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Abstract 
Chronic root fractures are a relative frequent dental condition, occurring both in vital teeth and in teeth with root canal treatment, with a 
difficult and frustrating diagnosis. Two clinical forms are described: crown–root fractures with crown origin and vertical root fractures with root 
origin. The aim of the study was to determine the prevalence of the root fractured extracted teeth in two dental clinics with different profile 
[oral rehabilitation (OR) and endodontics (E)] and to present some particular aspects of the root fractures. A retrospective study over a period 
of five years was performed to determine the number of extracted teeth and the motives for extraction. For root fractured extracted teeth 
were noted: fracture type, tooth vitality, restoration type. Although the number of the patients with tooth extractions in the five years period 
was significantly higher in OR clinic than in E clinic, the number of tooth extractions was almost similar. Most of the teeth (70.6%) were 
extracted for caries complications. The prevalence of the root fractured extracted teeth was 17.93%. In OR clinic, women had more root 
fractured extracted teeth compared with E clinic, where the number of root fractured extracted teeth was higher in men. Most extracted teeth 
for root fracture were teeth with prosthetic restorations followed by teeth with root canal treatment and dental fillings. The most extracted 
teeth for root fracture were maxillary premolars, almost similar for both sexes, followed by mandibular molars. The teeth with least extractions 
for root fractures were mandibular incisors and mandibular canine. 
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 Introduction 

Root fractures are discontinuities of the anatomical 
structure of the tooth root [1]. They are classified in acute 
and chronic fractures. The acute fractures could appear 
after an acute tooth trauma and the chronic fractures could 
appear after the summing of the action over a long period 
of many factors like: fatigue stress, root treatment conse-
quences, incorrect tooth restoration [2]. 

Chronic root fractures represent a relative frequent 
disease, with a poor prognosis, often guiding the dentist 
towards tooth extraction. Prevalence of the extractions 
generated by the root fractures is controversial, varying 
between 4.4% [3] and 67% [4]. Root treated teeth fractures 
are the most frequent [5], teeth with large restorations 
being the most root fracture susceptible [6]. 

The classification of the root fractures takes into 
consideration the origin, localization and the direction 
of propagation of the fracture line [2]. According to 
their origin, chronic root fractures could be: 

▪ Crown originating fractures – root fractures with 
the origin in the tooth crown, which are spontaneous 
fractures with the origin in the tooth crown, progressing 
towards apical direction to the tooth root; 

▪ Root originating fractures – root fractures with the 
origin anywhere in the root, being characteristic for root 
treated teeth; most of them are vertical root fractures 
(VRFs). 

Chronic root fractures are an entity very difficult to 

diagnose, with many management issues that bring frus-
trations for the dentist and also the patient [7]. Chronic 
root fractures have a silent clinical stage, with evolution 
toward the infection of the fractured tooth that brings the 
clinical signs and symptoms [2]. Root fractured tooth signs 
and symptoms are uncertain, but pain, swollen, sinus tract 
and periodontal pocket could be seen [8]. 

The radiographic aspect in horizontal root fractures 
is evident [9]. In vertical root fractures, fracture line is 
very difficult to be determined. Cone beam computed 
tomography (CBCT) using for diagnosing vertical root 
fractures could be a solution [10, 11], but only if the root 
fracture has a certain dimension [12]. Otherwise, because 
of the radiopaque root canal materials and metallic posts, 
artifacts could appear making the diagnostic impossible. 
Sometimes, the dentist could reflect a surgical flap to 
observe the fracture line and to put a certain diagnosis 
[13]. Most root fractures cases are treated by extraction 
of the fractured tooth. There are also alternatives to this, 
as the extraction of the fractured tooth, the cementation 
of the fractured parts and tooth replantation [14–16]. 

The aim of the study was to determine the prevalence 
of the tooth extractions motivated by root fractures and 
to present some particular aspects of the root fractures. 

 Patients, Materials and Methods 

The retrospective study was performed in two dental 
clinics of the Faculty of Dental Medicine, University of 
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Medicine and Pharmacy of Craiova (Romania) – Oral 
Rehabilitation Clinic and Endodontics Clinic, over a period 
of five years, between 2012–2016, in order to determine 
the number of extracted teeth and the motives for extraction. 
Institutional Ethical Committee of University of Medicine 
and Pharmacy of Craiova approved the study. The variables 
took into consideration were: patient’s age and gender and 
reason for extraction (dental caries, periodontal disease, 
root fracture). For teeth extracted as a consequence of 
root fracture, the following variables were noted: fracture 
type, tooth vitality, restoration type (dental filling, root 
cast post, root prefabricated post, cast post with bridge, 
vital tooth with bridge, non-vital tooth with bridge). A 
few special cases were selected from the archives to be 
presented. Collected data were analyzed using chi-square 
(χ2) test. 

 Results 

The number of the patients with tooth extractions in 
the five years period was significantly higher in Oral 
Rehabilitation Clinic then in Endodontics Clinic (Table 1). 

Mean age of the patients was 43.1 years in the Oral 
Rehabilitation Clinic and 52.8 years in the Endodontics 
Clinic (Table 1). 

The number of tooth extractions in the five years 
period was almost similar in the two dental clinics, with 
a medium number of extracted teeth per patient signifi-
cantly higher in Endodontics Clinic (Table 1). 

In general, the teeth were extracted for caries compli-
cations: 80.39% in Oral Rehabilitation Clinic and 61.48% 
in Endodontics Clinic (Table 1). Overall, the prevalence 
of the root fractured extracted teeth was 17.93%. 

Table 1 – Prevalence of the teeth extractions according to reason for extraction 

Caries extracted 
teeth 

Periodontal 
extracted teeth 

Root fractured 
extracted teeth Dental clinic 

profile 
Patients 

(n) 
Mean age 

[years] 
Extracted teeth  

(n) 
n % n % n % 

Oral rehabilitation 253 
43.13±14.98 

[15–81] 
357 

1.41 extracted teeth/patient 
287 80.4 36 10.1 34 9.5 

Endodontics 93 
52.86±14.28 

[22–88] 
379 

4.75 extracted teeth/patient*
233 61.5 48 12.7 98* 25.8 

*p<0.05. 
 

In the case of root fractured extracted teeth, the pre-
valence was significantly higher in Endodontics Clinic 
compared with Oral Rehabilitation Clinic (Table 2). In 
Oral Rehabilitation Clinic, women had more root fractured 
extracted teeth compared with men (Table 2). In Endodontics 
Clinic, the number of root fractured extracted teeth was 
higher in men (Table 2). 

Table 2 – Root fractured extracted teeth distribution 
according to gender 

Patients 
Root fractured 
extracted teeth Dental clinic  

profile 
n % n % 

Oral rehabilitation 253*  34*  

Men 99 39.4 7 20.6 

Women 154 60.6 27 79.4 

Endodontics 93  98  

Men 43 46.2 52 53.1 

Women 50 53.8 46 46.9 

*p<0.05. 

For both dental clinics, most extracted teeth for root 
fracture were non-vital teeth with root canal treatment and 
dental fillings, mainly from composite (Table 3, Figures 1 
and 2). A higher number of teeth with dental cast post and 
dental cast post and bridge (Table 3, Figures 3 and 4), 
and also non-vital teeth with bridge were fractured and 
extracted, compared to vital teeth (Table 3, Figure 5) 
and vital teeth with bridge (Table 3, Figure 6). Overall, 
most teeth extracted for root fracture had a prosthetic 
rehabilitation, like cast post and crown, cast post and 
bridge or bridge on non-vital teeth (Table 3). 

The most extracted teeth for root fracture were maxillary 
premolar (Table 4, Figure 5), almost similar for both genders, 
followed by mandibular molars (Table 4, Figures 1 and 2). 
The next most extracted teeth for root fracture were 
maxillary incisors, mainly in men and maxillary molars, 
mainly in women (Table 4). The teeth with least extractions 

for root fractures were mandibular incisors (Table 4, 
Figure 6) and mandibular canine (Table 4). 

 
Figure 1 – (a–d) Endodontically treated tooth (mandi-
bular third molar – 38) with amalgam filling, which 
has been fractured mesial–distal four months after the 
root canal treatment – 46-year-old male patient. 

 
Figure 2 – (a and b) Endodontically treated tooth 
(mandibular third molar – 48) with amalgam filling, 
which after 10 years of service presented with fracture 
of mesial root – 46-year-old male patient. 
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Figure 3 – (a–d) Right maxillary canine (13) with cast 
post included in an incorrect bridge – 72-year-old male 
patient. 

 
Figure 4 – (a and b) Right maxillary canine (13), with 
cast post in a total metallic–acrylic maxillary bridge – 
57-year-old female patient. 

 
Figure 5 – (a–d) Vital maxillary premolar (25) with 
occlusal wear (attrition), with vertical crown–root 
fracture – 65-year-old female patient. 

 
Figure 6 – Lateral incisor teeth (32), a bridge pillar, 
a horizontal fracture in the apical third, vital tooth – 
58-year-old male patient. 

A few special cases were retrieved from the archives 
and presented: two vital teeth with root fracture, a superior 
premolar with tooth wear and vertical root fracture crown 
originated (Figure 5) and an inferior incisor with horizontal 
root fracture (Figure 6); a superior canine with cast post in 
a total bridge with vertical root fracture, root fragments 
displaced and a perforation of the buccal bone plate and 
buccal oral mucosa (Figure 4). 

Table 3 – Root fractured extracted teeth according vitality and prosthetic treatments 

RF non-vital 
tooth 

RF vital 
tooth 

RF cast 
post 

RF cast post 
and bridge 

RF vital tooth 
and bridge 

RF non-vital 
tooth and bridge 

RF prefabricated 
post Dental clinic 

profile 
n % n % n % n % n % n % n % 

Total 

Oral 
rehabilitation 

12 35.4 3 8.9 8 23.5 8 23.5 1 2.9 2 5.8 0 0 34 

Endodontics 33 33.7 3 3.1 16* 16.3 21 21.4 0 0 23* 23.4 2 2.1 98 

Total 45  6  24  29  1  25  2  132 

RF: Root fracture; *p<0.05. 

Table 4 – Root fractured extracted teeth distribution according to type of tooth 

Max.  
incisor 

Max.  
canine 

Max.  
premolar 

Max.  
molar 

Mand. 
incisor 

Mand. 
canine 

Mand.  
premolar 

Mand.  
molar Gender 

n % n % n % n % n % n % n % n % 
Total 

Males 14* 23.7 4 6.8 16 27.1 5 8.5 2 3.4 0 0 3 5.1 15 25.4 59 

Females 8 10.9 7 9.6 14 19.2 14* 19.2 3 4.1 1 1.4 14* 19.2 12 16.4 73 

Total 22  11  30  19  5  1  17  27  132 

Max.: Maxillary; Mand.: Mandibular; *p<0.05. 
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 Discussion 

The prevalence of extractions for reasons of dental 
caries was highest in this study (70.7%), significantly 
higher than root fracture (17.9%) and periodontal disease 
(11.4%). The result is motivated by a high decayed, 
missing, and filled teeth (DMFT) index in our country 
[17], maintaining higher caries prevalence than in other 
countries, where the number of teeth extracted for dental 
caries is closer to number of teeth extracted for periodontal 
disease [3, 18]. The mean age of patients with root fractures 
was higher in endodontics clinic (52.8 years), then in 
oral rehabilitation clinic, where the mean age was 43.3 
years. 

As for root fractured extracted teeth, the overall rate 
is higher than in other studies [3, 5, 18, 19]. The pre-
valence of root fractured extracted teeth was higher in 
endodontics clinic then in oral rehabilitation clinic (25.8% 
versus 9.5%). Many dental clinics are doing root canal 
treatments (all dentists have this ability) but for root canal 
treatment complications, patients are referred to endodontics 
clinics. Accordingly, the number of teeth with poor prog-
nosis is significantly higher in endodontics clinic than in 
oral rehabilitation clinic, where root canal treatment is 
performed first time (4.7 extractions per patient versus 
1.41 extractions per patient). As such, the higher number 
of root fractured extracted teeth is explained through 
excessive reshaping of the root canals in retreatments 
and the lowering of root walls resistance that is favoring 
root fracture. 

In oral rehabilitation clinic, root fracture prevalence 
is higher in women (79.4%), mandibular molars being the 
most affected by root fracture. Root fracture prevalence 
higher in women was found also by other authors [19, 20]. 
In endodontics clinic, the prevalence of root fractured 
extracted teeth is a little higher in men (53.06%), maxillary 
premolars being the most affected teeth by root fracture. 
Overall, the most affected teeth by root fracture were 
maxillary premolars and mandibular molars. A higher 
prevalence of root fracture in maxillary premolars and 
mandibular molars was found also by other authors [20–
22]. The highest prevalence for root fractured extracted 
maxillary premolars is justified by the fact that patients 
choose almost every time the cheapest treatment solution 
(e.g., dental composite filling instead of crown for non-
vital teeth), and they hardly accept a denture. Many times, 
patients request treatment solutions that represent a 
compromise both for patient and dentist. The higher 
prevalence of root fractured extracted teeth in mandibular 
molars can be explained by a higher occlusal force 
distribution in molars (first mandibular molar takes 55% 
from maximum occlusal force) [23, 24]. 

Apart from the type of tooth affected by root fracture, 
the number of fractured teeth with root canal treatment 
and prosthetic treatment was higher than the number of 
non-vital teeth with fillings, and the number of vital 
teeth affected by root fracture. The strong association of 
root fracture with prosthetic treatment was shown also 
by Matsuda et al. [19] and Liao et al. [20]. 

American Association of Endodontics [9] described 
five types of root fractures, and among them, three types 
referred to root fractures (cracked tooth, split tooth and 

vertical root fracture). In fact, cracked tooth and split tooth 
are two stages of the vertical root fractures originated in 
the crown of the tooth. Crown originating root fractures 
are not correlated with endodontic treatment, and they 
appear in the tooth crown progressing towards the root, 
and getting to the vertical fracture of the tooth [2]. Crown–
root fractures with medial–distal direction observed in vital 
teeth (maxillary premolars and maxillary and mandibular 
molars) with/without fillings, were named cracked teeth 
[2, 9, 25]. If the root fracture is diagnosed in the first 
stage of evolution (so-called cracked tooth) the fracture 
would be incomplete, with minimal clinical signs and 
reserved prognostic. Subsequent, even if treatment is done, 
the stage is exceeded, since the fracture would become 
complete with the two fragments separation (split tooth). 

Fractures with root origin are usually characteristic 
for endodontic treated teeth but they could be 
encountered also in vital teeth. They could have the 
origin in each level of the root, even if they frequent 
originate in the apical part of the root [8, 13]. Although 
these fractures are usually vertical, they do not follow 
always the axis of the tooth root, their direction being 
influenced by the shape of the tooth root and the 
occlusal forces [13]. If these fracture lines originate in 
the medium part of the root, they could propagate 
anyway, in any direction. VRFs have an oral–buccal 
pattern, rarely being medial-distal [13]. 

The factors implicated in the etiology of radicular 
fractures encountered in this study were: the endodontic 
preparation of root canal, the type of root canal filling, 
the type of the crown filling, the type of post, the type of 
bridge, occlusal factors and parafunctional habits. Several 
authors consider that the etiology of root fractures may 
be due to trauma [26], non-physiological chewing [27] 
and iatrogenic dental treatments [28]. Over time, many 
studies related the factors associated with endodontic 
treatment to root fractures. It has been found that classic 
endodontic preparation of the teeth with absent marginal 
ridges is more likely to fracture than those with the 
minimally invasive endodontic preparation and intact 
marginal ridges [6, 29]. Chai & Tamse [30] have considered 
ovoid and irregular channels more susceptible to fracture. 
Factors related to instrumentation and taper may affect 
fracture risk only indirectly. 

According to Pitts & Natkin [26], there is a correlation 
between the force applied to the teeth that generates 
fracture and root size, width of canal walls after prepa-
ration, and the endodontic taper. However, subsequent 
studies have shown that as the root dentin layer thins, 
increases the risk of root fracture [31, 32]. The materials 
used for root canal does not alter the root fracture 
resistance [33]. 

The high frequency of root fracture in the post restored 
teeth, whether included or not in a bridge, is explained by 
the failure to follow the indications and tooth preparing 
techniques for these prosthetic restorations. For right 
maxillary canine with post included in a full bridge, the 
life of this formula was seven years. The metallic–acrylic 
total bridge, which included right superior canine as an 
abutment, increased the occlusal vertical dimension and 
subsequently caused wear of the antagonistic dental arch. 
In the left side of the bridge, the pontic was fractured. 
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The opposite dental arch was shortened, with severely 
worn teeth. Fractured maxillary right canine was opposed 
with the last tooth on the antagonist shortened arcade 
(second premolar), and also the fractured pontic is also 
opposed to the last tooth on the opposing arch. We consider 
that in this situation a continuous overestimation of occlusal 
forces determined by the occlusal vertical dimension (OVD) 
increase produced fatigue stress and subsequently the VRF 
of the canine, with the vestibular wall displacement and 
perforation of the maxillary alveolar process, accompanied 
by the discontinuity of the oral mucosa. 

We consider that horizontal fracture in the apical third 
of the lateral incisor in the mandibular bridge could be 
due to differences of mobility between the two abutment 
teeth with bad distribution of the occlusal forces. Vertical 
complete crown-root fracture in the vital upper premolar 
(split tooth) could be explained by the morphology of the 
premolar, which favored the appearance of the fracture 
line between the two cusps and the presence of excessive 
force that after Larson could reach 1000 N and which 
produced fatigue wear at this level [23]. Fatigue fractures 
occur in endodontic root treated teeth but also in vital 
teeth. The incidence of dental fractures was associated 
with large restorations and large carious cavities. Teeth 
restored with adhesive restorations presented a more 
favorable distribution of stress, similar to that of intact 
teeth, and better resistance to fracture. 

 Conclusions 

Although the number of the patients with tooth 
extractions in the five years period was significantly higher 
in oral rehabilitation clinic than in endodontics clinic, the 
number of tooth extractions was almost similar. Most of 
the teeth were extracted for caries complications. The 
prevalence of the root fractured extracted teeth was 
second position, after caries. The factors implicated in 
root fractures were root canal treatment and retreatment, 
occlusal forces, incorrect prosthetic treatment and para-
functional habits. 
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