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Definition 
Non-infectious loss of hard and soft tissue (root 
cementum and/or dentin) due to osteoclastic activity. 
The cause varies (see classification); the condition is 
usually asymptomatic; the outcome is mostly loss of 
tissue or tooth; the treatment is palliative and always 
reactive, never predictive. Currently there is no 
standardly accepted management. According to the 
Glossary of the American Association of Endodontists, 
resorption is defined as a condition associated with 
either a physiologic or a pathologic process resulting in 
loss of dentin, cementum or bone [1, 2]. 
 

Introduction 
Root resorption is a condition that is frequently 
misdiagnosed or only incidentally found in a clinical 
setting. Cervical tooth resorption is often mistaken for 
caries. Some resorptions are self-limiting or require 

monitoring only, others require more extensive 
management, even including endodontic treatment. 
Currently, there are is a substantial body of 
publications describing etiology, classification and 
treatment approaches [3].  
However, it is the goal of the authors to create a clinical 
approach that will assist clinicians and dental students 
in correct diagnosis of this condition and thus prevent 
unnecessary removal of tooth structure. Cervical tooth 
resorption seems to be somehow related to anatomical 
variations in the cementoenamel junction (CEJ) [4,5]. 
Due to such physiological diversity (see Table 1), care 
must be taken when performing any interventions in 
the cervical region of the tooth because this may 
inadvertently alter the morphology of this region and 
induce pathological processes and/or hypersensitivity. 
Usually located in the supracrestal area and generally 
covered by soft tissue, the CEJ produces hard scraping 
sound when examined by explorer.
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Abstract 
External cervical root resorption is often mistaken for root caries and vice versa. Radiological and clinical differential 
diagnosis of cervical root resorption and root caries is essential for both correct treatment planning as well as for the 
education and training of dental students. The aim of this article is to conduct a literature review and to summarize the 
prevailing professional consensus pertaining to external root resorption and to establish a proper clinical diagnostic and 
treatment protocol which help students distinguish cervical root resorption from root caries, and thereby manage it 
appropriately. This is critical because unlike external root resorption, the etiology of caries is predominantly bacterial and 
thus requires radically different treatment modalities. Early and correct diagnosis of cervical root resorption would prevent 
unnecessary removal of tooth structure to access what would otherwise be treated as a carious lesion. Following an overview 
of etiology, classification and diagnostic methods, we will propose a treatment approach a dental school clinical setting to 
improve education for students and provide better care for patients by means of a minimally invasive approach. 
 
Keywords: bio dentine; cervical root resorption; MTA; root caries; trichloroacetic acid 
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Table 1: Types of CEJ Morphologies and their relative frequencies. 
Type of cementoenamel junction Frequency (%) 

Type I Cementum Overlapping Enamel 33.30% 
Type II  Enamel Overlapping Cementum 13.30% 
Type III Cementum and Enamel Abut Without Overlap 36.70% 
Type IV Gap Between Cementum and Enamel 16.70% 

 
Etiology of Resorption 

The etiology of any resorption will ultimately determine 
the treatment and management protocol. Although the 
cause of resorption is not fully understood, there is 
general agreement among researchers that different 
types of traumas may trigger the start of the resorption 
process. In particular, damage to the periodontal 
ligament can induce an immune response, resulting in 
the osteoclastogenesis [6,7]. 

Physical Trauma 

 Occlusal trauma 
 Scaling and root planing  
 Orthodontic treatment  
 Bruxism 
 Intracoronal restorations 

Chemical Trauma 

Internal bleaching (30% hydrogen peroxide can pass 
through the dentinal tubules and provoke an 
immunologic response). Sodium perborate might be a 
safer alternative as a "walking bleach" agent. Other co-
factors play an important role in the resorptive process: 

 Endodontic microbes and their toxins can pass 
through the dentinal tubules to periodontal tissue     

 Developmental factors: cementum hypoplasia, 
dentinal hypoplasia, dentin hypocalcification 

 Neoplasia (benign or malignant) 
 Hormonal (hyperparathyroidism, Gaucher’s 

disease) 
 Hyperoxaluria and oxalosis  

 Genetic predisposition 
 Systemic sclerosis 
 Feline herpes virus type 1 
 Varicella Zoster virus 
 Hepatitis B virus 
 Bisphosphonates 

Special attention should be paid to multiple idiopathic 
cervical resorption which first was reported by Mueller 
and Rony in 1930. This type of resorption occurs 
spontaneously without common initiating factors, 
affects more than one tooth, and is primarily seen in 
young females. Though it is debated, some researchers 
have proposed some predisposing factors such as tooth 
transplantation, guided tissue regeneration, use of 
tetracycline for root surface conditioning, and 
orthognathic surgery [8,9].  

Mechanism of Dental Caries 

Dental caries is a bacterial disease process that starts 
when certain types of bacteria commonly found in the 
oral cavity produce acidic by products from the 
metabolism of fermentable carbohydrates. These acids 
then leach the mineral content out of the enamel and 
dentin, causing them to dissolve. The caries process is 
a continuum resulting from many cycles of 
demineralization and remineralization. 
Demineralization begins at the atomic level on the 
crystal lattice structure inside the enamel or dentin and 
continues unless halted, eventually culminating in a 
tissue cavitation. 

 

 
Figure 1: Mechanism of resorption. 
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A group of researchers from University of 
Pennsylvania School of Dental Medicine recently 
published their findings regarding caries 

"A cross-kingdom partnership between bacteria and 
fungi can result in the two joining to form a 

‘superorganism’ with unusual strength and resilience. 
It may sound like the stuff of science fiction, but these 
microbial groupings are very much part of the here and 
now.” This synergism between Streptococcus mutans and 
Candida albicans causes more extensive tooth decay [10]. 

 

 
Picture 1: Root caries Tooth. 

 

 
Figure 2: Cellular and molecular pathways leading to external root resorption (J. Dent. Res. 2017). 

 
Mechanism of Resorption 

"Clastic" cells (J. Andersen) are derived from 
hematopoietic stem cell precursors, namely monocytes. 
They are stimulated by prostaglandins and cytokines to 
migrate toward resorption sites where they form into 
the mature multinucleated osteoclasts. Mineral and 
organic components are degraded both extra- and 
intracellularly through exocytosis and phagocytosis. 
Hydrogen ion release produces pH levels of around 
4.75. In the most advanced cases after mechanical or 

chemical trauma at the cementoenamel junction, 
mostly seen in Type IV, external cervical resorption 
(ECR) can progress inwards with or without pulpal 
involvement. Cementum gets replaced by granulation 
tissue followed by inflammation of the periodontium 
caused by lymphocytes, polymorphonuclear leukocytes 
and plasma cells. In contrast, root caries is identified as 
a decayed soft lesion associated with gingival recession. 
Radiographically it appears an ill-defined, radiolucent 
patch [11,12].
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Table 2: Pulp is involved in advanced cases. 
Differential Diagnosis of Crr & Root Caries 

Lesion Etiology Radiology Clinical Evaluation Treatment 

Caries 
Bacterial 
Metabolism 

Ill-defined radiolucency, detected via 
conventional radiographs 

Sticky on probing 
Pulp tests normal 

Removal of decay & 
restoration 
Extraction if tooth is 
unrestorable 

Resorption 
Trauma 
Bacteria 
Idiopathic 

Asymmetric radioluncency with irregular 
margins in cervical region, mottled 
appearance, possible intrabony defect, 
detected via conventional radiographs or, 
ideally, CBCT. 

Hard mineralized 
with sharp edges 
Pulp test normal* 
"Pink Tooth" 

Periosteal flap and curettage 
& restoration 
Extraction if tooth is 
unrestorable 

 
Diagnosing pulpal condition is quite important to 
establishing future treatment plan. The best diagnostic 
pulp vitality test is laser Doppler flowmetry (LDF) 
which is not practical in a dental school clinical setting. 

Classifications 

Root resorption in permanent teeth (Kanas and 
Kanas, 2011) is classified:  
• Internal-originating in the pulp (relatively rare) 

due to trauma or inflammation of the pulp. 

• External-originating in the periodontal ligament 
due to:  
1) infection/inflammation 
2) traumatic injuries  
3) pressure/mechanical insult  
4) neoplastic conditions  
5) systemic disorders    
6) idiopathic. 

 

 
Picture 2: Tooth 10 (year 2018). 

 

 
Picture 3: Tooth 10 (year 2022) Patient was diagnosed with Gaucher disease. 
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Internal Root Resorption (IRR): this is relatively 
uncommon and most studies are based on case reports. 
Histologically, we observe destruction of intraradicular 
dentin and dentinal tubules, sometimes accompanied 
by repair with bone and/or cementum-like tissue close 
to the site of resorption. Neither imaging nor 
histological evaluation of such cases can shed light on 
the cause or the aftermath of the root resorption. Case 
descriptions in the literature do not provide any means 
to predict future cases or definitive treatment options 
for existing cases (Patel et al., 2010, Patel et al., 2022). 
[13,14] 
External Root Resorption (ERR): this pathology can be 
classified in at least 16 ways (reviewed in Aidos et al., 
2018 and Abbott and Lin, 2022). The simplest and 
most widely used is the classification described by 
Andreasen in 1970. Andreasen’s classification divides 
root resorption into:  
a. internal resorption of two types: replacement and 

inflammatory;  
b. external resorption of three types: surface, 

replacement, and/or inflammatory [15,16]. 
 

The Andreasen classification appears to have gained 
wide acceptance for its simplicity and is quoted by 
various recent authors. However, the Kanas 
classification is the most complete and is based on 
localization, etiology, and type (Kanas & Kanas, 2011). 
Other authors have suggested a classification system 
based on location, physiology, and pathology (Abbott 
and Lin, 2022).  
This latter classification is more thorough and logical:  

1. Internal  
a. Internal surface resorption. 
b. Internal inflammatory resorption. 
c. Internal replacement resorption. 

2. External  
a. External surface resorption. 
b. External inflammatory resorption (apical or 

lateral). 
c. External replacement resorption (transient or 

progressive). 
d. External invasive resorption. 
e. External pressure resorption. 
f. Orthodontic resorption. 
g. Physiological resorption. 
h. Idiopathic resorption. 

 

  
Picture 4: External Cervical Resorption Teeth 23 and 25. 

 

 
Picture 5: Cervical resorption Teeth 29, 30 and 4. 
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Picture 6: Cervical resorption. Teeth 4, 5, 12, 13, 18, 19 and 20. 

 

 
Picture 7: Root caries Tooth 12. 

 
Clinical classification (Heithersay) 

Class 1: Small invasive resorptive lesion with shallow 
penetration into dentin. 
Class 2: Well-defined invasive resorptive lesion, can 
penetrate close to the pulp chamber and shows little or 
no extension into radicular dentin. 

Class 3: Deeper invasion into dentin, extending to the 
coronal third of root. 
Class 4: Large invasive lesion extending beyond the 
coronal third of the root canal. 
(Class 1 and Class 2 tissue are fibrovascular in nature 
whereas Class 3 and Class 4 tissue are fibro-osseous) 
[17,18,19].

 

 
Figure 3 

 



International Clinical Case Reports and Reviews                                                                                           ISSN:2993-0855 

© 2023 Natalia Elson, et al.                                                                                                                                                  7    

Role of microorganisms in Cervical Resorption 

Inflammatory cervical root resorption occurs when 
bacteria from an infected root canal pass through the 
dentinal tubules to the cementum and trigger external 
root resorption [20,21]. In a chronic case, the tooth is 
asymptomatic. However, if the infection is acute, the 
patient typically experiences pain on percussion and 
swelling. Radiographically, the lesion presents as a 
bowl-shaped resorptive lesion on the root surface with 
attendant pathological changes in the surrounding 
bone tissue. One of the key challenges in managing this 

condition is to establish the proper treatment approach 
and protocol. In more recent publications, Ledermix™ 
paste and calcium hydroxide are suggested to stop 
clastic activity by transporting corticosteroids and 
antibiotics from the pulp to external root surfaces. 
Microbiotas of periodontal and endodontic infections 
in patients with active disease are quite similar. Due to 
multiple reports about the role of yeast species 
(Candida) and hypoxic environments created by 
enzymes and interleukins, research efforts should be 
particularly focused toward creating new medications 
to address this issue [22,23].

 
Table 3 

Microflora 
Root 
caries 

External Cervical 
Resorption 

Aggregatibacter actinomycetemcomitans Yes No 
Prevotella intermedia Yes Yes 
Tannerella forsythia Yes Yes 

Porphyromonas gingivalis Yes Yes 
Candida albicans Yes Yes 

Treponema denticola Yes Yes 
Epstein-Barr Virus No Yes 

Human Cytomegalovirus No Yes 
Herpes Virus spp. No Yes 

Archaea No Yes 
 

Management of External Cervical Root Resorption 

Management of External root resorption can be based 
on the type of resorption and the etiology, whether it is 
caused by trauma or by infection. The treatment 
management protocol, therefore, depends on the 
severity, access, and location of the resorption. The 
objectives of treatment are broadly categorized into 
preventive care and therapeutic management [24]. 
The clinician can apply one of the following: 

 Monitoring, no treatment 
 Treatment external root surface 
 Endodontic approach 
 Combination: external and internal treatment [25]. 

According to the authors of this paper, the 
management of ECR is dependent on accessibility. 
Successful management of external cervical resorption 
will require correct and accurate diagnosis of the lesion, 
with current diagnostic accuracy favoring the use of 
Cone Beam CT. The authors have stated that when 
ECR is present in a vital pulp and limited to the 
coronal third of the root, a mucoperiosteal flap will be 
needed to gain access to the lesion where adequate 
curettage of the granulomatous tissue can be done for 
both the root and periodontal tissue [26,27]. Topical 

application of trichloroacetic acid (TCA) may also be 
done on the surface of the lesion to permeate tissues 
and arrest the resorptive process especially in channels 
that are not accessible to mechanical debridement. 
However, TCA may cause irritation to the skin and oral 
mucosa. 
In order to counteract this, topical glycerol can be 
applied to the areas adjacent to the lesion. Restoration 
should be done using glass ionomer cement or 
composite material. The use of Bio dentine and other 
bioactive restorative materials such as MTA have also 
been proposed. This latter choice offers excellent 
aesthetics and promotes adhesion to the PDL. 
Endodontic therapy was also suggested for lesions that 
have perforated the root canal system and/or exhibit 
symptoms of irreversible pulpitis. The root canal 
should be obturated to prevent communication with 
the PDL space. This must be accompanied by 
corresponding use of mechanical debridement for the 
external cervical lesion. Patel et al. have also suggested 
intentional reimplantation as a possible treatment of 
the lesion [28]. This paper suggests the use of preventive 
therapy for the management of trauma induced 
inflammatory resorption. To that end, it proposes 
various pharmaceutical interventions such as 
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antibiotics, corticosteroids, calcium hydroxide and 
Ledermix. 

 Antibiotics: Intracanal medicament and systemic 
tetracycline. This approach is bacteriostatic, and 
inhibits both osteoclastic resorption as well as 
collagenases. 

 Corticosteroids: In a randomized clinical trial 
where the roots of extracted teeth were covered 
with dexamethasone, it was found to result in over 
70% less resorption. 

 Calcium Hydroxide: This approach is less desirable 
because it can cause resorption on its own.  

 Ledermix™: This is a prescription paste featuring 
demeclocycline (antibiotic) and triamcinolone 
(corticosteroid) for intracanal medication [29]. 

This was a case report in which the authors suggest the 
use of platelet rich fibrin in the canal following 
endodontic therapy and the use of MTA Plug. They 
also used a low intensity antimicrobial photodynamic 
therapy which basically irradiates all surfaces of the 
tooth with a fibreoptic tip at a wavelength of 670nm. 
This is accompanied with the application of 
photosensitizer within the periodontic ligament space 
[30]. 

Characteristics of Materials and Methods Used for 
Treatment of Cervical Resorption 

MTA (Mineral Trioxide Aggregate) 

MTA was developed by Torabinejad in 1993.The 
beneficial features are biocompatibility, bioactivity, 
hydrophilicity, sealing ability, and low solubility. It is 
typically used for perforation repairs, apexification, 
root-end filling, obturation, tooth fracture repair, 
regenerative procedures, apexogenesis, pulpotomies, 
and as a pulp-capping material [31]. 

Bio dentine® 

The powder component of this material consists of 
tricalcium silicate, dicalcium silicate, calcium carbonate 
and oxide filler, iron oxide shade, and zirconium oxide. 
Tricalcium silicate and dicalcium silicate are indicated 
as the primary and second core materials, respectively, 
whereas zirconium oxide serves as a radio pacifier. The 
liquid contains calcium chloride as an accelerator and 
a water-soluble polymer that serves as a water reducing 
agent. The material is characterized by the release of 
calcium when in solution Tricalcium silicate-based 
materials are also defined as a source of hydroxyapatite 
when they are in contact with synthetic tissue fluid. 

Calcium Hydroxide 

Calcium hydroxide was originally introduced to the 
field of endodontics by Herman in 1930 as a pulp-

capping agent, but its use today has spread beyond 
merely endodontic therapy. It is the most commonly 
used dressing for treatment of a vital pulp. It also plays 
a major role as an interim dressing in the disinfection 
of the root canal system. It has been shown that the 
dissociation coefficient of calcium hydroxide of 0.17 
permits a slow, controlled release of both calcium and 
hydroxyl ions which can diffuse through the dentinal 
tubules. Tronstad et al. demonstrated that untreated 
teeth with pulpal necrosis had a pH of 6.0~7.4 in the 
pulpal dentin and periodontal ligament, whereas, after 
calcium hydroxide had been placed in the canals, the 
teeth showed a pH range in the peripheral dentin of 
7.4~9.6. 

Trichloroacetic acid 

90% aqueous trichloroacetic acid (TCA) may be 
applied to the resorptive cavity to promote coagulation 
necrosis of this tissue as it penetrates the smaller, more 
inaccessible recesses and resorptive channels which may 
not be identified and debrided by mechanical 
instrumentation alone." (Heithersay 1999, Schwartz et 
al. 2010). Care must be taken when using TCA due to 
the potential irritation it may inadvertently cause 
following contact with the oral mucosa and/or skin. A 
small cotton pledget or microbrush should be dipped 
into TCA and then gently pressed to remove excess 
liquid before carefully applying it to the resorptive site 
until coagulation necrosis occurs (usually within 3~4 
minutes). The areas immediately adjacent to the ECR 
defect may be protected by application of glycerol and 
single tooth isolation or split dam technique to prevent 
inadvertent contact by the TCA with the adjacent 
tissues (Heithersay & Wilson 1988, Heithersay 1999). 
Alternatively, 3~5% sodium hypochlorite may be used 
in a fashion similar to TCA. Undermined dentin and 
enamel should be removed with a bur in a high-speed 
surgical handpiece [32]. 

Ledermix™ paste 

Ledermix™ paste is a non-setting, water-soluble paste 
material for use as a root canal medicament or as a 
direct or indirect pulp capping agent. The release and 
subsequent dentinal diffusion characteristics of 
triamcinolone from Ledermix™ paste when used as a 
root canal medicament have been investigated under 
different conditions. Several such studies show that 
triamcinolone is released from the Ledermix™ paste in 
the root canal and can reach the systemic circulation 
via diffusion through the dentinal tubules, lateral 
canals, and the apical foramen. After the first 24 hours, 
30% of the triamcinolone was released. By the end of 
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14 weeks, the remaining 70% had been released. 
Immediate intracanal placement of Ledermix has been 
studied for reimplanted teeth because it has been 
shown to inhibit root resorption after an extended 
drying time. In a recent study done in dogs, the groups 
treated with Ledermix, triamcinolone and 
demeclocycline had significantly more favorable 
healing and more remaining root structure than the 
group filled with gutta-percha and sealer only. 

Calcitonin 

Calcitonin is a known inhibitor of osteoclastic bone 
resorption that also regulates human odontoclastic 
activity, particularly during the physiological process of 
root resorption. It is a naturally occurring polypeptide 
hormone which can be used as an intracanal 
medication with the ability to diffuse through the 
dentinal tubules to inhibit clastic cells. Despite some 
promising research results, it is not yet available for 
commercial use in Dentistry [33]. 

Hydraulic calcium silicate-based materials 

BioRoot™ RCS (Septodont, Saint-Maur-des-Fossés, 
France), MTA Fillapex® (Angelus, Londrina, Brazil), 
EndoSequence® BC Sealer™, (Brasseler USA, 
Savannah, GA, USA). Various ions are known to have 
different effects in the context of the oral cavity. For 
example, Si4+ and Ca2+ promote biomineralization, 
while OH- ions increase the pH in the environment and 
possess antimicrobial properties. 

Proposal for a Diagnostic and Treatment Protocol in 
Dental School Clinics 

A series of integrated lectures explaining the etiology, 
differential diagnoses and treatment protocols should 
be implemented in the curriculum of D2 and D3 
students. 

Diagnosis of external root resorption 

1. Medical and dental history including questions 
about: 

 dental trauma 
 orthodontic treatment 
 TMJ problems 

2. Radiographs: vertical BWs and any necessary PAs  
3. Percussion, palpation and vitality testing of teeth 
with both carious/non-carious lesions 
4. Microbiological assay salivary test 
5. Periodontal charting of all teeth in both arches 
6. Intraoral clinical evaluation of tooth lesion using a 
periodontal probe (dull end) 

Treatment of external cervical tooth resorption 

Dependent on any findings: 

1. Occlusion equilibration (if necessary) 
2. Orthodontic treatment (if necessary) 
3. Monitoring (6 months recall) 
4. Flap surgery (cooperation with periodontal faculty), 
debridement of lesion if indicated, filling the lesion 
using biocompatible material (MTA, Biodentine®, 
GIC, composite, etc.) 
5. Endodontic treatment depending on extent of lesion 
6. Periodontal therapy and maintenance 
7. Patient education including oral hygiene instruction. 
8. Implementation of laser treatment (different laser 
wavelengths are capable of removing soft tissue, killing 
bacteria, achieving hemostasis, promoting healing and 
reducing post-operative pain and swelling) [35]. 
 

Conclusion 
Tooth resorption is frequently misdiagnosed and 
improperly treated. To avoid misdiagnosis and 
mismanagement of resorptive dental tissue, clinicians 
should be educated and aware of these conditions. 
Careful attention to the location of resorbing tissue, 
their clinical and radiographic appearance, and the 
presence of any etiologic agents can assist with accurate 
detection, diagnosis and management. Multiple studies 
and histological results have shown that 
microorganisms are identified only at the outer layers 
of lesions. However, microbes can trigger or promote 
resorptive processes. Cervical resorption is found only 
accidently in most cases. For this reason, recall exams 
play a critical role in diagnosis, monitoring and 
treatment of this condition. In the early stages, the 
tooth is asymptomatic and the lesion can easily be 
mistaken for root caries. If diagnosed in time, the 
prognosis is generally favourable and the tooth can 
usually be saved. In the case of pulpal involvement, 
restoration of the tooth requires access followed by root 
canal therapy [36]. Treatment of periodontal disease, 
traumatic occlusion management and patient 
education are crucial to achieving good results and 
optimistic prognoses. In the case of idiopathic tooth 
resorption, or generalized tooth resorption, 
consultation with a primary care doctor is a must. 
Correct differential diagnosis between root resorption 
and root caries can help avoid unnecessary removal of 
tooth structure by establishing the appropriate 
treatment approach ab initio. Using new diagnostic 
methods and equipment, we can achieve better results. 
Our recommendation to dental schools is to include 
additional resources in their respective curricula, 
calibrate faculty, collaborate with dental and medical 
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specialists, educate students, and provide the best 
treatment options for patients by using minimally 
invasive dentistry. 
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