressand anxiety 

among the population, as well as dental anxiety, 

the question as to whether this has resulted in an 

increased number of cases of tooth fractures 

because of increasing occlusal overload is 

important. 

Dental fatigue fractures represent the third 

cause of edentulism, after periodontal disease 

and dental caries [31]. 

As far as we know, there is no other report of 

the situation of the fatigue tooth fractures in 

pandemic period compared to anterior period for 

the Romanian population. 

For other countries, like United States [28] 

and Saudi Arabia [28] the reports were already 

published. 

The aim of the retrospective study was to 

compare the number of cracked teeth in the 

period March 2020-March 2021 with the 

number of cracked teeth in the period March 

2019-March 2020, before the pandemic in a 

general dentistry practice. 

The null hypothesis is that the two periods 

present similar results. 
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Material and Methods 

This retrospective cohort study complied 

with the guidelines for Strengthening the 

Reporting of Observational Studies in 

Epidemiology [32]. 

Study population and design of the 
study 

The study collected data from a General 

Dentistry Clinic from Craiova over two years of 

observations (March 2019-February 2020, 

March 2020-February 2021). 

Thus, two groups were constituted: the study 

group, from the pandemic period and the control 

group from the period before the pandemic. 

All the patients whose data was used in the 

study gave a previous written inform consent for 

use of their data in clinical studies. 

All the patients gave informed written 

consent for all investigations and treatments 

received. 

The dental office was closed only during the 

period from March 16 to May 31, 2020, the 

lockdown period in Romania [27]. 

During the pandemic period, distancing rules 

and screening rules were introduced at the 

office, with the completion of the questionnaire 

for detecting COVID-19 and thermometry. 

In both periods, appointments were made by 

phone. 

The doctors who worked in the two periods 

were the same. 

Informed consent 
All patients were informed about the 

possibility of publishing their data and their 

informed consent was obtained for any 

diagnostic and treatment procedure and for 

publishing the data. 

The protocol of this study was approved by 

the Ethics Committee of University of Medicine 

and Pharmacy of Craiova, No. 156/25.07.2022, 

which certifies that the ethical principles 

underlying the Declaration of Helsinki and the 

Code of University Ethics regarding the proper 

conduct complied with the research process, 

together with the codes of practice established 

by the Code of Medical Ethics. 

Inclusion criteria 
The study included all visits performed by 

young and adult patients (over 18 years of age) 

in period described. 

Exclusion criteria 
The study excluded all visits of the children 

presented to the dental clinic in the studied 

period. 

Data collection 
Data collected in this study are from the 

young and adult patients who visited the clinic 

during the two years. 

The data collected from the patients included 

the reason for the presentation, the dental and 

medical history, and the data obtained from the 

dental examination. 

These data included the degree of tooth 

destruction and the type of dental crown 

reconstruction. 

Data obtained from the percussion tests, 

palpation, the bite test, cold and hot testing, 

periodontal survey, and assessment of dental 

mobility were used to establish a positive or 

negative diagnostic for vertical root fracture 

[33]. 

Also, the radiological evaluation done on 

RIO, OPG and CBCT in certain situations was 

used for diagnostic. 

The collected data were noted in the patients' 

file. 

The patients were followed up until the 

problem for which they presented themselves 

was solved. 

To extract the data, the patient files, as well 

as the radiographs and CBCT, were reviewed. 

Analyzed data included the number of 

patients, the number of visits, and the number of 

fractured teeth in the studied period. 

The demographic data of age and gender, the 

final diagnosis of root fracture, the type of the 

fractured tooth (upper or lower, incisive, canine, 

premolar or molar), the situation of the fractured 

tooth (root canal treated or not, crowned tooth, 

tooth with post and core), as well as the 

treatment for the fractured tooth, were recorded. 

The initial database was created in Microsoft 

Excel. Statistical Package for Social Sciences 

(SPSS), version 26 (IBM Corp., Armonk, NY, 

USA) was used for statistical analysis. 

Continuous variables were expressed as 

mean±standard deviation (SD), nominal and 

ordinal variables were expressed as absolute and 

relative frequencies (%). 

The Chi-square test was used for association, 

and the statistical significance was set at p 

<0.05. 

Results 

644 patients from Oltenia region were 

included in the study. 

From them, 383 presented for dental 

treatment in first period of the study (March 

2019-February 2020) and represented control 

group and 261 presented for dental treatment in 
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the second period of the study (March 2020-

February 2021) and represented study group. 

Overall, the entire group was imbalanced 

regarding gender distribution, with a female 

predominance, of 66.77%.  

The age for the study group was between 25 

and 85 years old, (mean age 60.43±9.37 years). 

The age for the control group was between 

25 and 84 years old (mean age 61.52±8.61 

years). 

Out of the total of 2581 visits, 1534 were in 

the period March 2019-March 2020, and 1047 in 

the period March 2020-March 2021, the number 

of visits decreasing by 31.75% during the 

pandemic (Figure 1). 
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Figure 1. Number of dental visits in anterior 
pandemic period and pandemic period. 
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Figure 2. Number of tooth fractures in anterior 
pandemic period and pandemic period. 

During the pandemic, the number of vertical 

root fractures tripled, increasing from 0.52% to 

1.53% (Figure 2). 

A chi-square test for association was 

conducted between period (before and during 

the COVID pandemics) and the number of 

vertical root fractures. 

All expected cell frequencies were greater 

than five. 

There was a statistically significant 

association between period and number of 

vertical root fractures, χ2(1)=6.845, p=0.009. 

The fractured teeth were the permanent upper 

first molars (26.08%), then maxillary first 

premolars (17.39%), and in fewer cases upper 

second premolars (13.04%), lower first molars 

(13.04%) and upper canines (13.04%). 

In most cases, the indication for treatment 

was extraction (Figure 3). 
 

 

Figure 3. Frequency of teeth fractures in lower and upper teeth. 
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Figure 4. Restoration types in fractured teeth. 

The majority of the fractured teeth were root 

canal treated (RCT) (59%) and restored with 

crowns (43%). 

Only 22% from fractured teeth had 

restorations with cast post and core (Figure 4). 

The fractured teeth that remained on the 

dental arch were restored with full coverage 

crowns, usually monolithic zirconia. 

The results of the study re  

jected the null hypothesis, showing a 

statistically significant increase in fatigue tooth 

fractures in pandemic crisis. 

Discussion 

The study showed a statistically significant 

increased incidence of dental fatigue fractures 

during the second studied period (in pandemic 

crisis) when compared to the anterior period, as 

for the number of dental visits. 

This trend observed by the authors was 

reported also by other researchers such as Nocini 

et al. [34]. 

They observed an increased number of 

fractured teeth in the UK and US during the 

COVID pandemic through an infodemiological 

analysis. Earlier in 2021, the ADA reported an 

increased prevalence of dental fracture cases in 

2021 as well as stress-related oral conditions 

[26]. 

Indeed, this phenomenon may be due to the 

increase in stress because of the pandemic [6] 

but also because of late presentation to dentist 

consequence of the anxiety related to the fear of 

contamination in the dental office [35]. 

The phenomenon was reported by Nosrat et 

al. in the study published in 2022, in which the 

authors showed that the number of fractured 

teeth increased in the period 2020-2021, 

compared to 2019 [28]. 

Their study showed that fractured teeth  

were more frequent in patients aged between 

40-60 and over 60, male, compared with another 

study of our team, that established a higher 

frequence for root fractures in women [17]. 

In the present study, most of the fractures that 

occurred were crown-root fractures in nonvital 

teeth, which required tooth extraction. 

The prevalence of vertical root fractures was 

higher in the nonvital teeth compared to vital 

teeth in studies conducted on Western 

populations, ranging from 2-5% to 3.9-25% for 

endodontically treated teeth, according to the 

analysis carried out by Liao et al. [36]. 

According to another analysis published in 

2022, the prevalence of VRF in endodontically 

treated teeth would be even higher, between 

4-32% [21]. 

For the Chinese population, two studies 

showed a higher prevalence of VRFNETT (VRF 

in teeth not treated in the root canal) among 

teeth with vertical fractures-40% of 315 cases of 

VRF [37] and 80% in 51 cases by VRF [38]. 

Also, in a study published in 2023 that 

analyzed the prevalence of VRF in the 

population, Ek et al. [29] compared the 

prevalence of VRF in 21156 patients from a 

university endodontic program (UEP) with the 

prevalence of VRF in 7209 patients from a 

private dental practice. 

The retrospective study carried out over a 

long period of time, between the years 2006-

2022, showed a combined prevalence of VRF of 

2.01%, this being lower in the UEP (1.8%) and 

higher in the private practice (2.62%). 

Comparing the pre-Covid (2006-2019) and 

the COVID (2020-2022) periods, a statistically 

significant increase in the prevalence of vertical 

root fractures was found (1.72% in the  

pre-COVID-19 to 3.82% in the COVID-19 

period). 

The prevalence of suspected VRF cases was 

0.99% pre-pandemic, increasing statistically 

significantly in the pandemic to 2.31%. 

The prevalence of confirmed cases of VRF 

was also increasing from 0.65% to 1.01%, 

statistically significant [29]. 

The most affected teeth in the present study 

were nonvital teeth, and as the type of tooth, the 

1st upper molars and the two upper premolars. 

In a previous study of root fractures on 

Romanian population, most affected teeth were 

also nonvital teeth (88.2%), and as tooth type, 

upper premolars, and lower molars [17]. 

In a study in the Japanese population 

conducted on 288 endodontically treated teeth 

with isolated periodontal pockets larger than 
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5mm, Lee et al. [39] observed a 32% prevalence 

of vertical root fractures. 

Lower first molars (31.5%) and premolars 

(30.2%) were the teeth most affected by VRF. 

The type of periodontal pocket encountered 

was narrow buccolingual with a frequency in 

VRF of 78.1%. 

A narrow buccolingual periodontal pocket, 

premolars, crown restorations and post tooth 

quality showed significant associations with 

VRF. 

The cited study [39] is even more relevant 

compared to another studies on the prevalence of 

vertical root fractures (VRF), since these studies 

analyzed extracted teeth or teeth with apical 

surgery [17]. 

In our study, upper molars and premolars 

were most affected teeth. 

Analysis of the mechanism of stress 

propagation through teeth structures showed that 

vertical and horizontal excessive loading 

accumulate in the buccal cusp and buccal 

cervical area of the tooth [40]. 

Enamel layer was most affected by maximum 

stress generated by vertical excessive occlusal 

load [41]. 

If tooth did not wear horizontally and its 

form has sharp edges, these act as mechanical 

stress concentrators, favoring tooth fracture [42]. 

The type of restoration frequently 

encountered in fractured teeth from the current 

study was dental filling in endodontically treated 

tooth, while crowned teeth had a proportion of 

43%. 

Other studies have shown that teeth covered 

with crowns resist stress better and fracture less 

often [21]. 

Unfortunately, many Romanian adult patients 

choose to not cover a root canal treated tooth 

with crown for financial reason [17,43,44]. 

Regarding the treatment of fractured teeth, 

this was extraction for teeth with total crown-

root fractures. 

However, for vital teeth with cusp fractures 

and vital teeth where the fracture was only in the 

crown, the metal-ceramic or zirconium dental 

crown was chosen as treatment. 

Thus, in a 3D finite element analysis (FEA) 

study, Jiang et al. [45] showed that crown 

restoration materials with a higher MOE 

(material of enamel), a more economical coronal 

preparation and a sufficiently large size of the 

abutment are factors that prevent fractures of 

teeth covered with crown restorations, in case of 

the crown fracture. 

Regarding the materials tested, it seems that 

the use of zirconium for restorations decreases 

the probability of the extension of already 

existing fractures. 

That is why the use of high MOE ceramics 

(Zr has 200,000 MPa) is recommended for teeth 

prone to fractures, or already fractured [45]. 

Restoration options for fractured teeth 

depend on the type of the fracture, of the tooth 

and of the patient. 

The study by Gokturk et al. [46] showed that 

an intact molar can fracture at an occlusal 

overload of 2500 N. 

From another study [45] it emerged that the 

tooth that already has a fracture should be 

coronally prepared with a very low threshold, of 

maximum 0.7mm (so the thickness of the crown 

at the package of 0.7mm), with a coronal length 

covering the fracture of 0.8mm. 

The crown should be made of zirconium and 

cemented with a glass ionomer cement. 

Conclusion 

The current study showed a significantly 

higher number of fatigue fractured teeth during 

the pandemic compared to the period from the 

anterior year. 

The most affected teeth were nonvital teeth, 

upper first molars and upper first premolars. 

Treatment was tooth extraction in most cases. 

In cases when teeth could be preserved, a 

zirconia monolithic crown was used to protect 

the tooth, cemented with a glass ionomer 

cement. 
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