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ABSTRACT 

Introduction: External apical root resorption is a common clinical complication of orthodontic treatment, 

characterized by permanent shortening of the end of the tooth root that can be seen on routine dental radiographs. 

Root resorption can be detected on radiographs after inital 5-6 months of orthodontic treatment. This study was 

aimed to determine the frequency of root resorption of maxillary incisors and mandibular incisors after the first six 

months of orthodontic treatment. Material and Methods: This Quasi-experimental study was carried out at 

Department of Orthodontics, Altamash Institute of Dental Medicine, Karachi. Non-probability purposive sampling 

technique was used. Eighty five patients with age ranging from 18 – 25 years were selected. Periapical radiographs, 

using paralleling technique were taken before the start of treatment and at the end of the study period (after 6 months) 

and inciso-apical length of all the incisors were measured using vernier caliper. Results: In upper incisors, 47 

patients showed minimal root resorption, 32 patients showed acceptable while 6 patients showed non acceptable root 

resorption. In lower incisors, 42 patients showed minimal, 37 patients showed acceptable and 6 patients showed non 

acceptable root resorption. Significant association between age and resorption was seen in upper and lower incisors 

Conclusion: Root resorption can be observed during the early stages of orthodontic treatment. More root resorption 

was seen in patients above 21 years of age, while greater number of patients between 17- 20 years of age showed 

level 2 of root resorption in their upper and lower incisors.  
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INTRODUCTION 

Root resorption is the most undesirable and 

iatrogenic sequelae of the orthodontic treatment. 1, 2    

Root resorption is a physiologic or a pathologic 

process resulting in the loss of cementum and dentine 

and it can be classified as external (Illustration -1) 

and internal (Illustration -2). Root resorption relating 

to orthodontics is external apical root resorption 

(EARR).3, 4   External apical root resorption (EARR) 

has been defined as a reduction in the length of the 

root from the apex.5 EARR is initiated with in 35 (14 

to 20) days after orthodontic force is applied and may 

continue for the duration of force application.6, 7, 8 

EARR occurs during treatment when forces at the 

apex exceed the resistance and reparative ability of 

the periapical tissues.9 
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The term orthodontically induced inflammatory root 

resorption (OIRR) proposed by Brezniak and 

Wasserstein was defined as a sterile inflammatory 

process that is extremely complex and composed of 

various disparate components including forces, tooth 

roots, bone, cells, surrounding matrix, and certain 

known biological messengers.10 

OIRR leads to an ischemic necrosis that is localized 

in the periodontal ligament when the orthodontic 

force is applied.1, 11 OIRR differs from other kinds of 

resorption because this is a sterile, local 

inflammatory process, which is complicated and has 

all characteristic inflammatory symptoms.12 

During orthodontic tooth movement compression 

sites are more at a risk of root resorption than tension 

sites.13 External apical root resorption can begin in 

the early leveling and alignment stages of orthodontic 

treatment.14 The arch wires used during this phase 

have a strong correlation with local necrosis and 

apical root resorption.15, 16, 17 Typical tooth 

movements during initial leveling are in the form of 

crown tipping rather than root movement.15 

The prevalence among the researches varies widely. 

Means values ranging from 0.5 to 3 mm of root 

shortening during treatment have been reported. A 

frequency of severe apical root resorption of 5-18% 

has been reported. Killiany reported root resorption 

of > 3 mm to occur at a frequency of 30%, with only 

5% of treated individuals found to have > 5 mm of 

root resorption.  

ILLUSTRATION – 1 

Periapical Radiographs 
Of Upper Incisors 
Showing EARR 

 
            ILLUSTRATION – 2 

Periapical Radiographs Of 
Lower Incisors Showing 
EARR & IARR       

 

Resorption occurs primarily in the maxillary anterior 

teeth, averaging over 1.4 mm. The worst resorption is 

seen in maxillary lateral incisors.14 While molars 

seems to be least affected.2 Studies have shown that 

20.2% - 33.2% of incisors experience 2mm or more 

root resorption when exposed to orthodontic forces.16 

The etiology of root resorption is mutifactorial.6  The 

onset and progression of root resorption are 

associated with risk factors, both biologic and 

mechanical factors. Mechanical factors are the 

treatment associated factors, for instance, duration of 

treatment, the magnitude of force applied, direction 

and type of tooth movement, appliance used and the 

method of force application (continuous versus 

intermittent). 

Biological factors are the patient related risk factors 

which include, individual susceptibility, races, 

genetics, nutrition, chronological age, gender, 

malocclusion type and severity, systemic diseases, 

habits, anomalies in root morphology, dental trauma, 

dense alveolar bone and previous endodontic 

treatment.18-20   

Most orthodontic patients experience some degree of 

root resorption.21 In most instances, this phenomenon 

is clinically asymptomatic.22  Fortunately, it is very 

rare that root resorption is severe enough to create a 

clinical problem, and the benefits of esthetic and 

functional corrections of orthodontics far outweigh 

these normally minor side effects, however, in a 

small percentage of patients (5 – 10%) the degree of 

resorption exceeds acceptable levels and the 

longevity of the affected teeth may be 

compromised.21   

The detection of root resorption has been mainly 

through radiographs, light microscopy and scanning 

electron microscopy (SEM).23, 24 Radiographs are 

clinically relevant in detecting root shortening before, 

during or after orthodontic treatment.23  Periapical 

radiographs are much superior to the panoramic, 
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occlusal, and the lateral cephalometric radiographs 

for studying root structures, primarily when obtained 

with the long cone paralleling technique.25 Root 

resorption can be detected in the early stages of 

orthodontic treatment.17, 26 A reliable radiographic 

diagnosis of apical root resorption can be performed 

after 5 -6 months of initiation of orthodontic 

treatment.11 Early detection of root resorption during 

orthodontic treatment is essential for identifying teeth 

at risk of severe resorption.2  

The aim of this study is to quantify the root 

resorption after first six months of orthodontic 

treatment at Altamash Institute Of Dental Medicine, 

Karachi. 

MATERIAL AND METHODS: 

This Quasi-experimental study was carried out at 

Department of Orthodontics, Altamash Institute of 

Dental Medicine, Karachi. Non-probability purposive 

sampling technique was used. Sample consists of 

eighty five patients, with age ranging from 13 – 25 

years were selected. 

INCLUSION CRITERIA: 

 Male and female subjects between 13- 25 

years of age who came to seek fixed 

orthodontic treatment at Altamash Institute 

Of Dental Medicine, Karachi. 

EXCLUSION CRITERIA: 

 Patients with history of previous 

orthodontic treatment. 

 Patients with abnormal shape and 

incomplete root formation. 

 Teeth with debondings of the brackets in 

the middle of the treatment. 

 Patients suffering from systemic diseases, 

asthma, diabetes mellitus, hormonal 

imbalances, endocrine problems and 

metabolic derangements. 

 Patients with advance periodontal diseases 

(gingivitis, periodontitis). 

 Craniofacial malformations and syndromes. 

DATA COLLECTION PROCEDURE: 

Data was collected from the patients coming to the 

(OPD) of orthodontic clinics of Altamash Institute Of 

Dental Medicine. The first 85 patients who satisfy the 

inclusion criteria and provide consent for the study 

were selected, irrespective of their malocclusion 

group. Periapical radiographs of maxillary incisors 

(12, 11, 21 & 22) and mandibular incisors (42, 41, 31 

& 32) using paralleling technique with XCP cone 

indicator were taken before the start of the treatment. 

The film packet is placed in a holder and positioned 

parallel to the teeth under investigation. The X-ray 

tube head is then placed at right angles to both the 

teeth and film packet. The inciso- apical length (TLI) 

of all the incisors were measured (in mm) and 

recorded. Tooth length was measured as the distance 

from the tip of the apex to the mid point of the incisal 

edge. All the measurements were obtained using 

vernier caliper to get closest reading one place after 

the decimal. At the end of the study period (after six 

months), Periapical radiographs of maxillary incisors 

(12, 11, 21 & 22) and mandibular incisors (42, 41, 31 

& 32) using paralleling technique with XCP cone 

indicator were repeated and the root length (TL2) of 

incisors were measured again using the same 

technique. Decrease in root length ≥ 2mm was 

considered as resorption. All the readings were 

subjected to statistical analysis. 

RESULTS  

There were 85 patients in our study. Minimum 

patient’s age was 13 years and maximum age was 25 

years with a mean age of 18.76 years and standard 

deviation of 3.66 (Table I). Male to female ratio was 

2:3 (Fig I). The age and gender distribution can be 

seen in Table 2. In upper incisors, 47 patients showed 

minimal root resorption, 32 patients showed 

acceptable root resorption and 6 patients showed non 

acceptable root  
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Table 1  
Descriptive statistics of age 

N= 85 

Min Max Mean sd 
13 25 18.76 3.660 

 
 

 Significant association between age and root 

resorption was seen. More root resorption was seen in 

patients above 21 years of age in both upper and 

lower incisors. While greater number of patients with 

level 2 resorption was observed in 17-20 years age 

category. Level of significance (p-value) is 0.021 for 

upper incisors (Table 3) and 0.032 for lower incisors 

(Table 4). 

Figure 1 
 

DISTRIBUTION OF GENDER 
n=85 

 
Legends: 
1: male 
2: female 
                               Table 2 
        Distribution of age and gender 

 
 
 
 
 

Figure 2 
Distribution of root resorption in upper 

incisors 

 
Legend: 
1:  Up to 1mm resorption 
2: 1-2 mm resorption 
3:  more than 2mm resorption 

Figure 3 
Distribution of resorption in lower incisors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 
Association between age and root resorption 

in upper incisors 

 
Test of significance: Chi Square 
Level of significance 0.05 
Significant association between age and root resorption is seen 

Root Resorption in upper incisors Total p-value 
 
 
 

AGE 

 Level 1 
(0-

1mm) 

Level 2 
(1-2mm) 

Level 3 
(˃2mm) 

  
 
 
 

0.021 
13-

16 yr 
18 8 1 27 

17-
20 yr 

13 16  0 29 

>21  16 8   5 29 
      Total 47 32   6 85 
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Legend: 
1: Up to 1mm resorption 
2: 1-2 mm ressorption 
3: more than 2mm resorption 
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DISCUSSION 
Root resorption is an undesirable sequel of 

orthodontic treatment and remains a common  

Table 4 

 
Association between age and root resorption 

in lower incisors 
 

Test of significance: Chi Square 
Level of significance 0.05 
Significant association between age and root resorption is 

seen 
 

iatrogenic problem in orthodontics.3, 4 There are 

primarily two impediments to preventing resorption:  

(1) Root apices are prone to resorption when 

the periodontium is compressed, so teeth 

cannot be moved through bone without 

producing some odontoclasia, and 

 

(2) No exact criteria have been found that 

predict which patients will experience 

overt resorption and which will exhibit 

little under the same treatment regimens 

and the esthetic and functional benefits of 

treatment outweigh the minor iatrogenic 

sequelae.3 

Root resorption is a multifactorial phenomenon and 

many studies have analyzed the suspected causes of 

EARR. Research has shown that root resorption can 

occur in the early leveling stages of orthodontic 

treatment.4, 15, 27 

Smale et al. reported that root resorption can be 

detected even in the early stages of orthodontic 

treatment and teeth with long, narrow and deviated 

roots are at increased risk of resorption during this 

early stage.8, 17, 28 

Minor OITRR in the first 6 months is a strong 

indicator of progressive root resorption by the end of 

orthodontic treatment. Progressive OITRR can lead 

to a compromised crown to root ratio and 

compromised function. 15, 27 

We can detect OIRR after first six months of 

orthodontic treatment on the periapical radiographs. 

We proposed that using periapical radiographs with 

standardized paralleling technique is an effective 

modality for detecting root resorption during 

orthodontic treatment with less radiation exposure 

and is cost effective. The literature agrees that 

abnormal root shape and jiggling forces increases the 

risk of the orthodontically induced inflammatory root 

resorption. It is therefore suggested to proceed with 

the early leveling stages of orthodontic treatment 

with caution. 4, 29 

The aim of this study was to determine the frequency 

of root resorption of maxillary and mandibular 

incisors after the first six months of orthodontic 

treatment. We confirmed the findings of Levander 

and Malmgren that most orthodontic patients develop 

visible signs of apical root resorption of the maxillary 

and mandibular incisors during the initial stages of 

fixed appliance therapy. However, the resorption is 

typically expressed only as a slight change in apical 

contour without actual root shortening.15, 30 

Maxillary and mandibular anterior teeth were 

selected for the study because apical root resorption 

occurs mainly in the anterior teeth. Studies reveal that 

maxillary incisors are most susceptible to the 

iatrogenic consequences of orthodontic forces, 31-35 

and are the first teeth to respond when subjected to 

fixed appliance activation.36  Janson et al (2000), 

reported that the upper central incisors showed more 

root resorption than the upper lateral incisors, while 

others found the opposite. 25, 26, 35, 37 Research data 
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suggests that maxillary teeth are more susceptible to 

root resorption than the mandibular teeth because 

these teeth are subjected to greater movements with 

their root structure and relationship to bone tending 

to transfer the forces mainly to the apex. DeSheilds 

suggested that if there is no resorption of upper and 

lower incisors than significant resorption in other 

teeth is less likely to occur. Other researches have 

shown that root resorption is more common in 

mandibular incisors.38 

In this study the patients were selected based upon 

the previously discussed criteria. Patients were not 

accepted into the sample if they had undergone any 

previous orthodontic treatment including growth 

modification, maxillary expansion or orthognathic 

surgery. Maxillary expansion was excluded because 

expansion itself has been shown to cause root 

resorption (buccal surface and furcation area) and the 

resorption detected may be the result of expansion 

rather than the fixed orthodontic treatment. 39 

Orthognathic surgery cases that have had maxillary 

surgery have been shown to demonstrate an increased 

risk of root resorption and were excluded.40   There is 

a high correlation between the amount and severity of 

root resorption present before treatment, to the 

resorption discovered after six months of initiation of 

fixed orthodontic treatment. Therefore patients who 

had previous orthodontic treatment may have had 

resorption and were excluded.  

Other predisposing factors of root resorption, which 

led to exclusion, were trauma and root canal therapy. 

Patients were excluded if there was any incisal 

adjustment as this would change the physical length 

of the teeth and also the trauma to the tooth may 

potentially cause greater resorption. 

All patients who had systemic problems (asthma and 

endocrine problems such as hypothyroidism, 

hyperpituitarism, hypophospatemia and Paget’s 

disease and others) were excluded as these conditions 

have been linked to root resorption.  

Any patients with impacted teeth were excluded, as 

there is an increased incidence of root resorption of 

the adjacent teeth. It has been shown that ectopically 

erupting maxillary canine cause some degree of 

resorption of adjacent incisors (0.7%) in the 10-13 

year age group.41, 42 

 In this study, we selected 85 patients aged between 

13- 25 years, minimum age of 13 years was chosen to 

exclude the undesirable effect of residual root 

growth.41 Rosenberg has stated that teeth with 

incomplete root formation undergo less root 

resorption than those with completely formed roots. 

It is stated that incompletely formed roots reach their 

normal root length. Naphtali Brezniak et al. have 

stated that if tooth root are not completely formed in 

the beginning of orthodontic treatment, they are 

further developing during treatment, however remain 

shorter.10, 12 

By this age apexogenesis of maxillary and 

mandibular incisors would be completed and the 

teeth would not get longer during treatment due to 

further root growth. Any lengthening could then be 

assumed to be due to magnification or measurement 

errors.43 

The higher age limit of 25 years was chosen in order 

to eliminate the unfavorable effect of age that may 

lead to increased EARR due to creation of more 

hyalinized areas, longer hyalinization duration, and 

lower healing activity in adults.29, 32, 44 There is a 

possibility that the older patients may experienced 

more root resorption as, periodontal membrane 

becomes narrower and less vascularized, aplastic, 

alveolar bone becomes denser and cementum 

becomes wider with age.42, 45, 46 

Previous data suggests, that adults have been reported 

to be more susceptible to root resorption. However 

the traditional belief that orthodontic root resorption 
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increases with age was recently disproved. 20, 31, 41, 47, 

48-52 Sameshima and Sinclair (2001) found that adult 

patients experienced more root resorption than 

children in mandibular anterior segment only.21, 53 

 All recent studies with the exception of two studies 

have found no relationship between OIIRR and 

chronological age, which suggests, chronological age 

may not be a significant factor in the occurrence of 

OIIRR.1, 10, 34, 42, 51-55 

The significant association between age and root 

resorption was found in our study. More root 

resorption is seen in patients above 21 years of age in 

both upper and lower incisors, while greater number 

of patients with level-2 resorption (b/w 1-2mm) was 

observed among 17-20 year age group.  

The frequency of root resorption observed during the 

initial six month period in our study reveals, that 55% 

patients showed minimal root resorption of up 

to1mm, 37.6% patients showed acceptable root 

resorption b/w 1-2mm and 7% of patients showed 

non acceptable root resorption of more than 2mm in 

upper incisors during the first six months of 

orthodontic treatment (Fig 2). In lower incisors, 49% 

patients showed minimal root resorption of up 

to1mm, 43% showed acceptable root resorption b/w 

1-2mm and 7% patients showed non acceptable root 

resorption of more than 2mm during the first six 

months of orthodontic treatment (Fig 3). In keeping 

with previous studies, we found that apical root 

resorption is a minor problem for the average 

orthodontic patients, and only few patients are 

severely affected. However, we failed to find the 

previously documented difference in amount of 

resorption between the central and lateral incisors. 

Root resorption associated with orthodontic treatment 

usually stop after completion of active orthodontic 

treatment. Active root resorption lasts approximately 

about a week after removal of orthodontic appliance. 

Cementum repair lasts 5-6 weeks after removal of 

orthodontic appliance. Root resorption after removal 

of orthodontic appliances is mostly related to causes 

such as occlusal trauma, active retainers or others.12, 

32 

We highly recommend taking progress periapical 

radiographs a few months after active tooth 

movement for patients at risk. If root resorption is 

found, the literature supports an inactive phase of 4 to 

6 months before the resumption of treatment. In 

extreme cases, treatment must be halted appliances 

must be removed, and a surgical or prosthetic 

treatment plan must be adopted.26 

 

LIMITATIONS OF THE STUDY:  
Root resorption is a 3D phenomenon, and its extent 

must be quantified with precision. Periapical 

radiographs used for detection of root resorption are 

technique sensitive and can detect resorption only 

after 60–70% of the mineralized tissue is lost.2 They 

only provide two-dimensional information primarily 

identifying apical change. Radiographs cannot 

indicate if the process of root resorption is still active. 

Monitoring the progress of root resorption requires 

additional radiation exposure to the patient. 

Magnification errors might lead to underestimation or 

overestimation of the amount of root resorption.5 

The initial resorption lacunae are small and can be 

identified only by  histologic or scanning electron 

microscopy studies, but these are performed on 

experimentally moved and then extracted 

premolars.56-58 

For this study we have decided to consider decrease 

in root length of > 2mm as root resorption. Only 6 

patients above 21 years of age out of 85, showed non 

acceptable root resorption of > 2mm in upper and 

lower incisors respectively. We were also not able to 

observe level 3 resorption (> 2mm) among patients 

below 21 years. These limitations can be attributed to 

small sample size and duration of the study. 
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 CONCLUSIONS  
1. Root resorption can begin in the early 

stages of orthodontic treatment. 

 

2. The age was associated with root resorption 

in both upper and lower incisors. More of 

the level 3 root resorption was observed in 

patients above 21 years of age. While 

greater number of patients, between 17- 20 

years of age showed level 2 of root 

resorption in their upper and lower incisors.  
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